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B 14.5m Cruising range 100 NM
Draught (Full) 5.0 m 2 Blade Azimuth Pod 2
Service Speed 6 knot Retractable Bow Thruster 2
Battery 3000 kwh
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ReVolt (X7 2 =7 DGR EL TULF DO XTI~ TS,

ReVolt X AAADOaL BT MG LT, ReVolt OBRFE LIz &7 M IZBLED H il
TEE GEHFRE TH LN, BIEN—ATOEBUIIL, WO DOHEIFIZHB W THRERHY
SORLMAEREED LI TH D, AL T TDORFEFEIZED, VAT AD/RT —< L AN
FERENDID, A7 T7OEfFL B DI RFANRLETHD |,

224 BERIZE T SBEEMOEIM

E LA ME 2 I LD EL T, BURFIX 2025 FFETo T BHBEMU OEALZ B IEL TS
(BURIET B AR WA PRI TR BNEMM LW OAFRZ VTV D), RS
FeUT- R AR BEE IS 2017 —Society 5.0 D FEHLUZ AT 72t E-[11]TIiE, FRRo XA
AT DONWTIR RN TN D,

(2025 £ £l B EEHUAL | O FEAIICHENT T O EHTE (2B 5 [F B
D 2023 FEEFOGEE BT EEbIC, ENEERZE 5, 070 REEITIE, Zh
SOEYED HAEL 2D BREATEL T, AR O 7 — 2Rk 2B DD E BB 2 Fen
EFECRETDEEHIC, SUE# O FIERIEICESE | BRI DT DSt D
T = BB FN A F U7 SR 2, 2025 FEETIZ 250 EBRELE CEAINDLZEEH
59 1.

2.3 BEMERICEAT SHR

231 BN - ZfR/MNDOESE - 78

[ /0 (autonomous ship)?D i ZEIZOVNT, 2006 £E (T T FUI=FRN E A 0 BT o 1 =+ B
FREFIH%BI TS WATER BONE TP: Technical Platform Tl FFLO#Y, EF&EIIL T
Do

“The vessel with next generation modular control systems and communications technology
will enable wireless monitoring and control functions both on and off board. These will
include advances decision support systems to provide a capacity to operate ships remotely

under semi or fully autonomous control”
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DFED), BEMITIET BRI ATRRIC T D e R LB AT A LT A Y L A TORE
Ll Re BICT 2R E Y 27 — il o A7 2 K ONEAE BT O 7 23 BT
BHHERNTND, LnLenis, BRI 5K ANITBKR L EEThHD,
F72 MUNIN (I BRI OWT, FREOIIREREITR-> TN D,

“No persons on board for whole or part of the voyage. The ship, with partial help from

’»

remote control, must be able to manage the voyage on its own.

MUNIN (&, B e NHEDOBRER RDICEEED, BAALER DD S EESND
BRI OWTITIR < T2,

F72 2017 4 10 A IZABI S 4172 NFAS(Norwegian Forum for Autonomous Ships)[12]i233
WT, BHIO SN 2EN TS, ZOSHIZOW T FRITRT, 22T A AR
(Autonomous Maritime Vehicles)iZ DT, 85— IR DAL L T A K (Unmanned
Underwater Vehicles: UUV)& B £ _E i (Autonomous Surface Vehicles)iZ /0 FEL CTWD, £
D1% . Autonomous Surface Vehicles {22\ T H D¢, D (Maritime Autonomous Surface
Ship: MASS)& 8 A D, D (Unmanned Surface Vehicle: USV(Small))iZ- DU TX 3L TWY
%, — I B A (autonomous ship)EFEIXILHE DIXZ D 435E Tk MASS (243D,
SHIZ MASS 13, LT O 4 D12 SN D, MflSH IS AT, BSOS Z 1R
BLT<M5 Autonomy Assisted Bridge: AAB, #RPNIZIZ ADNNDAY, HIZHREIC
BRI R IR IR DM EEZ ATV M ELTIS U T A DSARAE THEAEA1TD
Periodically Unmanned Bridge: PUB, #iPNIZ A I HT, LEZS T HD FEET AR
DTS U 1EZ 1T Periodically Unmanned Ship: PUS, 52 &M AL THEANZITH
Continuously Unmanned Ship: CUS,

Autonomous
Maritime Vehicles

Unmanned Underwater Autonomous Surface
Vehicles: UUV Vehicles
Remotely Operated Autonomous Underwater BVEIENANGI0 T Unmanned Surface
Vehicle: ROV Vehicle: AUV Surface Ship: MASS Vehicle: USV(Small)

Autonomy Assisted Periodically Unmanned Periodically Unmanned Continuously Unmanned
Bridge: AAB Bridge: PUB Ship: PUS Ship: CUS

2-3 BEoSE(12] X v ZEEBER)

10
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232 BEIELRILOEEIZDOLVT

H b ~L(Autonomy level £7-1% Levels of autonomy)iZ DWW TCik, #Z<DE
BEWFIET Do 22T ZDIHDOWK O AT 5,

FTHDIC, HoEb MBI TND HAYEL ~L D EFIE Thomas Sheridan[ 131285
H DT D, Sheridan |F A TERITHIE T DAIRFENE B ERICHET HIREETE
10 X CEF«R LT,

#% 2-2 Sheridan (2 X 5 HE L L~ )LD EFH

Level Description
10 The computer does everything autonomously, ignores human
9 The computer informes human only if it (the computer) decides so
8 The computer informes human only if asked
7 The computer executes automatically, when necessary informing human
6 The computer allows human a restricted time to veto before automatic

execution

The computer executes the suggested action if human approves

Computer suggests single alternative

Computer narrows alternatives down to a few

The computer offers a complete set of decision alternatives

=N |[W [~ ]|t

The computer offers no assistance, human in charge of all decisions and

actions

%72, Lloyd Registers |3 7 B¢ D B AL NV ZEHRL TN,

11
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Description

AL 0: Manual steering. Steering controls or set points for course, etc. are operated manually

AL 1: Decision-support on board. Automatic steering of course and speed in accordance with the
references and route plan given. The course and speed are measured by sensors on board

AL 2: On-board or shore-based decision support. Steering of route through a sequence of
desired positions. The route is calculated so as to observe a wanted plan. An external system is capable of
uploading a new route plan

AL 3: Execution with human being who monitors and approves. Navigation decisions are
proposed by the system based on sensor information from the vessel and its surroundings

AL 4: Execution with human being who monitors and can intervene. Decisions on
navigation and operational actions are calculated by the system which executes what has been calculated
according to the operator’s approval

AL 5: Monitored autonomy. Overall decisions on navigation and operation are calculated by the
system. The consequences and risks are countered insofar as possible. Sensors detect relevant elements in
the surroundings and the system interprets the situation. The system calculates its own actions and performs
these. The operator is contacted in case of uncertainty about the interpretation of the situation

AL 6: Full autonomy. Overall decisions on navigation and operation are calculated by the system.
Consequences and risks are calculated. The system acts based on its analyses and calculations of its own
capability and the surrounding’s reaction. Knowledge about the surroundings and previous and typical events
are included at a “machine intelligence” level.

2-4 Autonomous level of Lloyd Registers

Fo, VU = — EEER R EARITSEET(SINTEF)I&, B kL% Operator
independence, Complexity, Automation @ 3 HllIZ/3fiEL , & 2-3 DIHITH A LL VA E
FLTWD[14],

12



H AR (B9 5 SEATHRSE -

A

# 2-3 SINTEF @ H#b L~ LD iEF[14]

Level Operator independence Automation Complexity
0 Crew at bridge at all times None: Direct control by human Few static obstacles
1 Periodically unmanned bridge Guidance to operator, no Many static obstacles
monitored by shore control that can automatic control
muster crew on ship
2 Unmanned ship, continuous shore Human supervises, automatic Some movements of
monitoring and control and deterministic control using |obstacles, no restriction on ship
simple set-points maneuverability
3 Periodically unmanned bridge with Fully automatic and Some movements of
no shore monitoring, crew on ship deterministic longer and more obstacles, some restriction on
mustered by system complicated control sequences maneuverability
4 Unmanned with shore monitoring, Constrained autonomy — several, Many movements, some
shore takes control when needed but restricted options selected by restrictions maneuverability
ship control system
5 Unmanned, no shore monitoring or Fully autonomous — no Many movements, significant

control

restrictions on decisions by system

restrictions on maneuverability

%72, NFAS[12]iZ Operational autonomy level & bridge manning level £\ 9 2 D DO#] 50>
HEELL L EERL TND,
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Operational autonomy levels Bridge manning levels

Decision Support: This corresponds to today’s and tomorrow’s advanced ship types with
relatively advanced anti-collision radars(ARPA), electronic chart systems and common automation
systems like autopilot or track pilots. The crew is still in direct command of ship operations and
continuously supervises all operations. This level normally corresponds to “no autonomy”.

Automatic: the ship has more advanced automation systems that can complete certain
demanding operations without human interaction, e.g. dynamic positioning or automatic berthing.
The operation follows a pre-programmed sequence and will request human intervention if any
unexpected events occur or when the operation completes. The shore control center (SCC) or the
bridge crew is always available to intervene and initiate remote or direct control when needed.

Constrained autonomous: The ship can operate fully automatic in most situations
and has a predefined selection of options for solving commonly encountered problems, e.g. collision
avoidance. It has defined limits to the options it can use to solve problems, e.g. maximum deviation
from planned track or arrival time. It will call on human operators to intervene if continuously
supervises the operations and will take immediate control when requested to by the system.
Otherwise, the system will be expected to operate safely by itself

FuIIy autonomous: The ship handles all situations by itself. This implies that one will not
have an SCC or any bridge personnel at all. This may be a realistic alternative for operations over
short distances and in very controlled environments. However, and in a shorter time perspective,
this is an unlikely scenario as it implies very high complexity in ship systems and correspondingly
high risks for malfunctions and loss of system.

Manned bridge: For AAB and PUB, when bridge
is manned. This is the “trivial” case where most current
rules and regulations are expected to apply.

Unmanned bridge - crew on board:
For PUB, when bridge is unmanned. One critical issue in
this case is that mustering the crew to the bridge will
take some time and the ship may need some autonomy
both for the unmanned operation as well as during the
mustering.

Unmanned bridge, no crew on ship:
For PUS and CUS. This is the new situation where the
ship may need some autonomy, also to handle
connection problems in the case of direct remote control.

2-5 Autonomy level of NFAS[12]

%72 NFAS TiX, 2@ Autonomy level |25 U CTHARAADOFEERAZ R EL TUND,

Decision support Direct control
op No autonomy

Automatic bridge

Constrained
autonomous

Fully autonomous - -

Remote control

Automatic ship

Constrained
autonomous

. Unmanned bridge — | Unmanned bridge -

Remote control

Automatic ship

Constrained
autonomous

Fully autonomous

2-6 Ship autonomy types[12]

233 BEBODIVRIT7EAAD MZBET HHE

Redseth 5[15]1%, MUNIN @ H MR 7 a—F 2o TERLL . BAARSETLICRB W
TEZLNDLY T VALV AT BN TS, MUNIN (£, IMO (ZX-> CTHELES LTS
Formal Safety Analysis(FSA)Z—HE ALz, X 1 OLH72FEICKY AHEM O E1T-
TW5,
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MUNIN Design Methodology
L e »| Hazld
building description
5] Risk Control, Hypothesis Design
CBA test verification

Figure 2. MUNIN Design process

2-7 MUNIN o5 ¥+ > J5E[15]

FE72, 65 VDB X LNDIAZZGLNIL, B 2bDELTLLFD 5 DDYVARZ L%
DOXHLIEZE R RTNDH(X 2-8), [1. s, B2emEhiE ), 2. f/NIORE R, 2
FOIA], 3. HRRE TICBT2WIRGREHROIA ], T4, HEMERRR OB, 15, BRI T
BT DML,

Table 2. Major risk control options
Hzd  Risk control

1 Avoid heavy traffic
Object detection and classification
Deep sea navigation module
SCC and VHF communication with ships
2 Improved maintenance routines
Improved condition monitoring
Redundancy in propulsion (water jet)

3 Radar and AIS integrated in object detection
SCC notification when in doubt

4 Weather routing
SCC indirect control

5 FLIR camera and high resolution CCTV

SCC notification when in doubt

2-8 EzbhbHU AT EFDOXE5]

234 B & BEEERE

Rolls-Royce 7% 2016 AR LTZE BTN\ T, BN E B BhiEls Bl 07 B3k

15
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RETWD, REEHZEAUT RIGRFHRE B — 2@ L TV, X & UBED
MEZEIEL, R -BEENELZ LD, LV BB ENRIEILL A A, B ENEiRERE IS
HEL D, HENEEREE R LT, IfIE 360 £ ALICEIKCENTED AL,
RIERLUEIE DR FE /R P BRBRIC LD BN KE WAL, KT I F o720 i3 o720 T 228
TEPRZE T 2 1B RBTND,

Autonomous car example

DETAILED (3D)
MAPS OF THE

Situational Awareness (SA) ENVIRONMENT

CAMERAS + l
SHORT RANGE

RADARS \ VEHICLE NAVIGATION AND

SENSOR DATA LOCALIZATION REACTIVE
e.g. Tesla PROCESSING S AnpposE B )\ icion
ESTIMATION AVOIDANCE
LIDAR
(+ CAMERAS,

RADARS) R

e.g. Google INERTIAL
SENSORS

Proposed marine pipeline in AAWA

Situational Awareness (SA)

o7\ |57 55E3 + long range
SV  ship radar
RADARS VEHICLE NAVIGATION AND

S SENSOR DATA LOCALIZATION REACTIVE
Initial testing done PROCESSING ™S AnpposE S ()1 icioN

I ESTIMATION AVOIDANCE

GPS,
Will also be investigated INERTIAL

+ weather

SENSORS

Figure 1. Comparison between automotive and marine navigation pipelines.

2-9 BN L BENEERE & o k[ 7]
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2.3.5 BEMOEEICRET SR

AAWA [T Autonomous Navigation System(ANS)ZHEE L TUWD[7], X 2-10 IZF D&
Tt MUK EE T Y 22— L R T Y 2 — L 2R EGEEE Y = — L AR BE R
EVa—)LEWV) 4 ODEY 22— /L EL D,

Situation awareness system

Situation awareness
sensors

1 |

Sensor fusion

Route planning
module

Situation awareness
module

Propulsion Dynamic
control  |€— positioning
system system

Data Remote
link operator

Collision avoidance
module

Ship state definition
module

)

Autonomous Navigation System

Figure 2. Autonomous Navigation System (ANS) architecture.

2-10 Autonomous Navigation System/[7]

%72 SAE J3016[16]i%, Operational Design Doman (ODD)&VW )= B REFER L TV
Do ZAUT VAT AIZEBWT, HiliH &AL b — L LR T DN TEDLFIED
ECOMRZEMEEWT D, DED, VAT AL ODD TEHLLVLBE MR TSI LT D
ZEIFARARETH D, ZZ T Dynamic Navigation Task (DNT)EW)I B MR ERINTE
0. MRAAD B LS AT DETIT AN Lo THIE - BT S D N E R TORLER AFEZEDFR TN
Zf9 . X 2-111X, DNT & ODD D RfRAZRLIZHD THD, Automatic DNT i3 H 1k
VAT LZE Y THNDIEFE TH D, Operator Exclusive DNT &3, Operator Z /2L L7
WEETH D, IMIOIEMIL R IZ ODD DS&/: T TIThiL 5L 1TRE72 N, ODD DO iz
R TP FELRD | EHPITEZD5 605D, ZOL R FRENLIE T 5722 DNT
Fallback 23 #3415, DNT Fallback (X[ F DA XL —2|ZX> TREES LD,
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Operator Exclusive DNT

Operational Design Domain - ODD

Automatic DNT

DNT Fallback

2-11 Illustration of relationships between ODD, DNT and DNT Fallback[12]

2.3.6 BRMOBEED D EEICEII SHHR

MUNIN (I H i OMEEE 10 DR E7RT I —T L 40 D/INSIR T N —T LI iR T
Do TOWNRESR 2-4 \TRT, "Use”DINTZ DFERENE D3t BITHRELCitl i AT REM & 7R
9, US(Unmanned ship)725 H A4, SCC 1Z Shore Control Center(2.4.4.5 (Z5£HH), n/a 725
H A R ATRE Ch DL AR T,
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7 2-4 MUNIN Main function groups and sub-groups[12]

Main |Sub-group Use |Description
group
1. Voyage
1.1 Plan SCC |Create and maintain a voyage plan based on instructions from shore and known
sailing constraints, including planning for port calls and other events.
1.2 Nautical SCC |Keep track of information related to voyage, nautical publications, weather forecasts,
information tide tables, port instructions, legislative documents etc.
1.3 Location US |[Determine where the ship is and where it is moving in relationship to its voyage plan.
1.4 Economize US [Monitor and assess the Operational and economical parameters of a voyage, including
fuel consumption, late arrivals etc. Determine corrective measures.
2. Sailing
2.1 Maneuvers US |[Control the ship during passage to compensate for external conditions, including
weather, traffic regulations, other objects. May also include dynamic positioning.
2.2 Interactions US |Manage direct interactions with other ships, pilot boats, tugs, berths, locks etc.
2.3 Nautical US |Communicate with other ships and shore, e.g., reporting areas or VTS. Including
communication updates to MetOcean.
2.4 Anti-collision [US [Detect and avoid other objects in the vicinity that may be a danger to the ship. Use
COLREGS where applicable.
2.5 Anti- US |Avoid groundings by keeping to safe channels with sufficient air and sea draft and
grounding sufficient distance to land.
3. Observations
3.1 Weather US |Assessment of weather related environmental factors that can impact the ability to
execute voyage plan and to manoeuvre, including, e.g., icing and ice.
3.2 Visibility US |Assessment of factors that impact the possibilities to detect other ships, objects,
waves, land, aids to navigation etc. Also linked to anti-collision functions.
3.3 Objects US |[Detect and observe objects that are important for other ships and services, such as
dangerous floating objects, life saving devices, signal flares, man over board etc.
4. Safety / emergencies
4.1 Safety US |Monitor GMDSS, communicate with ships in distress. Send emergency messages;
communication communicate with MRCC and ships, EPIRBS, portable radios.
42 |Onboard /2 |pyblic Announcement (PA), General Alarm (GA), UHF radios.
communication
4.3 Emergency n/a |Distress team, response groups, fire-fighting, smoke divers, first aid etc. Includes man

19
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management over board (MOB)

4.4 Emergency n/a |Drills, training, maintain hospital, fire prevention, fire patrols, life saving devices,
preparedness escape routes, lifeboats etc.

4.5 Technical US |Fire detection, fire doors and dampers, watertight doors, extinguishing systems.
safety

4.6 AOS n/a |Assistance other ships or persons in distress.

5. Security

5.1 ISPS US |Monitor access to ship and interactions with entities that can endanger ship’s ISPS

status.

5.2 Onboard US |Access control for crew and passengers, network firewalls and data protection etc.
security

5.3 Antipiracy US |Monitor and control attempts to board or otherwise interfere with ship operations.

6. Crew / Passenger

6.1 Passengers n/a |Monitor and manage passengers on-board and services for these.

6.2 Life support n/a |Maintain good working and living conditions for the crew and passengers. Ventilation,

heating, AC, black/grey water, drinking water, supplies etc.

7. Cargo / stability / stre

ngth

7.1 Stability US |[Detect dangers and maintain ship stability and trim. Operate stabilizers, use ballast
systems.
7.2 Integrity US |Observe and maintain water and weather integrity of ship, including ship strength
and damage integrity. Monitor and operate hatches and doors.
7.3 Load and n/a |Monitor and manage the loading, stowage, securing and unloading of cargoes.
discharge
7.4 Bunker US |Monitor and manage bunkers and bunker tanks.
management
7.5 Cargo US |[Observe and control cargo condition for safe transport during passage.
condition
7.6 Pollution US |[Observe and control cargo and ship supplies to avoid and manage discharges and
prevention possible pollution, including ballast water handling. Handle dangerous or noxious
substances safely.
8. Technical
8.1 Environment |US |Monitor and optimize ships environmental impacts from energy systems and hull in
terms of emissions to sea or air including, when applicable, sound emissions.
8.2 Propulsion US |Maintain propulsive functions and efficiency based on available power from engines.

20
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8.3 Main energy |US |Produce required energy on shafts to propeller and generators.
8.4 Electric US |[Convert and distribute electrical power from generators and other systems.
8.5 Auxiliary US |[Control and manage boilers, incinerators and other technical systems not covered
elsewhere.
8.6 Hull US |Access, anchoring, lifting, ladders etc.
equipment

9. Special ship function

9.1 Other n/a |Must be expanded for special ships, e.g., offshore intervention, tugs, dredgers, cable

layers etc.

10. Administrative

10.1 Operational SCC |Communicate with ship owner, charterer, cargo owner, ports and agents, weather
communication routing companies or others that may send instructions to ship or require status

updates. Including port logs, noon at sea and other reports.

10.2 Manning SCC |Consider the number of, tasks for and working ability of ship crew (STCW)

10.3 Logs US |Keeping mandatory logs on actions taken on board.

104 Mandatory SCC [Send mandatory reports to ship reporting systems, port state authorities, ports or

reporting other entities.

10.5 Documents SCC |Keep non-nautical ship documents updated: Certificates, ISM documents, manuals ...

24 BEROEREKINICEAT SR

TEEAITEN L, TRREN - HIWT - BRE1 D 3 DO EMENLRD L > TWAHEES D ILD[17], 22T
IZZNHD BN, B A EB R CREENRNEE 2O NLHMN B35, -, iE
HRHF DI BV T BT EL TR ELSN DI OV ThH AT 5,

2.41 FEQREOIRE - ZHE(FRE)

2.4.1.1 Radar

H A O IERTIZ T Radar (Z 7 <D HWHIVTET, Radar [T HOERZFHFL, 2D
PR ZEB2 28Tl LOMARRT A, JREDYIREZLLZDIENFAIRETH D, WE
DN~ A7alEEE AT 5720, FvyF LI E TORREE FAL & EfECRIET HZE
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MTEDH[18],

2-12 Radar O E[18]

L2L72736, Radar (1T RBERCMEG 72 E DRBIZ IR AT D, i BT EIE
BUZRREZ DRI, AIS 7 —Z LB L2581, I KT E R J7 AT 30.7m DRRZENFE
AT DHEVIBMIEBFIET D[19], XEETDMMDO KRESR MRORDIUICIVFEEITEAL
T HD, WL RMED RO DAL S 1B W TR LY E M REZR Radar ZBR% 35
MENRHDHENZ D,

H BNEIRE O TRV TE Ka /N REW ASURE L7 87272 Radar 23BIFESHL
THEY, 2O Radar 1L HEIICBWTHLARIZEB LN TS, 2O Radar 1X, FrIZUT EEEE
DR DRI BRI TIY . A LHEEC SV TEEFOMMIA Radar K0 miFE
TR D &N 58k AT RE THD[20],

2.4.1.2 LIDAR

LIDAR(Light Detection And Ranging)iZ. Y4 HWeUE—her v ZH T THY KOk
FE D EIE & A REIZ 95, ASV: Autonomous Surfave Vessel (2350 T, LIDAR (X ffii s
DEZEELRERE DT, EEWEOERZ EfRIE T 28— LTI M T
TWA[21][22], K 2-13 1% 3D L — ¥ AX¥+F(Velodyne HDL-64E)C, NU~TF  fhx & e
EIRHOR—N, Gyh, NU =R = R LI DEIAT TR LIZL DO LD I TH S,
L — P AE X F OFHFE LY IENE D I HBITEDLZ LN b)D, 2B X% 90m DR
HEIZ o D1 FEREDO R — N CTHEE Tt s, SHIIX FTRE Th o7z,
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(a) Laser return intensity (b) Photo
Figure 1: Intensity imaging quality of moored boats including trimaran sailboat, power boat, and mono-hull
sailboats.

2-13 3D L —H¥ 2 ¥ ¥ F L D Lbik[22]

2413 A5

ARV T2bDEL T, WATZH T HIENBEFISNTND, L LR, —i
DAAFZIIH R0 EDBERBEIZLODRR R RIZHE O, T TEADATREICHE S
TV % NIR(Near-Infrared: IT7R7MR)EH—=0, IO EMERE CEA T THEE 2 fG TX
% LWIR(Long Wave Infrared Range: & RARIMNR) B — 2488 L 72 AT O 235
TSN TVD, LWIR HIBUCAEE T DRI T X TOMIEN S BS ENDT20 | Bt D E
RINEG THY, —RITRED LN EE DS B MICIBN TS WIRGED FTRE L #
DESFMN A BETHH(K 2-5), D HTH Microbolometer-based LWIR EFE (X515 —
BRI AATN KRB EZ LB L2 b > L BLEN TH LN, EfgEDv
P —T@Efli TH DLV RN BH D[]
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Figure 3. Daylight Scene captured with a normal camera and a thermal camera.

2-14 Camera

I CIE, EEATRITRED BB WT, RN AT I 28— T
SWIR(Short Wave Infrared Range)z> 1 —LFDNDHDIZOWTHFIEE ISR HEDH HILT
W5[23], EATRITIRIZ I W TR, T U FIV I ATRIRIMIR I AZ DI RS TET,
SWIR (T2 b /R E TR, SERRIE R CILAE H TERW LW R B D,

24.1.4 AIS

AIS(Automatic Identification System: il B Bkl 24 (&) &1, ArfalE L2322 I Wil
T&2IOEEE VHF ZFH L TN B BiikB] 92258 Th 5,

AIS OO B AZ(DARMAZ TR T 528, Q) BIEMOBMAZ R 228, Q)i
WMOZHER G T DL, (AE LM LIS RA R T 228 (5B EREICLD
B SR AR D T 28 THD[24],

AIS TIREE AT BEZR TG WU LRI e G o). BIAOZ2 ¥, v B9 Re%2 MR T2
T2 DY a—bAyE =V D 4 DT HND[25], EOFEMITLL T ThHD,

[Fre97e ]
MMSI(#E B &) 355w = —F)
AR D4
AR OFEFE(E MY, X2 T — ete...)
R —24
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BTG RZIEET DT T F(GPS X° DGPS) DA &
(GAUEDIASERY|
FREE T VTSR OALE (B K TH 10m DAL )
UTC TOHALARZ T
3 #H#: Course over ground(COG)
S 155 FE - Speed over ground(SOG)
T
BEAEIR DL BREAR ATREZRR AR BUKIC LD MR Z % 1T TODIRTE)
[A]SA 3 FE : Rate of turn
b—/L A
vyFu—
G RN AR AT R
LN
i 4 D FEFE
H 89 i & T AR 2 5 R
T REMERRE LT = ATRA B
AL B O
[Z 22 HET DD a— Ay —]
ORI LOLR BRI D202, THRANTO Y a— Ay —U0
FoRsnd

AIS DiBEERETI LZE 20NM(37km) Tdh%, VHF B ITiE R~ ORI W T
2N EH U TIEROI TS, HARD AIS (THEAENEZIZLHEL T, B DEE
B ETEI =L TN,

2008 4= 7 H 1 HLARE, 300 #& o LB o> [E B9~ 200, 500 #&hor LA LD FEE BT
HEDAAA . E B DO 2 FREMNTONT AIS DIEH A FZHE TSN TS, TXTOM
BALZ AIS DA SN TODERTIFARN 2| ALS 7200 DA P ORI AR T 52 L3 fE R
ThD, Fiz, g L B HE RO EEMERME_LIRZE T OKBMNT, TRE TR I ALS &5 1k
LTWDIENRZ N, Fio b O RKIEAR DN BSG O R 2R T 572012 AIS 4% 113
HZELARECTHD, ZDIH7RTEMD, AIS ICEVE RSV TODNLE EREEONE N RS
ZEHHNH%,
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2415 ECDIS

ECDIS(Electronic Chart Display and information System: &5 [X| 1% #2113
ENC(Electronic Navigational Chart: #iifFH & 11X DOWEX T — X &2 FiriA I, DT —
Z Mg Y —INDOALE /I F O MELHITEITR T M E R AT LTH
%, ECDIS DR E F % F IR T, ENC O T — X%, 2 B a—2IFAiAEh,
ECDIS W OB S 55~ +—~ >k SENC(System Electronic Navigational Chart)(Z 28 #. X
AU, B RICRIRSID,

VG-
DGPS/GPS/LORAN-C | | SxqpaviiR
() SENC (8185)
AlS CPU —
1
A RR. ME. || ENC
WET—%., s WERRTEE) | | os@n

2-15  ECDIS Ok 23 ([26] L 0 3 M ERK)

2012 AED5 2018 AFITHNT T EBEMIVEICHESE 372 500 b DL DR M, 3000 ko LA
EDx T — G LB BERYIZ ECDIS O##iA #5555, ECDIS (1
BT~ BLTF DX RS D38 5[26],

1. I B MORRAL - $13E - ) BRRSND
L—F—Wefl Z =y v Ty T AIS T O A EE R R TED
RBUTIEC T, kR & i E AR R /FER R TED
FRALIZISE T C SENC 23 H #8128 RSN HD T, F8h T SENC 2 UV EE X D00 e

bl A

5. B ARG U7 FRE—RBHHO T, MG ORTH IZ ECDIS 2 8% & L Tl
HENAEETHD
6
=
7

Tl

- WU EHENZ BT BRE LIS IE O I fE R A3 T E S FR B S HD T,

lm

- WATEERIC W T, BT 7 L RS L E T DI 8IZED | BT B2
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T&5
8. 7w 75 —hCD DT —H%dHirAEHEHZ1F T, SENC Oekfifins B 1A

™ ECDIS 1:192000  Under CI Std Radar RNC

? LT

m.&

3-«——.:—.1_.:

NGLAND

“‘.w b Va"‘

- StOut | o | Acoe
i 01 B [

X 2-16 ECDIS ®F 4 A7 L A Fx[27]

2416 oY —DEAEDHE
FY—IZTNENICAY T Ay heb o, Bz, b —& — I XS #IT I E T
DL, EEIEREBI T 28I TER, DATIIWIRO G ORI ITENL TV D
23, BHEEOREITIEARMETHD, M 2-17 135 — Dl THH[7], B AMEZRET
DIOIZITE B — DR ERE G AR RIS HEL DA BGDLELZENN
TARF R T D,
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Table 1. Comparison of different marine SA sensors.

VEoal o IR cameras |Ship radar Shogirangs LIDAR Sound

cameras radar
Spatial Accuracy ++ + -- - e -
Field of view + - ++ - + -+
Distance

- - ++ ++ ++ -
measurement
Object ++ i i i
identification
24H, all weather
A - : ++ ++
operation
Computational ++ i &
load of analysis o - o
Marine
++ ++ ++

robustness
Price ++ - ok - +

2-17 B — D LEHE[T]

2.4.2 R 2k C T=Bh4E D F1 B (1 )

2.4.2.1 BB D I B

BERTLER AL O [ Wr O FEHE & LT, FeB23T 5 (Closest Point of Approach: CPA)Z X5 /5 £ 43 ¢
HH 4 THDH[28), FctET i Ef(Distance of Closest Point of Approach: DCPA)& F #2351 AUIC
B 5HFE TORFf#(Time of Closest Point of Approach: TCPA)Z Wi L L CTH %, CPA &
X EARLAARD 2 EORMADAEIELIZREIZ, BIED H (A THUAEDHEE O FEMEIT LI
W2, b b SR DIETH S, BIILAT-MAR O xR 2V, L7 KE, TCPA &
DCPA ZRBILT-H D% 2-18 (2753, TCPA & DCPA 23/ INSITFAUE/NSWNEE | 22D
FEBRIED R EL, LD L BNENEL D,

2@ TCPA-DCPA [XHEMLO YW L7 DFEAE TH DA, EDORREE/NSIT UL, BET &
TN BIR, 2T, TCPA-DCPA |28 Dbt #E% Fuzzy HEFmIZ LWk D H1kE
[28]° T AR —h U AT A IV FHRNCIRE L TRBLIFIER9)A STV D,

FIITAETIE, I FINC LD E Y — (OZTIC L DR O I HE[30) 2 E MR RSN
TWo,
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Target ship

2-18 TCPA - DCPA (ZD5W\W T

2422 )z HF—L—T 15

VW —/L—7 17 (Weather Routing: WR) &1, A2 e IS #EE 3 5K 501G
ZTRIL. AR RECMERE, BIE R 2L 25 B L C, Lt - Pt - pReh s 2 & - i
BRI 728 OIEH — 2B 5WIEZ DO A A b ST 3 AL YIS L0 el 7o i &
RIETHIETHD[31], V=W —L—T (7 E, X AT ANTIERE % O T SRR R B
FIREZ R 2D, EHEND, BRI —T 42 7 DI-0I21E, &R OO ERE
ER RGE MG MR T — & D i FE 7RI - RIS BT e D,

2.4.3 EERDRE(HRE)

2431 F— k4 BY b

VAT LOFHENE IR ELZ T T L VAT 2O A SHLN LD 52 7e—ED BIE
EIC—ESELHIEELZRODLF 2L —ZEE 2. BIEENPZET 255128V THER
I IEREIZBIE T DB #EIEZ RO DT v 7 N B 5[32], MMADHIET 27 A8
W, R A2 L 58K IR FFSE 5 H B EHEE Hl4E 2 27 L (Autopilot System)
X, FHEBI DT m T OB A — EIZT HE(T 23 T) T AT A(Governor System) 7S FiTE
DLF 2l —2MBEICHT5, BHEDINTvF L7V AT KELTLE X T MR- T
E R Eh S DM B HES AT L (Ship’s Tracking System, M7~ 27 il #7238 5,

H Bt 2 & (4 — b S v b Autopilot)id Sperry £, Anschiitz #E23BEFE L, 1980 4-1X;
FTIX PID HlERHNSNTEZ, 4 BIZBWTL R F 7 ZR0I N~ T4 ZIT LD
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HIAE G IEN ETRIT > TETND, £ GPS X0 AIS #1F U LT HIF dik s 0 ESRIZLY
(LENEREFDIEDE IR A — I ay MBI RL TN D,

HALB[33]0%, MNOFHAFERR (I KV EHIS 727 —4, AIS, GPS fH#i%& Wz sfinok
ToX T HIEEREZL TS, IMOEBIZ I RO —RRET IV, WbdDH KT 7 /LI
FOITRIL | FeiiiL ¥ 2L — &2 F N CHIEIRE A MR & | B R 8 vy B AL IZ s
THEREZTR> TS, FEROKER ., GPS IFHRO LA L7255 A1, 1~2sec DR TE
BEZAGETEDLN, I E T OEREGDZEN TERNW O HIEIN AR LEE L2 D35 H
BTz, AIS TE A L7235 G 1%, KVFEMIZR S BN IS CE LD B ORI LA
DM, AIS T MO EGEMED T2 IZ | EMiE CIEM T DITEL BN S 57w D1 T
AV

244 BEELSMZLE & Sh 3 HE

2441 A EEE=42YVJ

MR 20~30 FFEEVHORMIRNIC IV TEM S D720 MMRIZB W TRAES (AT
Do PRAFELALDORER M IRICAE U L1815 - AR I TEB AR A 4B /2 D /e 57| R 7e 5L
\ZORWNLENRDD, ZOIIRBEDORIF ROTD DFELL TREEEE=2) 7
PEHSN TS, B AR (ClassNK)EE 572 2 B3 L2 [34], 57 2o %
RREE DA — EWIMALS 528 T BRI T REE LTI | 5E D7
Ffna RDHIENTED, F-, FRL 28 (RIC, [H LR BB LT iMAREEE =207
Vi P 3 D A PEME H 6 (i-shipping) D HEME L [A) V7= SEdE MR R B IR ATF 28 BR 28 S S5 ¥
IR ESNTWDTED | A% NELICED LN LTINS,

2442 HABBE=2) VYT

PENE A RS RR D 2T E IS B Ko T TV TlTe, LinLendn,| iSO 7
DRI VIC R E R AR FENEME D> TNDT=DI, TOZBROBEEHN RS E-0 BT
TN TRIENE 2 olz, TDT2H MM IRZE=2V 7L, 8 U172 S R ) 2 0 42 -
FHFTDENIHAB THONDEINT72>72[35], Manno H[36]ixktatT —#% FH T, %
MNEKRRFMDOIRR LR DEIEDFH KERER THLIEEHLNIIL TS, ZDT=H E
BT — IS IR EERE - FE R - IRBYAE SRR & DB — RO T b, E=HU 73
TN TS, AT, ZOMOHERER DI AT L, FYRMZ, 70Tl Icbar 7y
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are=ZV T OFBIZATHI TS,

T4 arEw=H) 7 OFEIL, Manno H[37]12E4UIE, model-based Approach &
data-driven Approach (Z[X 53§52 LN TEHEF DI TS, model-based Approach |34 #
T MIHES T, WA T35 T ThD, data-driven Approach (3, i LD fET — ¥
EWEL Y — B =a— T N Ry NI — 272 E O FIEE RO T, Wbz T35 T ik
T# %, model-based Approach LLHHEL T, WBELE T VAR T D4 MR | Wy BLH]
SR TERWEME Y AT B E~ OIS S FTRETH D,

DNV-GL (& Real-Time Risk Based Approach £\ )2 B ML L TV A[35], £ DA
A=TEM 2-19 (TR, VAT AL UNZRB W TERBI OB SR OIS FEPEL Y A7 2 LIS
HEFICRIRL BB EE T DU EDH LA ZNANAT T LT, U7 VI A DZE 27
H—=FTHD,

Operating system

Build a system reliability model

Evaluate Reliability of components Evaluate Reliability of the system
f1
Observations C1  Analyze C1 Model ot the syetem
A 4 Diagnostics Prognostic System function
N A L
L4 X oeoli W —
Obs CN Analyze CN
m 1 Diag Prognostic: -
» C T
= -
V' N %
+  Evaluate criticality of components
Importance of [~
components }.\
\ ot b
| cl) N
S Y . o
b - \!l.
Correct / Maintain pa \
2 CN [
-’

Unreliability of components

2-19 Real-Time Based Approach ® =t 7 kA XA —[35]

ClassNK (%, w77 —2% WOt AMER 0 B 8 s 2, BaEhikiEzm, oo L
Y a—hEITOMNTERERL Y 2T LT D ClassNK CMAX LC-A | LR 28T — #7217 Tl &
W57 — 2 LB OO RO R F 24175 [ClassNK CMAX e-GICSX | 3BT S41 T
5[38], ZZTClE=a—F /L Ry NI — LR E A A O BT,

2443 FIREEDOBEF - ERE
[oT OVEFNCEATTENERED HEMLIC DWW T, EEESKRELUTHIZE - BN ED B
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TUW5[39], 4 i BEEREE A ST, A AT CHEILa 72— L &B% LT
[40], ARARICRE 2R IA e T F 2T 7 Tk L, Moy 713407 — Ml D, & £
B WL — ~OHEAE Y — TR T DL AFEA P ERBRIEELY, VT L2 A L
BT —Z BB LIRS DI RAF AT, MEMEERKDDL, TOHDOWMH ORI T
MBRE VT ~OBEL H BRI L > TIThD, MEEERITIE, KENEAAN
LIz E> T, BIGTHB<K/EEBORZRMENN LT 52N TRIND,

2444 RBEXRY FI—9

HAEM OIS T, REEFX YN —ZOMEVER RSN COD[41], BIFEDOPE L
(2T Dl 5 X oo [ E RIFRE R LT 1/10~1/88 5 FR BE S T [42] AR —
DT BE IR LI AL ENTER, AT B O BT T, Em R DOAAA D
BUC DR E OIEER TSN TR, BUEDO Ry N — 7 E TII g2 &= 2N
ZEROND, DI T LIBE TEIHEDNDBEFED L 2N R(1.6/1.5GHz) O iff Fi 2 18
BIZINZ., 7212 Ka 73R (3020GH2) Db D& ¥ - AL 756280, ZOfAEOEE
RFTT 22T Tna,

2.44.5 Shore Control Center(SCC)

MUNIN > AAWA (%, [z b6 B b a2 b —/L9 55 : Shore Control
Center(SCC)MN BT LR T 5, SCC 1T B MY B BNEM CE el lpo 2B D v
Ty EUTHERET D, D ED, W L@ BN L EHEZR T OB S EHEL Y R DL, B
B ST LR AMATNEE LW BRI ICI5) T SCC ITHRET 5, BARMICIX VHF 12545
RR A OIRDLEEEN FIT BB O E B, 2 T v aw=FY AT T U AGHEIO
TER2EThH D,
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2-20 SCC DA A—[H[8]

2.5 BHEMICET HEFHEIZOVTOWHR - RE

251 MEDFLEDE

g L% (Maritime law)l&, fRAASCZ OEMUCEE T HBE L2 E O TZEHESLTNICHET D
DD T D, BUEDOWE LT, 83 2B Z DNEFITHEN, & 2-5 DIHTHH
TEDS[7],

UNCLOS(United Nations Convention on the Law of the Sea: ¥4 B 92 [E R A 55
T, B, e K, HEMLAORE R KR, BRI R 72 8B el B BUE L -
HLDOTIHD, ZOZK) FTlE, ”ships” & vessels” &) 2 FFHOAAICEEI T2 FHEEN WD
NTWDA, FAITIEZO 2 DIZEL THMERERRITR, Fo, Mo B B{BIZBIL T,
B3NS < WRUWIT BT DRI O E FITAFAEL 72V, S 1213 AR AR 23 ships”$
TelE vessels”, EHHD AT AV =T FESNDDN I /o T ) — % BT DN E
MBDDNDIE RITI2 5T D,
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# 2-5 Summary of the different layers and substantive branches of maritime law[7]

Jurisdictional rules

(main target: states)

Technical req. and

standards (main target:

Private law issues (shipowner and

other commercial partners)

Other rules (Criminal,

social, commercial, public

flag states) law etc)
Global(UN) UNCLOS
Global SOLAS, MARPOL,
(IMO&ILO) STCW, COLREGS, MLC
Global(IMO, Private law conventions on e.g.

UNCITRAL, CMI,

etc.)

liability, limitation, arrest, carriage

of goods, salvage, etc.

European Union

Ship safety directives
& regulations
Limitations on

exemptions

Product liability rules, insurance
requirements
Rules on competent jurisdiction

and applicable law

Several issues covered
by EU Treaty &

legislation

Nordic states

Nordic Maritime Codes, Nordic

marine insurance terms

The entire legislation
applies a priori for ships

flying its flag

2.5.2 IMO &M

IMO(International Maritime Organization)(Zd> T 2017 4% 6 H

\Z BB E 7= MSC98 12

BWC, To~—J T AN=T T TR HAR AT« VT oA G [E  AFY R T AV

DA TR OFESE
W) B s D e
HAZ DN T HEHRIC

26

#MOH

T XD B &3 Sz B
LR, BARRIZRIN IO W T EEZED LN TR, A H#
THE LT EPDINTFDORRMEZE L T, RBEOE S

(CX TSI o h S NN

(ZED BSOSO W THREZ BT DI LN B ESNI[43], Bk Db R,
FHEREL T, BEROE

WEAF D

IO TAZEN GBS, L
EYNHER Y YRk e
Zlp o TLA LR RTN
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253 BHEEMERICMAITTERSDIRETEIR

Hooydonk[44]i% B AR FEZBUC AT T, B 2 H_EIEHIFEICSOWTE KL TWD, 342
ELTWALOITRDEITHD,

B AR - IR0 3 S D0

B A AT EISE DD Tns &)
i B - R B T BT BIR E LD E D DD
H A B3 D BRI
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¥ 3% Systems Approach @/ —/L

3.1 SYSTEMS APPROACH & SYSTEM THINKING ....ocvtevievierienieienreeeeereeneeneeneeneeneenns 37
3.2 FORM, FUNCTION, NEEDS, INTENT, CONCEPT.....cccccetvriiiiiiieeeeeennniiiieeeeeeeeanns 37
BUB ILITY oveetienteteete et ettt et et et e te s bt e bt et e e st e st e s et e seeb e esees e entense b e eseeseeseeneensentensenae e 38
3.4 STAKEHOLDER VALUE NETWORK.....cccutttiiiiiiiiiiiiiieeiniiiee et eesiaeee e 38
3.5 OBJECT PROCESS METHODOLOGY ...vveuieuieieietierienienieniessesseeseeseeseeneensensesaees 40
3.5.1 Object Process Methodology & 13 ..uveeviiiiiieiiiiiiiieeeeeeeeee e 40
3.5.20PM DZFEZE FTIZDUN Tttt ettt n 42
3.6 MORPHOLOGICAL MATRIX.......ccvtitietierienieiententeeteeseeneentensessessesseeseeseensensensensens 43
3.6.1 Morphological Matrix & 1F....coooiiiiiiiiiiieeeeeeeee e 43
362 MM IZHIT DHIFIDZRBL oot 45
3.6.3 MM Z T2 T BT oo 45
3.6.4 MM DYERL & FFMHEH DI 1T DU T i 46
3.7 Y — VDRI E DFATEE T DHIFIE i 47
3.8 ABFIT D NLIEAT T ceiieieiieieeeeet e 48

36



Systems Approach @ —/L

3.1 Systems Approach & System thinking

HIDIZ, ”System” D FEFZNT DOV TIR %, System (2D VT Crawley HiX[45]. 74 system
is a set of entities and their relationships, whose functionality is greater than the sum of the
individual entities. "L EFEL T\ D, DEYD L BITRSTZRFIZ, H—DbDZ LD b D LY
b ZOBENKELRSTODIENEE THD,

System thinking (22T Crawley H13[45]. "System thinking is, quite simply, thinking
about a question, circumstance, or problem explicitly as a system — a set of interrelated
entities. System thinking is not thinking systematically.”* EFZL T\5,

Systems Approach (Z DWW THEHI[S], BB FO B CHRELIZEZ T THY, EHEME
DHLMBUKH L THEFR AL AT AL TR T 22 TR 2 X2 T iEfmD el
AT,

LLEDE . ABFZETIE Systems Approach (29U T, System thinking &2 AUIZHE-5<Y —
NOERLEERT DL T D, BRIIZLL FOY — VB2 a7,

Form, Function, Needs, Intent, Concept
ility
Stakeholder Value Network

Object Process Methodlogy

Morphological Matrix

3.2 Form, Function, Needs, Intent, Concept

LLUFIX Crawley D EFR THDH[45],

Form &3, System ([ZHBWTH R, 71X HANAFIE T H2FH Y ThH 5, Form LIk
REZFF LA NDHY ., ZOIRIEOER I Function (25> CTERKS415, Form I3 Function %
LT H7001E B THD, Form 135D Form X° Form [Fl OB E L E T 555015
%, Form I Function 3 FEITENARNIAFIEL TS, fil) WIEE, A, L

Function &%, /74—~ AT EAE KT T T8, B, BHAfR T, *Elsh
System (Z35V T, Function /& System 2MF(ET H7OITATHONLH D THY | FEMRIIZITAT
EDER, HifDFEBLA HHFL TW%, Function |3 Form [ZXVD X415, Function (&
Function [ OEENDLERMENLEENDLZEN B D, ) WmT . BEITL, HETD
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Needs &3, [ EEME, Bk, RELTWDLD~D L | EEFRSIND, Needs 1252284 2
(BTERND) R > TWD R THY | IBHRICE 21T — MR S EICIVERBISND, Needs 1352
WHFIZLS T, RISV, FITRBAESNLRNWG G HH D, Needs [T —EZADTRAEE 73
FoTWDOLO TR, B —EADZIEHDEFF> TWDHILIEET D,

Intent 1%, IS ARILT DO DERMDERE (RHROEREEASEL) BT ot
ATHD, ZBEINZ-OUTIL Solution-neutral operand, ZE 2~ 1 A{Z-D\ Tl Solution-
neutral function THEIRIND, BARKRIZITIAR L 7 LN 2T L0374 . Solution-
neutral operand (%[ JiE{K |, Solution-neutral function X B EIZH5HZ L TH5, Solution
neutral operand &1L CI7K | <2 YK | 72 8 28R 9 R & TII72\, 72 Solution-neutral
function &L CIKUEZAMICL DB E) | LT E T LB E) | 728 BRI fifiEa i E LT
Function Z 18§ <& TILZRVY,

Concept &%, Function & Form (ZE# 5, B - A THDH, KD a7 &
711 &1% Function 2328192 Form LU T 2L D IHITIEAIT R ONEWNIEIRTHWS,

AHiCatBA L7 Form, Function, Needs, Intent, Concept (%, % ® 3.5 T#i# 35 Object
Process Methodology # i 922D T A2 % — LU CTHWD, BARIZafi F HiEIC
DUWTILE 4 B TR T D,

3.3 ility

PRI de Weck HDEF THDH[46],

ility &%, System |ZERSAVHIEMEE ZEE Th D, &L T, Flexibility > Maintainability
REMET B, Cility" E VI RFE TR DD ENM BN END, ZO I 4T BT, FE
FERE A LIL, System DS RTT REMEEL LT ETRAET D, £D System O
% LS8 THD,

3.4 Stakeholder Value Network

#Z, Stakeholder |25V T Freeman[47]1d any group or individual who can affect or is
affected by the achievement of the organization’s objectives” & E# L TV 5, Stakeholder
Value Network (LA SVN) (%% ® Sakeholder & Stakeholder [ Value Otz BRI
WZHRLIZH D THD, K 3-1 1TRF L9124 Stakeholder & 7L L TRIZRL .
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Stakeholder ] DAMEDFENZRFNEL TREILIZHD THD,
Sutherland[48]/% Qualitative 72 SVN & Quantitative 72 SVN @ 2 flfa % #iH - $2 2L T

5o ARHITIX Qualitative 72 SVN (ZOW Tk 5,

SVN Z1ER 7% B HIZOWT, BL D ZonmZEF Hi5[48],
1. TR a RS A A28 L T, 4 Stakeholder D= — L+ H i) =— X% W f 5
%HZ LT, Stakeholder (T DN CHEZTRD 2
2. 4% Stakeholder DFEMR AL 7Y hET TS Y Ml 7528 T, 4 Stakeholder (23

PRI D EE BRI SN T D

SVN OERRTFNEIZLL T D 5 A7y 7 %1% 5,

1. Stakeholder D ERG#k

2. SVN ~ Stakeholder D~ £’ 7 LA AL

3. Stakeholder ™ H ), Needs DR

4. Stakeholder [ D BIF%R. Value DL D2

5.SVN ~® Value DL D~ vt

N

J Executive &

ection

Taxes 'I Congress
Funding
Polit 2|
Support (Votes)
- Policy
|International | Int. Space
~p Money Partners Systems
Yy
US People Policy Exploration
Jppor
Security
Knowledge
Commercial
= Goods and Media launch
Services Goods &
20004s ¢
Services,
inc Health Contracts
E:
Exploration
] Systems
Educators

3-1 SVN DO4[48]
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3.5 Object Process Methodology

3.5.1 Object Process Methodology & (&

Object Process Methodology (OPM) %, A A7 /L TR KD Dori HIZk->THEZEIN
72[49], VAT LB ET Vo TIENTESiETHDH, K 3-2 TRTEIT, OPM (FWF
Z & 7D Object &4 [ D Process TERELT 5,

Name " 5ymbo

: WIERH). =T IR ST 3.
Object REE SO,

ObjectzZ{L = t#BFK}R.
Process ProcessdD# CIIFEET. %I —DFE/E
ZNLL EDObjectE#EUDL,

3-2 Object & Process

Object

Object [#], Process fti]. Object & Process [ D BEfR T 7 TR BLZHD, Structual link
(Z2NWTH 33 1RLT, EMOBBYO =MDV 7%, faLBHRERBTH) /T
OH, AMOBBYDO=H[LOV 7%, —fibE BRILZRB TV 7 THD, T RACHE
DHBYVO ZAFOTIZRBBYO ZAEANESNLI 21T, FHERFEERIT )7
Td %, F£7-. Procudural enabling link (Z-DWT 3-4 (ZRL7, I Agent link THY |
Process D347 & Process & 072<", A fllliZ Instrument link TV, Process THV 518 &
& Process & -272<’, %7z, Proceduaral transforming links (2 DV TIXX] 3-5 (Z/RL7C, A7
© Comsumption link, Result link, Effect link Td»%, Consumption link (ZVHE ZLHH D%
RHIO %8 RUCEE HEATENZ RAIOFHE SUCE L, Result link (3427 H 3178 2 KH)
DHFE RIS EE | B HEN TR RAE RO RITEL, Effect link 1340 A IZR# 4 )&
EF KRBT D,
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Wine Bottle
System Sports
I I | |
Wine Bottle Cork Soccer Golf Tennis
Aggregation-Particulation Generalization-Specialization
Person
I |
Name Address Sex
Exhibition-Characterization
3-3 OPM structural links
Agent Instrument
Agent link Instrument link

3-4 OPM procedural enabling link

Consumee @ Affectee
@ Resultee Affecting

Consumption link Result link Effect link

3-5 OPM procedural transforming link
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352 0PM OFZAIZDOIVT

OPM DEZFFITHONTIL, BAMERKE, 72 OPM TEZETU AT A&l <Lk
THMEVIRLEIZ DOV THIBBRS %, 2017 AE41T, B K F kAl s B2 iF 7E B
WZBWTC, MEFEECEHIEEBLZED T — I ay T & {Tolc, EDV—ray 7 IlE
WT, OPM Z W THEE Y —E RS OWTOT 24T o7, 1| F— LB 7l FREEEDUESE
B 1 4 &5 3~4 2 CRERRS IV, K 2 RN TET U 7 24T o7, B 3-6, X 3-7 ITh
% Teaml & Team2 AMERLTZ OPM IZDOWTRT, 2D R TRNDEIIC, RILT AT A
ERIGLELTWDITE 0BT EDOFEEFHITREARD, £, Team] II Transporting,
Stowing, Sailing, Communicating £\ 9 Process # £ 7 st AL, 4O L TR E T 5
Object ZFL AL TUW5, —J7, Team2 |E Transporting & H1.05:Z, Z DFERED 73 fif %1772 > T
W5, Teaml & 5720 Exhibition-Characterization link Z{f > CWAZ EH I TH 5,

20D OPM DEEHITHOWTITHE 4 HEIZBW T, JVESEEmMEITIZLET D,

Kind of cargo

Cargo amount

Trade distance

Schedule

Cargo hold

Engine

Ceommricaing o[~ -
Guide system

Kind of cargo

Cargo amount

Trade distance

Schedule

3-6 Teaml OEEY— B X D54
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>( Transporting )—

Efficiency

A

Cheap
Keep schedule

e

A\

3-7 Team2 OgEY— B X D454

Loading/unloading

Bunkering ship

3.6 Morphological Matrix

3.6.1 Morphological Matrix & (&

Morphological Matrix (MM)& 1%, v N Z7AR A CEEREHH Z KR 5 FETHY,
Zwicky[S013WDIZEFK LTz, LA, Pahl[51]X° Buede[52]72 8 12L» CT— k72 FikE LT
IR BIT, B EHE BT OETEDLEM R0 D BT, Sl B ik E
HEFEEABRBREEBICKREELSIND, Lo T MM IR T2 E IR EE A 1%
Architectural Decision CTH 532385, Architectuaral Decision &1X[45]. fxh T E /2= H
WREHH OHELTHY, Form [Z2bE KIFE T X570 B R EH H Tho, Architectual
Decision (X, ¥ AT LD/RT p—< L AL 5.2 a ARk ET D,

3-8 {Z NASA @ Apollo project {25115 MM DOFl %7~ 37[45], FTIdE B EEH %
KEL, R T alt A, alt B TRIIND, FI TIETEEREDOERIKIL 2 D THDHA, 3
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OTH 4 D THLE DO THHEDZR, Apollo project (ZF1FH— DD F LRI, FITITB N T
—OOEBREHE ZRINT 5 LIS THRELND, o TH 3-8 DIFAITIL, 2° = 32
WYDORGERERPFAET DTS,

F2M 3-9 ICEEREHB AKX EL THEFLcH O fe# L7, EOR (ZHiEROSVE LT
FHADOT T T —2ATIMENEVOBERIRELIR T, 707 7 —LIFHZEMICB N T
2 BN LT M, FREFTHAT —var WEREE G DY, [ —OBEERITL, AV
Pl 28EDZ L TH D, earthLaunch (35 H 23— EEHIER DAV E 2 JH 1L THD A 12 1H)
JTHFRET D00 ENEHEHNIET 2O EVHERPFEZFE T, LOR ZHA OHE T
FHMOT T 7 —ETOMNE N EN)E IR EZFE T, moonArrival 13 A 1 ~D 7 [
2. —EHOANEZJAET 200, b EHEERETL2ONEWV)BEERELTET,
moonDeparture [ZBEFERFIZ, — L H OSNVEZEEIT 2070 Zvld EEMERIZ AT TH
FFTHOMNENIERIREETET,

Earth Orbit Rendezvous

earthLaunch Earth Launch Type orb|t dlrect
LOR Lunar Orbit Rendezvous no yes

moonArrival Arrival At Moon orbit direct
moonDeparture  Departure From Moon orbit direct

3-8 Apollo project ® MM][45]

EOR moonArrival
{orbit, direct}

LOR
{no, yes}

moonDeparture
< {orbit, direct}

earthLanch
{orbit, direct}

3-9  Apollo project (2351 5 BB EHH DO~ » v 7'[45]
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3.62 MM IZH T L HHDRE

3-8 D MM IZ2W T, £ B BPETE B3N Clidied, EWICH SRR 5 S
W%, FKIDRBUINDFL HIZDOWTE 3-11TRT, o, £O a2 MW T 3-8
D MM IZOWTCORIFIZFLIR L7z D& 3-10 1277, K 3-10 225758510, BHE
72 B B ETE HIZ LOR THD, LOR 28 yes 72518, H ~D#fF#FE(moonArrival &
moonDeparture) | E 17 (direct) = L IX AR A RETH D,

# 3-1 Syntax of logical constraints|6]

symbol definition symbol definition
== logical equivalence > logical greater than
| ] logical or < logical less than
&& logical and >= logical greater than or equal to
= logical not equal <= logical less than or equal to

a EORconstraint  EOR, earthLaunch (EOR==yes && earthLaunch==orbit) ||

(EOR==n0)
b LORconstraint LOR<moonArrival (LOR==yes && moonArrival==orbit) ||
(LOR==no0)
C moonLeaving LOR, (LOR==yes && moonDeparture==orbit)
moonDeparture || (LOR==n0)

3-10 Apollo project ® constraint[45]

3.6.3 MM Z R\ =-EEEEE

3-8 O MM I3 32 VD% A D (EMEICITHIRI SR L > TEDZ LD TE R
AT RDRDH DD ERRT 32 JD 7, ZORFHEE T RINITEEM T 2720113, A%k
LR GERIET OV ERD D, RESH I T Lo o ic 2 A D L, %5
RTLITRRFN R T DT EEA Simmons[6]IC VIR RSN TND,

3-11 12, FFfidhE LT Metrics A & Metrics B Z#32E L, MM DR Z AT 5 L7=H D
ZaT, type ORI FIE G2 7RL Q0D add DFEITRFIL, mult DEA TR EZ T
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%, BIEL T, R TOEBREHEBIZB N T alt A ZBIRNLIE A ZORFIRITBITS
Metrics A, B OfEIZZ N (3.1)(B.2) DI NTFHEIND,
Value of MetricsA= 1+2+04+54+1=9 3.1
Value of Metrics B = 0.98 * 0.95 * 0.88 x 0.96 x 0.99 = 0.778 ... 3.2)

—mm—mmms-

decision Earth Orbit Rendezvous none no

prop Metrics A add 1 5
prop Metrics B mult 0.98 0.91
decision earthLaunch Earth Launch Type none orbit  direct
prop Metrics A add 2 3
prop Metrics B mult 0.95 0.98
decision LOR Lunar Orbit Rendezvous none no yes
prop Metrics A add 0 4
prop Metrics B mult 0.88 0.90
decision moonArrival Arrival At Moon none orbit  direct
prop Metrics A add 5 2
prop Metrics B mult 0.96 0.95
decision moonDeparture Departure From Moon none orbit  direct
prop Metrics A add 1 2
prop Metrics B mult 0.99 0.98

3-11 MM OEHEE D E

3.6.4 MM DYERL & FEMEFHDZEEI(ZDINVT

MM ZAERT DAEZEIT IV T, RSO LB IR EH 32 b — /L TE D
W OEIEAZ VL35, Z LT Architectural Decision D ZZHH L7z T Ui 72b7200, Ko
T MM DOERR B RN HELL . £ D NEESIT Ritchey (28> ThIRH S TWB[53].

Crawley HIZ MM DOAER EFEMEROE EIZOWT, 3 DDba—UAT w7725 E%E A
HFRBAERLTWD[45], 1 DA Dba—URT o7 ik, MEEESREHEZ#E
T2ZE), 2 DB, TRl L, REEEL RITTIORBEBREH B ZEIRT52
Lo bLITE B EHE B TR L, KEEELE KT T Io70d lifha e 3528, 3 2H
IZ I Architectual decision(FX #1235V T Form 24 2 55572 B IR E)D A& B IRTH2 L |

46



Systems Approach @ —/L

T,

3.7 VY—ILDEAEHLEICET SR

Hiekata HIX, mlnF O RFO T —EAK G 2R REL T, SVN & MM ZfiAHbE - F
EERRELTVD[54], K 3-12 [IZIRBEFIEOMER AR T, RSFVEET 5 A
(Subject), JIRFEZBI%2 795 A\ (Watcher), ﬁT%ﬂé)\(Target)(])Fﬁ—rD FHETIITON
TORFTEZ MM Z W T T 272, MM ORRGHET EITREEA R EL . R EHRITONT
N —MglfEE R T 2281280 BN RSP —ERORFHREFHL T0D, Z0
MM ZAEDBRIC, FRIIZ SVN Z/ER 952 & T, Subject X° Watcher 5T 52N TE
HELTWD, £72 SVN 2B Z L7200, FEEERETHEL TS,

LnLe 236, ZOFIEIE MM (BT 5E B E D Stakeholder DIERUZEET 28D T

X B CTHLD TN D — R ZITRIE TER W,

MM: A combination of red frames of each row expresses one service

Decision alt A &B anC aD

Who city staff

When aways per day per week per moath
Subject

W o .

o, ===

Who city staff citizen the other

- e N
. . Watcher
Setting options and feature values W e —

- How et o Duonan watching cmerpeocy cal
of MM by referringto SVN - = =
wo [wwm ] e prv s
Target
Y e —
How rewister mfonmaton buman watching emerpency cal setisor wwching
SVN: Comprehensne represcnldtlon of the community
Enumerate and evaluate I@I

Mayor : City Staff all possible designs
- Money
* f

.
- PoligiOpiaion  mmm) 23 good ® . )
£ e ®E Pareto optimal solution
x’ Mosey e é i; - !
= Kaon ledge iformatics I © s »
Public Bemefn
I ' .

i Remote Monitoring
Citizen Watch ' emote 0 orng bad
H Service

bad good

3-12 Hiekata © DEEFIEOH K [54]
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3.8 AHARDLES T

AREETIE, AWFIETHUD Systems Approach D EF &, Systems Approach DY — /L& 7=
Z DB B DRI T DTN TRALTZ,

Systems Approach Z VT, & EHEZ MR ERICIT, B EHE U722 — VA Al 6
| BEZRTOER T 00BN S5, ZOEFEITIEFIZEHL MM Z21ERR T HFEI

DOEBREHBAEZZBET 000D 18708 T JBAMER S <BEBRIKIL TN D, 3.7 127
L7 ZE132 O MBIV A TZ B TH LA, vk B RO B 7 Mk EHEICZ O %
FWHTHZLITTERY, TNEBEX | ABFIETIZ A A OREHIE M TEHIOIT &
EZAT),

Fio, H 2 TCORLIZEIIZ, 97T MUNIN X° ReVolt 728 D A D7 MFE(E
T 5, L L3, BRI ER T MR 7 7 25 — N ORI ERRE ZLIc iR 57
>, MUNIN X° ReVolt D=7 MIL T LH Y] TldaW Al e DD, LA LA ER
AWFFEOFHRMEILLL T Th b,

®  Systems Approach Z [HWTH MO G REA T2 LOITEIETD

® FF /IR —NOR|FRERE IS B HEMORE
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AR HEMORG Y 1 —

AT AEBE oottt ettt ettt 50
4.2 FIEBIRE OIIHT & FFMEI D IBIE oo 51
4.2.1 FUFE BRI D IIMT oottt 51
4.2.2 FEAERDIRIE .oovovieeeeeeeeeeeee ettt 52
4.3 OPM |2 X D BETFHRMADBERE D I3HT oot 52
A4 MM DAERE oottt ettt se st esaeteese s enseneeseseneas 53
4.5 FEMHIZ RIS U 72 A OO BB e 54
4.6 /XL NERTEFED T oo 54
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4.1 B

AR Oa v 7 NEGHIE MR TH D, ZORMBEZMRITIT, bRV FERO 8 Z
BT DUEDDD, FlziT, BELICIDBEFAMM S AT AOE T TR TERW i Es
W FRERE ORIFERRE I KIT T, 20X EIT Miff S o220 8 d
%o ZOXO7REIX, Bilrs AT KLt AT A& LTZ Sociotechnical System &)
TARIZHBWTIAELTND,

AMFFEIZ IV TIE, Systems Approach % FV T Sociotechnical System Zfi# = %% %
%, JEATHIFZE[6][541% 251, AfhOa 7 MEEHIE X 2 J0ICETET 5, Bikm7e
Y —/LELTIL SVN, OPM, MM % %,

4-1 1T ARG 7 — O E X TH D, BEMKGT 72 —I13 5 DOBEREZSH D,

1. FFERARE O 54T LT o012 E
2. OPM (T X2 BEAF AR D RE D S5 A
3. MM DAERL

4. FEAT 0 IS U7 REAM A D F5
5. N —MREEOF
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1. Analyze stakeholders 2. Analyze conventional
and select metrics ship by OPM
i

Translating ;

Intent

3. Make Morphological Matrix
4. Calculate <:| B =

- General Specific Specific Specific
metrics value Form Form1 Form2 Form3
[Decson [ = -

AN AAN

5. Calculate pareto solutions

4-1 B 7 v — oM

4.2 FMEFEREFRE DS & FHmEDRTE

FH—EREIX, oDOR Ty T EG D, FIERRE O LRI O E ThHDH, ZD Bk
DOFT IR M. /BT A ERRE D=— R D =— DR E %2 1572 O 3l
i cdH D,

421 FIEBERBOAHT

F—DATy 713, BHEMICBET ORI FRBHRE L SUN Z N THIT 524 Th o, H
AT 0D = 7 MR AW E BRI B R 52 D, BRIERRE TN ENCERRD
== A% FH WO =—RIEFFRERE IR W THE T 503, dELRWb Db
1T %, FIoWLKONDO=—X X HAEMICEVER FTRE TH DD, ZER A FIRERS D, 7 H
HEICLVILESND=— b H D, ZO LI =—X1L, FFIERBRE IOV THFERAY - £
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T ITRBRANIIIRE SN D ZENEL =— XD L ITERINNE ThoT, D72 | %4
FHRMRE CRMOHLEE N AL L2 LN DT,

ZZTARMFFETIL SVN Z VT, B AICE D AR ERMRHE L2 DEY OfED R
(=—RX) &AL T 5, A LT D280 kD, FIFEREGRHE L= —XZ LT 5, ZD#%,
AWZExI G e 5, AAMICETEERES ., B2, BRERERICHEDL K
(7R FRARE AR E T 5, BEREETLRETHIET, BERREEN2 b — /L TX
HHEFIISUTHAMORF IR E TED, F—Z 8T E2RET HIETHE R 7
T IRRED=— XX L TEBRT HONERE TED, BERERIZEDL— K72
ERREEZRETHIET, BT 0y =/ M S EBRE OB SN 528 % 7]
BEIZT 5,

4.2.2 FHEADETE

B DAT YT, B E D= AR B R EE B2 — kA7 E B R E D
== RO EHL T B AR AT 272D ORI A R E 352 Th D, sl DR E T
1%, 3.3 TRBIL2 ity VOB EZ B 35, ZOAT v 7 Tlds = — XD E 27
T 5D ility 2812 L, 20 ility DI FHMEHE L THIELWS DOE R E T 5,

4.3 OPM 2 & & BEF it D BRED 53 4

% BRI OPM % W CEEFEIN AR DRERE R 0T 9%, OPM D EXJ5 13 Crawley ©H[45]
DERELZZHZIZL MM DAERRBE S IZRDIHBETELTZ,

HAYR N H 5§ 5H=—X% Intent LL CRlik L, Z® Intent Z K T 5728 D Function %
LHRRA A 2 —7p 8 Al L TEFHE T3, RIZ, 4% Function 2 %173 %720 General
Form %GR L, Z® General Form &L CE ® Specific Form %1% 5 XX R Ei CIERK T
5 MM ICBEWTE D,

4-2 13 Pump ¥ AT LDB| T H[45], Crawley HIZIALIE, Process & Object |3 Intent,
Function, General Form, Specific Form (Z/3E| 23 A TH D, ZDOEX S TiL, Form Z—#%
1972 General Form & ER1Y72 Specific Form (243 HILTZ 9, Pump ¥ A7 AD Intent
¥ moving fluid” THY, ZHLIT Pressurizing”, “Accelerator”, “Displacing”, “Blowing”72 & ®
Function 72655 — D& INF 5L TEM FIEETH D, 4 Function (T, ZNENIZZED
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Function Z 2% 75T — =k (General Form) % £f-> T3V, "Pump’X°"Fun”72 X 235 2.
5415, General Form {3 Centrifugal pump”® X957¢—->® Specific Form 5 §-5 &|
FVEHTED,

Centrifugal pump l

Pressurizing
Accelerator

Axial flow pump ‘

Centrifugal pump l

1 1 Jet l
1 1
1 1
: ! Rotary pump l
(_oepsens_» :
1 1 |+ Reciprocating pump
A - |
1 1 1
1 1 1
Intent | Function | General ! Specific
. , Form Form
4-2 OPM 0 15[45]
4.4 MM D€ Rk

5 BB, BRI EFIHA v NI AR THREENICRBLTED MM 2 W TRELT
HIETHDH, ZOBEPETOT VN Y MIE OB BOFMZRILLTZ MM THD,
MM ZAERL T D2 81E, — R 553, ZO/EEITEELL, Ritchey H[53]IcL~>T
BIEHSNL TS, TIT AMIETIT 4.3 TIERRLIZBEFAMN D OPM (X5 T U 7
REHAWD, BEMOREII-EIZOWT, K 4-3 1277 E912, % General Form LT, &
@ Specific Form Z &R T 20 EVOBEIZE ZHLZ 5, MM OKATIZHB W T—20D
Specific Form Z 3R F4LX BV, HAM ORI ROBHIIX DA 33 = 271 @0 OFAli%
b,
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X XX XXX

4-3 1ER3 %5 MM (GF IX General Form. SF X Specific Form % #79)

4.5 FEMEh (=3 L -FEMEDE

S VU BERE I, REAm L Lo RHIE O SR Ch D, EmHENIE. (1. FIEBERE OO
CRHM N oD E | CIEE LRIl A 2, R AE DO FH R ITITWL O D HFIERE B
%, 3.63 IR LIZE912, MM D% BRI EZ R EL . 2 TOITICB W TR EAR
i, FoITET 20— DOFHEFIETHD, Fio, LV EMFHREAEREZRE N LW
BATIE, FHI N CAE> ToRa b —ZEAEK L, Va2 — 2o CGEHlEAFH 3528
FIRECTHDH, AEFETIL, e LI fE M s 2o U7 5H R 7 k4 W CRAM B2 51 R T2,

46 /18L— FREBRDETE

BB IA R F IR OB IOV T, RGBT I > TNV — M@ i A L 9528 T
HD, U — MR, P EOWT AL E LIS E LR, O FEARE A SRS
NDOIRDZETHD, M 4-4 [ZFHImEAY 2 OS5 B DHRFTRE T 0y P LIEb DDA A=Y
R,

=M RO RO T IZHOWTHI T 5, MEBNORGHERHLEL | FHlH D%
Enfh T 5, ZOREOT —2EEE X 4-5 18T, Bl v 1 UEEFTEO ID1 ORI
il 1 DfEZRT, £9°, IDI B3 — Ml fif CHHNEINTDONTE 2D, v_1 15 HHE
LU, ID1 2RV TORRFFRIZEHB VT Metrics 1| OIED, v_1_1L0HEN TWDRERIE
AL, UAREL TRIFET 2, IRICEDYARHY_1 2% HHEL L UARNNORREFHRIZB
T Metrics 2 DED, v_1 2LV BN CODEREFHERATMH L Hi7oICVARN L TIRTET 5, 2
DAFEZE A TOnHIOFAT I TR T, R EL T RFAINTZYARRZERBIE, ID1 1E/3
L — Mgl Tih D, ZETRT UL, ID1 1350 — Myl Tlde, ZHEREINO RG22 Tl
ViET, DEVE, FHBEOWT N ELFELLSE LT, WO R E S S ES N D iR %
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PRLTW5,

Metrics 2

Metrics 1

4-4 REHEOT By b A= GHlifi2S 2 B0 55)

T S S =N

v11 v_1n
N v_N 1 v_N_n

4-5 HRFIROT — F MG
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r—ZAART 4

511X LC®HIC

Ir—AAZ T A IX B M ORFT 70— TR 5§ DOBEREIIHESTIT), 7 —ARZT 4D
HINIRET 570 —2 AW CTHERORFHI DWW T, HFELNERLI-—Flard 2L
2k, #BETDRGE e —F2 AV CHEM ARG CEDDEHER T LI THD, MRET
ZiafAlE SR108 = T Th D,

5.2 FIFBFRE DS & FHEEDRTE

5.2.1 FIEEREDO ST

55— DAT v 7 IR EBRE O Th D,

AT H[55] DR LT SVN R0, MEHBMRDBIZEH | MhE S 1 - i vt - My i 01t
EELOHMEB LI, HAEM T Y =/ hOFERURE L/20I BIFIERK 5-1 12FI26L
o AUBRERERREEEZ T, BEXONDLOERT I,

ERTE (GES AT AT ==

fin TxRILF—1BZ RF 3 =EE P
fing B#ESH EBIAFHE finzZ=tt

EHE [SEa BAFEAZAE RS fBfntt

finE Bt E oS TR A —FH—
SNt BEERE B3 BB ERE
SRS R1T IMO BN EEFEPIFR
RS X —H— | RIRZFE IKFEEAAN AT

LTSS IT{ES #HH8 %

BB EHE 8EB

X 5-1 BT m Y =7 FORIFRBKRE L2V O DIFEDHIZE
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WIZI 5-1 TRLB LRI F BMRE 2 fh G b 3%, R a T REL T LT D 13
ORMIFERRE L ERLI,

Mg 4L (Shipping company)
vtk 2 (Classification society)
M2 4L (Shipbuilding company)
AR E8 A— 77— (Ship system supplier)
HEVB ) (Port)

faf &= (Cargo client)

#17 (Bank)

fRBE24E (Insurance company)

[E & (Public)

AT 47T (Media)

FFEH% B (Research institution)
BT (Government)

IMO

RIZ, BHERFEBREO=—AZERL., TNEK 5212~y T LTc, Ky —AAX T4
ClYEE S 1 (Shipping company)4 BB EF 1T, fif F(Cargo client)% 5 — 52 48 (TP E
U7, MRS Lk — B A2 A R IR L | A RIX2 0 Rk E L CE &4 i
FRAICKIAD, Ko TE —ZEH THOHMEO=—X I B LS —E 2% 52k

Thb, FoTHEM T e/ MNIFICIB W W Bk —E 2
522128 WT, TRV OHAEIZONWTEZE TS,
-, BT Y 27 b SR EBURE ONLEND

HIHLE25, 20

Al D720 BREREE -5 —

XA BRREE DL R FERERE ML, X 5-3 [ZREdRL7,
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> Money
—»  Goods/Service/Resource ™| research
—p  Policy/Regulation
—p Knowledge/Information

institution

Classification & Surveys

IMO

-
!

ship system
supplier

I T
i e S et b
achine ship buiilding
\_+ classification | _ @ ‘j”ancve company
society i
public - Ship & Repair

port |~ Port&Cargo handling - =
shipping company | shipping

A A
> <1
bank |«
insurance |
company Insurance Service
) cargo
Goods/Service client
media |«
¥ 5-2 HEA T2 =2 F D SVN
Classification Ship system Shipbuilding
society supplier company
I
Machine maintenance
Classification } ) )
& Surveys Ship & Repair
Shippin - :
PPING 1 qipping —s| Cargo client
company
Insurance Port & Cargo
service handling
Insurance
Port
company

I:l :Stakeholders I:l :Primary beneficiary

5-3 HAREHR « B Zwd - BRRERCHED L —RILHFREMRHE ZH L7
SVN
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5.2.2 FL{liEh D EE

B DOAT YT I = — RO FERE D7D OF M A 8 E T 5L ThD, DFEVIR
W HE BBRREY —ERLIFRIINEBETHIETH D, RHITIE, 3.3 THPIL ility &)
E 2 FHEFHAT 5, ility DA &L TlX, Safety, Reliability, Punctuality, Economy 72 & 3%
2D, K =— A& 5 ility OFmfi%z B R ER LB R ER TR — RN FE
BRE OBLE DI LI D& R 5-1 1R T, sHliiiE 2 & 580 — Nyl fig 7 %
HERHEN[56]. A ROBIAB N TEIR, FI2 4 Ll L5l AT TER,
HUZ AR — AL T 4 TIE, KT 3 Bk CoRHli 28 E 3 2.,

= 51 =— X&EFHIT % ility DFI%

—=—X | Stakeholder | Beneficiary HEMICEAT 5& 2 b5 ility

Shipping | EES fap 32 Operational safety, Reliability, Punctuality,

Economy, Flexibility, Acceptability

Ship & Repair | &Efhestt pE Reliability, Maintainability, Economy,

Modularity, Repairability, Simplicity

Classification & fitk = pE Flexibility, Uniformity, Reliability, Safety

Surveys
Port & Cargo W5 ME Efficiency, Loading safety, Accuracy,
handling Flexibility
Insurance Service | PRERZSFE: pE Operational safety, Clarity, Reliability,

Immediacy

Machine mainten | MBS pE Reliability, Maintainability, Repairability,

ance | A—MN— Modularity, Economy

F9°, W2 =—XTShipping | & 7l 35 7= OFEAf DO EE T 5, ZTiEES 1
(Shipping company)D S350, HHEMRIZ DWW TE L LZREIS, E D LS 725 Al filh <] 5
RENEZZDLEDTHD, [E LA BE L. 2017 4F 6 U PE O L pEME S M (-
shipping) DHEMEIZ A1V T 7 RO SeitE 2 AR EIR BT FE B F8 LR B A BRI L T2, & 5-2
IZEONFE T, MO FEBIZMT X, FREL THLRMEZREERL THDHIEN
bbb, TRy —AAZT 4 ClE [ Shipping | O FFAHi & L T Operational safety(HiLfT%5 4
PEYARE T 5, £z, FEBATRER B A OREHIIT, BRFE G IR R AR ThD, B L
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I AAET 4
B DI AR A #iPH A8 2 72355121, Operational safety 231 EL72EL T, FEBIME
IRV, Ko T, AT —ARZ T 4Tl rShlpplngJ OFFf#H & LT Economy (R4 & 88 E
ERAR

# 5-2 Sl L A E AT JEBR F SR

53 57 R
RO/ 25 U 2 7 Fllr & B AR

BT - By I 21 —H W BRSO BEVEIH - BELEE T AT A
12 K 2 S FRRFEEE 7L B Bl ERERE I K 2 MM RS S Bk

finbiEfaE s 2 F A L7z LNG %24 i e
fRE=F V> 72k D K= T RSB T DA E A~V AT =2 T

e b

fORERR « VAT LD Vo 7T — 2 E i LT AR 7 7 o B Ik

TR A S - XA EDME T RO ToT {k

Wiz, =—XTShip & Repair] & 5l 35 7-8 OFEM O E 235, ZHuTdEimastt

(Shipbuilding company)D LG5 B EFIZ OV TE LR LR, ED L) 77 il Cf)
Wi _REDPEEZDLD THD, EIMSHIIEE LB FICB W T AT AN ELLEME
THIORMMERE T DL ER DD, DFED, ML R EANRHAEL DLW LA BB
MEEE T RETHD, Lo T, A —ARZT ¢ TlLShip & Repair | DTl LT,

Reliability({S#E )2 E T 5, F72. HDVAT AMIHESCR B ENRALZSG AT, £

DEBPMD L AT DAGTEE T, TDOVAT LD TIEFHZENLEFEL, MNZ T, #fA

DIEMMIH P COBUERE TN T, DO ERZ AT LRI, oM R I KIE
THRENR/NNRETHHLZEFTEETHD, Lo T, ZOMEREE Modularity LU, A — AR
7 4 Cl%[Ship & Repair | OFFAHi#lE L C, Modularity(-E ¥ = — /AME) &R E T 5, AT, ¥
EREERIEEDELH T, Economy %i®E 95,

RIZ, =—A T Classification & Survey | Z#EAli 572 ORI DR EZ T 5, T
#% 1h 2 (Classification society) D 3NE35730, BAEMRIZ DWW TE L LREZ, & D K72 FEAM i
THIWT T RENEEZZDLD THD, Mk, ML aRIE OB Lo KL FED | %G
SRR Z DO EIEICHIL T DD E T 2B Ch D, ZO MR/ K7y —ARK
T 4 CIERHM#h & L COEICIR UL Reliability (5 #8514 & 817212 Flexibility (Zedi i) 2% & 5
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br— 2 AR T 4

2o

RIZ, =—ATPort & Cargo handling] &7l 32728 ORI O E AT D, ZAUTHETE
JH(Port)DALIZENE . BN OWTE LR LRI, ED Lo i bl TR &% &
ZObDTHDL, BRI, ZBENZ L, fEBRIEN M BN TORZ @& E - EHT 5

REND DD, BN TIL, MDA OB [ RE H 2D OFE/RITHEV Y BN I T RITATE
HLENRDD, Lo T, Ky —ARAEZT ¢ ClrIiiifhé LT Flexibility Gk ) &8 E 7 5, A
R\ 22 M2 3 572 12 Operational safety %1% 7E 35,

RIZ, =— A Tnsurance Service] &7l 3272 OFHME DR E AL T D, ZAUIIRRES
(Insurance company)D L3575, HAMIZ DWW TE LR LIRS, & O XH 707 F il < W3-
RENEZZDHHD THD, PRSI THEESALITRL B RER-CH AR 72 & O L
TRERY —E ZZARMEL TWVD, FHZRE DI AL TG B IIIRR ST ERE 1T L TR
B2 SO BB D o Do ZHUTRIRE I E > TUIS M THY , ZO IO HZBLL T2
(ZITARAAD L BT M BRI R THD, Lo TR —AAZ T 4 Tidakfifh i LT
Operational safety 28 E 35, £7-, HEEL OB Tld, B #3ELEEBRFOBEOHT
TER SN D E B DI T BB IR RO TWD[57], BEMIZBIRFICH RO E
DRI ND LB 2| R — AR T ¢ ClIaHih & LT Clarity (PREREFO SCEANFEHE
HEDFEN AR Z L) ERIET D,

k12, =—AXTMachine maintenance | Z#¥Ali 9~ 72 ORElih D E 42325, ZiudfaH
1 #5 A— 71— (Ship system supplier) DL 0, BEARIZ DWW TELELIZRFC, ED L5705
TR _ENEEZ DD ThH D, AR A— I — 1 TES I L MR
Rt oLibic, RO ZDA T F o A MY 35, AN SEL S5V s
ILEERETHDL D | R —ARZ T TlEaHlish & L T Reliability ({5 #8614 ) 258 & 5
Do FIZ, AT FTUARHIA T TV APLRLT VDI HER B THD, Lo TR —2A
25 4 ClEaHfidl L C Maintainability( A2 77 AD LX) &8 E T 5,

PLEZFEEDT-LOER 5-3 10587,
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# 53 =— X &Y 5 A

=—X | Stakeholder | Beneficiary B S U7 a Al
Shipping | WRES faf Economy, Operational safety
Ship & Repair | &Efihett st Economy, Reliability, Modularity
Classification & Surveys | vtk st Reliability, Flexibility
Port & Cargo handling WSV 5 HE Flexibility, Operational safety
Insurance Service | PRERZHE st Operational safety, Clarity
Machine maintenance | #MiHF&ER HpE Reliability, Maintainability
A —J]—

5.3 OPM [Z & 5B F D ERED 747

5-4 1 ZBEAFA A OMEEER OPM IZEVET ML LT=H D TH S, Intent | LShipping” T
®Y. ”Shipping” X Ship” & Cargo” |25 2% 5. 2 %, ”Shipping”lZLL T ® Function {53 I3
FHE T D, ZORENTDOWNTIL, 2.3.6 ICFEIRLIZATZERR, [58]2 2B 2L, B F2 8
\Z Form OE TN RKEINEE 2 550 O&HH L7z, IHIZ, “routing”, “lookout”,

LT3

“maneuvering”, “routing for avoiding hazard”, “loading cargo”, “maintaining”, “networking”,

>

LR N3

“accommodating”, “Providing power”, “Berthing*unberthing”, “’IT security”,
“Communicating”, “Life supporting” Cé %, € 4LE 41D Function |X% ® Function %3173
Hr— x> NThHD General Form Z§7- T %, General Form &1L CTE D Specific Form %

BIRG _RENEBET D720, IRETTIE MM Z1ERT 5,
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1
1
|
- |
Routing f
system
|
I
|

Lookout
Ctockou ) systom

. Rudder
Maneuvering Controller 7
Accelerating/ Engine
Deaccelerating Controller JARN

Collision avoidance
routing system

Routing for
avoiding Hazard

Loading Loading
cargo System
i inil Mai 1ance
System i
|
Networking 1
System 1
|
i |
Accommodating Accommodating ‘A_l—[
System
|
I
Providing power Fuel 1
|

Berthing*
unberthing

|
|
Berthing system ﬂl—

Life supporting

I
I
Security syst —ﬂ :
I
1

Communicating ﬁ i
system |

|
Life supporting f 1
system |

Intent Function General Form | Specific Form

5-4 BEMEARAOOREEED OPM 12 L 5 &7 L1k

64



= ARET

5.4 MM D{ERE

5-5 1%, Specific Form DAz R B LT MM Tho, MM ORR B E1ERKT512H
TeoTE 24 IR L7z BHREIRO B R E T4 212 LTz, 45 General Form (28T, —
@ Specific Form 2@ R T 252 LI28Y | BEMORFRERIT D, Ky —AAZT 4Tl
SR E % Lookout system (ID = 2, 3), Rudder

ZOHTHEIC B R

JET5ZLEFBH(K 5-6), Collision avoidance routing system

2B TRy

controller (4, 5). Collision avoidance routing system (8, 9).

Accommodating system (13)% %5
[ZIZNL DD FIERE 25

VTNWDH, Ry —ARAHT 4TE TCPADCPA -Fuzzy /V—/VIZEDIERR STV AT L%
%f4& LT, TCPADCPA *Fuzzy /L —/LIZOWTiE Appendix [ZFR#iL7=D THKDH 5

k=AW

Flji / )\\\l/ 7L\_

Routing system

oS
Lookout system
CA
0S
Rudder controller
CA
oS
Engine controller
CA
Collision avoidance 0s
routing system CA

Loading system
Maintenance system

Networking system

w

Accommodating system
Fuel

Berthing system

(=)}

Security system

N

Communicating system

Life supporting system

=
HIIHHIHH!HHIHII"I
D

Human onshore

Human onboard &
Radar & AIS

Human onboard &
Radar & AIS

Human onboard
Human onboard
Human onboard
Human onboard
Human onboard
Human onboard
Human onboard
Human onboard
L band
Hotel
C heavy oil
Human onboard
High
SCC

None

Weather routing

Human remote & Radar
& AIS

Human remote & Radar
& AIS

Human remote
Human remote
Human remote
Human remote
TCPA - DCPA - Fuzzy
TCPA - DCPA - Fuzzy

Human remote

Hull & equipment
monitoring

Ka band
Small hotel
LNG
Expert system
Mid
Whistle & radiotelephone

Yes

No human & Image
recognition & Radar & AIS

No human & Image
recognition & Radar & AIS

Automated
Automated
Automated
Automated
Deep learning
Deep learning

Automated

Monitoring & auto
repairing

Ka & L band

No hotel system

Deep learning

Low

5-5 1ERk L7z MM (OS: Open Sea #}¥, CA: Congested Area &)
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0s Human onboard & Human remote & Radar No human & Image
Lookout system Radar & AIS & AIS recognition & Radar & AIS
4 cA Human onboard & Human remote & Radar No human & Image
Radar & AIS & AIS recognition & Radar & AIS
— oS Human onboard Human remote Automated
Rudder controller
- CA Human onboard Human remote Automated
“ Collision avoidance o VR 28 FEE
“ (REIHITE) S cA TCPA - DCPA - Fuzzy
. Hull & equipment Monitoring & auto
Maintenance system Human onboard monitoring repairing
Accommodating system Hotel Small hotel No hotel system

X 5-6 A7 —RAAHXT 4 THHT 5 MM

LU A3 . MM TR LT2 & B BIR E M SZ CIE7R< MR BICHIRZ RSB 8 030 5,
5l 21X, Accommodating system (2330 T, Hotel (I8 B D1F 1A - ATE T AT L) 125228 A
LR LRV EL B, K9 Z8idTE Ry, ZRHOHIRIZRMIE, 3.6.2 ITRLICRLIEE
FAWT, X 5-7 DEHITRBLLTZ, ZhLiE. Accommodating system & Lookout system,
Rudder controller LDl & 7R L7 D Th D, Accommodating system 7 Hotel D5 1T
IZ. Lookout system, Rudder controller (% Human onboard ®i#®R% 35, Accommodating
system 7% No hotel system D355 1%, Lookout system, Rudder contorller /% Automated D%
%42, Lookout system, Rudder controller 23% #LLAZF DA 121X Accommodating
system | Small hotel DIEINZ T HZLARKBLL TV,

[ocope ———equatin

dec2,dec3,dec4,dec5,dec13  (decl3==ALT1 && dec2,3,4,5==ALT1) || (dec13==ALT3 && dec2,3,4,5==ALT3)

5-7 MM DO #lFI G DRI

F7=, k5 &L C MUNIN-ReVolt DF%EFEE MM _EIZ<oE 7Lz 0 %[K 5-8
IR, RFOLHDIX MUNIN DR FHETHY, LREADFOHODIE ReVolt DERFHETH
5,
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0s Human onboard & Human remote & No human & Image
Radar & AIS Radar & AIS recognition & Radar & AIS
Lookout system
cA Human onboard & Human remote & Radar No human & Image
Radar & AIS & AIS recognition & Radar & AIS
oS Human onboard Human remote Automated
Rudder controller
CA Human onboard Human remote Automated
. Hull & equipment Monitoring & auto
Maintenance system Human onboard monitoring repairing
Accommodating system Hotel Small hotel No hotel system

5-8 MUNIN -+ ReVolt DFFHED MM ~DO~ v B 7

5.5 FHiEhI= it is L F-ERE{ED &

5.2.2 TEARUAHli il C 5%, 5.4 TIERLTZ MM 2pH3ROHNLS T~ TO A D
A RERH 5L %E 25, IR L7 FF-Mi#hi X Economy, Operational safety.
Modularity, Reliability, Flexibility, Uncertainty, Maintainability T2, &Ko7 —AAZ T 4T
3 57 TRTEIIC, MM IZOWTID2, 3, 4,5 & 13 ([ZITHfilKI23H0. 1D2, 3, 4,5 &1k
ETDHE 13 1T HEBICIRESNLD, F72 Collision avoidance routing system (ID = 8, 9)I
TCPA *DCPA *Fuzzy |Z[EHE SN TND, Lo TR —AARZ T 4 TEE T REHEMORE
ZOWBAHIT, 35 = 2431V T,

5.5.1 Economy D&t &

Economy |3 fifa B AL 32720 DA EFK T D, A LOaANER T 572012,
Stopford DX ¥ =270 —E7T /L& U 5H[59], Stopford (¥ ¥ =7 —%INE LA

WO fiR LTz, AN Capital costs, Operating costs, Voyage costs |27 TE 5, A7 —AA
27 4TI M OIAR 13 B R L BRI CEEB D WS RE T 2D, Lo T, LR Tl
HEREIZE S TEDAARNEE T 50T DONTELET 5,
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Depends on:

r—ARART 4
Ship Revenue

—_

Cargo capacity
Productivity
3. Freight rates

N

Free Cash Flow

Capital

Operating
Costs

Costs

Voyage
Costs

59 ¥y v a7 —EFL[59]

Kretschmann (X B R DI ANMIDOWTHELZEL TUVH[60], & 5-4 [E, Operating costs,

Voyage costs, Capital costs D B AALIZLDE( LA RL TV D, K7 —ARZT 4 TlE, X 5-6

BIF5ID2,3,4,5,11 |X Operating costs & Captital costs |

technology (257

5% autonomous ship
(B % 5.2 5, ID13 1% Captital costs |

(B E 52D,

#% 5-4 Cost changes
Operating costs

Voyage costs

Capital costs
Crew wages (-)

Air resistance (-)

Deckhouse (-)
Crew related costs (-)

Light ship weight (-)

Hotel system (-)
Shore control center (+)

Hotel system (-) Redundant technical

systems (+)
Maintenance crews (+)

Boarding crew for port calls (+)

Autonomous ship

technology (+)

Stopford & Kretschmann OFH ALY | BEAFMINE B L EDF vy 2a7m—DZKITA
G.DICXVEEIND,

ACash flow of design

5.1

AAutonomous ship technology cost
+ ACrew wages + AHotel system development cost

=L ==

LG DDOEIE, F 5-5. F 5-6 ITRTINCHTEL, £ 5-51%
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AAutonomous ship technology cost + ACrew wagesDfEZRL TV, CHEk[61][62]1% S
EITRRIE LT, # 5-6 1 Kretschmann [60]DAF5EE 5 E 2R E LT,
—O0 HEMORFTROBAMHITS L OEEZRINT 52 LIl THRIHR AR THD,
Bz 13X, SF1 % ID2 775 5 £TIEIRL | SF2 % ID13 TIERL 255121,
ACash flow of design =04+ 0+ 0+ 0 — 175 = —175,725,

7 5-5 AAutonomous ship technology cost + ACrew wages D% EfE (10KUSD)

1D GF SF1 SF2 SF3
2 Lookout 0S 0 +10 -60 +20 -120
3 system CA 0 +20 -90 +40 -180
4 Rudder 0S 0 +5 -30 +10 -60
5 controller CA 0 +20 -30 +20 -60
11 Maintenance system 0 +10 -30 +20 -70

7 5-6 AHotel system development cost D% EfE (10KUSD)

ID GF SF1 SF2 SF3

13 Accommodating system 0 -175 -350

5.5.2 Operational safety D&+ &

Operational safety (X, 3.6.3 TatBIL7=&57, Bl MM O&E/VITIEZ A LB
LR -FBEICEDHETITETE T 2ZENH LW | Ry —AAZT 4 TIEBRFE L7
AR R 2L — IR SN RO E B L LT, v Ra b — T =TV
VR Rab—varE A0, =TV NIFMRaE LTz, o, 22 —FIIANEOS:
Open sea) & fiF i (CA: Congested Area)® _JHRIZ KL CEHL TV, v 3= —FD
FEAIIZ DT Appendix ([ ZREHEL 72,

5521 B LERXEBE LI A L—2DOEKRETE
£ 5-71T 2 —HDOHKRFELE T, BEHEMED XTA—=2THDK, TiL SR108 27
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I ARAZT 4

THEDEE S E T LT, FEMAOESIT 175m, #EE 21X 24801 For, B2K1% 9.5m T

H2,
£ 57T U ab—FDIEARE
OS: Open Sea CA: Congested Area
Time step 2 [secl
Ship length 175 [m]

Ship speed 5 [m/s] = 9.7 [knot]
Area iE5# (Bkm X 5km) HOE
Route 2 ORI Y 7 WAL . RGBS
D, 2000 [m]
R 2000 [m]
D, 1500 [m]
minTCPA 720 [sec]
minDCPA 1200 [m]
K 0.155 [sec™]
T 80.5 [sec]

5522 BREDL I aL—FIZEITDERE

MM (2 U CE B Z R T 5720120F, 32— BB OR G RO BEMICHE-
T RBRLT7 Ny MR TELMEDRHD,

ARFFECTIXBAZE L7 EAS S 22 L —Z ISR LT, #r2c AaRV i =R p) LM HEafE
DARFEENE: Z 1B ANT D, 3ol —H T, Time step Z EIZEAAIZISV T, TCPA-
DCPA(2.4.2.1 ZI)NNFHE SN, £ D TCPADCPA % WTHELOHI AEN TS, [H
BRVRIESR: pllid, £ TCPA-DCPA MatHINRWERTHD, ZHITLD, o
B AR T HZ LI BD R EREMIATEN 2 LR W ERRIE DA U D, THRAED R H
FzE: Z)21%, BUEDOREA I L TR RZE DT & Wig JA R %464, [ RBED S Bk %
pl i Lookout system (ID = 2, 3)ZBAFRL | [#fie O A fifg €1 Z 1% Rudder controller (ID =

4, SHHZFERT D,
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5523 I\ A—ARELHER

Lookout system & Rudder controller (ZBIfR 75 1 R0 KB =R p & Tt O e Ik
ZIIHR 5-8 DITHE LI, K Ialb—Taii# 5-8ITGLTTA—FEE(LEET
WOATHTe, Rzl —ta it AERRLIZARA OIS 1000 I8 ToREISH T 975, #b
RueR 59177,

# 58 NTA-FDORE

ID SF1 SF2 SF3
2: p (0S) 0 0.3 0.5
3: p (CA) 0 0.3 0.5
4: Z (0S) 0 2 5
5. Z (CA) 0 2 5

* 5-9 RH S HmERE (: SMTE 1 A R

ID2 ID4 Times ID3 ID5 Times
SF1 SF1 0 SF1 SF1 1
SF2 0 SF2 21
SF3 0 SF3 70
SF2 SF1 0 SF2 SF1 3
SF2 0 SF2 63
SF3 1 SF3 53
SF3 SF1 1 SF3 SF1 3
SF2 1 SF2 68
SF3 2 SF3 58

5.5.3 Reliability - Flexibility - Uncertainty - Modularity -

Maintainability D& &

Reliability - Flexibility - Uncertainty - Modularity - Maintainability |% F iR D EOIZ5x E LT,
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B DORR BTN T, IR ITIED plus DIFBAITIE, 0~10 FTOME THRMEEAZ EL
72o mult DA, 0~1 ETOME TRMEEZR E LTz, & 5-5. & 5-6 ® Economy £T
D FEEEZR E L OXK 5-10 (37T, ZOFHRE T 3.6.3 Tl Lo FIEIC LT
Do

Bl Z 1% ID2~13 £TD General Form &L T, 2T SF1 IZi% 4 T 20 DAL 55

Flexibility DfEIL(5.2)DIHIZFHFEND,

Value of Flexibility = 0.95 % 0.93 * 0.94 * 0.90 * 0.95 * 0.98 = 0.69 ... (5.2)
[ D | GENERALFORM | ______TYPE___ | SFi__ |

Radar & AIS & AIS recognition & Radar & AIS
mult 0.95 0.98 0.99
plus 10 9 5
5 mult 0.9 0.4 0.7
plus 8 5 3
plus 0 -50 -100
Lookout plus 10 9 5
— system — Human onboard & Human remote & Radar No human & Image
Radar & AIS & AIS recognition & Radar & AIS

mult 0.93 0.97 0.99

plus 9 5 3
cA mult 0.8 0.3 0.5
plus 8 5 3
[ EconomMY | plus 0 70 -140
| MAINTAINABILITY | plus 10 8 5
| 4 ] none Human onboard Human remote Automated
mult 0.94 0.98 0.99
plus 10 9 6
0s mult 1.0 0.5 0.9
[ MODULARITY | plus 7 5 3
[ EconoMy | plus 0 -25 -50
Rudder plus 10 9 8
- controller none Human onboard Human remote Automated
mult 0.90 0.97 0.99
plus 9 6 4
CA mult 1.0 0.4 0.8
[ MODULARITY | plus 7 5 3
plus 0 -10 -40
plus 10 9 8

Hull & equipment Monitoring & auto

none Human onboard moni&zriﬁg repair?ng
mult 0.95 0.97 0.99
: plus 9 85 8
Maintenance system mult 0.8 0.8 0.5
plus 3 6 2
plus 0 -20 -50
[ MAINTAINABILTTY | plus 5 8 10
[ 13 ] none Hotel Small hotel No hotel system
mult 0.98 0.99 1
Accommodating BIEE v g g
system mult 1.0 1.0 1.0
plus 5 8 10
plus 0 -175 -350
plus 8 9 10

none

X 5-10 MM O Al o #%

5.6 /AL— FRBEREDEE

AHEITIE, 5.2.2 TERELZFGE#TONITETT,

Human onboard &

Human remote & Radar

No human & Image
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56.1 BB DIGEE

Wi 23 41 (Shipping company) D L3576 B HMNI DUV TRGET 21T, B L7z iEAllid i X
Operational safety & Economy Td»%, Operational safety DFFH TIZ ID11 Maintenance
system (3T EOLRITHHLRNEE % | 3% = BLIBVORFRIZ OV TELEL, K
5-11 12 MM bR EN T 81380 D A R OREH R 27 vy FUISHRER 2787, fiEdhid
2=l o TR SN EH 228 R L Ml I v 27 n— D2 b &4R 7, £ F
(U: Utopia point)iZ[A]2291FE | ZORFHEDENTCREFIETHLILZ R T, 81 ORXEHE
MNH T DORL— N RPN, & 5-10 123 — M fig T s A(ReVolt),
B,C,D,E.F,GIMUNIN)D N R %7139, ReVolt* MUNIN &6 (23 — My /2 ik it R CThH e
FEl ST,

] o0
70 o..... eeee

®e0s000
601 @ARReVOlt @0 4000

Al I JPPRPEP
50 -

40 -
30 A
o000

20 A

10 A

0@ %‘@..0@.@.. o

-800 -700 —600 —500 —400 —300 . —-200 -100 0
delta of cash flow [10 K USD] (Economy)

Collision numbers [times] (Operational safety)

5-11 KEFEDO 7 a v bUFESEOBRE)
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# 510 £ 7' vy M RONREFESHOHE)

ID ID2: Lookout ID3: Lookout ID4: Rudder ID5: Rudder

system (OS) system (CA) controller (OS) controller (CA)
A SF3: No human SF3: No human SF3: Automated SF3: Automated
B SF3: No human SF3: No human SF2: Remote SF3: Automated
C SF3: No human SF3: No human SF3: Automated SF1: Human
D SF3: No human SF3: No human SF2: Remote SF1: Human
E SF2: Remote SF3: No human SF2: Remote SF1: Human
F SF3: No human SF1: Human SF2: Remote SF1: Human
G SF2: Remote SF1: Human SF2: Remote SF1: Human

#% 511 S — MNEHEfE® 5 H4 Form 25 5 5 EE (RESHOEE)

ID2: Lookout system | ID3: Lookout system ID4: Rudder ID5: Rudder
(08) (cA) controller (OS) controller (CA)
SF1 0% 28.5% 0% 71.5%
SF2 28.5% 0% 71.5% 0%
SF3 71.5% 71.5% 28.5% 28.5%
&t 100% 100% 100% 100%
562 EREHDES
1E 23t (Shipbuilding company)D 3357036 B A DWW TORRET 2179, BE LIZ7Hl

#ifi/% Economy & Reliability & Modularity Té 5, H HHfRD
HOFET 2, K 5-13 ICRFHEE T vy bLIcb D& R T, A TEAINIC RN

plia

b — M

FHEFROMBEANIL, 5.5 TRLZK

R ERTHY, BT 56 fE1E LT, ReVolt* MUNIN & 1280 — M i 72 7%
HETHHEFHMEE T,
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faernPON
R &8

X 5-12

REAROT 7y L EMEHOBHE)

#£ 512 /XL — MMyfED 5 H4 Form 7858 2 & GEMSHEOBHE)
ID2: Lookout ID3: Lookout ID4: Rudder ID5: Rudder ID11: Maintenance
system (OS) system (CA) controller (OS) | controller (CA) system
SF1 21.4% 39.3% 30.4% 46.4% 55.4%
SF2 58.9% 14.3% 50.0% 35.7% 33.9%
SF3 19.7% 46.4% 19.6% 17.9% 10.7%
i 100% 100% 100% 100% 100%
5.6.3 ik BEDIZHE

fi#% B 2> (Classification society)D 3337205 H AR IZ DOV TOMRFTELITH, 388 L7z
fifilX Reliability & Flexibility T 5, HEMDEFHEOBEAIL, 5.5 TRLIZEIIT 243 @Y
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TFET S, 5-13 ICRRF 27y Lz D% R, /S — Mgl 7 ik st 21X 25 T 18
171ET 5, ReVolt(R)* MUNIN(F) &4 12/ 8L — Mgl e ik iR Th A L RS iz,

W

A@%)
45 - %)%).'b F:MUNIN
R N T
Tt 199 S
it @
3 teriiitiil @
£ 35 EEREEE EPRREN
LT
IRERPRER:
¢ : 5:ReVoIt
2050 05 080 055 050 095
Reliability

5-13 ZFtEDOT o v NERHBE D)
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# 513 N — MR T vy A ONROEHE S 05 E)
1D ID2: Lookout ID3: Lookout ID4: Rudder ID5: Rudder ID11: Maintenance
system (OS) system (CA) controller (OS) | controller (CA) system
A SF1 SF1 SF1 SF1 SF1
B SF1 SF1 SF1 SF1 SF2
C SF1 SF1 SF2 SF1 SF1
D SF1 SF1 SF2 SF1 SF2
E SF1 SF1 SF2 SF1 SF3
F SF2 SF1 SF2 SF1 SF2
G SF1 SF1 SF1 SF2 SF2
H SF1 SF1 SF1 SF2 SF3
I SF1 SF1 SF2 SF2 SF2
J SF1 SF1 SF1 SF3 SF1
K SF1 SF1 SF1 SF3 SF2
L SF1 SF1 SF1 SF3 SF3
M SF1 SF1 SF3 SF2 SF3
N SF1 SF1 SF3 SF3 SF3
0 SF1 SF2 SF3 SF2 SF3
P SF1 SF2 SF3 SF2 SF3
Q SF2 SF3 SF3 SF3 SF3
R SF3 SF3 SF3 SF3 SF3
# 5-14 N — MNfED 9 H& Form 73 459 5 HI & (ks 056
ID2: Lookout ID3: Lookout ID4: Rudder ID5: Rudder ID11: Maintenance
system (OS) system (CA) controller (OS) | controller (CA) system
SF1 83.3% 77.8% 38.9% 33.3% 16.7%
SF2 11.1% 11.1% 27.8% 33.3% 33.3%
SF3 5.6% 11.1% 33.3% 33.3% 50.0%
i 100% 100% 100% 99.9% 100%
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r—ZAART 4

564 BERDIGE

VRIS R (Port) DAL 05 H AR IZ DWW T O E 21T, 12 7E L7 3T fhI % Flexibility &
Operational safety Td»%, Operational safety DFHETIX ID11 Manitenance system |iEfT
EOLREIZFGLIRNEEZ, 3* = BLEVORFRICOWVWTELREL, . X 5-14 ITi%F
RrE7ryhlcb Oz d, £ EIATIEE | ROERGHE THL LTSN D, /31— Mg

IRERFNRIE L AFTEL . ZDOWNMRER 5-15 1R LT, ReVolt* MUNIN &% (281 — M 72
AP RIS Lo T,

(u)

®A
37.5 1 °
@ muNIN
35.0 A 0
o0 el
. [ =l
32.5 pos °
o o [ ] O
30.0 A B - o]
_é\ (] bl i) i X ]
= [ jo)] o0
0 .
5 27.5 o] O =] [} o0
w » @ ® -»
25.0 1 i ta) el ® o
o L N
[ @ @ [
22.5 1 ° °
i
20.0 1 & &
17-5 ) T T T T T T @ReVOItl
0 10 20 30 40 50 60 70

Collision numbers [times] (Operational safety)

X 5-14 HFHRBO 7oy FNEEBR O

# 515 XL — Mgl 7 v v O WNREEL R O%5EE)

ID | ID2: Lookout system | ID3: Lookout system ID4: Rudder ID5: Rudder
(0S) (CA) controller (0S) controller (CA)
A SF1 SF1 SF1 SF1
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# 5-16 XL — FgiEfED 9 B4 Form 258 5 EEGEE R OHE)

ID2: Lookout system | ID3: Lookout system ID4: Rudder ID5: Rudder
(08) (cA) controller (OS) controller (CA)
SF1 100% 100% 100% 100%
SF2 0% 0% 0% 0%
SF3 0% 0% 0% 0%
&t 100% 100% 100% 100%
56.5 REREHDIES
fRBR 2>t (Insurance company)D 735730 B AARIZ DV TOMRETEAT9, B8 E L7 Rl il

I% Operational safety & Uncertainty T %, Operational safety D&% TiX ID11

Manitenance system |

TEIT LOLRRITEFEE LWEE 2 3% =811

Iﬂ p‘l‘k \_/)l/ \/C/‘j%

BT, X 5-15 TR FTEEZ T uy L izb D& RT, £ EIfTUEE . BOWERE R THHERT

i

END, RREAEDHEIZ

i N — i

~L72, ReVolt(A)*MUNIN(H)EH (/S — Mg

B A RIT 1 fFEL. TOWNREE 5-17 12
IJX n‘l'ﬁ“’cfcil/ \&H:ﬁﬁéﬂflo
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0.7 - ©A
o
0.6 -
o
0541 @
o s
0.4 L L
= o, °
Y S [}
O 0.3 A & o e ReVolt ®
[ o ® o
‘ sl ® o
0.2 1 ® [
o_ 2 $
ﬂUNIN e % °
0.1 - . [ S ° .. s
- o ’ ®
0.0 A T T T T T T T T
0 10 20 30 40 50 60 70

Collision numbers [times] (Operational safety)

5-15 ZiRERD 71 v FIRREFDOES)

# 517 XL — Mg 7 v v b OWNRIERREHDOSEE)

ID | ID2: Lookout system | ID3: Lookout system ID4: Rudder ID5: Rudder
(09 (ca controller (0S) controller (CA)
A SF1 SF1 SF1 SF1
#£ 518 /XL — MMy 5 H4 Form 7858 2 & (RS OHE)
ID2: Lookout system | ID3: Lookout system ID4: Rudder ID5: Rudder
(09 (ca controller (0S) controller (CA)
SF1 100.0% 100.0% 100.0% 100.0%
SF2 0.0% 0.0% 0.0% 0.0%
SF3 0.0% 0.0% 0.0% 0.0%
7t 100% 100% 100% 100%
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5.6.6 HHAMEZ A —H—DHE

A% 25 A— 77— (Ship system supplier) D 7350206 B HERRIZOWTOMFTEIT, IBEL
7 #HAffifl X Reliability & Maintainability CTébd, H MO FFROGEAIL, 5.5 TRLIZEX
INT 243 WVIFIET D, K 5-16 ICRFHRE T oy LIzb O &R, /S — M7 ik it 42

BT 17 fFET %, ReVolt(L)ix/ S\ — Mg iR EREAI S 407223, MUNIN (3Rl S 4072
Nl

50.0 - A® @

@ B@
47.5 4 ’ oo .c L] ’ OCOO.D
e e oM lN. . = e .Ee
45.0 A ks la LI oo .F%
42.5 - e 00 e . e ee @ e o0 o @ B .Ib ]
.é‘ : o ® e® o0 00 0 o0 @ a @
% e e 00 e em@oeo e ®-e o *o® o0 J
5400- o @ @ "o e o000 0 0 ..IOK
© @ e o0 o * ® e® o 0 0 o @
o ©
S a7 oottt
o “®w e o 0o o @
35.0 7 . **° * °LwReVolt
32.5 - ‘ ot
0.70 0.75 0.80 0.85 0.90 0.95
Reliability

X 5-16 HFtFEDO 71 v FEIHKEER A — B —DEA)
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# 5-19 XL — MR 7 1y FEONEREI AR A — I — DEE)

ID | ID2: Lookout ID3: Lookout ID4: Rudder ID5: Rudder ID11: Maintenance

system (0OS) system (CA) controller (OS) controller (CA) system
A SF1 SF1 SF1 SF1 SF3
B SF1 SF1 SF1 SF2 SF3
C SF1 SF1 SF1 SF1 SF2
D SF1 SF1 SF1 SF2 SF2
E SF1 SF1 SF1 SF3 SF2
F SF1 SF1 SF1 SF1 SF1
G SF1 SF1 SF1 SF2 SF1
H SF1 SF1 SF1 SF3 SF1
I SF1 SF1 SF2 SF3 SF1
J SF1 SF2 SF2 SF3 SF1
K SF1 SF2 SF3 SF3 SF1
L SF3 SF3 SF3 SF3 SF3

# 520 /XL — Mg D 9 H4 Form 23 5 B &G AHERR A — 0 —DFH)

ID2: Lookout ID3: Lookout ID4: Rudder ID5: Rudder ID11: Maintenance
system (OS) system (CA) | controller (OS) | controller (CA) system
SF1 91.7% 75.0% 66.7% 25.0% 50.0%
SF2 0% 16.7% 16.6% 25.0% 25.0%
SF3 8.3% 8.3% 16.6% 50.0% 25.0%
7t 100% 100% 100% 100% 100%
567EKED

AN —MREEHB SN ORGIREF 5L T, IFR2

R BROBAH AL D LN TE

7oo BFEBEGRE OGN, N — Myl fiE O 2R FF BRI EOLE G &R LD xR
5-21 |[RT,
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# 521 /N — MO RFEHRBICED HEE

Beneficiary ER i) i 2RHBOH | S — MEEBROEK | N — MEEBEOE
RARITEDIEE
HEES Economy, 81 7 8.6%
Operational
safety
Py, = un Economy, 243 56 23.0%
Reliability,
Modularity
itk = Reliability, 243 18 7.4%
Flexibility
B R Flexibility, 81 1 1.2%
Operational
safety
RS Uncertainty, 81 1 1.2%
Operational
safety
RAFABEREE A — Reliability, 243 17 7.0%
H— Maintainability

2RV — Nl i O R PUTE IR EFH O BEIKAE T 5, B2 2 BE OV —My
HROFEREEZ 25561203, FLEBNERREZ Lo TEORE | EHEfsns
DERTETHMEENDD, EEEOBRRIZEB WX, ZOBBREEOHAEEE, 7o r—
Mo £ DB ERENDE M T HIENZU[63],

Bl 21X 5-10 1ITRLTZ A~G £ TO R DIBHNE— DD/ — Nyl fif 2 3R 35 A
& %%, Economy % iy B B T2 IR EFH ThiuX, A @ ReVolt DR FHEEZHH T2,
Operational safety % fx B 221 92 BB EH THALIX., G O MUNIN O REH T T2,
Fo, TN OB A L OB EREE2DIX, 2O ABEEICIEU T B~F ORKFE
AT IRV,

F72. MUNIN & ReVolt Okt ZiE, FIFBEHRHE Z LICHHmA RRDZENDND,
MUNIN (I E O B 8L | BREEVEIR I S\ I A A EEZHEEL TV 5D,
ReVolt (X522 ARfinE4HEL T D, 2 5-22 12, MUNIN & ReVolt D% FFHEM3 /L —h
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TR L) ESITZINEIDINT DN TDOERE T, MUNIN (P55 LA A A— 7 — LA
A NTHG TS — Mg &) E S A7, ReVolt IXHETE J& LA D N5 TR — N &) E
e, BB TRIZEB W TR — Mgl R &1 E SR> T2 282 DWW T, B IZB W T
B ENE L ZaEMEZRD D20, BUED A BALHEIFR AR B THL LM S /20
ThD, ZHUZ 2.2.2 (2R L7z MUNIN OifEaa CTh 2D MRS OF| I W TIX, B E)
WERLE U FBERT AR SC AR BE D 7] LS TH D, 1IZ—BL TRY, B R DOILIHNG,
HAEA ORI ZNE YW TETeeEABND,

# 5-22 MUNIN & ReVolt DFXFHEA /N L — b lifif & HE Sz ?

Beneficiary Eaaiikiil MUNIN ReVolt
WEE S Economy, Operational safety O O
Py A= an Economy, Reliability, O O

Modularity
PR = Reliability, Flexibility O O
wWER Flexibility, Operational safety X X
RS Uncertainty, Operational safety O O
e s Reliability, Maintainability X X
Ay —

84



HOE E 5L

B.1 1 L BDUT ettt 86
6.2 BAEMORRE 7 0 —1ZBI T DB L e 86
6.2.1 FHe EHIZRE 5T LB ATIZRES ST oot 86
6.2.2 OPM 75 MM DAERZITDUN T 87
6.2.3 MM (Z551F 2 HE e B R ETEH O oo 87
6.2.4 FEAMHRIZ S L2 RFBIE O FHFAT DU T o 88
6.3 MEF 2 7 AL —NOFERERE IS U A O e 89
6.4 AAMOZRFH 70— OB BIREIZBT DEMR oo, 89
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6.1 XL &HIC

3.8 DANIFEDNLE AT THART=IDNT AWFFEDOFHNEIL FRED LB TH L,

®  Systems Approach Z HWTH M OR G REA AT 2 LOITEIETD

® /IR —NOR|FRERE IS B HEMORE

ARETEHINEZEEX. TBFRMORGT 7o —ICBT 555 LRI TIAZ—NOF|F
BRE IS Ul B R ORREH LWV O BLE D DB LR A21TD,

o, B ORGHI DWW TEERE T DRI, IREB L A BMORG7e—728, EoX
IR THBRTEDNITHOWTT B OREH 7 n— OB RREIZBITLE B LW O Hi Tl
D,

6.2 HERORE T O—ICBTHER

6.21 FHREMNLTEHS ERANGZE S

AMFZETIE, BEMORE 7 —% 5 4 BRI, ZORNEZFETHELLFDOLST
H%,
1. FIEBRE O LR o3
2. OPM |Z X DBEAFAR I OB RE D S5 4T
3. MM D1ER%
4. FEAMER RIS U7 R O 7R
5. N — Mg fE DR
LU ERPREANATIZED TEDIEETHHN, FAEEIZB O IR AMIRE 03 E £
ND, LT TR AEDOREATDIEEICONT, 1~5 T TOEMBI LICHAT S,
M. FEBRE OHr LRG3 E | Tk, FHIEOREICB VTR AL S5,
(2. OPM IZ X DBEFARAADEEED 4347 ) Tl £ D Function % 5Ll 322V CTE A
PEnd 5,
3. MM D{ERL] TiL, Function Z %95 Form £L T, EDEREEE 2 528 T
BN DD,
(4. FRAMEMZ RIS U7 R EE O FFE ) Tl FREE O E H LB AR5,
M5, N —MgdEfEOFHE T, JBAMEIZZR U,
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ZDOXH7e B ANEOHERRIT, BEOF A EOFERICE S THERT2O0REEL, K
e AART 4 TIRZ O X 70 B NI BRE ~DOFH #HFE ~DOe TV 7B THERR
L7

6.2.2 OPM H 5 MM DERRIZDINT

AWFFETIE MM OERIZ DU T OPM Z IV 72, OPM & VT H AR B T2
Function Z¥EVMH L, ZAUTKHE T 5 Form 238 IRT 5LV EL T MM 5k L7z,
Lo Tkt 22[H % Form DAIIREL , ROT-LHF 25,

HAEMOa 7 MR EHR XA ZZ M 2N A<, B UNERFH 22 A BRI 52 L3Ik
WL, B EHZER OBPUL, BB T — AT —Z IR TOD S, BIREZR L YEN 72\

(B ANMER A LU AT D Rt 5, KRFIETLTDOII R BELLERS LN
RCED,

ARFEORFEL TIL, Function B RN IEIKERVIDIGHENEZBND, ZDIH7255

AT MM TEETEEEHEE EL T Form O 47257, Function ©% 83 2 M2 )0
HD,

623 MM [CHETHEELGLERREEHOHME

4.3 TIERRL72 OPM ME KIZ/R-725A121% 4.4 TEKR T2 MM O Bk EHE HIXIE
WICREL 2D, TOHE | RETROEITHEEBIBENTHINT 20T, N — MR #ffL e

HREFEZ ROITHONREHEL N,

Simmons[6]iZ., B E /2 E MR EH H %2 o175 515EL T, Connectivity & Sensitivity &
TODFEEIERL D, Connectivity &1, D E BIREE H BE OBVl B Bk
EH B EE 5250 ERTHOTHY, EREMITIL, 3.6.2 TRLEHIKISEFDORIC

TEHARTE D, Sensitivity &1%, Z O R ERET H DSFEMfH 2 L CE DR E A Z KIF T

M AaTELTcb D ThH D,

6-1 |2, Connectivity & Sensitivity @ 2 il 55 B EHE B 2 S (b Lizb 0z R T,
Connectivity, Sensitivity EHIZMEA KZWNEEEERE MR EHE THDH, LoT
(1)Sensitivity AND strongly connected (I (& 92 & B EH H BN b EETHD, ZOLED
ROHTICED MM 220 B ERBEEREH B4 L, BEREH B 203§ 528087
RETH D,
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(2)
Sensitive but
weakly connected

(1)
Sensitive AND
strongly connected

Degree of sensitivity

(4)
Intensive AND
weakly connected

3)
Intensive but
strongly connected

U

v

Degree of connectivity

6-1 Connectivity & Sensitivity O#L0 6 OFE R EEH H O E{k[6]

6.2.4 FE{MEAIZ xS L -FEMEDEHEIZDILNT

AWFZETIE 2 FEEOFIE O FH 7 I >V T Lz,

— D2 HOFEE, P2 —HEDFIETHD, ZOHIETIE, fHlifEE L0 EfECH R
TE, BAEZ RS L0 Ry I35, 7 Ay L TE, Vol —FDOIERIZF M
MININDHZEE MM DK EL ST FIC 2 COBEBIREHEB 2B E TEHI 2L —XDIE
FRAEEL N ZER T HD,

ZOHOFIEL MM OFB/VITRREEE R EL R E IR KVE R AT )
ECHD, ZORMEEOREIITBAERDY, MU EEHET LIRSS, &
DEBRANTHRFME AR E T2 HEELTE, 77— MO o T i5(AHP)[64]. ISM. 14
[65)72E MR HE 2 HID,
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£
6.3 BHEY X —ANOFMEBREICIKE L - BERORE

¥ 5 BOS—AAZT 4@ L T BRIFEBERE OGNS T U e B M ORGSR
ARz, £ 5-22 obh2Xoc, BURHRGRITHEFERBREZLICRRLILND
Mol TREBEZ, A7 oY/ MNIEDO=— X245 5L, FIEBRENE D X7
ility 23RO TV E IEFEICHRL . ZNOIDG R 2T DZENHEETHHEE 2D,

6.4 BEROKREF IO —DEEBREIZE T HEM

FAEAZTIUT, BEEREREIEDND FREIILL T D 3 DICELDHHIENTED
[66].

1. RN OADITHEDOWGEIRE R DD

2. WHRTRIEN R BAEA | BIESHIESNS 25572 FALBARICE S H#2 D

3. BHEREOHEEZZOHEMEDOMICHEIL, TNDAARERNE SRS L Tl

IS

LIZOWT, BET DO 7 — T, SFIERGRE OGS/ L — My
izt R L, & 521 ITRLIEEIIC, WK B AR ORREF R OB 2/ L — M i fif D I
AR DHZ LTI L TWVD,

2122V, FRIERRE O=—XZWEICL, FHlAz ERXT 228 T. BEEZRET
HTLEATREIC LT, $7o. BEMOR G ROBMITHRA THY , SHITKBR TH L3,
3.5, 3.6 [Z7RL72 OPM DAERIZED  ZDEINE Form DT> TWD,

3ITDUVNVT, 6.2.1 TRLZEIIZ, FheEi72im sy LB N5 Il JB 725
53 % B Z DM T ORI KRR A X > TnD,

PLEXD, 25 1,2, 3 DR TEBEREIZOWTIIRL TWNAZENER TET,
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7.1 ¥R

AWFIETIT, EEOF)FBRE D B EMORFHIOWTERIRE T B0 3EEL T,
FIERGRE Z LI b =— X IREIZFLIR L, BT AR —ATHREZ AL HZ LT, #
N B O B NG REMRT T 57 n—2 R LT,

BARMIIZIX, Systems Approach Z W CH A2 B/ MOk EH7n—2 %L | FE5EL
7o FIERRE 2D =—X% SVN Z W THLMNIZL, =— XIS B EMOMERE
FEATG 9 2Rl A R E Lz, RIS, =— X5 OPM 2 FWCREAFARAIZBI45% Function &
Form 2~y 7L, BEMa 7 MEEHIB T2 ERREE 2 MM L TRBILT,
BEREHEB OMAGDEELTEIAINDS B 7 M e RIRU i LS &
AL, S — Mg e 7 R H LTZ, MUNIN X0 ReVolt 72 8 OREFD A ffin=
BTN T AL T IRETHAEMOK I T — 2 RRE T D AR LT,

125BODRE

SBEDOBLELTUILLTO 2 SUTEF ATV,

° FoUT 2 E ERE AR E T H ofhiH

®  CRAMmEL T L7 REAMAE O 3R 5 O R
1 R BEIZHBWTE, 623 IR L2 FEAHWTC, EEAEEREE B 225287
AIRECTH D, 2 MBIZOWTE, v a2 —# &2 /BT 5 H7ES 6.2.4 ICFEIR L7 FIEIC
Fo THOM AT,
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i

AMFEE D DIZDT-> T, ZLDF 2T N ZTAETEL, ZTITEH O B2l ~&E
TWeEEET,

FREHE Th DR AR R PR A R A 7E R NMBR 2 B M7
FFRFEEITIE, 288 4 AL RFFED 2 ERICIEDEE 3 FREVOR W TR g2
TFEL, BT, BEMICE T 5515S° Systems Approach &> 72 #7258 D A
BT G OB T RO RO LV Te A RO NEICB W TH B EESH
HEZTFICONWTHEIISHTIHEESEL, o, BADOHFBROUEES LS, ELTSH I %
BINITENSNELT, SRITIEENOEHZ TN Z oA I, SOOI A HT
TATEKBEWE T, THEHVNEHITINEL T, REHNZLET,

FOR KPR F BB SE AN R A JE R N BR B2 5 Re{TiE 4% Bryan R Moser
HeE1ZIX, Systems Approach« Systems thinking D& % 5 & I3 CHEE LT, £,
GTL(Global Teamwork Lab)DiE &)z L | [HEEA RGBT 2 AT 52N TE, B O kE
EZDHETHRWIIRIZRDELT-, A T, RARNFES 4 FEAEDKE, v~ Fa—ty Y TH
RFMITIZFHRIL7ZBRITIE, Bt COATE D EE L UL ORI 72 & KRB B HEEE 2720 %
U7z, TREHINZLET,

FOXRZFZR G TR TER D AT LA WeBdR BRI, &G T
FHFIEE A R CTRECHE A THE EL 7, H o3> 7o R b3in 2
FENIZZZENDY, IV EZHED DT LR TEELT, IREHWZLET,

FOXRZR G T RUTER AT DA B3 WATRSEEIIE, F2E o
LD E OO F B A THE £ LT, BTOIREIZE S DM - 557 I3 470 DO THIC
(ZHDPDLT | ZIUTEE D RWEEAZIT LN TEL A e I VW ET, ek
DEPTFTHZDORAS, BEORSEEKZTE, MBI T OERANRES B2 TT2HI
T DZENTEELL, THREHVNEI TS W EL, TREHH WL ET,

FOLRZPR G TR TER D AT LA MBS SEEICIT MTL
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Bt
DRI T DO EEART K A2, il S EL, SO HE DR
P TED BB R A B S BB TE L, TRH L ET

FORX KRR LG A BB 2P JERE FEREDRERT 3 NASA P =y MEENTTES X
TLAEDET AIARRICIE, B 4 R B 1 ARRICERE> MIT f5R RS R i
AR E LT, BB DG TRF D74 — Ry 7 LT R 0BLRODO TR A TR,
WFFEDNEZ T 52N TEEL, REHVZLET,

FORFER G TR ER S AT LA R SIRHME EAR AR
FEDA T T 2R — M IEEELT2, Fio, FUKER T AT DR 5
B OBEIZIE, AR TENT 2V R > Ty OF 727 — 22RO THEE LIz, <
L ET,

ME D IIAFIFER, KGR RS HRICIE, IR0 FE FH s E21T>TWH
T2 & PRI HIAD LBRE A B L CWeZ & E L7, I L B EL TIAE, ik D
SRIBV DB T, LT 2 XD LN TIELI, RAEHNZLET,

[EISEATFSE B 56 v NV L - PR T - W22 BRI ZE P (M ZEA)F) R KRR SR 1213, FA
DI 4 AR RIS R R A Be BT s AN R A JE R N BB 7 B D Bid & LT
FIEE - EE L L COLMER IR EZLOTIHRBA GV EL T, /o, B LTEFERICH, 35
DRETBRNTHHENHY PR E LU TWEEEE LT, B0 BIEHFEIC
KT HEBOHIRET | SHONEICBOTHIENL TWTEEEL DB X HFEFOEL
7o RS NZLE T,

MRS MTI O RS =ER A S EAR ARAS OB ER, P38 K HIERITIE, B % DX
THRILLWEZA WMFRICET 2 E DT RAA AL TAEE UL, EHITHEDLEREO TR
IS BT DEIANEREA M THYEL -, RBEHIZLET,

WHIEE DAL THDFREMERER, AR, 7R AR, B EWAR, DR, b
BPFEIARR., TR BRI RARIZIE, Bl COT 4 — Ry 7 i@ L T FRICK T 58« TR
NARETAEE LT, o FRBATRLSMIB O THEL OB TR IEEIZRY, sl
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(7= 2/ S A T AT a2 - A QY k=3 A Dyl 52 2 = e i /- L0
FeT DT LD EESZHR TWIZEEU, RIFARIZIT, 39 F 2RV IBRS 2 H 2 TV
EEEL, EEERICIE, th NZEDZED REISHHA TV eIZEE LT, BAFRIZIZ. B
FLIEMICHEFEIATIZED RUISZH A T lEEE U, REHH WL ET,

PR O SEIETH L HRER, R AR, FIh B2 kR, KRR K BEEA
BRIZIE, B EIAT EGE E o TR < DT SR TAE E LT, E7o, RSN BE &
LT TAN— I THIRHERITRDELIZ, FHTH PR ROERT, B T eiZnizZ e
SENER A, M BERIZIE, Z2LANREZEBL T, ROMREAEEEZT R L W EEE
L7ze BHERICIT, S AL TOB R HFRRAELHDOVEL T, FIFRRIZIE, HVHZEDH
DHEFELL T RO KR FIZZDOVEL T2, RMERITIL, H B DO SEE AT TITW 72T
RN IRDN DD T RANARZ N2 & F LT, B BERIZIE, KSHRRIZO - TV %,
H DR E S 25 L TRENDELTZ, EEHNN-LET,

WFFE 2R D [FIZE T 5 [ RIS, B O TR R ATE ISR W CIHF IS BVl ZTE
EELI, MR BT R = IGEE I DA Th B ARV EL, 3 M)
A RIC BRI M- THED T2 Z L3R T, 4% & OBITHERE TR, BAH
DIFEEFT AL TOVET, HVNREITINELT,

PR D% A THDAJETERRIAR, TR BR, B ERRIZIE, HHE=EE TR DD
LD HFELHSTWZE MIRICE P TEDIO PR —FL TVl E £, 7o, Wi
BRRNDFHSIEL S HIFEZ T LT, AJFRRRIZIE, ZDAM v 7710 BB B < DR
WaZ T ELTZ, FTHARIT TR EZADED LI TG, BT THRUHIE R LG 2%
DHIENTEEL, EARIT, FAOFE LTI/ > T, BT TERLUWRHZ I3 2808
TEELI, HIVBEITIWELT, EEH N L E T,

B 4 A O/ N RIETERR, = SRIEERIZIE, IR TR I O e i & LTl <
DR ZZ T E LI, B _HOENT T, HobRWERERO P TERICHDMDO 72 E B
F77, AMRERIZIE, B OBRIK THLEROFHEN TE KUK AT 2N TIEL
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a.2. IaL—LarvoEhn
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a.3. ZEXMGTHITAHE
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a.4. EOHIE & BMITE
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