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= od (Industry 4.0)

ASsEgde
(MASS)

Maritime Autonomous Surface

Ship (IMO MSC 98, 2017.6)

‘Qaﬁm
(Unmanned Ship)

e (B o h ey
; il .

{ﬁDPE AS2Ed

A0LE &{Smart Ship)

| RQE HES 4

j"'

CIXIE &=t
Digitalized Ship

Efficiencies, cost
savings, safety
and security
benefits

No crew on board

Safety, security, environment
protection, liability,
compensation and insurance

Remote Control Ship

y

A E222MMY Why ? Automation, Digitalization, Al, Indispensable Trends
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Autonomous Ships on IM0 Agenda oy CONMTTES

Agerdaiem 1 Crigingl: ZMGLIE|
2y alzwarya Likshml | Junc 16, 2007
PROVISIONAL AGENDA
Naow, the International Maritinre
3oy o far the ninety-ninth session of the Maritime Safety Committee to be held
Organlzalion (MO} Maritine Safely e Wednesday, 16 to Friday, 25 Hay 2018
Ci il wiil start to anew al IMO Headquarters, 4 Albert Embankment, London SE1 75R

internatianal legal framewark far the safn

Session commences at 9,30 am. on Wednesday, 16 May 2018
aperation of autonomeus ships, saysa

statement from Danish Maritime Authority. 2
Cipening of the sessian

Togather With 3 numaar of Coutries, Denmark, 4 Adoptan of the agenda: repart an crecentials
A taken the immaries ta ndude auranaminug
L Z Dez sions af athsr (MO bod &5

shioping on the IMQ agends.
= 2 T S 3 Censwderablicn znd adeotion of amendments to mancatary nsinimenis
Imoga: Ganlsh Marftime auchoriby » i @ 3

driibed Ralions” MO is in fine wilh Lie 4 4 Messures (w enhanoe marilane ssouily
ang wll now start mapzing how cxisting Intornational regdlotlon can oo applled to avtoromeus ships and

culstar s = *darii i lzca Zhipz

ma~time bechanlegies; fechaclongies that are devednzing rapidly thesa yesrs, J ﬁﬁ;{::ﬂ” scoping;axefchefor.the;ise-of Mantime: ALKomoLs SUrkace) Ships

SHAL 2HE(MSC) 24 2lH|

OUR HERITAGE
BETTER SHIPPING
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Shorz Control

Advarced i L Centre
Sensar Madule

Maintenance
Interaction System

Ship handling

simulation Energy

Fificiency System
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Cloud

Fomal Tima Dat, for Exangie from
v

tonar e

2 7__ Cata Collecting = o
j?t @‘Q Crarsion

Mitsui 2.5 K Lines [MOL) has signed an agreement with Mitsui Enginesring & Shipbuilding |

1MES) to pointty develop next-generation vessel momitering and support systems tor prachcal

and commercialisation applications.

5 Ways Big Data Is Changing Shipping B
T T ST ST A T
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Big Data &-&-¢] 4

Cassinication sock Ship ownar Ship operamcharterar Flag save

Duala Dyiven
Dusiness

Y Connectivity/Available

Intuition

Fors smws

Level 4 =N

Creation

Cargo owenar
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-
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T ERC|(SINTEF, NTNU, SA£20|2, A1)

The world's first autonomous, zero emission container s

Autonomous ships are changing the game!

85 Focus on transport chain:
[ The ship iz anly 3 part

2 Youlube [3

Autonomous maritime ecosysten
started in Finland

The roadmap creafion and implementation

¥, ¥ ST O TRAEanT
LW aTaT Sl i
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@l 0 32(Autonomous Ship)

Journey to Autonomous Vessels e ——

2014 2016 2?16 i 2017 2020+
DFin R&D Centre erosystem wrld's fivst 2uamatic

Femotely cperated £
1 I

imifired Brid e te Turkar Einland sutememous mErtime crossing system Teara] e

; = .
O O O @)

\
O]
o)

2018
Rallz Reyes Intelligert
Avareness launch

ADVISORY CONTROL AUTONOMOUS

Source : https:Mfwww dma. dkAaekstiautonomeskibe/Documents/Andreas %20MNordseth % 200M A% 20—
% 20K eynote® 20welcome% 20and% 20address. pdf
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2l =(i-Shipping Project)

Japanese shipbuilding and shipping companies jointly develop
remotely operated cargo ships by 2025

B priv ETEMML A A

Several Japanese shipbuilding and shipping compenies
have: agroed to pointly dovelop and creale o oot ot
remaotely operated cargo ships by 2025. The technclogy
wll Bz ond on The oo ol Sl ol Thing s dmi
aims 1o integrate The 5 devices and equipment via
ther Inleinel for the collecbion and analysis of dula,
building & ship routz. It is assumed that the exclusion of
thex ¥hwermsan™ Faclon will significantly reduce isks and
increase the safety of navigaton. | lowaver, the ships will
nul Le urinewned snd will hees g minimon ceey Lo meinlain echeologiss and devices, ws well os
monitor the comract operations.

i : i i
shipping firms which id I 250 high vsch

NYK to Test Autonomous Boxship in 2019

2028, under plans by Japansse

Japansse shipping company Nippen Yusen
Kabushiki Kaisha [NYK} intends to testan
autonomous containership in the Pacific
Ocean in 2019,

re sMip wiould s2ll oM Japen to Mot Amenca
warh & reeus on srantby, | Ldawike Ands, & seninr
pereral manager ar Monohakoh: Tecinalogy
nestitute, part ol MYE, whd Blusiitberg

7 32 LU Tesy JSEING

The bewxship, the size of which has not been saecflzc yer, would be remataly comrolled.

‘10
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Why REA Vessels - Ene

Machine Learning | More cargo

Lower weight: 700 1,000 tonnes
Wind resistance: ~1% saving

No hotel systems
| Nodeck house

Reduced hotel load: 200 — 270 kW el
Redundant machinery

| Inereased automation |
| and sensors

10-15% fuel savings P

TR —
Ramite fAutanomaus Infrastructurs gosls G "

% T
Operatlanal oA o | o on o o
Modes Wincis 1 Modc 2 | Visae 3 Fuode 4 woce & Mede &

(Dperational Aperational Task / Infrastructurs Fundtions

0 T T

]
Ty o ! i Y H
Jr—— [p— - o
i i

[+ cyber-physical systems (any lacation) I “# Physical Syssems {any location)

OUR HERITAGE
BETTER SHIPFING
FOM A BETTER FUTURE

A= 22 2 (Autonomy Level)

Level 0 Level 1 Level 2 Level 3

i) cEd 23 X#) (=248 28 S& (2LIE ¢ A8 X
X&) 2t SH AIE)

Level 4 Level 5 Level 6

(ZLIEI 25t STHE = (ZELE3 == (& X=28E, Full

U= SY X 0| B &13Y) A= 28 W) autonomy)

1n-
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BETTER SHIPPFING
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4. Xe2EEME £ ©

IMO %|¢ =2 =&

Im [rr— E Introduction
ranmmE
— 1 Thix uinenl propusss Lal e Connilles widelabes a4 egulaluy  scuping

exercise of exisling instruments under its purview to better understand the implicstions arising
fram the introduction of MASS

LEGAL COMMITTEE LEG 1051111 ) . .
105th session 19 January 2018 2 MASS includes various lzvcls of aulomation ranging from partially sutomatee systemrs
Agenda item 11 Original: ENGLISH that assist a human crew to fully aulonomous systems that requice no human intervention.
MASS aie nol vel in commer cial vpe slion, bul here die severdl projgcls underway glosaly
WORK PROGRAMME to make autcnomous ship operations a reality:
Proposal Tor a regulatory $Coping exercise and gap analysis £ In Norway. the Yara Blrkeland ks snticipatzd to be the firsT autonomous
with respect to Maritime Autonomous Surface Ships (MASS) commercizl ship, scheduled to leunch n 2013 with a stzggzred approach 1o
Submitted by Canada, Finland, Georgia, the Marshall Islands, Norway, fully autonemous and remate cparation by 2030;
the Republic of Korea, Turkey, CMI, ICS and P&I Clubs LEG 105111
Paye 2
SUMMARY

2 in fh= Baltic Sea, the "One Seas - Auteromous Maritime Feonsystem” proect

Executive summary:  This document invites the Legal Commitiee to undertake a 5 s ¥ " o i R =
requiatory scoping exsrtise of the conventions under its purview ta Is dimng Lq erdhlz iy igmuole conl U_lldd .le&_elb n the Ballic Sea by 2020
establish the extent to which the international regulatory framework and to achieve autcnomous commercisl operation by 2025 A test area for
should be medified to integrate the new and advancing technology this project has been estaslishec off the west cozst of Finland;
of Maritime Autonomous Surface Ships (MASS)

[

aJaparese shipplng firm will begin testing remoe controlled vessels nthe

Strategic direcion: 1,2 and & ) Facific in 2013, with an objoctive of achicving fully autonomous vesscls

High-level action: by 2025 and

Outprt Mo related provisions 4 Rolls-Royes is working towsards the inifial stages of 2 rerately opersted
vesse beginning in 2020 with urmannec, ocean-gong comme-cial ships

Action to be taken:  Paragraph 24 anficipated by 2035

Related documnent: MSC 88202

IMO f{#H3lg =2 A= HE(LEG), sHAl @tH(MSC) 22 olH|

KOREA MARITIME INSTITUTE

ERFUTLRE

4. RG2EMY Tol MY

IMO =[¢] =2 =&

3 MASS are expected to fundamentally transform the maritime industry by providing
efficiencies, cost savings, and safety and security benefits that are not attainable with crewed
ships. For example, MASS are expected to:

3 | maore easily run on cleaner fuel;

2 be more streamlined and have more room for cargo, as there would be
smaller or no craw quarters;

3 reduce the threat of piracy as they operate with less ar no crew and can be
designed to make boarding from sea difficult; and

4 reduce certain types of accidents as human error is a significant factor in
marine accident ratas’.

4 Despite these benefits, MASS, in particular those with no crew an board, will also
fundamentally disrupt the current international requlatory framewaorks, including thase covering
safety, security, environmental protection, and liability, compensation and insurance. Though
the regulatory frameworks gaverning the maritime industry have adapted well over time to
accommodate new technologies, they were never drafted to consider ships with no crew on
board.

IMO ${#3lg =2 AR HE(LEG), sHAF SHH(MSC) &4 2
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‘ HIZELIA De ghat ‘
{(Business Models)

AE EHII Y TZHA(ZEY)
Competenmes & Processes

Jl=oneg
(Technology)

‘ ploplpE ‘
(Infrastructure)

IMO f{#H3lg =2 A= HE(LEG), sHAl @tH(MSC) 22 olH|

KMI ' KOREA MARITIME INSTITUTE

1. Jurisdictional issues

2. Navigation and
regulations for preventing ~ 3. Crew and “seafarers” of
collisions at sea \ the future

4. Protection of the . l

5. Construction
requirements and
technical conditions of

maring environment ships

6. Liability, compensation . 7. Cybersecurity and anti-

and insurance issues tarror safeguards

Source : DA Repor‘t Dec 2017

K22 m 9 FY RS, oFF, #E, e By, M3, 71|,

ALO|EH Ot S H|A|

13
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f Y ' ™y
Level of Regulatory barriers Level of Conclusion and
autonomy ¢ Turicdictionalississ regulation recommendation
i - Navigation and regulations for preventing D e It:ltanrifica;cictn of
- R collisions at sea - EU IIn :crp"e dren ; 1
. . , " - . Nati = Isitnecessary to make
RU Crew and "seafarars” of the future National changes in the existing
+ A + Frotaction of the marine envirenment regulation?
« Construction requirements and technical = Isitnecessary to
conditions of ships imp/ement new
+ Liability, compensation and insurance issues regulation?
- Cybersecurity and anti-terror safequards
ik J Fos

+ M : Manual navigation with automated processes and decision support
+ R : Remote-controlled vessel with crevw on board

+ RU: Remote-controlled vessel without crew on board

+ A Autonomous vessel

Source : DMA Report Dec 2017

ArE2AMY = Y g, ofF, 2, Ay By, M3, 7=,

AtO|H Ot 313 HIA|

K @ KOREA MARITIME INSTTTUTE !u r /

A=zt 0l &8 el 82HUIXLIAZE §H3Y)

THE NEW
ENVIRONMEMNTAL AGE

PROFITABLE AND SUSTAIMABLE
BUSINESS MODEL

‘14
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OUR HERITAGE
BETTER SHIPFING {
FOR A BETTER FUTLRE ]

Regulatory level

National or
regional (test)
permits

5

Scoping
B exercise

Working Group

Selected focus areas
MO

regulation
completed

4

2 Possibly common EU
7 \\ regulation for M+R,

Involve tech providers
to demystify and avoid
over-implementation

Resolution

Ensure interoperability

Regulatory Sl to facilitate
process o S competition and
4 approach innovation
Balti L] 5
altie — Prepare national
NO I D regulation, and provide
UK E— an overview of
required amendments
DK D I
0 1 2 3 4 5 Years from now

Source : OMA Report Dec 2017

KMI ’ KOREA MARITIME INSTTTUTE

OUR HERITAGE
BETTER SHIFFING {
FOR A BETTER FUTLRE i

AOIE &tol
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e
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2005~21K, 2elckatm MAKBalR, W4
201531, 77 ISERY RISA7IFAL 2 B4 H2QIpia], 9I2a
2016~31RY, SHRRISAMIBIE!, AISKIet IT SBARICITS, Sleis
2013~31K, @) SHILEA AlRIOAL

2015.3~2017.2, TRt ATEQ0 ME AIZQIEYW Bt XIZu
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2004~2005, SKEHIZ(F) Ej0l2 JHLUE!, ofst

2001~2004, (F)U[A= 7[HI7 =S, E& (co—founder)
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Smart Embedded System Lab
Kookmin University

Smart Embedded System Lab

e o AAPE

Smart Embedded System Lab
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> ADASO|AM XI2so =z

: ACC
(Cruis(e:(?ontrol) (Adaptive HDA
Cruise Control (Highway Driving Assist)
LDWS LKAS TJA
(Lane Departure (Lane Keeping (Traffic Jam Assist) /
VWWarning System Assist System)

FCws AEB i
(Forward Collision Warning System) uggnomous Emergency Braying) (Fully Autonomous
I

Driving)
SPAS APS
(Smart Parking Assist System) utomated Parking Syste

ALC
(Automated Lane Change)
1

Intersection Driving >

ADAS

Partially Autonomous Driving | Fully Autonomous Driving

Smart Embedded System Lab

> Xtg FUK Fe 58
- ME2e &= 2Y S
- A A2, )

r 0
Z

[>

I
oy
ot

- 23 7| Ts)

(o2 ugzu xe Y wnee sa Y uzenzeusz )
Hix, BCH, HISEL Wt & SE3 1712 MM ALE ElS2}t - 871 7tH|2}
M XHEF + 2to|Ct
7} M

#rj - x{7} ato|ct AR

Smart Embedded System Lab
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Embedded Localization
Sensors & Mapping
Dvnamic Road & Vehicle
yMa Recognition Plan Control
P (Real-Time)
V2X Environment Long Distance
' . - - Human Factor
information Recognition Driving

Fleet & Traffic

User monitoring Control

Smart Embedded System Lab

» g 3/4/5& g T3

- xpEX Aol AHETY
LA S OIY A~ T

+ HEE HIO|H M| E ¢t S4 o Z2MdE B3
c ME Bzt He
- x9 #s}
- AMEA 2LHE 7lE 3t
» OFRLC|: 2018 A8, level 3 &t

2 SH AEFA

AERT BE A2 Bal
AUAIZESE MM ALS

A8R BLIEY B3
AT DR HT BUEY BeE

0 d 2 3 4 5

No Driver Partial Conditional High Full
Automation Assistance | Automation Automation | Assistance | Automation
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Audi A7 piloted driving concept Aval
Sensor Kamerasystem

ofC| A7 T2 dojz

Smart Embedded System Lab
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Self-driving Vehicle
Trials @ NTU-CleanTech
Park

Self-driving Bus Trials Self-driving Shuttle @

Gardens by the Bay

iy

Gardens
- g
%, ST Engineering

Trials

DELPHI

Demand
Services

Self-driving Vehicle Mobility-on-Demand

Self-driving Shuttle @
Sentosa

SentosCipez=

@ one-north

©® o000 M

nuTonomy

rstiune for
Inbocomm Resewrch

%% ST Engineering
* Trials on roads, mixed-use traffic
* Fleet management system
* Public acceptance
* Partnership between MOT-SDC-STE

<AMILE AEFH MH|A ALY, =X : Self-driving vehicle initiatives in Singapore>
Smart Embedded System Lab

> = flojz mA|m|7} gH
= C|EZ0|E FE{4 2017
« 2}O|CF MIA FHE
. 7}2 171022 X 7}8}

= MM BT
« 2tO|Ct
VIBRR 33
- dlolH
* 7fOi| 2t

- FEY X2FY MH|A (2017.4)
. Of2|=L} m YA
« 600CH A
o MIZIA|ATO| 2H| 72

= 7= $I0|2(2017.5)

« W7 B0F O £

o

Smart Embedded System Lab

HOW WAYMO'S SELF-DRIVING CAR WORKS

One of Wayma's three lidar systems that shoots lasers
so the car can see its surroundings. Waymo says this
lidar can detect a helmet two-football fields away.

/’ 360 degreee of vicion.
& / Waymo's sclf-driving sensors are tightly
! |

A forward facing camera works with 8
others stationed around the car to provide

Radar sensors can detect objects
in rain, fog, or snow. integrated into the hybrid minivan created

by Fiat Chrysler.

SOURCE: Waymo BUSINESS INSIDER
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> 22H X} $£3l EHA|(2016.09)
- ALS MM
. 2to|ct 77}

« ZIO| 2} 207|
o ZHEMIA 37Y
e Garmin GPS

S XHEFY WA

Smart Embedded System Lab source Uber

> T RE}
= EQEl HUE|IE (EQE} 95%, MS 5%)
« HOolH =8 S &M, 28Xs 9=
= 2lol S 2= £¢ (2017.6)
* Smart device link

Government office,

- B8 M9 XHSX M ¢17(2017. 5)

L4 TRI Ride-sharing Car-sharing Insurance Rent-a-car Taxi Kirobo Paralympic, etc.

e Fvanl Mobility Services Platform
Services Collaborate with various mobility services by opening API
Corporation Smart Key Box Flexible Telematics Use of Probe Fleet car et AR
/Trans Log leasing insurance data/vehicle data management
=SS Dealer
P e 8
o Toyota Smart Center
{nsneing Toyota Big (L s
function i i i
Telematics service Use of big data Data Center

Global Communications Platform

EQE HYEIE EHE FZ: X EEA

Smart Embedded System Lab
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> OC| A8(2017.7)
= =0 O]
EETEETE
v Traffic Jam Pilot
- =0 Haid
v 0} C|(Computation)- ¢l H| C| OKGPU)- 2 2! 0} 0| (7} T 2H)
» Z[Z9| 2tO|CHlA
vty e 2tolct 174 b

Sensorfelder der Umfeldaberwachung
Sensor areas for environment observation

o b Umgebungskamera
- 360° enwronment camera

L) O |— |:| 4 FA S Front-Kamera Ultraschallsensoren,
,,,,,,,,,,, Ultra sonic sensor

Umgebungskamera
¥ Tegra K1, EyeQ3, AURIX R

« AEQIEHE[MA tong ange acr ; ‘\' ‘
v’ Car-to-X : D o g

VITE V2X Ol Xj2k8 Zatec

= =0 MM
* El‘OlE.l- 1’ ;H}” El- 1 vt
- 3l Y o|H 4, HAHE| HolH 1
« 360 O|2tRCH Fioj|zt 4

Mid-Range-Radar
Mid range radar

Ultraschallsensoren
Mid-Range-Radar seitlich
I—— Mid range radar

Side ultra sonic sensor

Ultraschallsensoren seitlich
Side ultra sonic sensor

Smart Embedded System Lab

> OtC| Y|QI, OO (2017.9)
= o}2C| A8

= ot Yz el
- 2 4 j
VIS 2 MO|AM A2 130km/h7HK| M2 e

- X%, NS, 7t =X
- T Al 28 5

- ot9c| ofo| 2

- B s
- 47}
- x%, NS, 7t gl
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Velodyne Lidar
HDL-64E

. 7.50F ety
e

« EO M
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= T

of

Quanergy Lidar

- 7Y etoct 28
. 20174 2502y,

2018 100E &

. S3Ym

« CES 2017 ¥®

Valeo - SCALA

250 £y
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£ %} (CES 2017)
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RADAR uvar

Sensor Fusion
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- W= FHo| A J|s
- Crorst 7|2 ae E=x
v OFZt Ol 4]
v E} Xt 2to| = 0] Cfet @ Q1A x|
vEQ MBS QXS 9Tt B2 QX 7|&
v L3}, EA| OfCH CHE A7 Q14

- XE HE 0|8 MBS Q4

« V2 7|8 M= 5 214
v Time-to-Green, Audi, 2016~

nxtE =

s Lt H& g2 & =t
v Traffic light recognition
v'Road & Traffic recognition
v'"VRU and crosswalk recognition
v"Map information

« Turn at your own risk

Smart Embedded System Lab

2. XI2FY XSk Ay T1E

Traffic light recognition using pre-made map
E5: 72

Audi Time-to-Green
ZEXH: caranddriver

"o

A A ARg0] 25}
Z2AY o9 2

- #H HEEHZ YH Ol =BE
- PNPNPN-TT T

Fhullat N AR 2t

- MER BE ALY ST
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HIE 7|4k A2l FIS)
R ESPAES

- HY XE 28

- A2t E O &

BLEY oA

* AFEAVANE 2LIEE

[=}
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- Rlof-S41-214 8¢
47|
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OlAl, CES 2018
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Cloud
= HD Map
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=
MapWorks
Auto-Pilot
DNN(s)
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Cloud
Al Assistant

Co-Pilot NLU

DNN(s) DNN(s)
DriveWorks

Drive PX

Y
[ ] 0H“
arx
p |

> D T of

Vv2X
AMH| A

- i 2 Hlo|H

- Ciz=0| 77|

o HA[ZH MH[A
= V2X AMH|A 7FA &}

* AFE O

v'V2V: line of sight

v'V2I traffic flow and safety

« WAVE/LTE SA| AFR
« 5G X3}

JI» JI)+

&
A
1=

== X 0:“
ExVe A7

« eCall AA|
» XAIEFUL 28 7|E AHA
- Wm 2A BotoE
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In-Vehicle Monitoring
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A
Big Data

O
=

Service

eal time
llflcal 0

Lia=

Smart Devidn-Vehicle
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= e} 'drel

> XIZF X0 8! Human Factor

= X}EF A of
o GH[/etE/ERO|Y ZEE et XHEE A
- F/H/VHEE/HE &

= 2ol Zd
s MEX BEE Zd K Of
o« AFEAF BEEY MH[A

= X2 S ASY
o MZLIILO B A Q| RIS X}
« Entertainment, 2t BN S92 B3}

e

<Rinspeed - XchangE> Sourcg

<Benz - FO15> <Benz - Future Truck 2025surce
Smart Embedded System Lab

S | of Cloud

AUTOSAR Standards
- o o =
= AT EQO g

« AUTOSAR+GENIVI
« XI&Fd + Functional Safety+Cybersecurity

= 75 etddate| A
+ SOTIF
» Fail Operational

= Cybersecurity HA|
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= Local Dynamic Map
- YN K= Y/ omet Ye
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Vehicles
Ego
Vehicle

Pedestrians

Type 4: Highly dynamic data
(vehicles, pedestrians)

Type 3: Transient dynamic
(congestion, signal phase)
/

Signal
Phase

Traffic
‘ / Congestion
Slippery
* (AR Road
~ 7

Type 2: Transient static data, Traffic
(roadside infrastructure) Sign
it
e = Landmarks
Ak O e
Type 1: Permanent static d: A uﬂ, %4 ;'
7 7 WA
(map data) g 4 ser | uppp J_,E P Map

Source: Implementation and Evaluation of Local Dynamic Map in Safety Driving Systems, 2015
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3t MH|A [ Services ] [ Services
- F2Y 28 Mol
. On—demand transportation [ Operators ] [ Operators
v EAF Do MH|A EIB}
/l:ég\l J_L|-9I l;'tl _7|EX|-7C(>|- A=z [ Smartphone ] [ Autonomous Vehicle
vArEES mE MH|A
+ Y E%?’g JT-E MH| THanen B )
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- AEFY ER MH|2
c E2, A 7j& U MH|A
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> xl‘%*l‘ -?;"?_1 A4 EH 7-'" uH% H:|§I' The future of mobility, Deloitte University Press, 2015
= Z7} 0 &: Transportation, Retail, Media
= ZtA 0 & Insurance, Energy, Public sector

Wholesale and dealer vehicle sales and
service; suppliers; and mechanics

Rental vehicles, taxi and limo
services, private parking garages ﬁ

s Automotive
R $735B
Transportation

Aftermarket parts and $59B
service channel

Auto financing

= Auto insurance

Retail
$24B Current extended . ‘
automotive industry Oil:companiesiand

. L gas stations
Radio advertising, revenues?
outdoor advertising -\

Energy
$573B

Public

Emergency services and hospital sector

costs; legal fees associated with
accidents

Fuel, licensing, and auto sales taxes;
traffic enforcement; tolls; public
transportation; parking

Smart Embedded System Lab

> Rethinking Transportation 2020-2030 (ReThinkX, 2017.5)
" AE FE HI|AV AE S/ AEE BLUHoE JIMME A
= 0= L 95%2| £74 2&2 TaaSE 0|70 H
= Oj= Wi X+-&A = 2
e« 2020 2 4,7008tCH -> 20304 4,4008+CH (20%)

- Me 4ol Abe FU A0l O Be 2¥e g

« 97002t Lol A& 2 SAKt =2 %.*ii B

g 250
i e
- Apatol eIy =a}
& 200
. 0|2, 17b5Y 5600 e ®of 7ts ¢
w
v'10% AF Q& =1t £ 10
VIE 2 =71 7 ¢ Jts %
2 100
2
o S = :
- eTol s U A B8 o
R = )
« GDP 1= 2| &7} 20, 0y, 5, s, 0, 0, a, s, R, R, n, ) ) Ry,

YEARS

Individual ownership

-
=4 . : — Taa$
ZEX : RethinkX Report mmmmm Stranded individual ownership Copyright @ 2017 Rethink <
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4. Ai2222901 Ol

o
=299z
OHZLAIBITIESRISY MAUHAY
* JIC
sl BolMel 7|1&5HskE T} autonomous ship, unmanned ship, technology assessment
* R BY

SHUA-ALIISE & IS 24(2010~BHAH)

SHUAR 7|2IZFA RIZIMETIH2016)

o @ H-1AY
IE2eidl 7|agsrmIK2017~2018)
Autonomous Ship : Current and Future Issues(2017, World Ocean Forum)
xH

MAx} LA 2|2 STt sHYeLt ST & HRo| F= AAR(2017, ShsHURHSES)

Numerical Investigation of Interaction between Rising Bubbles in a Viscous Liquid(2016, JMST)
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4 MUNIN

“‘ | * Funding : EUR 3.8 M (total) / EUR 2.9 M (EU)

* Dry bulk carrier + deep-sea voyage

-USD 7 M 1t ( present value / 25-years period)

Base Scenario Scenario Reduced Crew Only
Scenario description: Scenario deseription:
Fuelprice:  med Fuel price med

(2020) (2025) (2030) (2035) | e Mot g £

K| AHAAZ= ololA = CHOEA == CHOEAZS | condeseriict H Considers effficts of
=T e Rl o o T = o T - I - Reduced crew 1 I - Reduced crew 1
. ved ship efficiency 1 a
-] = = (-] = (=3 1 « improved ship ! 1 1
HHAZE | dHxE | HFPxT | AW rtretetribobriri N —
o MUNIN compared to a conventional bulker MUNIN vs canventional bulker
Expected present value over lifetime Expected present value of savings over lifetime
Higher Higher
newbuilding 3,4 newbuilding 3,4
Crevs cost Crew cost =+10,5
1and hased Land based PP
servizes services ‘ -
‘operation of certain functions unmanned coastal vessel ocean-going s} ‘acean-going s! Retter fuel Additional - 32
peration of certain el going ship going ship Beter Lo o® ..:,;
oy %
RAUNIN MUNIN [ +1,1 m

muUsD

50 25 g 25880 75
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1. 'T'SR- o c;
‘ AAWA (Advanced Autonomous Waterborne Applications)

* Finland (Tekes : EUR 6.6 M funding)

- Rolls-Royce, Inmarsat, DNV-GL, VTT, etc.

* Produce the specification and preliminary designs

- Technology + Market + Law + Safety

Redefined
Innovation

= diftusion, roles for actors
T
S MARKET
& Market RECONFIGURATION &
v niches GROWTH
Ship International N
Connectivity regulation
REMOTE Global
Cognitive CONTROL remote control
PRGNS  STANDARDS & 2l systEmsin centres
INFRA- = OPERATION
Experiments STRUCTURE B g Regional
] teleoperation &
Technological Existing NEW £6& remote control
Media readiness offerings > [eISNZINIeIN] w8 centres
DECISION S
Projects SUPPORT B
o SYSTEMS 5
Examples National  sijtuational awareness
from automotives _regulation system
TME

€ One Sea

* Finland (Baltic Sea)

- Rolls-Royce, ABB, ERICSSON, Wartsila, etc.

* Ecosystem (for commercialization) by 2025

(2020)

o dHTS

| — _« OneSea

Timeline for autn
2017

mcus ships

2020 ™ 2023 2025

Remote
monitoring

Fully remote .ontrolled vas sel (manned)
~ unmannod 1o_iai approval

Gradual increase of
autonomous control

Autonomous ship
traffic commorcial
Test areas National pilots:

eral pilots globally Full scale testing / validation

Dormestic authority Class/IMO reg. in
approval / certiicate place

Intemational
collaboration

Design requirements for autonomous

Satelite becomes cheaper  Strongly decreased
power and propusion systems. P

lata communication
Developed data transfer

Autonomous automobile  tech eg. 5G (imited to
‘commercial ferriesiports)

Mobilty as a service

“Industry standards in place”  Infrastructure.

Ethic . >
Development of cyber security >
Projects, IPR, compelences, education >

National, IMO and global legislation development

4 Yara Birkeland

- Kongsberg + Yara

* Autonomous + (all electric) Battery Operation

* 120 TEU

- Remote control(2019) — Autonomous(2020)

€ ReVolt

* DNV-GL + NTNU

* Autonomous + (all electric) Battery Operation

* 100 TEU (short maritime transport)

- Operation cost : USD 34 M | (30-years period)
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1. =8 5%

€ Roboat 4 Hronn

- MIT + AMS - Kongsberg + Automated Ship Ltd

- To solve complex urban problems - 2017 (contract) — 2020 (operation)

* Improve urban waterways * Test bed (Trondheimsfjord)

- 5-years project (from 2016) - Utility ship (offshore energy, scientific, fish-farming, etc.)

Control hands over
to on-shore Captam,
departs Pier 248

* 20 June 2017

Navigates course
southboun:
towards Pier 167

. (?P‘mhagen....

&
»
2World's first
L ]

Departs Pier
then conducts

% remotely operated e e
. . Teturns to Pier 248 Pier 167
. .
“commerqal vessel )7
L4

o *
0' *

*
L *
W TP

@ @ Rolls-Royce
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1. 78 8¢
& Test Bed

Trondheimsfjord (Norway) Jaakonmeri Test Area (Finland)

: MAZEE SA K2 MY HAEHE : EIZEE QY| K]

:2016.9.30 . 29j|0] ¢t Tt Ux :HEE U= 5 At HAE =A

: ReVolt(DNv-GL) 7 Hronn(Kongsberg) & HIAE : 25(17.85 km) + A E(7.10 km) A=

: Kongsberg, NTNU, - 28]I0] At = A H2tE One Sea TR2HME0A =28

QIOHEtR So| TR T

: WA =290l0= 2f 10712] HAEHE
(Storfjorden, Horten, Grenland, Tromsg)

Autonotisﬂsih!p )

: AL 2E

2. O|2fe] Ha}
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Artificial Intelligence

Port 4.0
Connected Shipping

Internet of Things
Autonomous Shipping Unmanned Shipping

<2|7 |5t= olzy VS 7}'sotH mlsta &2 o2y
gei¥o =z HotE ol S=4/g0] =2 0|y
Digital Shipping Shipping 4.0
h - :
Digital Port 4t Industrial Revolution intelllgany Shipsing
= 3= olo
2-1. 0|2 Z o &4Sl= Ol+
=27 off Fc st EorAM AL
o177 2t J
2aEZ AL k-] = MApMZE ZHH|H| =7 E (71X XH)
=471y
Of| d M H| A

= MAL

T7t ZAHsI=717?
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M=
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2 Autonomous ship 238
Port DNV GL
e autonomous shipping o 3 Technology 142
cost remote Shipping
Autonomy legal 5 Future 123
Kongsberg "2V193°N project board
Navy S h I place 9 Crew 90
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- I testing 1] Safety 80
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Reduce human error Increase machine error

(75~96% of total accidents) (New risks)

Reduce the risk by piracy

(49 seafarer were kidnapped and 80 were taken hostage /
3Q2017)

Change of causes of accidents

(e.g. cargo management, dangerous substances)

Reduce navigational accidents Cyber risk

(e.g. collisions)

No one to prevent accidents

51



XH2 Mt £of 7 Ao]Lt

AL Ct

iryoon@kimst.re.kr

* 52



W\

5. AIE22MEI0 YA RATS

- J191C

ADLE, XHS2atudt

. FR 1y

2010.04~S4xH
2017.04~2017.08
2017.08~&4xH
2017.10~&4xH
2018.01~&4xH
2017.07~2017.09
2017.04~2017.06
2016.10~2014.04
2014.05~2014.12
2012.06~2014.12

. ZQ oA
2012.08~2017.08
2015.12~2018.09
2016.12~2019.09

2015.07~2016.01
2016.07~2019.,01

SR AJH|A

]
SI2MZ S74 CIRIERI0IKIOINES

H

=]

b

ol
IE
I

[

/M=

0
r

shaiie MUASATH

LMASHXER, AQE & Al |2 HE/E

AMASHXIHS, ANE XS THLUAIRY 72 SSTHTUURKOIE TRY)
SR, XiE2ehddl 3 si2tt 7|12 PD

IR |EFYESHR, SMUEESE XE2gMd” " /E
MASHRIER, LMH7[E RIBDTE! +E(ZMEHY) AFHA

TRICHHK, s 2 WHE0F R&D 7| HEf 8 Za9H
KDI, ZEH7IE 71 AE CEH HFUHM AZAL X222 (cE})
MASHUXRAT, S5Hed SHYSZUE 7|12iH+ S2 HEUAH(GE))

— Ollc
DEUSH, sidSE SUE UEVIE JIEHT FHATHUKKGED

00

MR SAZS XXRE IR W E3RlE AKTES Tk
| gz}

SMRIIE SHAZSUMEIR] SRHY MX W 2F TIE ML,
{72 Staieix} '
IR SHALZAN] MU oot SHAER XA
NZ7I TR, Zoi7e
IBUECTA, 2OIM PR HE RIIH(CH N, Fof

T == dJb

> IMIF> S\ Ol

o ok

JE 310 Qrf 1t
ML@

i ol

_ =
00

>
a0
0

4

0T rx 1
T
ST






2018. 2.8

CONTENTS

1. A7 2

3. WA\ 2/F28

55°



XHQ2UMEE £ A AO|Lt

Prologue

X224} 0] 2] & s000teuz 2iglo|L M 7| F, 28 M 4 7|F)

e
- S

AE2aMuk(oizl)

0X

FHCL(25E/Y)

HYE{2| == LNG =7

3=2F 3,000TEU
(20m| E 3,0007H)

M@ HFE =X 02 100TEU St
- (3,100TEV)

FA[H[ 10~209 8l/4
~0F 2F 5 FHuH H8)

—

15~2599 /4
(AMxE /A= ZH 17h

Ol ZAH| 202*0.79 21/14*2014=2802] <

43+0.991 21/ *20 4 =729{ 2]
(F 2002{ 2 =)

MHEE 10~20% Z7}
MBS 60% 2t

S TR FHA=

< ALY FaUE
v AOE AE2E 74
v AOE XE2 e Al
v AOE XEdE-A
v AOE X Sl
v ArE2gdd 2l

pal

A 14X (|20, SAHAE(ZE, MEf 7%), 64 H 2 (2%)

dlE{ 7}t
|E{ A A|AE 7jgt
st ME 22 MH|A 7|2 7)et

HHE N

* 56




57

o ra L = s
ujo X = o | S E g T
=z W S ¢ = = w
© o~ D mo|dla 27 R o0
X of «© plis ] o & 0
._(n\ _._._O T — ok i 9] B .A/
o KO S | g K / ®
5gag oo 3 | / vo2alel ®
_A: JR: — ™~ = - M %. ._.m.._h ©
a5 & o NS X n | S %0 g | 2 a
9 U o <0 - H o) ol n |
2 K = o Ko 30 oS L) e
o2 oo Kl 0y AT | R p
kR4 ¢ B = orl N ] S 5
NN 2 K - U i
Y o 80 RO ol X ar| P/ 0 o W
o 3B ~ OH < TR & ok il
o 2 © n - 2R = = — =
3 1 - *
N o owms L T 9
OO I Ko < o O oo | ® ¥ PO Y
O ol ol <0 = = | H 3l
2 o 10 = ||w ; 4D
= 8 & o< ur < | o |5 REE 3
0 = X % - £
g %0 g S = DX e R m
o o X o T | @ 58 3
~ 0 wm P g me |2 E K
W Tl o o - 23 ._.A._“_ T 25 !
ow Homx oy e | & [ %
Rl oy K a of Ll 2 Ro 4 ki
I K o & o= 9 4 o 5i R0
o wp = o <4 10 o < i3 K
Boow w 8 & op oH ) 3 ) Lok
<0 — = o X > % ol ]
O ] WE H._/H O_.___ ._Al 31 ~
_._____o .A_ .A_ _ ...A.r_l K <t Ou_ - Y o .Al_ -
WH ] [ OO [ [ _A_I _A._ OE _u__ M w K|
<! ® = =r @ <3
o ol B = HI._ ..w 3 ¥ m_m_v -
o 3 L




XS 2y Mut £

A MO|Lt

Step 1

Step 2

Step 3

« Operator &g 0l Al
A Mol

Jot

* SystemOj| A &F&QIA!
= HOfot FIA|
» Operator 2|7 X[0O]

o|Al &
_ T

» SystemOf| A A&t
R
» Operator= 0| At

F28t I Hof

Autonomous Ship

A A

ol
g U

- Autonomous

k=3 A
Operating Ser “%'HIEW'J

« Workforce(Operator, 5 B
. « Marine Engineer
Pilot, Harbour master

5) 48N = NF Hof

e SystemOj|A| A EOIA
S 0| Lot XA|
« Workforce TtCh 91 K| O

« Expert Marine Engineer

* SystemOj| A &&QlAl
= Systemil} Workforce
oY gt 8l Ao

- SystemOjj A AEH0IA 5
XHA| ®Iof S¢ ol et B

» Operator= O] &l Atz

2L

N

* SystemOj| A &r2tQlA] $
Systemil} Workforce &

-vgaggggauaﬂ

O|AMARSF BHMIA| 217 =%

oo= =

« M@ Z= o8| Marine
and System Engineer

Semi-Auto Regulation

i

. System01|A-| Aol Al
AEH| EHESEO, ®Of
(100% AlA"”SE EHA))

« Marine and System
SystemOIIkI AZLOI AL
= AA| EHEFSEO] K| O]

Engineer
(100% AlA"SE CEA)

. E%KI-ILI-QAI |AFAF%
EEES

~
» 100% B2135} CljH| System
Englneer and Regulation
. K|S} SHAMOIKY S

=

SR A

22t

AE28MY 28MH A

Autonomous Ship : Autonomous:Ship: Operating. Service

e

HE

Y*EHHD, SN

o Mup/MAL S TofEf 2T 3 olAt BEFABY

A 7| S(BUE) SIAZE IS (EH
° X2 Y AR AlAE Mep egt = pla|
° Aef7|Ht O K| 2 (CBM) SELSAE O AlAE
® 2Ob= 7|AHAY 7| & BoE4e Ateed XY 7ls
° Rlgeuer My 9l Axdle 312 XE HAY 7lE
Hietinibnl FRTELCER I

*+ 58




HA7|E/F2HS

(6CH &2OF & 7371 7I&7H'2) £0LE XtE24H4,

M9 4% YE(STEP 4) AREE MY 28 OFH4 2 U 81225 7|5 THO)
st AMH
[F—

STEP 1 STEP 2

Mg ojsg
M3 Solager ol
Hoi

AAH Asjol
== AAE Hof
AlAE S0l qjadt o)

Human
Directed

M xof
My Aoy

NiAE Asiony

Human Human
Delegated Monitored

AAAFA

Autonomous

017.12.20 2% 12:50 HA @M /REY  ship Condition
»pp SO 1430 5.0km 3%

e
A

Atolu{=ergs
- sl0] chg
- g

Sl 201/717| SEy
- e LER
- HojEf £
- Azl sl

10

59 -



X22YMe = B Mot

(6CH 2Ok & 737 7|=70Y)
Al 2HME AdA17| s,

A2 28 MuLT} A ST

CiXIE =21 M3 AAY Sy HAa UMY

.

Au-S4 2t o] BAI

3 (
2 TEl@ oot

b4
Aol 2 “‘-

Al2H % YSAE

|
=8 R L.l

I N

(6T £0F = 737 71274
SarlA| A2

285.02m,”
gang 'S4t Sunshine
| 34.32m

12

* 60




(6CH 2OF & 7371 71&7H'R)

g U s

o
o

AbsO| Al 7| HE

2
T o =

2uxaNgL
[Autonomous Ship-Port Operating Control Center]
7|2 AHjA
5 &
\.l! ]

b=
B0 RN sz/guiz guaIsy ALH

gy RLES

0@

H2NTS et

2uxENgY e
OtERAOf(H/W)
e CRHHHRC R OES W+ FTRN - ZUEHN2Y
<Y CBY/RYRY CBUESW . 299N - BTA
3ol cHEYI/E0 < HANOISW . gEIY « F7) |
EE AAg CEYAOIESD] - RAE4 U 2wy
282% s LS g0 gaEe ® 9372009 AL 0 EUS1 N0 RO (oMY
. A «
7IEtAE et s !-‘EHH‘Z‘.EE:: 937209 B ofe 2§27  NISBS EIEI g g
ey i 9372997 oo 22853 Q0
229 9372996 STX Opel 2254

53 /2n 0l

SHEE A 74H

IMO, IACS 2| FH| QA(FSHAL 7|FAF S)  AlD A2 N B
A ISO, IEC ZH|®E o) =2 el Cless
= B

-4 &= -+

i Y EX}(Workforce) S=F
Aoy, d3E Q;’ == - AtiA 2| S 2ek
= 2E H/E e

\/ \/
s U ExtE o us
>/ = =1 > M2 58 AlE >

SEMEL(100% TS CHS M TS 2 MTH :as]

EZsiEssuw
JHEE 9 BE

14

61



X22YMe = B Mot

(AD) M=

janghs®krs.co.kr / 070-8799-8391

* 62



SESSION2. S 2 E E

30l

.« ZR uy

Y

1987K4~200411 82 SHsiUiTLel MRl

2001H~20024 O|= Sfelolcistn Halrlst 2
1995~2004F ZM[iX7 |7t HXIE2| HEP

U712l

—

HEXIZ)

J

20041 SE~EIN FHEZIHUSRIAS| SHASIIIE YR
2008KI~ 3R} ZARE SEHERIE 2

2011~ SIS [STIEH SHAURSD SHY7 SIS0, HBSR
2011~ SHSTHEA SHUTISIEALOF SAHTST}
2015K~ixY 27hufaty|&alols| F=gled

2 5| W4 SIEHSIHS A GHARMEHS







6. AIE2MuIe| S8 ATU°| [HS

et=51XlE Eo|d 2%
Benison International, NY, USA GM

SARIBHEA}

BAEBEAL

t_l'-

=
s5d

Hol

24

2

0







ool [HS

SHd
=

AIE220Eo] =3t

o 3 &
BAEIEAL

O F2 =2AZ

0[0

T

ol
0 ol
% 100
)
I
__A_.E __A_.E
g A
ol 3l o]
Yo
w0 @0 N
O Of O
o o ol
K K 0
O O O

O ZIE220419] S8 2319 [

J

o
Ho wr

o K=

Wo of Ju

K X H o _ .

53178

o0 RO T — T

L _H.._l._ = .

& - ur or

ol X0 ol — i

67"






7. AIE2ME0| T2l P&I H&9l Higt

R
PIEMFAUTHY HUER

HFAM HEHIA XHE(1996~1999)

H&G Korea(HEEZ7{) XHZE(2002~2005)

@ REXIAEA HEHHHIEIZN2007 ~ 2011)
HH+H ZAH2015~8x)

Korea P& Club EAREIZE 2016~aixH)







Ol Lt P&| HG9| Bot

Al228ME0| T2l PRI H&0| Biat

=3
R

O F2 =2AZ

=
=T

°|

o 2x|

|.

__oo
NI

b

F

il
X

CHHQ} A

S
|

H

[=x|
=

3 B Hel #A

O 2228041 P&I B HYAE

M |X o

|_

&

o
il

~
(=

040

oK

i)
R

N f

=}

N s I

8t R}l K|

0] B2 2y Z0f= oy

F o
o

N
o

mn-



=9 A ML}

oA
=
._A|
=}
m._o
<0 o
[e) L_M._ p__m__
1o o)
w0 3o = o )
o % o o - o
N = il 54
ol R0 N S
ol < __A@ : of N\ _
WM - ol i b
o o S O m._ oy ol = 20
Ell! 100 ~N ol S0 = < = N
s % ¥z ¢ ¢ I @
< J4 o = H % g O
% o 5 oo B XK © 0 32 &
mn| — 1o — _H._AH O._ = o_._ o_u._ K .n_u.__m_V
_ ol % O o o o
ok o - K — . — L 1 g o K
ol - 04 iy = Ln|U_| .__lu,._ S = o ol — o 1o
= = ol I Kl N o o = 0 10
R Z2E m@aw o oxyp $E2 59 da
10 o = = = = - 0
EI o < ol T of ol o0 . gk K ok W =y O
tE Yy g%albd g Hg T Pa
s g 3 S 7 D oo P o 5 O Ko
<0 T 2o 8 ol 00 Rl = Klo
< K Sl Wl zr or or o A oI _J_mu._
ol -z Ko oI X = ol A_wu Y- _J_Am_ </
WO Z0 = = of ol ol 3ol S ) 4 _._.w_ ~ % wluo - J_-Mn_ A‘_._
ol = e ol o 0 O o K _ _ U KK o
0 K OF =) OF 0OF OF =) [SRReY S o m KL
o 0 R S gl o | %
~ all i = 0 0] 0
) < © © ~ 9 )

H
o

o
ar

yS | L==t==

B
—

ol

o

TS
oo

o1l o2t

o

|I:IF
=k

(s}

/esiak=el JHEO0]

A
=

2 1k

i P



7. XS QutABto] COoIa PRI HAO| 1o}

i}

MBASTIRIRIS TIE 3 HRAS 245 MUTS MU} HXE E2 S

3) Cyber Aftack Risk?

Cyber AttackOi] 2Jef FQIMETOl RMMHO| hackerO| Al EO{7t CHEIALZF BIgs

o FR0= M=t By Bds 7™ o UV

Institute Cyber Attack Exclusion Clause CL380

1.1 Subject only to clause 1.2 below, in no case shall this insurance cover loss,
damage, liability, or expense directly or indirectly caused by, or contributed to by,
or arising from, the use or operation, as a means for inflicting harm, of any compulter,
computer system, computer software programme, mallcious code, computer virus or
process or any other electronic system,

1.2 Where this clause is endorsed on policies covering risks of war, civil war, revolution,
rebellion, insurrection, or civil Strife arising therefrom, or any hostile act by or against
a belligerent power, or terrorism or any person acting from a political motive, Clause
1.1 shall not operate to exclude losses (which would otherwise be covered) arising
from the use of any computer, computer system or computer software programme
or any other electronic system in the launch and/or quidance System anady/or firing
mechanism _of any weapon _or _missile
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