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Figure 1. Technologies that allow vehicles to sense, plan and act in response to
the dynamic driving environment

7|1&42Z=(AV Levels)
SHA! OFX- 1|07/

SOCIETY OF AUTOMOTIVE ENGINEERS (SAE) AUTOMATION LEVELS

Automation

Zero autonomy; the
driver performs all
driving tasks.

3o

KOTI 2002, N2 5 wimIoed
-

Driver
Assistance

Vehicle is controlled by
the driver, but some
driving assist features
may be included in the
vehicle design.

Partial
Automation

Vehicle has combined
automated functions,
like acceleration and
steering, but the driver
must remain engaged

with the driving task and
monitor the environment

at all times.

Conditional
Automation

Driver is a necessity, but
is not required to monitor
the environment. The
driver must be ready to
take control of the
vehicle at all times
with notice.

59 FH|(471X])

Automation

The vehicle is capable of
performing all driving
functions under certain
conditions. The driver
EVEVERGER LR
control the vehicle.

Source: USDOT NHTSA Automated Driving Systems 2.0: A Vision For Safety

Full Automation
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Full
Automation

The vehicle is capable of
performing all driving

functions under all
conditions. The driver
may have the option to

control the vehicle.

I tongrangeracar ) LDAR pasecscamy I camera Shortmedium-1ange radar unrasouna
Fallback
Steering, Monitoring performance System
SAE acceleration, driving of dynamic capability
Level Name deceleration environment driving task  (driving modes)

No automation
the full-time performance by the human driver of all aspects of s
the dynamic driving task, even when enhanced by waming or
intervention systems

Driver assistance
the driving mode-specific execution by a driver assistance system
of either steering or acceleration/deceleration using information @ ﬁ
about the driving environment and with the expectation that the o)
human driver perform all remaining aspects of the dynamic

driving task.

Some driving
modes

Partial automation
the driving mode-specific execution by one or more driver
assistance systems of both steering and acceleration/deceleration
using information about the driving environment and with the
expectation that the human driver perform all remaining aspects
of the dynamic driving task

Human monitors environment

Some driving
modes

Conditional automation

the driving mode-specific performance by an automated driving

system of all aspects of the dynamic driving task with the

expectation that the human driver will respond appropriately to a
request to intervene

High automation
the driving mode-specific performance by an automated driving m " ) Some driving
system of all aspects of the dynamic driving task, even if a human modes
driver does not respond appropriately to a request to intervene

Full automation
the full-time performance by an automated driving system of all m—
aspects of the dynamic driving task under all roadway and
environmental conditions that can be managed by a human driver

Some driving
modes

Car monitors environment

Source: Automated and Autonomous Driving, OECD/ITF, 2015 (adapted from SAE
Standard J3016, SAE International 2014). 4 / 30




Driving at different levels of
automation over the course
of a journey

System [ADS) is driving

Fallback-ready user is supervising

ELH HE: ZA|, 2A, 710|E, oI MR

Vehicle with conditional automation — ADS is driving whilst ADS is engaged, with
supervising role for human fallback-ready user

Eg. Human drives the start of the trip, hands over to the ADS as they enter a freewsy, continues to supervise while the ADS drives,
than takes back control to axit.

SFX} HOf AIAE Hof ——ry

= + KN

0 & 1602 ==

Vehicle with high automation, with manual controls to operate at lower level of
automation — ADS is driving whilst ADS is engaged
E.g- Human drives the start of the trip, hands over to the ADS as they enter & freeway, then takes back control to exit.

/2

[Local Rd] [Operational Design Domain e.g. freeway driving]

=S 3 =4 7}0|E

Vehicle with dedicated high automation — ADS is always driving but operational
design domain is restricted

—

[Dperational Design Domain e.g. bus operating on set route]

Vehicle with full automation — ADS is always driving

<
At 42 XISE g 423}

w3,

koT 2002, -%u_:'..'s =iz 3002

Driving at different levels of automation over the course of a journey (NTC, 5
Australia, October 2017




2. XI-sXto| XIS2} : Af=FHX

AV_O—l @71' (ZX: The New York times)

# Reckless Drivers, Unpredictable Humans

i Bad Weather, Where Did the Lines on the Road Go?

# Potholes, It Might Be a Puddle. Or Not

) Yutxiet Sxi, HX/XFH7(eye contact & $=418) > V2X

» dXI/2A ZRIZ of|2] 2 > 2FALHO| = HY7ls A, V2X

» dXI/2UA ZX| > HE71&(LIDAR), V2X

# Digital Mapping, Detours and Rerouted Roads Oer 190 Gonglers pedating aroue ourself Mg o

) MUE2X|%, LDM

i Ethics on the Road, Having to Make Tough Decisions

TARE-FTTE
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HA -8t £2M(Connected & Converged Solution)
Sensor—based solution(AV) + Connected—Vehicle solution(CV) = CAV

Wedium

Sensor-Based Solution Only

« Cannot sufficiently mimic human senses

* Not cost-effective for mass market adoption

* Lack of adequate 360° mapping of environment in urban grids

Evaluative’ Metric: COST Evaluative' Metric: RELIABILITY S i
* DSRC does not currently work with pedestrians, bicyclists, etc.
* DSRC-based V2I might require significant infrastructure investment

* V2V requires high market penetration to deliver value reliably

Converged Solution
* Convergence will facilitate adequate mimicking of human senses

* Convergence will reduce need for an expensive mix of sensors
and reduce the need for blanket V2| investment

* Convergence will provide the necessary level of functional
redundancy to ensure that the technology will work 100 percent
of the time

Evaluative' Metric: MATURITY Evaluative' Metric: REGULATORY DEPENDENCE

M Koy Focus Areas 71 Connected-vehicle Solutions  # Sensorbased Solutions

" Evaluation iz besed on viability for zafety critical automotive spplicstions  * Safety pilot ongoing '® KPMG Interview, 6/17/2012.

// (Source: Self-driving cars - The next generation, CAR)
785016 30“.

koTY 3002, q-u;.ts wizH 3002
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& 0l=7HH 9] M2t Drive+Ride = Ride
- I

Street rental service Ride sharing service Robot service
(zipcar) d J (Uber, Lyft) J(d riverless car)
= O = O )
(Z4f: ABI research, 2016) v- ‘ ‘ ‘
v v

7||;H_9_J_} == grd 7S

i AQIISY IR MH|A
# KE(FeDx} 7|8t XS
& FRHE) Z A

Y 3.
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EEWSAABIS S84 200~400% S/t

# San Francisco A0 H&, road diet =1 roadways Z42A|1A 1+1/42] Golden
Gate Park?t &H= SZIE(EE, FHAER §)0| 7t

(£ 17: How Driverless Cars Can Reshape Our Cities, Curbed, 2016)

SDEWALK ROADWAY SIDEWALE — -

€ A reimagining of -
19th Street in San By =

Francisco; with
fewer cars on the
road due to the
efficiency of
autonomous driving,
more space is left for
bike lanes and green
space. Gerry Tiemey,
Perkins + Will.

Source: A presentation by Gerry %
Tierney suggests a new future o

for 40th Avenue in San | "ot
Francisco =»
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4. T 20l=2}7|dF AA|M: C-ITS

LASL P
¥ EERHX|UAAL(RoDAS), AV(ADAS)2H= e £7I

21 CITS 7/8l E 2 A EANE 7/ lf:f_/_<,-/ QoS E o2 XY =)

tt\ /// 8
s I/,

# 78 Drive C2X, FOTsis, Compass4D > C ITS Corridor, SCOOP@F

i IJ|:T11. Safety Pilot(Driver Clinics, Model Deployment) = CV Pilot(NYC, VWyoming, Florida—Tampa)
# U [TS Spot > ETC 2.0

# U XEMICHITS AlHAIRI(Phase [) 2 2522 Y XX C-ITS ASAI(Phase )

v 2019~2020 £ At FXI

koTr 2002, 3 1_2% =I7H 3042

DSRC : Dedic dSh R nge Communication
WAVE : Wir | ess in Vehicle Envi
IVN I V h | N etworl k

Elec ontrol Unit
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4. T 20l=2}7|dF AA|M: C-ITS

AVe| oA A=¢

SAE Levels

AEFx;
(Automated
Vehicle)

FHUE|=F}
(Connected
Vehicle)

CIXE el=a}

ADIE
EEREFA

30,

KOTI13002, 2% wimn 3002
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Fgoz 32 LR

Level @ Level 1 Level 2 Level 3 Level & Level 5 —

Connectivity f

A2 FHA|A (ADS)
@ : Automated Driving Systems
—

e e — s
YU=2X|=, HLUGPS, SA(WAVE/DSRC+LTE/5G) S

Level @ Level 1 Level 2 Level 3+

i >
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5. X}=F<H

2U-9 AHBET

% - CAD(Connected & Automated Driving)
O)=t: CAV(Connected & Automated Vehicles)

2 &: S|P-adus( Automated Driving for
Universal Services

;i
022

The relationship between AV and CVz25.)

From Connected to Automated Vehicles
- The path toward connected vehicles will ultimately lead to automatedvehicles.

Connected Vehicle @
Communicates with nearby

vehicles and infrastructure; Not
automated

—_

L &
Operates in isolation from other G )

vehicles using internal sensors =

/ Q2 V.t Department of Transportation 20
FHE-201E 30“.

koTr 2002, 3 12% =izh 3002

EU approach to CAD | E
[ pigital | (Research ) (Transport ) (ndustry )

R & I: STRIA /
Horizon 2020

-~

Common objective:
HEH'IDEI' Accelerated deployment of
Etms Connected and Automated

Driving

) |
Pubhc co- + Commoen responsibility Private
fundlng = Shared leadership investments
Pean parspech

Roadmap for Automated Driving
2030
A 2020 Automated drivi ving systam/
futon 31 icle ﬁr 3

o, (=9

5

|c:z> Advancement of sutomated driving r-n>

Improved performance for ;
monitoring of surrounding P yyem Development /
area thraugh on-boa upgrade
$ensors @ Use of advance-warning data
_— through ITS (V2V, V2l and P2V
communication)
(Exprwy) [ (1) Accommodation of complex traffic situation > (Ordinary roads)

* Prepared based on SIP Automated Driving System Promotion Committee references

12/30




5. At=2 =2

=9 Milestones
# 2020: L3, XN=u He S2TSAFERE, 152 HA|H17h

# 2025: L4, I&E2 A3}
A3

# 2030: L4, A2 83HF Xt 7tS)

ACTIVITY FIELDS

Evolutionary vs. Revolutionary

# Evolutionary(BZXI%] &H): Something > Everywhere &
) BEX(something) XF2ZF3lXt LS C-ITS Q12 1=
» =717 e = X|IFH/AZHAV S &) SHo= 15

# Revolutionary(}£1% &%): Everything > Somewhere
») &TBHEverything) AHEFA S C-ITS Q1Z2t 15
)) SEE wESHA XY/F2H0 115

m,/// (Source: European Roadmap Smart Systems for Automated Driving, EPoSS, April
78620 O

KOTI 2002, N2 5 wimIoed 2015)
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= EAISANI WEXP JHM/SA0H B3t6t M2t me

Automated 02 SHA
s Automated Parking Assistance Park & Ride
Passenger Car _ _ R
Highway Pilot =L 2 7| 2317t
Conditional> sl nNEE
Vehicle path ( ) T 7AEeE
» Automated Platooning HAMEXZ(AEER
Commercial >=k)
Vehicle . .
Deployment Highway Pilot a2 7|=2a758
paths (Conditional->) st2
Last mile solutions TOKIZHEIA| 5)
Urban
Environment
System path
» Automated Bus or PRT ZHod(AHD)BRT, Zsl/stobE

E{O]2€>7H0[E)
=,

koTI 3002, ;2% =i 3002

Lewel 3
Conditional
Aumation

Level 2

Patal

Level 1:
Driver

Ik | i

Level 0:
Driver Assistance

L3
ADAS beyond human
Cababifity to act

B T

(Source: Automated Driving Roadmap, ERTRAC, July 2015)
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6. AN H A= FWAHA 9}

EFeRIe| ‘Maker ELCt ‘AT MH|A

SAE Levels | Level® Level 1 Level 2 Level 3 Level 4 Level 5

1 >
o 2016 2020 229 229

- 2%x}e| Autopilot ZHE - 02| g £ K
v Tesla : Model S with autopilot('16.5)

......
st T
:

= AL 28 71S, S5 Al 2HA =

v EastMile, Navya : X} FH M E(‘16.7) i
v nuTonomy : X} 2 FSHEH A|(‘16.8)
v Uber : AV7|HE 2.Q AH|A(16.9)
v Otto : X833 E2{(‘16.10)

......
.....

......
.....
s

» 2K} =0 (Mind off) =8 A|ZH0]l 0{7HYH R 71
v Waymo : Google?| Self-driving Vehicle Z2A|&('09~)

30,

KOTI 3002, F 2% wimn 302
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6. AN H A= FWAHA 9}

K2R ‘Maker 2Lt AE2FYMH|A" HIZLADE

SAE Levels | Level @ Level 1 Level 2 Level 3 Level 4 Level 5
1 >
2016 2020 227 222

.....

.....

.....

~

- X7t 2 7S, 23 Al SFA == )

v EastMile, Navya : XI2FH M E(16.7)

ZHNEESTE

=UOININO v nuTonomy : X}-2334EH A|(‘16.8) SASAEZ=0|8
(Something — Everywhere) v Uber : AV7|dt 3.9 A{H|A(‘16.9) (Everywhere — Something)
v Otto : AT E2{(*16.10)
o LISt RIgA}7|&4Z Levels)} - S /o EXM(SUSHI|ESTO| RFSKH LIS
[ B = 23H0|THCHS510 2% TS
o CIRIRIEA}7|[e4E RS olmat o EX SuT7I0| 3510 @ PE= T |E4E
Jle4Ent st olmat 1X Ee olmat AX THs
o KHBAHA|AR HLHX ofZ0]| mpa o Zt QIma} ol |ut BL|E{Z L MIE| 2
OFHA Z0] 715 |0 X|210f| [tH2 QFEA K| 1
o JHolo| kA I 2 Mol o DUB|E| HIZSAINCI KA, 23
ol O x| 2k | kHol
/// © JHQUHQIO HE $84 Z0f 71s B FIRE| A
#0774/ 3., o BIAPHQIO| 2 484 KT 7k

KOTI 3002, F 2% wimn 302
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7. EA|X|S mEXAH &4l BESE Ol Ol

o S Y x
I:IlEH Eulal El 37" AlLl-EIQ (24 McKinsey, 2016)
G- 22 0l I8t =9 EA| & Clean & Shared Model

- i o
I e e

G ol ipied — S
e e ————————
o| |__|-o |:|| s

| 9| £A| © Private Autonomy Model - - L N |\

0 I'IO
_|

7 I% 37 H Al Ll' E_lg (Z4: coEXit, 2018) - S iR e
= Automated Private vehicles > Model shift i Pockc scenarios
i Automated, shared vehicles > Vehicle available on mand | \'.If
i Automated public transport - Automated feeder sy e |

w3,

koT1 3002, 3 lz%wum




7. EAX|H W EXAH =M visE O Q!

AEA At
2k I A WSHA: ESWE 56%, H2IWE 33%, 2SuE 11%
G 27HK EQA LR
» MeIAS NEFHURL: A2 2| 7t
)) 201 SQEA|: AT 57t W X LA

T - OTr=—

3 !
=} »
~ WHEN WILL AUTONOMOUS VEHICLES ARRIVE?
I
, 3 Level 4/5 Autonomous Vehicle Penetration
1 o ‘ 2030
25%of US miks |
e x-, by autonomous |
SREIRS |G vehices? |
‘ |- 2025
X ,-: i 100 cities
L 2017, withlarge AV
Sremy Pilots in: | fleets? | /
:;_‘: 1 ) ; E /
28 2% | Boston, Phoen, | 2025 - 2
}_J, 3 ‘ San Francisco, E Level 4 | N
e

w3,

koTI 3002, lz%wwm 18/30
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Frist & Last miles
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8. T A|X|H Xl&=F

Frist & Last miles &
- BRT/Metro £ On—demand Y249 =Y, st XHo| =8 7ts

Operation Modes Operation Areas

Metro or Bus Mode On Demand Mode * Business Parks
* Airports

 Corporate Campuses

« University Campuses

 Theme Parks

« Convention Centers

« Cities
=
MNZH A B T %A;\
pen YA L ERE
227 30,

z 20/30




8. EA|X|H X}

Frist & Last miles 282 ot AIMUFZWE SA KIESFAA|AEH!
ix- ME, SIAR2Y9AL, 0|2 S2 2lst MH|A

« Control Center * Help Desk * Vehicle Tracking

* Vehicle Management * Ticket Creation » On-Demand Requests

« Dispatch/Scheduling * Vehicle Management * Trip Schedules
P

KOTI 2002, N2 5 wimIoed
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[ Robot Shuttles ]

» \Vehicle Sales

* Vehicle Management

[ Mobility
Solutions

« Autonomous Vehicle

Management

« On Demand Service

» Payment Solutions

FUS flet AUES WS Sa AEFHAILE]

] [ Service ]
Operation
 Robot Shuttle Operation
Service

22/30



Initiative on Cities and Autonomous Vehicles

II. II.
e
.II

A=7|1Zk 12~3670H
- 2! transit, taxi, fre

FOHS: O, of, =

[F11])
*e

When cities began planning for autonomous vehicles
% of cities

12 months ago or less 23%
12-36 months ago
36 months ago or more

unknown/no response

o //3m

Ka'rl 30-4 %1;2-‘- wizH 3002

Cities' anticipated uses for autonomous vehicles
number of cities

last mile transit
taxis
49 !
mass transit
freight
paratransit
personal vehicles/pods
municipal fleets
private autos

local delivery

4701 JH Al

@ (® mapbox

The barriers cities face for advancing autonomous vehicle efforts
number of cities

lack of funds 8 cities

no capacity to manage pilots 7

unclear what issues require city action 7

no urgency or consensus to act 6

national or state/provincial regulation 5

lack of private sector interest 3

local opposition 1

no planning or policymaking capacity 1

23/30




CQ =50 oY
SX: AKX TSHA S > AMRES(First/Last mile), LEIA 2L2JE] S
HA;: RESFR > KMLE T $RUISH XIS(HTBMHIA > ISTHMS

E(FEFHMS
- offQ]: 2YYAM(AA vs. 2F), BlAl=(source data) 37 O{F(EZ vs. Navya), V2X 7|5,
AHFE UY U 7H
=L HEMIHMEE > 245 AH SEAI—(ARX])
35 MEJ|s

&E HAT
5 PSR OHHSSTA(L3~L4) > SHK-AIAL 7t HO1E Me|s U 18
OIX} QIAIRH(?) X|2fTt YEE SO S ME

RSAFEEY: 2
L ERUSY: ANSYRIY S8, 2FX YO U 7I5 HE > XIKH Y

25%? 30".

KOTI13002, 2% wimn 3002
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Six key takeaways from the collaboration with the City of Boston

+/+ Autonomous vehicles are a crucial building block to make
1 & transportation more accessible, safe and reliable

2 g Autonomous vehicles enhance, but do not replace public transit

3 o:. Getting used to AVs takes time—public's awareness for them must be
6 created early on

4 I&, City of Boston does not want to own assets for shared mobility models

5 % Boston envisions one city-wide mobility platform where all its mobility
offers converge

6 ,@‘ Experimentation with different industry partners key to learn, always in
- close cooperation with state level

i) 3,

KOTI 2002, N2 5 wimIoed
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