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Self driving Automatically operated
2
Driverless -' Automated
Robot Taxi Auto Pilot
Unattended Operation Autonomous




NN L EORELABEE~ONE

mTe
> 5.3005 4 M ETZEE L £32000 N DILE(20114F)
> 90% % B A HFEH(50008:5JkF 100M/$) A ARBDITS—

H Mobility
> ERICKDORMNE, BFE12008( R EHERFMERED
> BERAREZ(EIETESREEM(CACCODRZATIL)
> 5400 A ADTA)AANEAOD20%) M EEEHEFD
> {29000 5 B DA EFZIZH NS ERAHNERES700EH

B IRIE
> K[E D Greenhouse gas emission|Z&L 5 EIRXND25% 30b$
> SARTRE(Energy ITS)D#ER T, 8~16% DRELEEHIBMNRIETES

H{ B8 : Connected Vehicle Public Meeting, 2013598 NHTSA 3
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B FP7 AdaptlVe7ALIHIFTHDES

O PR¥LEE ECO, HEH DHEIE
TIvra> || RBROEEL
FHED || BIEOLLRSANR—DXIE
1t B4 E D 1= DMobilityZ 1R #
XS ERGE AFEEJODL%;:XE%EH%EE BEL RN
EZ3¥E0 || o ik

Adaptji/Ve

Source : ITFVHA 18 £E £ 4
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Full automation
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Hi i : VRA Workshop 201583 H23H
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B EEXR. RERET TORMERE
> o —(d, BEAH THEENRAS
> AEEYBMEREZERHDN? FE TR

BEERR. ERRIEDOREA
> B
>
> RbEE

Perception of Extreme Weather/
Environments

What would you do?

What should an
automated vehicle do?

Source : Ryan Lamm, SWRI Technical Challenges for the Adoption of Self-Driving Vehicles ITSWC2014 10
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NE  mEEEEBICHEE2

> % AERIJEVNA KRS ERE The Negative Obstacle Corner 'C,age‘-
JET é H ” ' 7\ J t /7 -t- %7:* L \§ = :ee:lﬂla:sm; :: :cctcir:s:zf‘:arch toplc for various sizes, shapes :

Low-probability, high-impact problem.
-:- Cannot always be mappéd in advance of being encnmltered .'
# Human drivers use context in determining risk of traversal.
<% Thereisa te_cﬁn_‘li:_ai'need for a high fidelity observed world

= model.
o ]

B {5 ROF B
> NERZLOBERNOHI

Source : Ryan Lamm, SWRI Technical Challenges for the Adoption of Self-Driving Vehicles ITSWC2014 11
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L EJEI’JJ_QK IBADEIt
> BREILT BIREADT GO EELLY

Adaptation to Dynamic Environments .

# < Automated systems in the press today have difficulty in
dynamic physical environments.

= Driving a route ahead of time is not a practical option for

~ driving on public roads.
« Systems need to be capable of adapting to dynamic traffic
patterns, construction/work zones, accidents, etc.

o

» -tr‘c_‘
- o“{'l’
_ --‘{'Ife

<+ A human erer is not determlnistlc should we reqmre automated systems to be?

A

Source : Ryan Lamm, SWRI Technical Challenges for the Adoption of Self-Driving Vehicles ITSWC2014
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BEa—< A2 5923y
> W DEDNISITBEEEEZRTH?
> EQEOIZMDEELF LIET HDHV?

Human Interaction — Human Interaction —§=

When and how to \“ How does the AV | N\ '
“‘ = 4 ~t ,.-,._,“-_- \ r
return control | interact with other Y _ o 5
to the operator? - vehicles/drivers? : Yo ':,'
% !“ '
e &
< Think of how you yield :} ,

right of way at a 4 way
stop?
< How will an automated
vehicle interpret gestures
or eye contact from/with
human operated
vehicles?

Source : Ryan Lamm, SWRI Technical Challenges for the Adoption of Self-Driving Vehicles ITSWC2014 13
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B {SREOFHEREIRET AL
EERIS DAL F T AN TIZEHEN R +5

B EgeLEHmaRXE
MEBE SR N 4
> IR a TR E

% Difficult to test full automatio
Mileage accumulation w

Today, performanc irectly propf
; : there is disruptive technology out the
Systems should be specifi ed for relevant operational envelopes Research is needed to take those dis
(more granular than the NHTSA levels of automation) so that the in the automated driving equation ac
consumer understands what the system does and when. Cross industry/application collaboratio

Source : Ryan Lamm, SWRI Technical Challenges for the Adoption of Self-Driving Vehicles ITSWC2014
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B Human Factors
> —fBRSA/\—&TausrAavrEE)DE
v EFEDEN
v BANEGEE. SEE. ELQS5HM

V VAT LDIZ—~DXISEES

> B
v RSA/\—DIE#E
vV I2EDBE
v BEMEDIR1—X

> fRIRE
v RSAIN—F=4) 4
v ERETICK AR

Source : Janet Creaser ITSWC2014 SIS35
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B EEEHRS

B EROFEEROBESHE

B Stakeholders|Z &5 EEMN

B HEFVCINIFESOH-IHAEDZEH
B AENZEE

B ES3ETTORE
B ERILICEEIHIR

Hi8 : AdaptiVe, ITSHAEEFHE T FOA 2014 R EHF
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B BEEIE AT LIZX T AHIEMNEE

> R EEUTA, AEEORINUA
> BARBHET, EOL3CEMEEREESE D
BPELHIEDOLARHIBE

P\What should the car do?®
. ‘ "‘_‘“"‘_-—-'—-—-—:__::____.

Y S
a4 g S
Break the law?™ ;

Wait all day?

e

A
L L N S

R —SA %A S ENEILE

Traffic is a social dance

HTONGELRIZEELIZEHETIH

Obey the'speed limit?
s, Even when merging?

BRFICRE—FYSYNTEITT HH? FUF NI EIRITHE S5V
H{ B : 2015AVS J. Christian Gerdes, Professor Stanford University 17
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B ITStExal)T«
> BENB5FEET ) TAANDEENTES
> BERILAVVMRE T TOYRIDHBR O EBRISADE
vV BEIEDEFHSRERBERIV AT AIIEE(IIXLESS
vV BB RAT LI, EVVOEBEIZEYRIIT S

i YOU'LL NEUER |

GET TO WORK

F-oMONT-ERIER

H{ H1:2015ITS America 18
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Horizon 2020 A T/ NAE

LN\

ITS Japan

2007-2013

H2020CO) BEEEHEEET O T O MEE

2014-2020

—  KZEZFoT ok

B FP7HM5H2020E & ETAS MO RBREAMNED
H20207O> x4k

Sit114mE€

FH(mE)
2L
2017
ART-02 | |RAERAA—rA— 3/ /OYk IA 2
48

ART-04 | BITHIRICRITSEIEGEDZT L LI AEZEHE RIA 2
ART-05 | BFEBEE~ADHITEXEL. BFOEmMEBENEL RIA ) i3

BEROXETIERATS
ART-06 | BENEiZXIET HEH CSA 2 3
ART-01 HENEIFEIRT HICTAU T3 IA 2
ART-03 | NETOEESKIIET IA 2 50
ART-07 | SiTHERZEDEHEELTEVRAL—2 3 IA 2

CSA : Coordination and Support action, IA: Innovation Action

Source :VRA RIA: Research and Innovation Action

21



== FP7TORFEHNTA T : AdaptiVe 1\\
B JOVIHOMNEE Adapt:IVe.
» Budget: EUR 25 Million(35{(Z2H 140M/€)
» European Commission: EUR 14,3 Million

EAM: 424 B (January 2014 — June 2017)
» 84 [E : France, Germany, Greece, Italy, Spain, Sweden, Netherlands, UK
> 30D/ A—hF— BRITOD I EE

Subproject 1: Integrated project (IP) management VOLKSWAGEN

llllllllllllllll

Subproject 2: Response 4 Subproject 3:
Legal framework DAIMLER Human-Vehicle Integration
Collaborative automation
Subproject 4: Automation Subproject 5: Automation Subproject 6: Automation
in close-distance scenarios in urban scenarios in highway scenarios

<> © i o

SEEERES A Syt B UL

Subproject 7: Evaluation framework for automated driving applications ME
TR

Source : ITFVHA 18 £E £ 22



== FPIORFHTOD T CityMobil2 €

B JOCHMNEE
> A5D/IN—rF— 120#H . 5ODEIEELEH{ I AT LEES KT
> 15 M€ (2118H 140 /€)budget, 9.5 M€ EC funding, FP7
> 48MBROT7aT ok (2012-2016) CityMobil2
> 6~10ARYEHD2EH]
> 1T DNETH THTEE., 3IDDShowcaseZF ETH|

2014 2015 2016 vehicles

CITY Demo type M A ONDIJIFMAMIIASONDIFMAMIIJA MAN.
Oristano Small demo R 3
Leon Showcase R 2
CERN Showcase R 2
La Rochelle Bigdemo R 6
Saint-Sulpice Big demo | 6
Milano Big demo I =
R 6
Vantaa Small demo | 3
Trikala Small demo/showcase thd 2
Sophia-Antipolis Small demo/showcase thd 4-6
San Sebastian Small demo/showcase tbd 3

.: set-up .: operation

Both vehicles on the road

Oristano

‘\g,s’km_

* Seaside resort of “Torregrande”

* Pedestrian only waterfront promenade

* Alternate one-way ARTS lane with crossing
point at stop 4

* Total line length: 2560 m

* Number of stops: 7; avg. distance 215m

Source: ITSHRESEHE T O 2014
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== Drive Me &Self-Driving Car~MDE#HA : Sweden €™
B JOCHMNEE —

> HATHOHTO—RAETHOTOTIIH

> 1008 D Volvo®D Self-driving CarMEE N X BIBIE TELT

> — AR DEE HEEL

> 1052 (75m$: 140 /$) D% E

> A T—T U BFF&EVolvot [F]

> 20134 (ZBAtR . EFED /MOy 201 7TEE

DRIVE ME | partners —a COLLABORATION WITH THE CITY
AND GOVERNMENT AUTHORITIES

DRIVE ME | ROAD settions,, SN U | e $ LINDHOLMEN (Y
- ﬂ‘f"““"‘u'- WS e % City of e SCIENCE PARK vorvo
—t Jatl 4 Gothenburg - S
4 TRANSPORT ANy
>A STYRELSEN Q: E\BE%FSII-IKT%AEN%!%EIADMINISTRATION

Source: 201551 A TRBHFRE ¥ 25
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> BRSO R T L(CV)DHEE
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E
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ITS Japan

B USDOT Connected Automation®D ¥ 1K

o~
(C =)
Autonomous Vehicle ‘
‘.(\“ = _ ,))‘

Strategic plan 2015-2019 ' S

* Realizing CV Implementation
* Advance Automation

MIzkdFTAS ok
* Mcity :
e GoMentum Station y ﬁeyond
o {thINIZHEKR Traffic

TRENDS AND CHOICES |

Connected Automated Vehicle

FHWAAL > 7S5 HAKS54>—AASHTO

Connected Vehicle

CV Pilot Program: $42m7O ok 3 =~
* NYC, Tampa, Wyoming

27
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L S =
I B EhiE &5 : USDOTO W ‘\‘
mJnJsL0—kKveyd B AV ER
2015 2016 | 2017 | 2018 [ 2019 _|&ESHnLTL
Future Fore?ast of Enabling Technologies | | ' 7:-; L \ 75{ 5%
- 1‘ 1%
EREM " | 20205 4K
\ Drlver:Acceptance of Automated Vehicle Systems | 'fﬁ El£ & :*u%

‘ J

Assessment and Guidance for Digital Ibfrastructure

Enabling
Technologies

|

u

I

|

| |
| Integration of Connected Vehicle and Automated Vehicle Technology
I

|

|

!

1

| | Requirements

|
]
f
|
|
Cybersecurity Requirements for Automated Vehicles |
] T T
T
|
|
}
|
|

[} -~ - - =
| | Assessment of Training Requirements for Drivers of AVs
) g 7 é 0) 1% I}ﬁ I I ‘ i grea i ‘ E
Q@ il ﬁ E I |Electronic Control System and Vehicle Health Management Analysis ‘ —T]
‘g a : ; ; Performance
2 | Functional Safety and Performance Requirements for AVs ‘ Guidelines &
|
! |
T

T
Concept Develoﬂlment of L1 Automation Applications

I L

XE /XT.NISE HE

T T
| |

' | | ®

i Prototyping and Testiné of L1 Automation Applications ‘ Application Design
| | & Impl tation
|

|

|

|

b

‘ Concept Development of L2 Automation Applications ‘ J Guidance /
i i -

} |—>{ Prototyping and ‘festing of L2 Automation Applicatiohs

Concept De\(elopment of Limited L4 Automation Applications ‘ Pr;ototyping and Testing of Limited L4 Aut'omation Applications
| I I 1 \
Framework for Estimating Impacts of Automated Vehicles ‘ Development and Validation of Models for AV Impacts ‘O N

| Benefit
‘ Estimates

| |
‘ Testing & Evaluation of L1 Transit Automation Applications
I i

|
|
Functional Descriptions and Test Methods for Emerging AV Systems ’1 : }

| | |

Test Procedures
& Evaluation
Results

i PS

Functional, Controlled Testing of AV Systems
T

L — T T
=\ ! ' Naturalistic Testing of AV Systems
% m =] | | g U
f

f T
Standards Analysis and Definition for Automated Vehicles ‘
|
|
|

|
Automated Vebhicle Policy Issue Evaluation ‘

<

Policy &
Standards
Recommendations|

t |
= [ v,
E& % t E-l- Ell | ‘ Automated Vehicle Policy Issue Recommendations
| i I I
|

Program Plan Development & Stakeholder Outreach ‘ 28
1 | 1
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ITS Japan

B Highly Automated Vehicles® & A AAFMVSSIZEE SN 5H\?

> AVDE A I HEEFEFMVSSDEEZRFEIZT 5
v' %5 (ZHuman out of the loop*°. DriverlessDiG &

> TR OAVESEERIEIZXL . BEIfFEFMVSSIZLSHEZXHIET S
> NHTSAEITS JPOAEMEL TG T 5

¥k kA X

NHTSA

WWW. nhtsa. gov

29
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B EREBXIE m

Intersection Movement Assist

m EHXig

Left Turn Assist

— — ;
20N & u rid Collis i Emeroency Electronic Brake Light Warning
= _ arrE e or cl= & Matifies the driver if there is 8 sudden-braking vehicle ahead (o
Alcver-an arear-ond collislon saveral vehicles ahead)
il

Lane Change Warning/
Blind Spot Warning

B IS ERER
Forward Collision Warning
mRERIL—XSAMEHR
Emergency Electric Brake Light
mEOELPIEES "
Do Not Pass Warning:
B N\RETARHES
Vehicle Turning Right
in Front of Bus Warning

31



SE OV AMOVRERESA LSy

mO—KR3yv7: 20157y T—MR
» FHWAD A A5 Vo A HR—k
vV B NERETREBET TV r—3 EETR
* V2] safety application
* Dynamic mobility applications
* Road-weather applications
* Environmental applications

> Wave 1, 2 CEIESAERZTE

i
b 80% of Traffic

# FHWA Guidance Sianal
' ignals
779 Security Credential anneded
Pﬁﬂanagement Vehicle
» NPRM Connected oEEm 20% of Traffic | Compatible
Vehicle Pilot Signals
¥ First Draft: ' Deployment Connected 0 90% of Cars
i FHWA Deployment | Standards Vehicle Equipped with
' Guidelines T S g ——— b First Compatibh;l DSRC

o ¥ NHTSA Decision DSRC-Equipped
i Heawy Vehicles ET.anEd
; ehicles
Wave 2: Available

Connected
Vehicle Pllot
Deployments

201549 A Wave 1A EBESNT=-
rinsacomeced @ NY G, Tampa, Wyoming

| Vehicle NPRM

Source:DOT Homepage 201 gfiugﬁwﬁ+mh§ﬁhu éhf: 32

I‘ Wave 1+
Connected
Vehicle Filot
Deploymen




B \Vave 1323E: NYC- New Yorki €

ITS Japan

> Manhattan Grid
» Manhattan FDR Dr.
» Brooklyn Flatbush Ave

s * Grid (600’ x 250’)
« Day vs. Night conditions
« Residential/commercial mix

* High accident rate arterials (20122019
* 20 fatalities
* 5,007 injuries

204 intersections

Manhattan Grid

Manhattan

\Brooklyn

B Pilot Deploymentit X #i 2 : 3hig;

Manhattan FDR Dr.

CENTRAL PARK

%y, * Limited access highway

* Excludes trucks/buses
* Short radius curves

MANHATTAN
* Qver-Height restrictions

« $1,958,497 in Over-Height
incident delay costs (2014)

* 24 % of City-wide total

Brooklyn Flatbush Ave

* Over-Height restrictions

2 Manhattan
& Bridge * Tillary St.
& Eé?l?ikglye‘n * Brooklyn Bridge
BROOKLY . : _
N * High accident rate arterial
Tillary Street 2012-14 (red dots)
* 1,128 injuries
» 8 fatalities

¢ Average speed 15 mph (AM
Flatbush Avenue inbound)

¢ 35intersections

Grand Army Plaza

33
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B TEEDMZH

> SUHUM

RINS
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201) 3
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-
ise Network O, ion Center
Service Delivery Node
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== S : Michigan Smart Corridor N
B 5EER., BHERICIRAIESERE LI MmERER L

> Freeway (53E 18 i) o )

v St R EIEHR L i
v B EER :
vV L= DAV
v 3 ERRHITEER
vV BEERADIFHIEH

> Arterial (B #R1EER)

v FEERE R ﬂm Gy

v E5IEH A —

v B EE#RIncident and Work Zone Lane Closures

v BR2IFEHA DX
>YUBAOT T ) r—ay

MDOTH R

Better. Faster Cheaper Safer. Smarter

H{ B : Workshop on Connected and Automated Driving System Matt Smith 36
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ITS Japan

B Mobility Transformation Center (MTC): £ Eli ER15

> Roadway: 18 iRIRIE
v FALFI3Km
v FREOBEQ@VY)— TAT7ILM LUAH, 1)
/E—%—G)Eﬁéﬁ Jp5L T
3, 4E{RERR
7/\r7l~bl~/;1"~)l/
EA-TIREOCETEDLN-IRE

ad-side : IR IR S

L ﬁk&%{)ﬂ 18 il fiEN 2
%Jﬁ% TEE. R /\19L—> . #Y]
. AT EHHY) * :

Y
ANANRN
A \“N
\l

d-
i
~E
%
Bk
2

@ﬁOHQ
AWW@S
m%mﬁ

s
By

~
~
~

NNENA NN
T B

&
e o

Mcitydn 44
32 acres (9137 m)

Source:MTC Homepage
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== EREmBEEEICRE T 5% o

ITS Japan

B Sy BENRERIEADEE
> KURENALETDHIE 3% 7% 6%
> ANEIDMEREZR ESE8HIE

m B

UCK PLATOON 5.3% AVERAGE FUEL SAV

> Eii % Z: E 1= E I-'ﬁk oIk S 270 & PLATOON 6.0% AVERAGE FUEL
> ErhiEih [ TORHERRIR ARAMTV.com

> RIEEHEER (XK EITICKY REGFBENFONDAEEEH D
v BEshER L, K2 mE L, CO2HEH D AR
> First mile/Last mileA XL — 3> BERERRILIZK SR E M. FEM L
B Man & MachineZ %
V RSAN—ITEFERE. thIBEENasa=y—L a3 S HHEZRIM
V RSAN—IZHEDBNHEIRIH
BL. BALSYZIETIIG EROBEEIIFSAN—IZRE

H 8 : Daimler HP 39
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ITS Japan

wwwwwwwwww

Dr. Shladover, University of California, BerkeleyMD 2 &

BB AT —IORIL—DBELGERMT ORI NELE
> BEITENEGRITENZHANTESBRMELT AT LA
> T2, EENH. REMERIT 5A%
> EEEEICEMCRE. BT, BiETE5
> DATLDZREM., MAY. Al AMEZEEIZEERYT 545

B fIAREZHHNOLER
> HEBEDHI(K A /3 —D BRI IR TF #4550
> RE DK
> BEEXB(EENEIRERE—AREm)Z R
> 3RIRED B AL (F ARSI TLYSHighway 2R 5E)
> HITE . N1 DR
> IFREFDRRBDAIZRE
> B D HHHhiE =T THF|H

Source: 201541 H TRB& & Session 564 40
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