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Self driving Automatically operated
o)

Driverless -' Automated

Robot Taxi Auto Pilot

Unattended Operation Autonomous
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> Full automation
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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



> FREMERIFIELDAKRESLERE The Negative Obstacle Corner Cf-‘.‘." .
> Eﬁ?éﬁﬁl:?vﬁ)ﬁ“@%igm B ioatai a0 acihve resverch Bt Tor vAOUs sees, shaptt. I

% Low-probability, high-impact problem. . ' Y eSS
= Cannot always be mapped In advance of being encountered. §ls.

% Human drivers use context in determining risk of traversal. ‘
< There Is a technical need for a high fidelity observed world
2 model.
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Source : Ryan Lamm, SWRI Technical Challenges for the Adoption of Self-Driving Vehicles ITSWC2014
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Adaptation to Dynamic Environments »—.{)i

s <+ 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 Vo, 708
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< A human driver is not deterministic, should we requlre automated systems to be?
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Source : Ryan Lamm, SWRI Technical Challenges for the Adoption of Self-Driving Vehicles ITSWC2014
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> WDEDISITEEREEFRET HV?
> EQKSITHEDZFEELF LT HDHV?

Human Interaction —

When and how to
return control
to the operator?

S ¥

Human Interaction 1 ‘

How does the AV /({4 - u
interact with other : ‘

< Think of how you yield

right of way at a 4 way F o
stop? ) 3
< How will an automated i

vehicle interpret gestures

Source : Ryan Lamm, SWRI Technical Challenges for the Adoption of Self-Driving Vehicles ITSWC2014
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AL » : oy
B ¢ Difficult to test full aﬂ# on a lab bench.
< Mileage accumulation w/o accident ey
tric, . ¢

is a metric, but it is not THE 1 i

% Tests need to be designed to ex n dynamic real < Today, : portion:
environments and scenarios. What scenarios, Nowmany? .. thereisdisruptive technology out there.

% Systems should be specified for relevant operational envelopes wa * Research is needed to take those di ' ive concepts :
{more granular than the NHTSA levels of automation) so that the - in the automated driving equation across industries,
consumer understands what the system does and when. < Cross Industry/application collaboration wi

‘_ %+ Does ADAS1 + ADAS2 + ADAS3 g o :

Source : Ryan Lamm, SWRI Technical Challenges for the Adoption of Self-Driving Vehicles ITSWC2014 14
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Source : Janet Creaser ITSWC2014 SIS35 15
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B EHOCFRESHEORESS

B StakeholdersIC kA IEREMN

B HECIFESOH-FIREDZEY
B ASDOZA

B ERZETTOFHAE
B ERAEIZKDEIE

HiB : AdaptiVe, ITSHRASEFE T IO F2014RREHE 16
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B

SAFETY

BTONELBICEESICEET HH

Obey the'speed limit?
', Even When merging?

ekt "Ml sPEED
[ LT

H{ #1:2015AVS J. Christian Gerdes, Professor Stanford University

> REEE)T4. BEMEOBIIANLE
> FRRIGIRE T, EQOKIICHEEZHEESE DD
BFALRNTBDOHRRGTNBE

P*\What should the car do?®

g :-li__,,_;( it T o s
o, . T S Ul b I
Break the law?™ w e

Wait all day?

TR —SAUEBAHENRILE

Traffic is a social dance
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H2020 7Ok

2007-2013 2014-2020
—  KEIFOSIHF
H2020CO) B EEHEET O T I MEE

E7AOCz 9N ORRENSED

E5t114mE€

FTHE(mE)
BARIL
2017

ART-02 | |EAERAA—FA—3v/qOyk IA 2

48
ART-04 | BITHIMICR TS EENESD R ELFAEZEM RIA 2
ART-05 | BFNEGE~ADBITEXEL. BFOEMEBELR RIA ) i3

BEROXETHERAVTS

ART-06 | BEESREZIET HiEE CSA 2 3
ART-01 | BEEEREEER T HICTAV TS 1A 2
ART-03 | NETOESKIIEST IA 2 50
ART-07 | SiERXEOBHLTEVR—23Y IA 2

CSA : Coordination and Support action, IA: Innovation Action
Source :VRA RIA: Research and Innovation Action
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== FPTORFBHTAI T : AdaptiVe )
B O IMEE Adapt:|Ve.
> Budget: EUR 25 Million(35{ZF 140M/€)

» European Commission: EUR 14,3 Million

> BAR: 424 B (January 2014 — June 2017)

> 84 [E : France, Germany, Greece, Italy, Spain, Sweden, Netherlands, UK
> 30D /\—h+F— BRI I IREE

Subproject 1: Integrated project (IP) management VOL!(SWAQEN

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

5,.‘5;{.'&: VOLKSWAGEN
MEFUF BEEE A

Subproject 7: Evaluation framework for automated driving applications

Source : ITFVHA %18[0 fFELEE 22
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B JOCIHMNBE

> 15 M€ (21{EH 140|I]/€)budget 9.5 M€ EC funding, FP7
> 48MAOT7Ro ok (2012-2016)

> 6~10 NEYEMD2EH
> TDODNEH THTEE., 3DDShowcaseZ ETH|

2014 2015 2016
cITy Demo type MA ONDJFMAMIJJASONDIJFMA MIJJ A MAN.
Oristano Small demo R
Leon Showcase R
CERN Showcase R
La Rochelle Big demo R
Saint-Sulpice Big demo |
Milano Big demo IR
Vantaa Small demo |
Trikala Small demo/showcase thd
Sophia-Antipolis Small demo/showcase tbd
San Sebastian  Small demo/showcase thd

. =set-up .= operation

Both vehicles on the road

A
1

Source:ITSTHRA ST O 12014

WA NWOO NN N W

> A5DIN—hF— 120 ETH. 5OD EEBEER L AT LS ES

Clty: viobi
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== Drive Me &Self-Driving Car~DHUFH A : Sweden €™

A TIMNEE

> HRATHOHTO—IRAETOTOS IR

> 1008 D VolvoD Self-driving CarMEREND R BIBRETELT
> —fRDEBEEHIEE

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

» A T—T VBT &EVolvot [F]

> 20134 (ZRBAtR. EED/NMOvME2017EE

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

ORIVE ME | ROAD Sections., & ® LINDHOLMEN N\
..Av{Hisihge A AN ’ Clt)’ of ® SCIENCE PARK |‘
o , ».4 Gothenburg YT

p N TRANSPORT ' TRAFIKVERKET

A STYRELSEN ) SWEDISH TRANSPORT ADMINISTRATION

Source:20154E1 ATRBRE ERE X 25
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Autonomous Vehicle @D
(1 '))
\ -

Strategic plan 2015-2019 =~
* Realizing CV Implementation
* Advance Automation

MizkdFTadz ok
* Mcity
 GoMentum Station
o fthpIZHEK

Connected Automated Vehicle

FHWAAL > I25HA4FS54>—AASHTO

Connected Vehicle

CV Pilot Program: $42m77A< ok
* NYC, Tampa, Wyoming

27
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Enabling
Technologies

Safety

mJny5L0—kvvy7

2015 2016

FFHAAVER
2017 ::jj[:j 2018 [~ 2019 _|&=nTWL

Future ForeJl:ast of Enabling Technologies

Assessment and Guidance for Digital I}wfrastructure

DR

2 | AR

RIRBAT

|

u

I

1

} }
| Integration of Connected Vehicle and Automated Vehicle Technology
[

|

|

]

]

Driver Acceptance of Automated Vehicle Systems

i Guidance ZOZOE 1{
| | kL

Assessment of Training Requirements for Drivers of AVs
T T

TE

ZTEDRE

fEIectronic Control System and Vehicle !-Iealth Management Analysis

Performance

(]
%)
c
@
S
=]
)
%)
<

Functional Safety a{nd Performance Requirements for AVs :

Requirements

|
Cybersecurity Requirements for Automated Vehicles

|
|
| | Guidelines &
|

1
Concept Develo#ment of L1 Automation Applications I

l N

Prototyping and Testiné of L1 Automation Applications ‘ Application Design|

RBY AT LIEEE

& Impl ion

Concept DeVeIopment of L2 Automation Appllcatlohs ‘ Guidance /

: |—>‘ Prototyping and festlng of L2 Automation Appllcatlo(s

‘ Concept De‘;'elopment of Limited L4 Automation Applications ‘ Pr;ototyping and Testing of Limited L4 Automation Applications \
1 1 1 1 \
Framework for Estimating Impacts of Automated Vehicles ‘ Development and Validation of Models for AV Impacts ‘Q N
| | Benefit
‘ Testing & Evaluation of L1 Transit Automation Applications ‘ Estimates

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

<

Functional, Controlled Testing of AV Systems

Test Procedures
& Evaluation

T

T

Naturalistic Testing of AV Systems

Results

| ‘
% Eﬁ Ezlz 1ﬁ | |
|

T
Standards Analysis and Definition for Automated Vehicles ‘

|
Automated Vehicle Policy Issue Evaluation ‘

\ 4

|
|
T I
L
+
1

v |

m m N Policy &
Automated Vehicle Policy Issue Recommendations oley

BUEEEtE | |

Standards
: : Recommendations

Program Plan Development & Stakeholder Outreach
I

| ! ) 28
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B Highly Automated Vehicles®E A HSFMVSSIZEEIh 5H\?

> AVDE A x93 HEEEFMVSSDIEEXBATEIZT S
v $5[ZHuman out of the loop®°. DriverlessDiG &

> T EFTPAVESEERIEICR L . BEfFFMVSSIZCKSHBEEZ[F1IET S
> NHTSAEITS JPOMEMEEL TG T 5

www.nhtsa. gov

29



mm BENEE ARYL—UY—FO—FIvT

178 Japan

B USDOTO MY A : F EERELHFH R HA

Rt R

EiRIRIE ERBFOIRELRH DOER
REBEEOREFIRDER
ITSEAVICER T BALEFEES

FMCSAR I EITICH T HAVD A /NI NRE

+ |+ |+ |+
+ |+ |+ |+
+ |+ |+ |+

F—BTS A1 — | BT —SRREEBEIH S B F
EXFRISIE [ I~ R —EEEORE v |+
E{EME EEZLRIBRETIL e+
FIFE L EERSLKHE T+
HRAIRE HEMBEEAR S — DR Pl I
{275¢ (L ISHELESE e+
BBl EMZEHEEE~OHE Y

+ MR ERY S — T+

30



B XERBEBXEE

Intersection Movement Assist

m EHXE * e ~
Left Turn Assist =y ey Mﬂﬂ

> a a Forward Collision Warning Emergency Electronic Brake Light Warning
. = = Varns the driver when a vehicle ahead is stopped or traveling Motifies the drivar if there is a sudden-braking vehicle ahead {
= several vehicles ahead)

slower and thereis a risk of a rear-end collision

Lane Change Warning/
Blind Spot Warning

B 5 EREER

Forward Collision Warning
B RRIJL—FS5AMEH
Emergency Electric Brake Light
m BBl IEEL
Do Not Pass Warning:
B NRBIFERES
Vehicle Turning Right
in Front of Bus Warning

31
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* V2] safety application

*  Dynamic mobility applications
* Road—-weather applications

* Environmental applications

> Wave 1, 2CEIEHAREZEE

» NPRM Connected

Vehicle Pilot
3 First Draft: | Deployment
. FHWA Deployment Standards
Guidelines = teseesessmiccsmccceceas
"7 3 NHTSA Decision
. Heavy Vehicles

Wave |:
Connected

Deploymen

Source:DOT Homepage

Vehicle PilotJ

Vir—avztew

b 80% of Traffic

? FHWA Guidance

e : : Signals
¥ Security Credential Connected
. Management Vehicle
o S 20% of Traffic | Compatible

7 NHTSA Connected
l Vehicle NPRM

Signals

Connected ) 90% of Cars
Vehicle Equipped with
b First Compatible DSRC

DSRC-Equipped
Connected
Vehicles

Wave 2: Available

Connected

Vehicle Pilot

Deployments

201549 A Wave 1hBES 1=
* NYC, Tampa, Wyoming
2019 LI D ETEIAEMNS T
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== Wave 183 : NYC* New Yorki¥| N
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> Manhattan Grid
> Manhattan FDR Dr.
» Brooklyn Flatbush Ave

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

High accident rate arterials pos son
« 20 fatalities

« 5,007 injuries

204 intersections

Manhattan Grid

\Brooklyn

B Pilot Deploymentih X{8{ 2= : 31t igk

Manhattan FDR Dr.

CENtas P
g, * Limited access highway
Excludes trucks/buses
MANHATTAN * Short radius curves
* Over-Height restrictions

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

* 24 % of City-wide total

Brooklyn Flatbush Ave

Over-Height restrictions

Manhastan
Briclge * Tillary St.
* Brooklyn Bridge
BROOKLYN
ngh accident rate arterial

Tillaty Sireet 2012-14 (red dots)
* 1,128 injuries
» 8 fatalities

Average speed 15 mph (AM
inbound)

35 intersections

33



== Wave 1 23 : NYC- New York
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== S A2 M : Michigan Smart Corridor €™

B EiEER. BRERICIAIRE SR E L MRS
> Freeway (E1EE ) : o

/ﬁL§E|ﬁ$ﬁ
I/\llﬂilgziﬁ

V L—2TR AN

v 3B RR TR ER
vV BEERADIFHIEH

> Arterial (B8 ¥R 15 %)

v S ERBRIFHR

v E51EH "

\/ X B R FE R Incident and Work Zone Lane Closures
EX2TEHmA D XTI

> é%‘ DT T)r— a3y

MDOT R

Better. Faster Cheaper Safer. Smarter

Hi B : Workshop on Connected and Automated Driving System Matt Smith 36
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B Mobility Transformation Center (MTC): 3

> Roadway: B igIRiE
v FAILFI3Km
vV FEOKEQVI)—k TRAT7ILL LUAL L)
v BHEDREESZH—T OS5 T
v 2, 3, AEIRIERR
¢ FUTINIROR AL
V EAFE T HRECE TCTEDONT-KE
> Road-side: Eﬁﬁlﬂ—f"
/ BREDIER LT AL E
v EEES 53 |
5{%%?5§~$ﬁ)§§ TRE. &FA. /\1IL—2 . B
v

2 (BEd . AR

D)?f
F’m“ﬂ
8
ﬁ

Mcity& i 42
32 acres (#3135 m)

Source:MTC Homepage
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> First mile/Last mileAr NL—>30 BENEERILICL DR M. IEM L
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Dr. Shladover, University of California, BerkeleyDigE

B SR ALTL—ORIL—DBELGB O HIFNELE
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> MEXEEICEMCERE. ST BETES
> VATLDZREM., MAMY. Al AMEEEIZGIRAT 54
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Source:20155% 1 A TRB& & Session 564 40
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