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Greeting from the Organizer

In opening this International Symposium on Inter-Vehicle Communication (1VC) Driving Support
System here today, | would like to say afew words on behalf of the Ministry of Land, Infrastructure
and Transport.

The number of fatalities resulting from traffic accidents in Japan totaled 7,358 | ast year, continu-
ing the downward trend observed since 1992. However, the number of traffic accidents and resulting
injuries remain high.

On January 19, 2004, Prime Minister Junichiro Koizumi set the goa of reducing the number of
deaths in traffic accidents to no more than 5,000 a year within 10 years and we keenly recognize the
necessity to further promote measures to enhance traffic safety.

In such a circumstances, we think that advanced safety vehicle (ASVs) will play a significant
role in enhancing traffic safety in the future. To promote the development and use of ASV, we have
been working a research and studies since 1991 under the framework of the three-way cooperation of
industry, academia and government. Our efforts have resulted in the development and commercializa-
tion of various ASV technologies such as the collision mitigation brake system and the lane keep
system.

In the ongoing third phase of the ASV project (ASV-3), we are working on measures to promote
the use of ASV technologies that have reached the commercia stage. At the sametime, we are striving
to develop new technologies for inter-vehicle communication systems in order to further enhance
safety through next-generation technologies. High hopes are placed on the future development of
inter-vehicle communication systems as they offer the possibility of preventing head-on collisions and
right-turn accidents, both of which autonomous detection systems cannot cope with. The ASV project
has been conducting studies and research on the prospective functions and specifications of inter-
vehicle communication systems based on the analysis of traffic accidents. For the past four months
since July this year, we have been conducting verification experiments here in Tomakomai city to
confirm the effectiveness and limitations of these systems. Just yesterday and the day before yester-
day, we carried out experimental demonstrations to show these future technol ogies.

Today, we are holding this international symposium to discuss and exchange opinions on the
efforts undertaken and challenges faced both in Japan and abroad, with the attendance of al of you
who are working on the development of inter-vehicle communication systems in Japan, the United
States and Europe. | greatly hope that the outcome of this symposium will contribute in a meaningful
way to the ASV project aswell as to the future development of inter-vehicle communication systems
in each country.

Finally, | would like to express my appreciation for the efforts of all those who have worked so
hard to realize this symposium and my gratitude to all the participants gathered here today.

Road Transport Bureau, Ministry of Land, Infrastructure and Transport

_3_
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PROGRAM

10:30 Opening
10:30 - 10:40 Opening address from the organizer
10:40 - 12:00 Current status of communications technology in Japan,

the United States and Europe
) Japan: Yoshimi Furukawa, Shibaura Institute of Technology
) U.S.A.: T. Russell Shields, Ygomi LLC
)

3) Europe: Dr. Ralf Guido Herrtwich, DaimlerChrysler AG
4) Questions and answers

12:00 - 13:10 Break

13:10 - 14:40 Initiatives being pursued for the promotion of Advanced Safety
Vehicles (ASVs)

(1) “Concept of IVC Driving Support System”:
Kazumitsu Kushida, Honda R&D Co., Ltd.
(2) “System Concept and Technological Examination”:
Hiroyuki Kanemitsu, Toyota Motor Corporation
(8) “System Verification Tests — Their Features and Implemen-
tation Status”:
Masashi Takada, Nissan Motor Co., Ltd.
(4) Questions and answers
14:40 - 15:10 Break
15:10 - 16:40 Free discussion on the theme “Toward the realization of IVC-
based driving support system”
(Panelists on stage)
(1) Coordinator: Yoshimi Furukawa, Shibaura Institute of Tech-
nology
(2) Satoshi Oyama, Hitachi, Ltd.
(3) T. Russell Shields, Ygomi LLC
(4) Dr. Ralf Guido Herrtwich, DaimlerChrysler AG
(5) Kazumitsu Kushida, Honda R&D Co., Ltd.
(6) Hiroyuki Kanemitsu, Toyota Motor Corporation
(7) Masashi Takada, Nissan Motor Co., Ltd.
(8) Keniji Wani, Road Transport Bureau, Ministry of Land, Infra-
structure and Transport
16:40 - 16:50 Concluding summary and closing address
16:50 Closing
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Status of Vehicle Communication
Technology in Japan

Yoshimi Furukawa
Shibaura Institute of Technology
Working Leader of

Contents

« ETC & VICS on the market - statistics in Japan

« Related organization & histories of C2C and
R2C communication

« ASV activities

« AHS activities

« Cooperative driving

* Inter Driver Communication System
« Conclusion
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ETC systems on the market - statistics in Japan
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Related Organizations
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Japanese Car 2 Car (Road 2 Car) R&D Activities

Car: MOT — Reoad Transport Bureau in MLIT

1991 1995  q995 2000 =01
[ AsViProgram | [ asvzProgram | laﬂﬂ — E'[]{:Iﬁl
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___Highway System |
g [ Smart way (AHS)
DEMO DEM
1985 1986
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[ Platoon by Infrared{ DSRC 5.8GHz % Group Cruising
DEMO DEMO

Communication: MIC

VG Forum
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ASV Phase 3 Program

Phase 1 | Phase 2 | Phase 3

Technological
Technological Developments Development
Activities

Onboard Autonomous :
Driving Assistance System i
|

‘ Guideline for Commercialization
Promotion

Activities

I
! Promotion
: of ASV

Car 2 Car Safety Drive Assist System
in ASV 3 Program

Safety driving assistance system
by communication amaong
automobiles, motorcycles, bicycles
and pedestrians.
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Objectives in ASV Phase 3
program

1.Decision of requirements for communication system

In order to decide the requirement, following objectives are set.
m Decision of system definition
= Verification of system application concept by experiments
m Proposal of recommended communication frequency

2.Conditions

¥ The level of the technology composing the system is realized
by a year of 2008. (not the system realization target)

p Utilization of the road infrastructure should be kept to a
minimum

-
-

c philosophy

v
[k
[
"
==

System is designed to be effective, even if the user rate is far
below 100%b.

Accident patterns that have a significant number of fatalities
and injuries as well as other types of accidents
that attract social attention are selected.

Verification of effectiveness of the systems should be judged by
the reduction of specified accidents.

Heavy duty vehicle, Passenger Car, Motorcycle, Bicycle and
Pedestrian etc.

It should be adaptive to advance technology of onboarc
equipments and communication systems,
and to multi-modality of system applications.
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System Applications for Reduction of Accidents

Extracting objective accident patterns
by the analysis of accident statistics in Japan. |

Trafhc Accident Statistics in Japan

- : :_-_-4-.--. GE@
B0F e D Left Tum
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Murrber of Fatalties Murber of Serious
Accickents

Top Fatalities and Injuries

System Applications for Reduction of Accidents

Extracting objective accident patterns
by the analysis of accident statistics in Japan. |

< _F Ak
Top fatalities and injuries
Aright turn collision

2blind corner collision Investigating functions and effects

Spedestrian collision of the system, by categorizing

4head-on collision accident statistics to some patterns

Social attention of collision models

&Srear end collision

Bleft turn collision sample .

iTlane change collision T TR

-

Accidents reduction estimation by Inter-traffic ) -
Communication Type Drive Assist Systems S = '.. .-1 .

@fatalities: about 2,500 (total 9,220 / a year) ' _ gL
Wserious injuries: about 25,000 ¢
(total 72,000 / a year)

*averaged accident number in 1995 ~ 2000
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Cooperative Drive Assistance System

Real-time Drive Assistance
by Road & Vehicle cooperation

Smartcar Smartway

(ASV) Smart Gateway i-ly

ASV : Advanced Safety Vehicle AHS : Advanced cruise-assist Highway System
R&D an Intelligent Vehicle R&D on Intelligent Road

2000: Feasibility Tests of AHS/ASY and Demo 2000
2002: Proving Tests (Field Operation Tests)

Cooperative Driving

+ Cooperative Driving
— Cooperation among automated vehicles
— Flexible platoaning
— Merging & de-merging
» Functions of Automated Vehicle
— Sensing
+ Localization: DGPS, within 2 cm
* Dbstacle: laser radar, over 100 m

— Lateral & Longitudinal Vehicle Contral

— Inter-vehicle Communications: 5.8GHz,
DSRC
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Movie of Cooperative Driving
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Merit of IDCS

- vehicles smooth merging in intersection
- smooth lane change

- smooth cutting in

- gIvVing way

- showing gratitude

- alerting possible hazardous situation

- group generation

- sharing information

- communicating either mind

- game

- constructing community in vehicles’ traffic

Conclusion

Status of C2C and R2C communication technology
in Japan 1s introduced.

More detail information of ASV activities will be
introduced in the following session.
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. Russell Shields

Activities and Technologies in
Vehicle-Vehicle and Vehicle-Infrastructure
Communications in the United States

Advanced Safety Vehicle International Sympaosium
Overview of Intelligent Vehicle Systems
October 14, 2005
T. Russell Shields, Chair, Ygomi LLC

shields@ygomi.com

Standards Activities: Probe
Processing

» Data from sensors in vehicles can improve the
performance of crash avoidance systems of following
vehicles

— This information can be transmitted vehicle to vehicle and
vehicle to infrastructure to vehicle

* Probe standards are important so that all vehicle makes
can share data with one another

— Important to collect/analyze data centrally to ensure quality
— Probably imFIies a single probe center operating as a utility
providing all probe processing for a given area

« The Society of Automotive Engineers has initiated a
probe standards initiative that is working cooperatively
with ISO/TC204/WG16

— Commeon messages format/content
— Privacy issues
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ITS Standards: Mobile Wireless
Broadband

» Maobile Wireless Broadband [MWESR Is one good
approach for supporting public safety vehicle fleets both
for routine operations and major emergencies

» Standards crucial for interoperability across jurisdictions
» One MWB approach = HC-SDMA - was made a U.S.

ANSI standard by the Alliance for Telecommunications
Industry Solutions (ATIS) in September 2005

~ Only current MWB standard that meets needs of public
authorities and emergency responders

« HC-SDMA now moving toward European and
international standardization

- Project MESA (founded by TIA and ETSI) established
groundwork for use of MWE for public authorities

— Standards work in progress in ETSI and 150

Software Reconfigurable Radios

o Safety systems must work for the life of the vehicle

» This requires the in-vehicle data communications unit
(DCU) to remain functional for two decades, through
multiple generations of radio technology

» Software based radios can help by allowing the DCU to
adapt to new radio technology

» To be serviceable in the vehicle, they must have...

— Software controlled antenna filters = to enable DCUs to
work on newly authorized frequencies without a
hardware change

— The ability to download and install updated software -
to minimize need for physical equipment updates over
the vehicle's service life

— This defines a "software reconfigurable radio” (SER)

* The international radio technology community is working
to develop SRRs for in-vehicle use
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US Government Activities in ITS

The transportation reauthorization bill passed in August 2005%

« Moves ITS from a niche program to the mainstream of
transportation funding

« Provides significant new funding for [TS-related projects including
vehicle infrastructure integration

« Prohibits unauthorized sale/use of traffic signal preemption
transmitters

« Widens ITS access to funding of motor carrier safety research
» Funds Multiple 1TS-related efforts including
— National ITS Program Plan
— National Architecture and Standards Program
~ Road Weather Research and Development Program
Centers for Surface Transportation Excellence
Adds safety labeling requirements for new vehicles

Creates ITS Research Jﬂ.d‘fiﬁﬂr'y’ Committes
* “Safe, Accountable, Flexible, and Efficient Transportation ‘

L]

1 .

Equity Act: A Legacy for Users” (SAFETEA-LU)

Vehicle Infrastructure Integration (VII)
at U.S. Department of Transportation

» Vision: Significant reduction in highway fatalities and
dramatic improvements in transportation mobility

« Goal: Equip every vehicle manufactured in U.S. with a
comm umcatmns evice including GPS so that data can
be exchanged effectively with a nationwide,
instrumented roadway system

» Builds on vehicle safety technology trialed in the
Intelligent Vehicle Initiative

» Uses 5.9 GHz band, specifically allocated for DSRC with
public safety emphasis

* Progress is slow

- Deployment of a national communications infrastructure at
5.9GHz is awaiting a business case being built in VII tests

— Existing DSRC Industry Consortium is focused on
commercial/tolling applications

- Standards completion has proven difficult
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VII Initiative — Concurrent Tracks

« Technical Implementation — Complete definition of
architecture and project cost to implement

« DSRC Prototype — Complete prototype testing of DSRC
— make prototypes available for VII test program

+ Business Model — Create a business plan, includin
requirements for deployment, public-sector and public-
private financing options, expenditure justifications

* Policy Issues — Define privacy policies for public and
private sector, and develop policies to protect privacy,
minimize liability, and define who owns data

+ Outreach - Conduct VII workshops and develop a plan
to provide outreach to other potential stakeholders

« Test Program — Conduct vehicle, roadside, and
network management subsystem tests, work on
application integration, and do field tests

Cooperative Intersection Collision
Avoidance Systems (CICAS) Initiative

« U.S. DOT partnership with vehicle manufacturers and states to
examine intelligent systems to enhance driver decision-making at
intersections to avoid crashes, including

— Vehicle-based technologies — sensors, processors, driver
interfaces within each vehicle
Infrastructure technologies — roadside sensors/processors to
detect vehicles and identify hazards, signal systems, messaqging
signs, etc.

— Communications systems — uses DSRC to communicate warnings
and data between infrastructure and equipped vehicles

« CAMP is developing the vehicle-based framework for CICAS

CAMP includes BMW, DaimlerChrysler, Ford, GM, Nissan, Toyota,
and Volkswagen

« Several states will conduct field tests

« Will integrate prototype WAVE roadside beacons to establish
communication between intersection infrastructure and vehicles

» Participants and partners for initial projects expected to be
announced at ITS World Congress in November
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Integrated Vehicle Based Safety
Systems Initiative (IVBSS)

= LS. DDTJ)artnerEhi with automotive, commercial, and transit
vehicle industries will expedite integrated vehicle-based safety
systems in the U.S.

+ Goal: to equip all new vehicles with advanced driver assistance
systems to help drivers avoid common deadly crashes (rear-end,
road departure, and lane change)

* Projects and studies to be conducted on private passenger
vehicles, freight-carrying trucks, and transit buses to develop

- Tdnfﬂrma‘[iﬂﬂ on how best to communicate integrated warnings to
rivers
— Tests/criteria for performance of systems that simultaneously
address the most common deadly crashes

— Integrated vehicle-based systems tested on the road with
prototype vehicles and real drivers to understand safety benefits
= Could potentially result in creation of active safety “star ratings”
for crashworthiness

+ Participants and EEI‘II“IEI‘S for initial prﬂ'ECtS expected to be
announced at ITS World Congress in November

10

General Approach for Vehicle Safety
Communications Not Yet in Place

Telematics has not provided the
communications necessary for safety

« Emphasis has been on user-oriented services,
which are not intrinsically vehicle-related

« Communications-based safe snstems including
automatic crash notification ?;1{: ) stop working
if the vehicle owner/user stops making periodic
payments

» Current telematics pathways do not provide
confidentiality of customer relationships and
critical vehicle data
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11

Requirements for a New
Safety-Oriented Approach

« Data-only communications

= Simpler, more robust/crash resistant, less expensive than data and
voice

- Mare likely to get through in fringe areas and under difficult
circumstances
« Safety systems must benefit all drivers, not only the owners of
relatively new vehicles

— In-vehicle data communications unit (DCU) must remain functional
(i.e., able to be updated to current communications technology) for
up to 20 years without charge after the initial vehicle purchase

= Owner/driver must not be reguired to pay ongoing fees for safety
functions after the initial vehicle purchase
= \ehicle safety requires very high transmission reliability
Must be able to send critical messages simultanecusly over multiﬁle
communications media to maximize probability of getting throug
« Automotive-grade reliability (when the vehicle is sold, the
communications works without any set up activity and keeps
working until a physical failure)

12

Thank you!

» Questions?
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Dr. Ralf Guido Herrtwich

DAIMLERCHRYSLER

Vehicle [T and Services Research ol
B ™"

Car-2-X Communication in Europe

Dv. Ralf Herrtwich

vahicla IT and Servicas Resaanch
[RELA

September 19, 2008

0 DATMLERCHREYSLER

Car-2-X Communication in Europe in the Past 'ﬁﬂﬁl I

Car-2-X Communication has its roots in the PROMETHEUS Programmel
Firsf work 1988-128% in the subproject Copdrive CED

Technology: Radio locationforientation and communication

Pholo taken af the Munich Test Track in prepavation
fier tha firsl PROMETHEUS Board Memibass Mesting 15639

CEDd presenialicn: radio DCabion s SO0 nication
Exchanga of the intertion of manauwers and axchangs
of aciual maneiwers. Display of the state for external
obsereers through 2 lamips on the roaf. Ko GRS!

Chring the course of tha proect, the dooes shifled from co-opsrative
drivirng apphcalions kKeands
Tegpa et Al aofmmpnisaie ol warnne LAl

The Mercedes-Oenz dema v bs!

However, lechnology in kacation and communicabion has changed dramabically since
then!
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Car-2-X Communication in Europe after PROMETHEUS
r»m-»

WILAN Based vehicular ad hoo networks

BAFESFUT .2

Communication biged vehicle control

-C[;-(B DATMILERCHRYSLER

More Recent Activities

EU research projects:
»  ntes=Vehicle Hazard Warning
+ CarTALK 2000

German research projects:
*  FlestMet — Intermet on the Road

Tla i b Eipda? G oidadaiidad Capipmoarid 32 'l
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Inter Vehicle Hazard Warning VHW

2001-2003 inter-ishicls Fiazard Warning

French-Geman Telematics Research Project funded under the

DEUFRAKC framewark
-L‘::.:H\_
Partnars: - "ff:
= Hobert Basch GmbH, DaimlerChrysler AG, BASt, Renault, ;’fj
PSA, Cofirgute, INRETS, 1SI1S, Estar =
Objective:

= Vehida-to-vehiche Commuenicatsons 1o advance dangear
awareness of the driver by about 4 to 8 seconds and thus,
o enable “comforable” sale driver reactions

IVHW-Approach:
* Expand range of hazard flashers optical signaling by
SUREMROSInG radid mMessaging
Results:

« Developed a warning system specific for hazard warning in
the 869 MHz specirum

* Dedicaled application/communication was deemed
unfeasible for market introduction because of penetration
iSsLes

Tha o g b rpid [ondelerd o Sapimmoar 18 M2
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CarTALK 2000

2001 - 2004

Eurppean research project funded by EC within the Sth Framework Programms

Partnars:

* DaimlerChrysler &G, Centro Ricerche Fiat, Robert Bosch GmbH, Siemens AG,
Matherlands Organisation for Applied Scientific Resaarch (TNO), University of Cologns,
University of Stuttgart

Objective:
= Communication protocols and applicaton development for safe and comfortatdle driving
CarTALK 2000-Approach:

* Lz of inter-vehicle communication technology for driver information, longitudinal control
of vehicles and cooperatve driving assistance

Resulls:
* ldaniified and validated auiomotive applications basad on communication

Dawdwis iy Gondgerd Sapinmzarid 3FE =
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CarTALK 2000

=

N
S |

2001 - 2004 b« & ¥ =

IWF - Information and Warning Functions
» Accident abead, car break down
emmmea, e v+ Congastion
._E:‘ '_‘,"..E_'_l _.l"::‘ - » Road conddicn manitonng
* Exiended biind spot (e.g. lane merging)

CBLC - Communication-Based Longitudinal Control Systems
= ESlop and go traffic
-] Hn * Advanced distance kesping: anficipated driving.

mp,  EEEER  =n  edrybaking
- ch = = Adwanced flow controd and throughgut

CODA - Co-Operative Driver Assistance Systems

i1 D = Merging al highway ramps, merging bwo lanes
(ER e i (R + Crossover merging
(R
L LE

. DATMLERCHREYSLER

FleetNet — Internet on the Road

2000 - 2003

Farman research project funded by Ministry of Education and Besaarch

Fartners:

=  DaimlerChrysler AG, Fraunhafer Institut Fokus, MEC Europa Lid., Roberl Bosch
GmbH, Siemens AG, TEMIC Speech Dialog Systems GmbH

= Subcontractors: TU Braunschwaig, TU Hamburg-Harburg, University of Hannowar,
Univarsity of Mannheim
Objective:
«  Development and demaonstration of vehicular ad hoc networks for inter-vehicle
communications to support active safety applicationa and information applications
Flestnet-Appraach
= Use of exisling communication technalogy o prove feasibility of ad hoo nebworks for
inter-vehicla communcation
Results:
+  Communication profocals at the network layver for vehicle-to-vehicle communication

T . T Do spinmzar 16 350 B
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FleetNet — Internet on the Road F]EEINE’L—
2000 - 2003 —:}“3.:‘;;,_

Inter-Vehicle Communications Platform

1. Car-to-car direct

- onm 2. Car-to-car via relaying by intermediate cars
3. Car to stationary FleetNet gateway
i 8

4 Car - Internet via stationary FleatMeat gateway

:'I
15 o— @ ——
A
Applications
« Cooperative Driver « Decentralized « User Communication &
Assistance Floatimg Car Data Information Services
= Emargancy = Dynamic navigation = Infarnat access
notihcations = Roube weathar = Mabale offica
= Platocning forecas
Ta et b e ordaerd Capinmosr 13 MHE
._. DATMLERCHRYSLER

Ongoing projects

EL research projects:
PReVEMNT WILLVWARM

German research progecls;
«  MOW — Mebwork on Wheels

Davdnd SNy Gorderd Sapimmzar1d 312
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PReVENT WILLWARN T,

¢ WILLWARN

2004 - 2007

European research project funded by EC within the Gth Framework Programme as part of the
PReVENT Integrated Project

Partriers:

= DaimlerChrysler AG, THO Aulomolive, BMW Forschung und Technik GmbH, Philips,
Mational Technical University of Athens, CHRS = lle de France Est, HTW Forgis

Objective:
= Development of driver information and waming systam using oncoming traffic as
infarmation carrier

WILLWARN-Approach:

* Hazard detection algorithms based on CAN data, GPS, and optional environment
SENsSors e.q. radar

* Warning Message Management with messaging and forwarding stralegies
= DOn-board relevance chacks and warning evaluation
= System architecture and protocods for routing and application

T T T P T ey e ) Sapiemoar 18 312 i1

oro DATMLERCHRYSLER

PReVENT WILLWARN 7 .

. ¢ WILLWARN
2004 - 2007 bl e

Important Questions
“Whal happans in road nabworks depanding on aquipment rafe?
«How long do massages survive depending on traffic?
=How ko handle mulliphe messages rom ome avent’y
«Different types of messages: spol or area?

_F

r

By Architecture

A

Cemmunicalion
Waming
Maragement

Fazard |

) W
Datection

Message transport: 1 -» &> 3 = 4

BErEors

Dl 52 B Pk’ ol Sapiwmoar 18 3312 ig
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NOW - Network on Wheel
an_ui; i n(jm.

German research project funded by Ministry of Education and Research

Partners:
= BMW Forschung und Technik GmbH, DaimlerChrysler AG, Fraunhofer Institut Fokus
NEC Deutschland GmbH, Siemens AG, Volkswagen AG
= Subcontractors: TU Braunschweig, TU Hamburg-Harburg, Liniversity of Hannowver,
Liniversity of Mannheim

Dhjective:
= Davelopment of VANET {(vahicla ad hot nebwork)-demaonstrator from Proof-of-Cancapt
Syslem owands a referance systam of the Car-2-Car-Communicalion Consorburm (C20-
CC) slandard

MOW-Approach:
* Lise of Flestnet results as basis for realization and demonsiration of reference system for
vahicular ad hoo networks,

= Adaption of US protocols fo Evrope

Tlaws g b Ppid? el grd gl Sapinmoar 18 X2 bE
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NOW - Network on Wheels

2004 - 2008

Technical challenges:

* Scaleable Geo-Broadcast:
* reliable delivary of dala packeats
* scaling in situations with low, meadium and high numbers of
vahicles
* radio transmission combined with physical data tramsport by
vahicles

* Data sacunty in vehicular ad hos nedworks:
* aulhenbcation ard intaegrily of exchanged safaty related data
* faking info account anamymity and privacy concams af users

* Architecture 1o support simultaneously active safety and
deployment applications by enabling car to car and car o
infrastructiure commumnication

Demaonstrator:

* Implamaniation of a demanstrator system according the C2C
CC standardization prograss as basis for the C2C CC
damonskrations

Dla e gi s b iy ondderd o Sapinmzar 18 32 i
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Activities to start soon

EU research projects:
« SAFESPOT Integrated Project

T el g b i’ Gt gl Sapinmoar 18 3313 i

oro DAITMLERCHRYSLER

SAFESPOTIP

Integraled Progect (1P} funded by EC within the Gth Framework Programmea
Partnears:

* CRF, DaimlerChrysler AG, Renault, Volvo, Piaggio, Bosch, Conti-Teves, Siemens VDO
IBED, Mavteq, Teleatlas, Siemens, Kapsch, Lacrix, piv, Telefonica, MIZAR, COfree, Sodit

+ various road operators, research instifutes and universities
Objective:
= Creation of exdtended harizon in spacatime through cooperation with other wehiclas and
infrastructure
* Definition of conditions, that guarantee the safety, without affecting efficiency (safety
manging
SAFESPOT-Approach:

« Create solutions for relative, accurate localisation between vehicles based on
cooperation between vehicles and between vehicles and infrasiructure

= Genarate local dynamic maps thraugh marging of digital maps with information coming
fram vehicles and infrastrociure (e.g. road status, presence of obstacle,.. )

= Algorithms for routing in ad hod natworks

FA g ey Goad el o Sapiwrzar 19 2005 -
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DAITMLERCHRYSLER

SAFESPOTIP

2006 - 2008

mpact on Fatalities Reduction
Green ared

saFespor  Aclivesally

minules geponds milis=canEs Time

Extendad hanzan in spacaleme through
cocperation of olher vehicles and the infrastructure

i

Define conditions that guarantes safety without
affecting efficiency (safety margin)

Help the driver o slay in these condilions

.

Manage any dangerous situation, as often as
possible with normal driving manewuvers

Tha e iy Condend Sapivmoar 18 A2

DATMLERCHRYSLER

Jainl initiatves arg neaded in Europs 1o address ihnes lop issues:

Frequency allocation:
= Agreement on & frequency spectrum for vehicular safety applications similar to the LS
= Initiatives are underway, bul slow
= ETEI TG 37 has developed draft technical documant to ba submitted to CEPT

Protocaol definition:
= Adoption of US / intemational protocols wherevear possibia

Infrastructure deployment;
= Irvastigation of infrastruciure deploymant similar i tha LS and Japan
= The only way o reach panatration guickly

Ot of the MOW project, the Eurcpean Car-2-Car Communication Consartiem {C2C-CC) has
been set up, that takes care of these issues.

Tlawdgs Cm il Ul Cariprraar 19 3020 iE
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- CAR 2 CAR

=]
'D_L-:l IORPRPLAILE TR CHRHIFTIIE

Car 2 Car
Communication Consortium

Objectives
&
Organisational Structure

- CAR 2 CAR The Consortium

'G_'-:' TONMLTIEERTER CHERHIFEHE

+ The CarZCar Communication Consortium is a non-profit
organisation initiated by European vehicle manufacturers

+ open for suppliers, research organisations and other
partners

« working on an open system supporting active safety
applications as well as a broad range of information
services

S epternbar 2004 hijechvees & Organsabion 20
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- GAR 2 CAR MISSION

ﬂ_l-:l Tk IXRRLTILETE CHNHIFNTIUE

*» is to bring out the idea of working together
for more safety on the road

« is to establish an open European industry standard for
Car2Car Communication systems

* is to promote the allocation of a royalty-free European-wide
frequency band for Car2Car applications

« is to force the harmonisation of the Car2Car Communication
standard worldwide

- CGAR 2 CAR OBJECTIVES

D_'-:' ITORRLTIERTER CHEHIFE T E

« Creating an open European industry standard for inter-
vehicle-communication systems based on wireless LAN
components off-the-shelf to guarantee European-wide
inter-vehicle operability

« Ensuring high availability, reliability and the necessary
data security and anonymity of the C2C system

« Enabling the development of active safety applications by
specifying, prototyping and demonstrating the C2C system

« Developing realistic deployment strategies and business
models to speed-up the market penetration

= Taking into consideration worldwide related activities
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~ CAR 2 CAR MEMBERS

":]_l_-:l i L= A SETER X1 - -

O .. GOOE

DAIMLERCHRYSLER

OPEL, Honda Motorcycle, NEC, Philips, Siemens, Fraunhofer
FOKUS

Other OEMs and suppliers about to join (e.q. Jaguar, Cisco,
)

Jnjechives & Organsaton 23
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Concept of
Inter-vehicle Communication type
Driving Support System

ASV3 Inter-vehicle Communication

System Technology WG
Honda R&D Co. Itd. Asaka R&D center
Research Engineering Dep. 5
Kazumitsu Kushida
kazumitsu.kushida@mail.a.rd.honda.co.jp

ANV
Contents

® Fundamental philosophy of ASV

® Basic Concept for Driving Support Technology in ASV
¥ Basic concepl
v Past efforts utilizing communication technology
¥ Future view

® Concept making procedure
B Fundamental radio wave propagation test

v Qpen road condition
¥ Poor visibility condition
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ASV==
Fundamental philosophy of ASV

® Fundamental principle of driver assistance

v' The system respect driver's will
v Driver always drive with responsibility as a precondition

M Driver acceptance

v Well designed Human-machine Interface can be used in
comfort

® Social acceplance

v The night understanding for the system is accepted from
other traffic users

ANESV==)
Basic Concept for Driving Support Technology

Basic concept

Object is “in the driver's field of view”

"Autonomous-detection type driving support system”

Object is "outside or barely within the driver’s field of view”

“Communications-type technology”
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Bsic Concept for Driving Support Technology
Past efforts utilizing communication technology

“Roadside information-based driving support system”

Technological potential of this system has been studied

Inter-vehicle communications

Technological development has been undertaken to create
a driving support system

RSNE=

Basic Concept for Driving Support Technology

Driver Assistance System (DAS)

vV2I V2V
Roadside Information-Based Inter-Vehicle Communication Type
Driving Support System iving Support System
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Fa' W T
Basic Concept for Driving Support Technology
Future view

W2 Ul_l Antenna

Dutside ar barely within
bhe diviers feld af view

Cooperative-DAS
v2v V2I

Basic Concept for Driving Support Technology
Future view

Forward view camera
Pedestrian detection camera
3 Rear view camera

In the driver's field of view

Autonomous-DAS

e
IR camera
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Concept Making Procedure

Communication technology Accident analysis Positioning location
a5tabe of the art h : Il] @GRS precision
SWLAN technology Accident pattern model aMeasuring delay
@antenna aurban area
@Radio wave propagation @Shadowing
aMulti-path BDGPS/RK-GPS

Extracted target accidents

Concept specification

@Min. communication area
@Juantity of wehicles
@5ystem reguirement

Application data requirement Fundamental validation test
afundamental algorithrm of the system @Radlo wave propagation
@Required data on various frequency

A 2lnvisible and radio wawe
System validation test shadowing circumstances

abiriver acceptance behaviar

afpplication evaluation
W —
Fundamental radio wave propagation test
Tx location Om —— Rx location move I

L.;—"'—'-g—""_--n- %:j_'_"i:]"-ﬁ l i e | R 'IE.?I- N
tI'E'E-' A= TH ] CHHm
Characteristic of 5.8GHz 2.4GHz 100MHz frequency

Open road

E — 5.8GHz
=] - 2.4GHz
E | 100MHz
= e 100MHz

a
— "E"'"I ":'_ panle

5.8GHz

Distance {m)
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=
Fundamental radio wave prnpaqatiun test

Characteristic of 5.8GHz 2.4GHz
100MHz frequency

Poor visibility .
E — 5.8GHz
2 . — 2.4GHz
- 100MHz
7] ““' TO0MHz
e ml
" | lq l
IRl WWWWWM

Dlstant.e {m)
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(ASN-=

A Concept and a Study on Inter-vehicle

Communication type
Driving Support System

ASV3 Inter-vehicle Communication System
Technology WG, Concept SWG leader
Toyota Motor Corporation
Integrated System Engineering Div,

Hiroyuki Kanemitsu
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Contents

m Concept of ASV3 Inter-vehicle Communication type
Driving Support Syslem,.

v Target collision patterns and potential benefits
v System Functionalities
v Technical Challenges

B Common specifications for inter-vehicle communication.
v Communication range
v Frequency and transmission power

Fa i 4
What is Inter-vehicle Communication?

B Each vehicle periodically transmits own speed, position
and other vehicle status information.

B Information from the other vehicles enables the better
understanding of the surrounding traffic situation.
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Accident Analysis

m Target collision patterns are identlified through detailed

analysis of accident statistics.

Single Vehicls ]
Other Palterns )
: | EResulted in INJURY (x 109
h ! |
Right Tum | BResulted in DEATH
T Lefl Turm
Vahicle )
! Crossing Path
Accidents

Haar End
Head-Cip

Poadesinans Collizian

0 B0 10040

1500 20 2500

Mumber of Accidents

(A==

Target Collision Patterns

B “Miss Detection” is the leading cause of many high

occurrence accidents patlerns.

v Right Turn Collision

v Head-On Caollision

v Crossing Path Collision
¥ Pedestrian Collision

B Regardless of the frequency of occurrence, the society
needs to develop countermeasures for these collision
patterns that tend to result in severe consequences.

¥" Rear End Collision :-
¥ Left Turn Collision T 'il"‘ﬁ -
v" Lane Change Collision , B

-|=- ﬂ‘:ﬂ mc L

e

&

‘- - = |
v
L
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(A==
Potential Accident Reduction

B Premises
¥ Selected 7 target collision patterns
v All vehicles are equipped with OBE (=100%)
v ASV systems prevent all accidents.

B Reduction of 2,500 death accident [ year (-28%)
‘ ‘F_ 9,192 accidents
6,700 accidents
®m Reduction of 25,000 injury accidents / year (-36%)

Fram

<lm— | 75 912 accidents

= 47,000 accidents

Pal i E
System Functionality

B There will be vehicles without OBE on the road.
Therefore the system functionality should be
limited to services that ask for driver's attention.

Warning and control intervention
I Vi cannot be provided effectively
LN e’ F G without 100% OBE deployment.
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SV
escalation of System Functionality
Along with OBE Deployment

®m Systems can provide more functionalities as the
number of vehicle with OBE increases.

Reliatility of Infommation to Driver
Cautiznary information,
Warning. then Yehiche Control

-
-

Aftention for
hazard

Infarmeation for
geErwral -::|'r|.'ir
Extand More Service

HWareness

OBE Deployrment

(ASV==]
ASV Project Boundary

B ASY members developed common specifications
where industry de-facto standards are reguired.

Common o ASY Members

System Concept

{a part of function)
Unique to Each OEM

Data Format

Communication
Equiprmant

Cammunication
Pratocol

10
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[ ASNV-=— T
Data Format

-~ | Data Structura -

Application Data BODY

Administration FIELD
Standard Info FIELD

‘iehicla I
Cestingtion 1D
“ehicle Class
Fosition LNIT
hdobion LIWIT

| | Equipment Status FIELD
GGear Posilion
Frakas
Turn Signal
Hazard Swilch

Wehicle Status FIELD

Massage FIELD

Imdividual Data FIELD

Technical Challenges

[ ] Pﬂsﬂlnnlng Ermr inCormest corecd
Inaccurate position determination due to GPS

| pest | =
signal errors & internal data processing errors.

® Path Prediction Error i T

Misinterpretation of vehicle heading due to
varying location signals from the other cars, | Sy |

-H— Common lssues to ASY Members M':""'i"“lh'lt_.

~ Uniguelssuesto Each Member | |
® Signal Processing Burden
Can we identify the potentially hazardous vehicles among
many vehicles in the communication range?

= HMI
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Development of Common Specifications

m ASY members determined the common specifications
for the Layer 1 & 2 through analyses on:
v Necessary Communication Range
v Radio Wave Propagation
¥ Data Transfer Speed

<Profocol sfack=

Pal ] v
Thoughts about Communication Range

B Vo: 90%-ile value in initial speed when drivers recognized
dangerous situation (based on accident statistics).

B «: Longitudinal Deceleration = -2 m/s? - passenger car
(for trucks = -1 m/s® )

® T: Time lag until the driver takes an aclion = 4 sec.

® V: Final vehicle speed is 0 m/s.

_—

| Communication Range |

| 'l
Wi ""“-.___
-\-\-\"'-.
-\-\.\_\_\___
. EE
o e
VorT e - Vio?
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AESV-= T
Required Communication Area

® Necessary communication areas for atlention
services lo cover larget collision patterns were determined.

Right kv colision S5 - :]
: wf—s, |
- 4
[_ﬂ B <l 200m T Arom
sam o @D T |
Hiaed an coilisan _.-h ] w I 4
—a
s 1 (] = 1] )
20m ] fﬂ‘;"'- T 410m
R n— )
.--'""-FF ___,-'-"'
(‘if/#
I N
I - Frondal codision

Radio Frequency & Transmission Power

B Appropriate radio characteristics were identified based
on propagation charactenistics.

v Premise Condition

Antenna gain odB
Antenna feeder loss 2dB
Anfenna directional pattern Omni-directional

—

~im

Correlation between Frequency and Required Power

1o

Tranamasion Fower (W

100K
Fraguency (MHZ)
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= =
Communication Capacity

B Premise Condition

Crala size 200 bytes | including redundancy )

fuurmibar of vahicles Max. 178D Jassuming 1 second as inler-vehicle gap.)

Ruoad Caonfiguralion ¢ Commurication Zane

& i !!
; 1 lane / direction
Communicalion ; . } e
: P
Jafe ; 00m | . 2 lane / direction
IE..'ﬂ:I

fane & direction
450m

Wadivm acocess conimol CE5hdA

Communication
exfablizhmeant rafe

Transmission penod Confrolled by vehicle speed

[ ASN=-= T
Transmission Period Control

® Change signal transmission intervals based on vehicle
speed to reduce communication traffic.

].l}-."""', .-"'1""!-\".'1.' cvery Sl

Low speed veliicles m o—

High f vehicl H ; B A" A7 A7 AT AT e every H00ms
igrly spmteed vl Fodies . —l—

Controlied Period (ex. ) Caorrelation between Capacity and CER

Vahicle Specd | Tx Penod .

= 100K T00ms r__'_‘_,..ﬂ— | —»:Mll:dp:.vu:
80-100km/h 120ms - 1 =

60-80km/h 150ms = ]

40-60kméh 200ms . . [ [

20-40kmvh 300ms = I

T0-200meh BO0MmS " LD P d

= Tl 1 20me
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Modulation Method / Channel Control

® Multi carrier method is more applicable than single
carrier method.

1%

Modulation
- ‘ Channal Channel Advantage Dizadvanfage
Method .
Capacily Contral
. . armallf 100k b s SHrmDlE Complex L2
= 2 Came Nlacas:
ingle Carmer order) cossary demodulalor prodocol
. . —argd Nof always Simpls L2 Complex
Il -
Aults Carmiee 100 F arder, | NecesEsary probood derrradiia o
| N'r i
I| ’ || ||| “lll
frecpemerrey
Fa—wir—] 20
Ideal L1/ L2 Protocol
Draploymant
Practicality
Frequancy From hundreds of MHzZ fo a few GHz Pt
Transmission Power | Less than TW (30d8m) Fa
Folanzafion Verical polanzation o
Capacity About 200bps i
Modulation mefhod OFOM-0P 5K o
Counlermeasure fo Forward afror eofraclion A
multi-path fading ex. Reed-Solomon & Punclured coding elc
Medwm accass e o
canirol
Channel confrof Single channe! )
Trensmiasion perod | Confrofled on vehicls speed ]
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Conclusions

W Target collision patterns for ASY information-
sharing syslems are idenlified,

B The ASV systems are limited to services that ask
for driver's attention,

m Communication ranges for target collision
patterns are determined.

B |deal requirements for L1/ L2 layer are identified.
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IVC(Inter-Vehicle Communication)
System Yalidation
Test Concept & Progress Report

October 14 2005

ASV System Validation SWG leader
NISSAN MOTOR CO., LTD.
Advanced Vehicle Engineering Division
Masashi Takada

(A= 2
Purpose of Validation Test

To qualify, in a realistic environment, the efficiency of a
driving support system based on the collection of

information from surrounding vehicles.

Main validation items:

- suitability of the position measurement accuracy that
can be reached with today's measurement technologies.

- absence of adverse effects ( driver confusion,
misinterpretation, mishandling of the situation ] when
the system is used in an environment that includes non
IVC-equipped vehicles,
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Fal—W Y= )

Validation Test Place

Civil Engineering Research Institute of Hokkaido

Cold-region Test Track in Tomakomai

Validation Test Term

* Preliminary Test
July 2005

» Validation Test
August to October 2005
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Test Accidents

( 1) Right turn collision
(2) Crossing path collision
( 3 ) Pedestrian collision
(4 ) Head-on collision

( 5) Rear end collision
(6 ) Left turn collision

( 7 ) Lane change collision

Test Aria

(2) Crossing path collision
(3) Pedestrian collision

— —3
7_'_._#'
(1) Right turn collision (4) Head-on collision

(3) Pedestrian collision  (5) Rear end collision
(6) Left turn collision (7) Lane change collision
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Test Companies and Accidents
5§ 5§ &3 g2 & g% &3¢
lsuzu C cC C
Kawasaki M M M
Suzuki PM PM PM
Daihatsu P p
Toyota P P P P
Nissan P P p P P
Nissan Diesel cC C
Hino C [
Honda M PM P M PM M P
Subaru P P P P P
Mazda P P P P P P P
Mitsubishi P P
Mitsubishi Fuso cC C
Yamaha M M M M M
P-Passenger Vehicle C:Consumer Vehicle M:Motor Cycle
SN =— a
Communication System
Infarmation
B Standard Information
Q:"_E'D \ehicle ID
D — 1'1_' Vehicle lype
s S -Current position
// £ \Qﬁx -Vehicle speed
-ﬁa?j} ﬁ@ -Dllrer:.tmn
- — - MEquipment Status
T*-. 3 // -Gear shift pﬂﬂitic}n
Y S -Brake lamp
Car -Direction indicator
~— lamp
-Hazard lamp




IERTBBEETIESXTL BEEY VR IL

Fal—wwar—]
System Structure in Vehicle

V-V Antenna Monitor GPS
Wireless
Transceiver Computer

Current position

Vehicle speed
VEhH:IE Gear shift position

Braka lamp

Information Direction indicator lamp

Hazard lamp

System Functions

(Example: NISSAN Right Turn Collision)

* Display an icon representating the other car
on the monitor.

« Based on the other car's data, calculate the
probability of a collision and modify the colour
of the icon if the probability is high.

« Alert the driver if he doesn't decelerate
despite a high probability of collision
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Confirmation |tems

+ |s the timing for conveying information to the
driver optimal ?

+ |s the information easily understandable to
the driver ?

« |s the driver's understanding of the situation
correct ?

 |s the driver able to derive a proper course of
action ?

« |s the information well accepted (i.e
not perceived as annoying ) ?

 Is the current communication range suitable ?
- Are all the expected functions realized ?

Fas i 12

Video
Right turn collision




BB EGR IR AT L BEREYCRY T L

[ ASV-= 13
Video
Crossing path collision
m'ﬁi 14
Video

Rear end collision
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Conclusion

« Encouraging results. The system seems to
efficiently help preventing accidents.

« Significant results can already be
achieved with today's level of position
measurement accuracy.

+ The presence of non IVC-equipped vehicles in
the surroundings may not hinder the efficiency
of the system.

« The communication range that was set during

the system concept phase was
proven suitable in 7 types of accidents.

|ssues

« Study necessity to develop accuracy of position.

(accuracy of GPS is improper for some
application)

« Decide about the communication system of IVC
(frequency, protocol) .

« Measure against communication delay.
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