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Netherlands

Injuries per10,000 Cars

Taiwan

1000 10000 100000 OFvers

GDP per Capita Are not
' ' ' Perfect
Humans!

Annual Injuries per 10,000 Cars vs. GDP
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ﬁi We love our cars!!
« (Cars and roads fulfill our transportation needs

« Roads and highways are our transportation
“superhighway”

Z Number of cars have been rising!

",_ » How many cars in USA, China, India, Korea,
- Japan, etc? Do you know? (China = 27million)
0 (India=4.8million) (USA=136million)

b: « 600 Million passenger cars in the world today!
« Huge business and it concerns our lives!
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Car Production in Millions (Year 2008)

China (7M)
B Germany (5.5M)
g Japan (9.9M)
GERMANY B USA (3.8M)
Korea (3.5M)
B Spain (1.9M)

Russia(1.5M)
Mexico (1.2M)
India (1.8M)

B France (2.1M)
UK (1.4M)
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Source: OCIA

Cars Produced (2008 — 1999)

60000000
50000000
40000000
30000000
20000000
10000000

0
2008 2007 2006 2005 2004 2003 2002 2001 2000 1999

Please cite this talk if ideas presented here are used by you. C. K. Toh, Ph.D. 2009 © Page 7




e Keynote

= IEEE WAVE 2009 Conference

21 December 2009, Shanghai, CHINA

M Indiana
W United States

Percent of Workers

e
6.1%

Less than 10 25-20

Minutes

Time = Destination + Your Speed + Congestion State + Other Factors

Interstate traveling time is much higher!!!

8 hours drive from Los Angeles to San Francisco on 405/101 Highway
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The Time has come:
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Transportation Highway meets the Information Superhighway!!!
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Past ITS — PaI‘t 1

1. Focus was on civil engineering!
2. Focus on building efficient roads, highways, freeways,
signs,,,.

Past ITS — Pal’t 2

1. Focus was on mechanical/automotive engineering

2. Focus on building faster and powerful cars

3. Fordriving at high speed and long distances (as in
USA)
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Past ITS _ Part 3

1. Focus on electronics engineering
2. Build safer cars, with more electronic sensors
3. Electronic control for seats, audio, meters, etc.

Now ITS — Part 4

1. Focus is on embedding mobile telecoms/networks

2. Car-to-car ad hoc wireless networks (Vehicular
Networks)

3. Mobile-comms-enabled IT highways

T— -
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What 1S ITS? ITSisaFuSion Topic '

Intelligent Land
Mobile

. T tati
Telecommunications Transportatlon £
Systems

Please cite this talk if ideas presented here are used by you. C. K. Toh, Ph.D. 2009 © Page 12




Keynote
IEEE WAVE 2009 Conference

Imperial

21 December 2009, Shanghai, CHINA China

)
—

= (@)

SATELLITE
COMMUNICATIONS

TERRESTRIAL
BROADCAST

Intermodal --}})
MOBILE Communications

(( ))\)_ﬁ

Navigation

MAN L &
() \
| Vehicle-to=Vehicle

=

=
4
LG
.

T

Pa nge

Travel
Information

Safety Systems Assistance

o ‘\([L.

Traffic Signs
&
\/f’

WLAN

Trip
Planning

Adaptive
/C;I"IEG Con

©ETSI 2008

Fleet Management Toll Collection

Please cite this talk if ideas presented here are used by you. C. K. Toh, Ph.D. 2009 © Page 13




Keynote
IEEE WAVE 2009 Conference

21 December 2009, Shanghai, CHINA

Intelligent Infrastructure

Arterial
Management

Freeway
Management

Transit
Management

Incident
Management

-

Emergency
Management

[

Electronic
Payment
and Pricing

Traveler
Information

Information
Management

o
Crash

Prevention and
Safety

WA
TR

Roadway
Operations and
Maintenance

i r:k

-
Foad

Weather
Management

Commercial
Vehicle
Operations

N

:T!'.' o

Intermodal
Freight

Intelligent Vehicles

Collision Avoidance Systems

Driver Assistance Systems Collision Notification Systems
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Standards &
Programs
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Intra- Cv.darwatlon Inter-Car Standardization

H
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Standards for Intra-Car Interconnection: CAN (Controller Area Network)

Engine Lighting Air
Control ISO 11898 Condit

ioning

. ‘ 1ISO11898 ‘
High

Speed |
Trans

mission
Control

Fast Serial Bus Power
1Mbps Max. Seats

Originally developed by German Company Robert Bosch
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Intra-Car Communications ANY OPTIONS

B BLUETOOTH
[ 1m, 10m, 100m] 2.4GHz

l CAN

H SERIAL

B INFRA-RED

B ETHERNET?

B UWB ?
802.15.4 PAN / up 10GHz

Controller Area Network — Fast Serial Bus 1Mbps max
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Inter-Car Communications (802.11p WAVE?)

« CALM —

. 802.11p

Metworking Services

IEEE PA160%.4

- Mukichannel Operations | '\WiIE
¢ 8 02 o1 1 S (MAC Extension) WAVE Managament Entity

IEEBE&02.11p MLME
WaVE MAC MAC Layer Management Entity

1 1
e 802
e 1 1 a PLME |F¢_ﬂﬂﬂ.’11p PLME
WAVE PHY Physical Layer Management Entity

MLME

Status: http://grouper.ieee.org/groups/802/11/Reports/tgp_update.htm

WAVE = Wireless Access in Vehicular Environments
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WAVE Protocol Stack

Management

Plane
* *

UDP/TCP

IPv6

LLC

WAVE MAC

WAVE PHY

\_'_I

WAVE Short Message (1400bytes)

Control & Service Channels
Multichannel operations

PHY OFDM 5.9GHz
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WAVE Multi-Channel Operations

Frequency A
(GHz)
5.920
5.910
5.900
5.890
5.880
5.870
5.860

Yy  CE—
CCH SCH CCH SCH
Interval ~ Interval  Interval Interval

802.11e
MAC and prioritized | “°2-11P
Channel access

802.11a
OFDM based PHY
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Satellite

s>l | International \Bioadcast .\i\ GPS/GALILEO
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International
Organization for

Standardization

CALM Protocol Stack

Non-CALM-aware

Non-CALM-aware

CALM-Aware
ISO 15628-based IP (Internet)
CME CME o APPLICATIONS APPLICATIONS APPLICATIONS
CALM Application
Manager  Registration of Management SAP SAP SAP
Ingress/Egress ISO 24101 SAP SAP
ISO 21210 Interfaces Convergence Layer Convergence Layer TCP/UDP/
SAP Part of ISO 15628 IP socket/ INTERNET
ISO 21210 ISO 21210 STANDARDS
SAP SAP SAP SAP SAP
N NtME K NETWORK INTERFACE
Mz:;;;r SAP Routing and Media Switching based on IPv6
ISO 21210 1ISO 21210
SAP SAP SAP SAP SAP SAP SAP SAP SAP SAP SAP
180 21218 (ISO AVAL: (ISO 21218 ISO 21218 1ISO 21218 1ISO 21218 (ISO 21218 ISO 21218 1ISO 21218 ISO 21218
IME 1ISO 21212 ISO 21213 ISO 21214 1ISO 21215 ISO 21216~ 1SO 24103 ISO 24xxx ISO 24xxx 1ISO 24xxx ISO 24xxx
Interface 2G Cell 3G Cell IR W-LAN Millimeter DSRC W-MAN Broadcast PAN Wired
TErEn E Manager Manager Manager Manager Manager 1ISO15628 Manager Manager Manager Manager
1S0 24102 Q= & ¢ = 3 < IRl 5 S 5 Z ° a 2 g @mE oA
c 8 2 = ol S 2l 822 22 F g Z > 5 B R
& = R 3 = > = & IEEg 2 £ = 2 Z = | @ 2 3 &8 7 2

_ External Media CALM Network

sas» Data SAP
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/A CAR 2 CAR

COMMUNICATION CONSORTIUM

IN EUROPE

@ BMW Group @
=Q@=

RENAULT
DAIMLERCHRYSLER
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Obiectlives:

Create open standard for C-2-C

comms based on WLANS.

Development of safety

applications

Strive for free European wide

Frequency band for C-2-C
comms

Develop business models for

market penetration
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ITS Internet
Consortium

= AN

Objectives:

Create development
scenarios for I'TSI :
Promote and standardize — , Transport efficency
ITSI technologies '
Incubate new business

i

3,a= Cumfnrt M — =
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stem

Security COMmpanes
lnsurance companses
Road service companies
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g;i‘j;‘f;‘;‘g:;ﬁr Scope: Standardization of information, communication, and control systems
In the field of urban and rural surface transportation, including traffic
Management, traveller information, emergency services, etc.

Working Groups (WG) Technical Coverage

TC204 /WG 1 Architecture

TC204 /WG 3 Database Technology

TC204 /WG 4 Automatic Vehicle & Equipment Identification

TC204 /WG 5 Fee and Toll Collection

TC204 /WG 7 General Fleet Management & Commercial Freight

TC204 /WG 8 Public Transport / Emergency

TC204 /WG9 Integrated Transport Information, Management & Control
TC204 /WG 10 Traveller Information Systems

TC204 / WG 11 Route Guidance & Navigation Systems

TC204 /WG 14 Vehicule / Roadway Warning & Control Systems

TC204 /WG 15
TC204 /WG 16
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AIDE - Ada;:!tive Integrated priy
Cident Information

~ Intelligent Maps & Geo

: graphic Tools for Context-aware Delj :
I-WAY - Intelligent Cooperative Systems in Car for Road Safety A E-odey

COMeSAFETY - Communications for E-Safety

CarTALK2000 - Advanced Driver Su pport System based on V2V Comms Technologies Tnformation Society
SAFESPOT- Cooperative Vehicles & Road Infrastructure for Road Safety

CVIS - Cooperative Vehicle-Infrastructure Systems
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ITS

Architectures
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 SOURCE: Hughes/GM
. Enviro : Low/moderate
. vehicle density . -

o o
E@Qﬁ‘:?lﬂﬁmmxl:&
FCESET S o

i | i i | i i i i i i i i
135 145 155 186 175 185 195

i i |
Distance of separation (meters)

»Communications between 2 cars getting weaker over distance with mobility
»Ad hoc; rapidly deployable; smart localized communications; Can reach other/further cars
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ARCcHITECURES OF CAR-TO-CAR NETWORKS
e Cars are not considered “ALONE”

L — M
—_—
L]

-----
._"-,_'—-—-__'.-—

Divert focus
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ARcHITECURES OF CAR-TO-CAR NETWORKS
« Car2Cellular e Car2RS

Communication speed : 2Mbps ' Communication speed : 10Mbps

e.g. 3G mabile phone network ; \S—U eq. WIr'ele:~.:~. hetwork
' ' ' erver
_ o . |
_ i j by - : . ;
@ . Communi?:lﬁon areq Server Y

DSRC aprenna . Commumca‘rmuarea_. SRC un’rennd
. "\

@ ireless LAN a‘m‘rron)
Ion use = /) N

= ,—J.J
Y Iu use -

et used

B Car to car comms via cellular B Short range communications
B Not quite 3G plan B 5.8GHz DSRC

B Costly way B Well understood technology
B 3G core network needs ITS DB B But mostly 1-hop scenarios
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B New scenario
B Backed by ad hoc technology
B Great potential
B Great innovations
B In development
B Many guesses on wireless
technologies:
»802.11b/a/n/g
»802.11p wave
o N oo »802.11s mesh
Sepnusen AN K »WiBro ? 802.16e

Toe-———Communication area

 Car2Car (new comms, new protocols,..)

Communication speed : lUMbpa
eq. WII-F‘|F55 networ I-, eemamTmm—

»|nfrared ?
M \/ehicle = motorbikes, cars, trucks, vans, taxis,| *Satellite ?
> ?7?

B Mobility = Group and movement constrained
by road and highway

B Speed = from 0 — 90 miles/hour (USA)

Please cite this talk if ideas presented here are used by you. C. K. Toh, Ph.D. 2009 © Page 31
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» Hybrid Scenarios — Why not?

Vehicle to Vehicle ‘Dedicated  Short Range
Em‘rjm unications iz Communications

Driver
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Research
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COmpeIIing QGuestions for Pesearchers

What “types of data” traffic exist in ITS?

What impact of car mobility on “data traffic flow"?

How is vehicular “mobility” handled?

How we do “channel access” for moving vehicles?

How we do “routing/rebroadcasting” for moving vehicles?
Can we support “multicast™?

S

Please cite this talk if ideas presented here are used by you. C. K. Toh, Ph.D. 2009 © Page 34




Keynote
IEEE WAVE 2009 Conference

21 December 2009, Shanghai, CHINA

“Planes” of ITS Networking Research
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CK’s View of “CONTROL" plane of ITS Networking

. Propagation of “Vehicular traffic condition’ is important

Vehicular traffic conditions include:
. Car accidents
. Car stalled (out of gas, engine failure, etc)
. Jam
. Natural disasters
. Cracks on road (earthquake)
Ice on road (winter time)

. Poor visibility (fog & heavy rain)
. Slippery (heavy rain & floods)

Dangerous Drivers

. Drunk Drivers

. Reckless Drivers

. Criminals On-the-run
. Fatigue Drivers

Please cite this talk if ideas presented here are used by you. C. K. Toh, Ph.D. 2009 © Page 36
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CK’s View of “CONTROL" plane of ITS Networking
3. nescue Operation

. Localized rescue possible

. Reduce Rescue Delay
. Safe lives readily

Acclident

Congestion Faster and safer
reduction routes

. 4 -
Cooperative | Emergencies response
collision warning time reduction

[ Road status J ( Adaptative traffic ]
lights

Crash
prevention 2 s
) 4 Traffic sigh/sighal
Improved | violation warning
rescue

-
o

Lane change Intersection
assistance coordination

Road obstacle \ Road departure
detection warning

feniul

Juawleal)
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CK’s view of “DATA” plane of ITS
Emaitdatarlvesearch

1

2. . Information access (Server download)?
3. Multimedia News?

4. Remote work & Login (telnet, etc)

5. . Video conferencing?

6.. ‘Multimedia computing?

KEY

It is hard to do computing while driving at the same time,
unless we are talking about passengers who are not drivers.

Most data access can be done via cellular

Please cite this talk if ideas presented here are used by you. C. K. Toh, Ph.D. 2009 © Page 38
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“DATA” plane of ITS "CONTROL” plane of

research | RESEARCH

Wireless Comms Control info dissemination

Radio Propagation Models Media access Control for
Media Access emergency messages
AD HOC Routing Routing / Broadcasting

Multicasting Beacons
Addressing Traffic/road info gathering

TCP & fusion
Gateway Control-based applications
Mobility support Pre/Post Crash Safety

Protocol stack Mgmt
INTEROPERABILITY Sensor data gathering
QoS Distributed detection of
Cooperative Behavior Dangerous vehicles
Security CHARGING

SECURITY

Please cite this talk if ideas presented here are used by you. C. K. Toh, Ph.D. 2009 © Page 39
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Sensor Network #1

I. Cars to collect Sensors’ Data.
Sensor Network #2

II. Cars as mobile sensors for
environmental pollution sensing.
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Distributed Detection of Dangerous Vehicles on Roads & Highways
Dangerous Cars : : L
using Inter-Vehicular Ad Hoc Communications

Vehicle X is Vehicle X is X’s suspecting

Suspecting over speeded. over speeded. level reaches N
Level Lx=10

References:

* K. Isu, T. Umedu, C K Toh, et. al. "Detecting Dangerous Vehicles for Intelligent Transportation Systems" Proc. IEEE GLOBECOM 2006
* T. Umedu, K. Isu, T. Higashino, and C K Toh, "An Inter-Vehicular Communication Protocol for Distributed Detection of Dangerous Vehicles",
|[EEE Transactions on Vehicular Technology, 2010
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New Protocols for ITS

Distributed MAC Challenges Distributed Routing Challenges
B Centralized slot allocation bad B Pure Broadcast routing inefficient
B QoS is a serious challenge B Broadcast what? Data or Alert?
B WAVE MAC is a good start B Handoff what?

Distributed V2V Protocols for: Distributed V2| Challenges

B Accident/ Harzard Warning B Upload and reporting

B Congestion Control B Vehicle Tracking

B Detection of Dangerous B Download needed software
BkiPsedPost Crash Safety Mgmt B Environmental monitoring

Please cite this talk if ideas presented here are used by you. C. K. Toh, Ph.D. 2009 © Page 42
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Topics of Possible Research - in ITS Networking
1. Vehicular Sensing 10. V2V Protocol for Congestion
2. Road Condition Sensing Notification & Avoidance
3. Information Hovering 11. Position-based Rebroadcast
4. Traffic Data Aggregation 12. Software updates VANETS
5. Car-2-X SDK 13. Traffic Navigation using VANETSs
6. MAC Protocol Car-2-RSU 14. Beaconing in VANETSs
7. Automated Share Ride 15. Special Routing
8. Warning Message Dissemination 16. VANET Security
Techniques 17. VANET Simulators
9. V2V Protocol for Collision Avoidance 18. VANET Applications
10. V2V Protocol for Collision 19. Vehicular Gateways
Notification 20. Pre/Present/Post Crash Safety Mgmt

21. Vehicular “Black-box”
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Ref: “Future Application Scenario of MANET-based
Intelligent Transportation Systems” — Proc. Of IEEE
FCGN Conference, 2007.

“4” ITS

Applications
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ITS mobile comms-enabled car communities

RN
Ad hoc Emergenc

Car net
—

CAR COMMUNITIES

1 “Get-in-touch” on the road
2 Fulfill common mission

3. Use ad hoc comms

4 Instant networking

ALERT NEIGHBOR

~
NAVIGATOR

WEATH E/

MULTIPLE AD HO(
CAR COMMUNITIE
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HARZARD NOTIFICATION & TRAFFIC CONTROL TRAFFIC FLOW &
CONGESTION

CONTROL

Inform cars ahead/back
Seek alternate routes
Avoid further congestion
- Call for HELP

»
Ll
A

4

Sense
Relay |
Seek —> exit

Avoid

Car informed and
seek nearest exit

to avoid congestic
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LAW ENFORCEMENT USING
MULTIHOP COMMUNICATIONS

CHIP EMBEDDED INTO CAR. EMITS SECRET CODE V\T&ﬁ%@;ﬁSSLY.

STOLEN CARS ~ Relay Beacon
(0] 4 . Report
RUN-AWAY ¥

CRIMINALS .|

Police tracks down locati
of stolen car to nearest
Lamp-post and on spegific
street and city

)
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MULTI-HOP Wireless
“On-The-Road Service”
Discovery/ Shopping Network

Tx Beacon
Rx Beacon
Build

Intelligence

I
v

BLOS OTR Shopping
Resource Locator
Trip Planning
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( totally different driving experience! Not afraid of commuting to new areas)

|
_ I
BdNKOT AMericd I
T I
i
|
i

[ ) [ )

[ ) [ )

Voice Query
Coffee GO! Help! Voice Recognition
Eye Motion

Head Motion
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ITS — The comms-enabled Driver?

Move “indicators” outside ||

» BASICALLY, WE W/

B Cars that “talk”

B Cars that “warn’

B Cars that “‘sense” |
] YaHoO!
B Cars that “navigat

B Cars that “Iocatelfi.ud/

B Cars that ..”you hame it

Please cite this talk if ideas presented here are used by you. C. K. Toh, Ph.D. 2009 © Page 51



Keynote
IEEE WAVE 2009 Conference

21 December 2009, Shanghai, CHINA

* Replace signs with wireless sensors and notifiers!!

Nanosensors
Temperature sensors
Pressure sensors
Sensors that warn + talk

Programmable Notifiers
Emits Messages periodically
Possibly propagated car2car

No worries about missing a sign
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 Make Roads “Active”!

B Deployment of sensors could be quick and easy

B Sensors and transceivers are getting cheaper and smaller to deploy,,,,

Speed checkers

Wirelessly
notified Services

Meter Sensor
Electronic Toll

Lane-Line RFID

Please cite this talk if ideas presented here are used by you.

SMART SIGNS
OR SENSORS

for Location Tracking Divider markers

Lane Sensors
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* Bigger Goals!

Ubiquitous ITS
U blqu itous I - Zero Traffic Fatality Society

« Zero Congestion Society = Cleaner Environment

« Zero Transportation Stress Society

* Fully Connected Society

* Enriched Driving Experience
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Future Applications of u-ITS 1. Localized police
2. Localized medical
3. Real-time NAVI

—— ., TR | oL IR DA 4. Car social network
W "
T ‘
; L
— ¥ FUTURE
e ; APPLICATIONS
1.Truck Weighind Do .4-,'-' i
2.Congestion Zoné o8
Pricing ! .

3. Music on Road
etc

Ay, i fa

Wireless Signs
Intelligent Traffic Control

i .
-
' o
his
- e &
' '
i
[
a =i N
-
a0, A
f - ' IP
e
)
-
=i
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Towards u-ITS

Intelligent lamp-post, signs, etc

Topics

Intelligent Road
Intelligent

Infrastructure

[Intelligent Vehicle J

2010 2015 2020
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Future Technology-driven Roadmap

u-ITS

s, _Gar portal -

Power harvest

Coo'-e oMY - _
e nergy technology

ess Capture etwork coding

Dangerous 5
Car detectlon

Lane change
_ = technology
Geocast routlng
Securlty / prlvacy '
VANET routlng

Accndent Info A
_ drsseminanon.-_ ey
Forwardlng =

~MIMO -5 Posmonlng technology
22 OFDM(A |
802.11p __( ) Scoped broadcast

MAC_/PHY Sensors (speed posmon etc) o
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* So, the Future provides a completely different

driving experience !
Safety

Location JR— Internet

Information Super-Highway

Transportation Highwaj:y

Navigation Services
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En Summary””!””!”

* Ve
* Ve
* Ve
* Ve
* Ve
* Ve
* Ve

Nic
plle
plle
plle
nic
NIc

NIC

e as Transporters

e as Polluters (joke,,)

e as Sensors

e as Tax/Toll-Contributors

e as Message Relays

e as Communicators

e as , etc  you name it!
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(onclusion

. Plenty ofiResearch,for us.to ,do!!
. Goodin Vast Market: Potential N

» On-the-Road Technplogles needed; [
.. OurDestinatior. An 1 : 7/\[ ﬁ"

mformatl.oil &nven, wl | /‘ |
*. knowledge-based, ' A

oy ok . wwe]esSly-enabled syperhighway
(drive, shop, navigate, find; etc) _"11[’
== Goodbye! I i L3 1‘ '*
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