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Opportunities and Challenges in DSRC-
based Collaborative Safety Applications
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Northern Taiwan Corridor ITS Demo Zone VPS-ETC nation-wide
(MoTC)

| Public Transportation Management |

| Fleets Management |

+ :
integration Nomadic Telematics (N-Telematics)
+ DSRC-based Safety Enhancement &

Ubiquitous Environment & Network,
Innovative App. Development

| Telematics Network Security |

New
Technology

| Intelligent Service Platform |

System Living zone | National
Integration Trial 9 i Deployment j

e
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* Lab Test — New Technology Verification
— DSRC Network Performance and Advanced Safety Enharel Application
Benchmark and Test
— Short term: Lab Engineering Test, Mid-Term: Urban Style DSRC Test, Long Term:
. Integrated Performance Test. . .
» Filed Trial — System Integration Trial
— A Trial Field Equipped with DSRC, WiIMAX and Cellular Networks
— Various Back-Office Servers Supporting CooperativeReal-time Traffic Information,
Media Distribution and Sharing, Security Monitoring, and Safety Enhanced
Applications. »
— asizeable Test field for Technology Development drSystem Integration.

» Living Zone — Innovative Service Trial
— A Small Area as the Living Telematics Lab to fostefDriving the new Wave of Intelligent
Transportation” Vision in Taiwan through Real User Experiences and inter-discipline
Integration
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ﬁ Why Safety Applications?
e |[n USA
- 6.3M crashes per year
— 43,000 deaths per year
— $230 billion in property damage
— Driver errors: 90%+ of crashes |
¢ Distraction, road & weather condition, distance,

= N2 D@L ASaARtEaYIasHI k& REW

« YHUGENK RnBWE @pditayi tonditions that you cari’see
* Your vehicle can “see” vehicles you can’t see
e Your vehicle knows the speed and location o

approaching vehicles Dudley Moore (1935 2002)
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ﬁ Safety Applications

» Collision warning/avoidance

» Lane change warning

* Approaching emergency vehicle warning
* Emergency vehicle signal preemptive

» Brake warning

* Road condition warning

» Breakdown/Crash ahead warning

« Congestion warning

» Low bridge warning
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NO COLLISION AVOIDANCE SYSTEM IN OPERATION

raffic Signal- Red

I Traffic Signal - Green

ANIMATION

B Traffic Signal
m Traffic Signal

Back
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EMERGENCY VEHICLE APPROACH WARNING

EMERG. EMERG. EMERG. EMERG.
VEHICLE I VEHICLE In-Vehicle VEHICLE VEHICLE
Displays and

REAR LEFT Annunciations| FRONT

Emergency Vehicle

ALERT other vehicles that it is coming.

Note 1: The Emergency OBU transmits a warning to

ANIMATION
FOLLOWS
up to 1000 m (3281 ft)

@ Traffic Signal

B Traffic Signal
m ® ® @ OBUson Control Ch

Next
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EMERGENCY VEHICLE APPROACH WARNING
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EMERG. EMERG. EMERG. EMERG.

VEHICLE VEHICLE In-Vehicle VEHICLE VEHICLE
Displ d
REAR LEFT anpayeanc ] FRONT
ﬁ g Emergency Vehicle Approach
Warning Communication Zone

Emergency Vehicle

ANIMATION

) &

up to 1000 m (3281 ft) @ Traffic Signal

|

Note 1: The Emergency OBU transmits a warning to B Traffic Signal
ALERT other vehicles that it is coming. m ® ® @ O0BUson Control Ch
Back
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. ROAD CONDITION W ING

11

@3 ==

VEHICLE
AHEAD

In-Vehicle Display and Anndnciatior—>

B OBU Listening to/Control Channel

Receiving
OBU
Control

e

Stopped Vehicle
Transmitting OBU
ontrol Channel

Stopped Vehicle Warning|Com. Zone

Not to Scale

Back
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P Active Solutions

I
» Sensing technology

— Camera
— Infrared

Camera, Lidar,
- Radar Radar 24-26GHz Camera,

. Radar 24-26GHz
Parking S rt Side Obstacle
e

Support
Camera,
adar 24-26GHz

Stop 8 Go Rear End
+ Collision Detection Collision Warning

Mitigation
+ Pmcrish Front Camera, Radar 24-
26GHz Source: freescale
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» Sensing technology
— Laser

Source: iBEO
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ﬁ Collaborative Solutions

» Positioning technology
- GPS

« Communication technology
— Public broadcast systems
— GPRS, 3G, LTE, ...
— Wimax, WLAN
— DSRC

Signal
A exchanging

(real'tlmel) Wireless

communication Service
terminals

I- -"'H,_A_A:‘i. wian ()
‘@’ i | il %‘! DSRC

lf/jﬁa', DSRC xHot Spot

&7 Source: Telcordia
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ﬁ DSRC Concepts

* Dedicatedshort RangeCommunications
— Short range communication service
— Support bothpublic safetyandprivate operations

— Supportvehicle to roadsidandvehicle to vehicle
scenarios irighly mobility environments

— Minimize latencyin the communication link

AIH - MR - B 18 ©2009HEMT ¥ R &
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WAVE/DSRC Wi-Fi Cellular WiMax
Delay | <50ms ™,
Mobility £ >60 km/h > 60 km/h > 60 km/h
Range < 1000 m <10 km <15 km
Data rate 3~27 Mbps 6~54 Mbps ~ 3 Mbps 1~70 Mbps
Bandwidth 10/20 MHz 20 MHz <3 MHz <10 MHz
2.4 GHz, 800 MHz,
Spect 25GH
pectium 5 GHz 1.9 GHz z
Standard 802.11p/1609| 802.11a/g... WCDMA... 802.16d/e...
£IH ~ B~ Bk 19 © 2009 T T ¥ Rt &
ﬁ WAVE/DSRC % f;
¢ ot N
lication
\ 3 J

Ap
I wess WSMP I P
(—
UDP(TCP)
WSMP
WBSS IPv4 IPv6

Management LLC
Channelization
WAN Control MAC
PHY
WSMP IP
Management Data
Plane Plane
< . >  SCH !
CCH
Source: Renesas 2008/06
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Demo Scenario — ICWS
II (Intersection Collision Warning System)

cause5700 fatalitiesach year

intersection

1. Collision Warning Timers
- Set timers ofleve1,2,3 respectively.

- Determine how soon ahead to get alerted.

- If collision warning level 1 is set to off,
level 2 and 3 timers will be disabled.

» According to the statistics in the United Stat&s,
million auto accidents happen at the intersectants

e |ICWSis aV2V application that alerts the drivers
when a potential collision may occur at an

2. Navigation Display, on/off

- Set the number of vehicles displayed on ICWS.

- Collision-prone and emergency relief vehicles
have the higher priority to be displayed .

\ FEEITR TR

—

- Red Mark flashes once per second

SRy

RIH -~ BIR - T

Level 1 Warning Message

- TTS inform drivers of an upcoming collision
with its direction, distance and time.

Warning Messages of Level 2 & 3

Level 2: a dial box with final itdown prompted,
with short beeping sound once per second.

Level 3: the beep-frequency increases to 3 times per second

Demo Scenario- EVAWS
III (Emergency Vehicle Approaching Warning System)

DTLS encrypted emergency alert with its

The emergency vehicle announces the Vi Emsreency Vehicls

—[@

position info (to follow SAE J2735 this

year). The RSU retrieves the emergency
vehicle’s information from the encrypted
msg and then forwards to nearby RSUs. The !
normal vehicle thus can be notified by its \

‘V—DTLS encrypted WSM

neighboring RSUs. RSU 1

WiMAX BS
Normal WSM

(]
. | |
WiIAX RSU 2

- - -

WiMAX

- Emergency alert announcement

- Emergency vehicle's driver can push the button
the enable the emergency alert announcement

- Emergency alert display
- Emergency vehicle is displayed in the PND screen

- The distance to the emergency vehicle is marked in

the emergency vehicle and is also announced by voice
CER

magm

ZZ

O Z00Y H il - 3k R E W |
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P CVPC Demo : OBU/RSU
III --2008.12.5 Ann Arbor, Michigan

PND with MAP
Integration
LTS
WAVE Box —
RSU
WAVE Box —
OBU
¢ WAVE/DSRC-based Applications « Devices & Techniques
— V2V:ICWS (Intersection Collision Warning System) - Transmission Platform: OBU & RSU
— V2R: EVAWS (Emergency Vehicle Approaching — Application Platform: PND, LTS (Local
System) Traffic Server), MAP integration
RIH - BB~ B 23 © 2000 B3 T ¥ Rk ¢
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Video
RIH - BB~ B 24 © 2000 B3 T ¥ Rk ¢

12



P Overview

11

» Safety applications

» Technologies
— Active
» Sensing technology
— Collaborative
« Communication technology

» Opportunities & challenges

e Summary
RIH - BB~ B 25 ©2009FEMTE R g
ﬁ Opportunities & Challenges

 GPS accuracy
Obstacle affection
Channel congestion
Multi-hop forwarding
DSRC device popularity
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US GPS System

e From 1995 by US DOD

. . QinetiQ PMB UBX-
Chip / Chipset SiRFstarlll Copernicus S4E19863 Q20 H 2520 G5010
Manufacturer SIRF Trimble Seiko Epson | QinetiQ Infineon | u-blox
Horizontal
Accuracy
Autonomous <2 5m <3.0m <10m <5m 5m 2.5m
Assisted ".<2 Om na na na na 2.0m
Velocity <0.01 m/s 0.06 m/s na <0.05 na na
Accuracy
TTFF
Hot Start <ls 9s 2 -3s <ls <ls na
Warm Start <35s 36s na <38s <38s
Cold Start <35s 39s na <45s <45s

Source: GPS Technology Reviews
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EU GPS System (Galileo)

* The project is initiated by EU & European SpaceAgy in

2002
« 2005% % 8 % - ML, T4 20108 2 4 304 Rk 4 s
417
foRes Rt R iR R

EHE=
BEiAETS (Open Service)

— AR

EE PR
SEEEEAEEL. SMMFEFRAENR  TEMHES

A EEAETS (Commercial Service)

£y HAEE AETE (Public Regulated

Service)

& 2 BRTE (Safety of Life

Service)

& AN

[ Search and Rescue Service]

BHHEERE SRR (EEA

¥ RS SRR EEA R 22 T
HEtFRE T EL R EA

HES IR R RS MER 2. BREFAKNT S ERHMS B
BR5 - PIOIEEE:. MEGE. 18R, EIESEARERER
TERANEER - BIF5 1 ERENE. BEEREH.
MERE.

TEAR BT ESHE

FEFERIE ¢ Galileo Project(2008/4)
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. Simulation Results:
11 GPS Accuracy Affection to ICWS
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B3~ MR - BB 30 ©2009 HEMLEREF




P Obstacle Affection

« From our experience, ICWS worked very 'E«s»g)'
well in obstacle free environments ﬂ

* 5.9 GHz DSRC signalsere very affected
by the barriersuch as buildings, walls,
trees, and so on

e Arelay statiorwas recommended to be
placed at the intersection

:

bardall St.

= Demo @ CVPC, Michigan
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Channel Congestion
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Channel Congestion

Data Bit Rate = 27 Mbps, Data (960 Kbps). Video (640 Kbps), Voice (64 Kbps)

‘ Data ——

Video -

Voice —8-—

——

Delay (s)
™

0 10 20

30

40 50 60

Number of OBUs
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ﬁ Channel Congestion

* Possible solutions
— Mac layer
« Effective media access mechanism
— App. layer or cross layer design

» Adaptive power adjustment
» Adaptive beacon interval

— Others...?

AU > B s 02000 ENr kALY

Infrastructure
Control Center

Source: Hitachi
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ﬁ Multi-hop Forwarding

 VANET (vs. MANET)
— Predefined routes
— Mobility pattern
— Energy is no longer an issue
* Both scalability& security/privacyare important!!
— Position-based forwarding
— Store-and-forward
— Malicious attack
— Anonymity issues

£IH ~ B~ Bk 37 © 2000 F3 T ¥ Rk &
ﬁ DSRC Device Popularity
8
8 Antique and Collector V
vehicles not converted
=]
<0
| QO
Qo |~
&
2|8
o]
a| o
o | ©
3]
5|9
=
dE
&
a 200rm vehicles on road
- 15 m builf each year
e Source: FORD
2005 2010 2015 2020 2025
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P DSRC Device Popularity

11

e Savari networks

— MobiWAVE (~$2,000/unit)

— Wi-Fi, Bluetooth Ethernet

— 802.11p, 1609.3, 1609.4
e TechnoCom

— MCNU (~$8,000/unit)

— Ethernet

— 802.11p,1609.2 1609.3, 1609.4
¢ Renesas

— WAVE system platform

— Ethernet

— 802.11p, 1609.3, 1609.4

e [lII/ITRI's solution — to be delivered by this year

AIH - MR - B 39
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P Summary

1 |
» Hybrid technologies are recommended to
achieve fully vehicular safety

 DSRC is appropriate for time critical
applications (has been proved by VII, USDOT

» Opportunities and challenges
 GPS accuracy is the most important
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Telematics
| 139 , 2000 cCurrent L e
1st 2"d Generation 34 Generation
Generation (V2S) (V2X)

(V2Zero) *1GPSG A~ { DSRC Ad Hoc Network

" P o 1 FARFR A
LA gy
« 1 GPS(Global Il & 1 42 s & @ (DSRC)” % & 4 (Ad

A% AL RIR 3T elematicsre § 3t 4 b1 & #
1

B BELR ﬁm&iéwén%iﬁ #P AR
gwid | RDS/DAVIDVE WIFiIDSRGAsSiSIWAME/BSBE: i
Gps WIMAX/GPRS/3G A
A TEEE L K v 3 I A
Source: 3 AT /T R § # 5“2 » 20085 087
AI3 - W~ E w 2000 AR ERED

22



— BB R & 2 H

rua—-i%« *ﬁ%”%f“

(ll‘

= W (3 ¥ a#liea

RS

o f A FE PR TR

FEEH-T R
}Lrﬂ%‘% it

“if e ETC
RS g
SR T E-ICR T L))

of i B B4
TR A B B4
Q‘: oin 7 R
A? 2@ @ H}
o{* SBRARR] ~ R

ofL e 3% &t

s

.
W;"‘
N ey

SIS

B ob R b S
i
&
e

b b vl o
SCT RS

ot

Source: ¥ K 4, 2008/5

AIH - MR - B 45

©2009 FM T ¥ Rt @

Ay BRI T 2R

° 75'{_} ° .’é’ 3’>_>
— Smart Transports * # . - WRE20052 4 - p =g
W2t iR E (7R fﬁ%i%%?é%WAf”
— Smart Driving:i# * Green LURET S-ﬁ ;{fﬁ ; 4

Vehiclez Telematicgt st
2 B R A K B

25 ] ul |I:| '
° O I? No congestion
E 2 o @ congestion
£ n L
2= B Smart Driving
ET s . - @
£ o] T
= )l BE‘IJ
H N\
S >89 o o
2 &R °
] S0 of "
I \’\ / o Do
qﬂ\é Average
Trip
Speed
0 [km/h]
0 20 40 60 80 100 120

Source: Nissan Motor Manufacturing (UK), 2008

. Hﬁﬁ% %% 1500% % £
;'@ T % Drlvmg task error)
760/ =l RS

AIH - MR - B 46

©2009 FM T ¥ Rt @

23



