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Automotive World
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IVN -Sensor  x-ywire, MOST, - COMA, DSRC, WLAN, ...
RSU
VMC, WAVE, - Vehicle
2
— V2N —
Bluetooth, USB, -

CAN, LIN, Flexray, Nomadic Device

(BA : AS-ITEE, 2009)
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Warning Control

(EX : ISO/TC 204 WG14/WG17)
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= Vehicle-to-Infr i
« Vehicle-to-Vehicle communication
« Satelllite-{inked communication

SBIIS(AZ M)
- multi 88NSOFS & systems - -
« Integrated chassls contro|
« Driver assistantsystem -
 Integrated safety system :

TS (KRR M)
= sIngte sensor & system
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« “WHEN VEHICLES TALK TO EACH OTHER, WHAT SHOULD
THEY SAY?”

. ol® Wkt A AN
. o o] So] A7
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3 AT 2E S

* (@Greater situational awareness
— Your vehicle can “see” nearby vehicles and knows roadway conditions “you can’t see”.

« Vehicle-to—Vehicle (V2V) can reduce or mitigate crashes
— Driver advisories
— Driver warnings
— Vehicle control

 Vehicle safety communications have the potential to address approximately
80% of crash scenarios for unimpaired drivers

r‘-“ : 7 _'v'— l g‘) lﬂ- ‘; ‘ ‘/,.-’ : o

R
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« Wireless Access in Vehicular Environment
- &0 =2 FPte A FAH A HHAH|2E A FeH7] Yt E8kE AHAY ITS B4l 7|«
«  WLAN (IEEE 802.11, WLAN, Wi-Fi) 71&& 7|0 2 AFx} 8734 == +3
« DSRC (Dedicated Short Range Communication) 7] &< 4%
« V2I (Vehicle-to-Infrastructure) # V2V(Vehicle-to-Vehicle) T4l X<

—-— ——
WAVERSES [ € |
—_— .

< WAVE communication >
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v WAVE Ei=®

R ASTM E2213-03 Safety applications Non-Safety applications
— Initial draft e
Safety application
sublayer Application
- IEEE 802.11p SAEJ2735 Y
— PHY + Lower MAC )
° Transport IETF RFC 793/768
— WLAN based ) (TCP/UDP)
IEEE 1609.3 8
. IEEE 1609 _% Network (IPv6) IETF RFC 2460
— 1609.0 Architecture IEEE 802.2 LLC sublayer
——16091 Remote management i
g IEEE 1609.4 MAC sublayer extension
MAC sublayer
— 1609.2 Securlty. . IEEE 802.11p
— 1609.3 Networking services PHY layer

— 1609.4 Multi—channel operation

 Standardization progress - - -

ASTM o |
1609.2 1609.0/1
approved \| n progress

802.11p  1609.3/4
approved

E2213-03

\ approved

w\approved \

2003.10 2010.06 2010.10 2013.04

KETI 3Ii==c2ey 13
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« IEEE 802.11p: OCB(Outside context of BSS) communication (published)

— In OCB mode, the node does NOT perform BSS join process
« If any node wants to communicate with other nodes, it just send data frames.
« No scanning, authentication, association procedure

— Support only 1 hop communication (direct communication)

— Using wildcard BSSID (all 1)
* Address3 field in WLAN header of data frames is filled with wildcard BSSID.

« IEEE 1609.4: Channel switching (published)

— Channel switching between;
+ Control channel(CCH): Management and (high priority) short message
+ Service channel(SCH): general user message and IP traffic

Guard interval = SyncTolerance(0..255ms) + MaxChSwitchTime(0..255ms)

> =
K % >
Cchlnterval Schinterval
(0..255ms) (0..255ms)
Start of every UTC second Start of every UTC second

KETI 3Ii==c2ey 14
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« IEEE 1609.3 WAVE Short Message Protocol (WSMP) (published)

— Allows direct control of RF parameters (e.g., power, data rate) by the
higher layer

— Support only 1 hop communication (direct communication)

« IEEE 1609.2 : WAVE Security (required for V2V and selected V2I

application) (published)

« Defines WAVE security (formerly IEEE 1556)
— Anonymity, Authenticity and Confidentiality

« SAE J2735 : Message sets (published, in revision)

— Support interoperability between vehicles and roadside devices through
the use of standardized message sets, data frames and data elements

KETI 3RS=oizey b
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200km/h

V2V, V2I
. 1km
. Max. 0.1sec
Unicast,
Multicast,
Broadcast

% Unicast(1:1), Multicast&Broadcast(1:n)
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» WLAN ve. WAVE

802.11p
Physical layer(PHY)
Modulation BPSK, QPSK, 16-QAM., 64-QAM
Transmit
. 5GHz OFDM PHY
mechanism
Frequency band U-NII(5.15-5.35/5.725-5.825GHz) 5.850-5.925GHz
Adds Temperature range Typed
- . o f)
Femperderatize || Typel Lyped, Types (-40~85°C : for automotive & outdoor environment)
o Specifies * Adjacent/Non-adjacent channel rejection” receiver Specifies enhanced “ Adjacent/Non-adjacent channel rejection”
Channel rejection S . - =
performance requirements. receiver performance requirements.
Channel spacin Mandatory: 20MHz Mandatory: 10, 20MHz
Lt Optional: 5, 10MHz Optional: SMHz
Transmit power Specifies Transmit power limit requirements for each sub-band Adds Transmit power limit requirements for DSRC band(5.850-
level m U-NII band(5.15-5.25,5.25-5.35,5.725-5.825GHz). 5.925GHz).
Medium Access Control layer(MAC)
be e - Defines OCB communication mechanism
communication
Timing Defines Timing advertisement frame for time synchronization
advertisement between nodes

KETI
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3 IS0S/AT 220 EiEF

« Wi-Fi 7|<(EEE 802.11)< &0 &/AF &34 & F J=F H7T
o QTAE
— AF AN ARAAAZE H w23 1A A
— ARE g9 FH AFEA vlE § Hel| AY UIEAF X, HEHINEE
— MH|& F57 o2 AX A vy 22
— 1% o]F A WIS HE 7|AF WA g o5
— gobst FAIE ) 3317 % B A Y
- 754
— IEEE 802.11p - &4/15/2% A} A
— IEEE 802.11p/1609.3 - @27t A3 SA/AEANEE/AFr Y =4 7|5
IEEE 1609.4 - &% A9 7I'd (Multi—channel operation) =%
kil

5A17] A 5GHz T / B0 58 AY 54 W

ox |
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~ dlolE BN ANAE BA/AZ/AT A

i}% ﬂ ﬂ OF .§}. Probe Response
- 3 Az 45 F 7|X|= e A 7hE. o
_ ﬂ—%:‘il’ %'}1\_1 A] o:"l TL.__ 7‘| X] 511.% 7_] ﬂ %'}1\_1 Authentication request

Authentication response

Y

A

Association request

4

Association Response (success) with AID

A

<Wi-Fi HI°IBSY ZAt>

(E)

- WAVE(802.11p)

~ BA/90%/Z43 A2} glo] HiolE B4 s

- 92 Y A 7

Clole B&

Y

<WAVE EHI°IE&N EAL>
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) WI_FI. = . et MLME: MAC Layer Management Entity
- duHoz guzt A At @A A& 39 S

7] 7(] %-% %6“ %.}‘\l Z[Ifsg (%.(‘)_g_ BSS 1%} ]:]_’l ) N N - WSMP: WAVE Short Message Protocol

( Y Al

- IP%-}'I\J% %?} 1:1 %—ﬂoﬂ ;E_i]. e CoPITeR WSMP

« DSRC: = e ] 8022
- 1:1 A% 7 - waEnig [ Wiscrame |
- 9E A AL ¢
« WAVE:
- @7 A T4 7Fs (Outside Context of
BSS &4 -
« JIAF HEo] Yok AR B I A e e e wo | (HE e | | o,
— WSM(WAVE Short Message) 3§28 o]Z St
g Aol Ao AFHE MACHE 538A & ( pr—— 1

PLME WAVE PHY -

Airlink

o

o
=

=T

WS

3

AL

Al 7Vs 111/ 1in) e e e e P

WEMP
Dest, Channel | Data | TxPwr Xpi x| WAVE WsM

DL-
© YA AN AEB, A, & [ E ] ]l o] B e
= xdsks

LLC
1 1 1 3 T2 Var,

Dest | oo | Chamel | Date | Txpwr il B DSAP| SSAP | Gonirel | Protocel fiell IR MA-
addrass | 710 numhar | rate Laval I oo | oeaa | =™ | gonnron (oesoc UNITDATAX req

-

L LLC header SNAP header J

N
MAC Data fieid
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Xﬂoixﬂ"*(CCH) 3 9] (178H1, 5.890GHz)

. ZE 71A% 2 ©o] CCHs} 2L ahte] AU 214
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— collision domain®] Z7}3}] dlo|g & W ZZ A3}
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- X1 AY(SCH) A ¢
- CCH:
o A AEHOA FLe A A (17841 A1)
o A HAR), 7| AT AU L Fa T BT dolol & I g Tt Qe WAIA A
— SCH:
« 71X EE SHAHA A g3
« 21" 7)1A] =7t collision domain £& > A8 £4 34
_ JAF/@Eo] T 49 BeS bA 3 JOFA 242} CCH, SCHE A&
_ FAZ el shte) male 73 AthE AR FE CCH, SCHE M2obhd Ad 3%

CCH Interval SCH Interval CCH Interval SCH Interval

+ Ad A& gol9 g BF o) =
332}\?2 f{;}ﬂ A GPS <
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— O 23| 3 ¥ ARE AES 5 Ja(HEMNE
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PN 2E (OSREC)

 Unicast Al¥
« M} SIEQH K|S

« 8MSSE 10Mbps °IY

o Unicast Al¥
« Broadcasting Al#

« AFarvav) 8 Al
« Broadcasting AlI¥

- 39 200km/h
AFAE Mg
- §3 84 0.1sec oM

Q. &

KETI IResEa2e 29

orea Electronics Technology Institute



LFNE FE (W=

e Unicast A}

. WO HEQH N

- 55X 10Mbps °l¥

o Unicast Al¥
« Broadcasting Al#

oSk A¥ - Broadcasting Al
- 33 F4 0.1sec °IHi - 33 845 0.1sec ©IHi

. N 200km/h e « AFA(V2V) BN A
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100 Data rate(Mbps)

Mobility 10 —
' WiBro WAVE
{ 1
i DSRC
! -
: Low Medium High
(20km/h) (60km/h) (200km/n)
10 Latency(sec)
Y
Eixed 24GHz Blueyooth ‘ !
\802.1 I i PR R WLAN | WiBro
0.1
0.1M 1M 2M 10M 100M~ IVAVE
Data rate (bps) DSRC
—.
Low Medium High
(20km/h) (60km/h) (200km/h)
He(]U“'ementS f Comm. functionality
o ngh moblllty vav WAVE
- High speed packet delivery & | WiUE  \m—" . L
« Low packet latency v2 | WLAN | wiBro  DSRC
—.
Low Medium High
(20km/h) (60km/h) (200km/h)

= \121/V2V functionalities

32
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Application
App \
Application  |[®=""" Hmfé%fg?gmt [ Application J LD [ Application
| I | | N | ..W‘...?—m.w..
TCP/UDP
TCP/ Station WSMP )
IP Management IPV6
Entity
2oy ( LLC )
=g | 8022 |
o ' WAVE MAC '
ﬁf"f 16094
WAVE MAC
802.11p
| | I | | NN .\I r',. .\I ..........................I:E.:A.‘;;E.F,.I-.I‘;.........................
WAWE Wi-Fi o202 ]-]-P
mgrmit mgrmit :
PHY Entity Entity WAVE RF
U | I 5.850~5.925GHz \
( Antenna |
- LH HJ I [5.85{]’“ 5025G HI] )
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Digital Part

Korea Electronics Technology Institute

NAND DDR2
FLASH SDRAM
32G 1G
A A
USB 2.0 h 4 A 4 Clock
CANxX2 %—.d—b 24MHz
00000 )4 _
0000 /™ Et—hem—et CPU Fg%%ckk cps
A~ P - Antenna
RS-232C - e \ < T GPS
CO000O Synchronous
0000 /% v  SRAM
MODEM 14bit
| Digital IQ
IEEE 802.11p > ADC o
PHY 5.9GHz
40MHz 50 Ohm
< Clock RF SPDT Antenna
Distribution Transceiver Switch
IEEE 802.11 > DAC >
Analog|IQ
MAC T
Digital IQ
¥ 7 Analog Part RF Part
PROM PROM
8M 32M
L]
KETI 3RE&d+24
L
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vy gdds = NEE]

Data rate (Mandatory)

3,4.5,6,9, 12, 18, 24, 27 Mbps

Modulation

BPSK, QPSK, 16QAM, 64QAM

FEC

Convolutional

Constraint length, Code rate

K=7, R=1/2, 2/3, 3/4

The number of subcarrier

52 (48 data + 4 pilot)

OFDM Symbol duration(Tgyy)

8US (Teer + Tg)

Guard Interval (Tg)

1.6us

Bandwidth

10MHz

KE-TI H R ES

i Eloctronics Technology Imstitute
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_—
pta rate Modulation oas #sszzzfrizz?r b Ogsg&egyﬂtsoi?er #SLODI?;i,Sir;Sbg?r
(Mbpoh ‘ag (NBPSC) (NCBPS) (NDBPS)
3 BPSK 1/2 1 1x48 = 48 24
4.5 BPSK 3/4 1 1x48 = 48 36
6 QPSK 1/2 2 2x48 = 96 48
9 QPSK 3/4 2 2x48 = 96 72
12 16QAM 1/2 4 4x48 = 192 96
18 16QAM 3/4 4 4x48 = 192 144
24 64QAM 2/3 6 6x48 = 288 192
27 64QAM 3/4 6 6x48 = 288 216
37




¥ RF AE FA

Dedicated Shared Pub. Safety/Private Shared Pub. Safety/Private Dedicated
Public Safety Medium Range Serv. Short Range Serv. Public Safety
A AN N A
s \'d ™ . Y \
Public Safety Public Safety/  Public Safety/
V2V Private Private
Ch.172 Ch.174 Ch.176
5.855GHz 5.865 5.925GHz
High Availabilit»J Optional 20MHz Control Optional 20MHz

and
Low Latency Ch.175 Ch.181

o XF A E T JRE AD3}7| 9 1S F4 dvlo|E AF RF A
- Y HYE: 5.850~5.925GHz (70MHz)
« 5~7709 AEE XY (1 Ao A, 4~6 Au]= AY)
o T AH$ 5.835~5.875Ghz (40Mhz), A& Fu+ Yo 2 a3
- @A H2H FYF FAF ggoz AY F
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Permitted Level at f1 (OdBr)

0 L\ Transmit Spectrum Mask
|/ i " (nottoscale)

Example Signal Spectrum

Permitted Level at f2 (notto scde )

Permitted Level at f3

—————— _|______.______ -

Permitted Level at 4

Iy 1 1
. ] {1
Permitted Level a 5 ':":'T""""""T':'f'
[ | [ —
o ! i . ! P
' H | -
5 4 - -2 “1 Fc +H1 4 +3 +4 +5
Frequency (MHz)
STA transmit power classification Maximum STA trvc)nsmlt power (m Maximum permitted EIRP (dBm)
A 1 23
@ 100 33
33 for non-government
D 760 44.8 for government
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KETI

\V/
FEC Interleaving IFET AV’ Gl AV’ S\)//Vz\?gl AT’ | IF >
Coder — > Mapping % % Addition *» Shaping %>Modu?ation & w
14bit Dual Channel / 125MSPS Sampling rate DAC
2.4GHz/5GHz Dual Band Direct Conversion Wi—Fi RF Transceiver
30dB Gain/29dBm P1dB/2% @+ 23dBm EVM Wi-Fi/WiMAX Power
Amplifier
40
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¥ 4 EED T8 %

vy
v

Mixer
l\ \
IF 1Q Remove Demapping FEC
Iy * Detector T Gl FFT Deinterleaving P Decoder »

N\
l I | [
RSSI Level AFC
Detector Clock
Recovery

Down

conversion Local OSC
VCO

e 14bit Dual Channel / 105Ms Sampling rate ADC
« 2.4GHz/5GHz Dual Band Direct Conversion Wi-Fi RF Transceiver
« 15dB Gain/1.5dB NF C-Band/WiMAX Low Noise Amplifier
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Symbol Mapping IFFT G/ Addition Shaping /1Q Mod. HPA
Nth Symbol Nth Symbol
1st %ymbol — | 1st Symbol WNWM
IS I 0 e | e b
\/
FEC
Coder Symbol et Gl S\fvrg\?g' IQ
+ Mapping Addition Shaoi Mod.
Interleaver aping
é HPA
De- AGC Amp
Interleaver Symbol
i e iU Reglove DeL?od
FEC mapping ’
Decoder LNA
Synchronization : AFC, Clock Recovery é
Equalizer, AGC —
Symbo/ FFT Remove G/ | | Recovered IQ || IQ Demod. LNA/AGC Rx Ant.
Demapping Nth Symbol
QI °
1st Symbol ||— |
IO o [ ot [t R -
e
— (| ————————— | ————— J[ ——— |
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44/30jeuy

MAC S/W MAC H/W
mac_reg
mac_datapump >
wv
u 2
Generation =
= mac_int_hdIr mac_protoctrl
o
=g
§ mac_buffer I
MAC <
= Data Memory <
o . Control mac_timer mac_crc32
Service
\
| mac_dcache mac_reception <
£

KETI

® MAC H/W: PHY A&
ElO|HE 0| &%t duration
® MAC S/W: 2] LLC A=
MMZ2 QI 7|2R™HE M A'lI'l

® S/W MACe 2 J1slsl= #

HIE =24
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3 WAVE A% S Al

o V2| Mobility Applications
¥y ualaryApplications  Intelligent Traffic Signals

« Emergency Brake Light Warning - Speed Harmonization

+ Forward Collision Warning - Enable Traveler Information
+ Intersection Movement Assist - Transit Connection

+ Blind Spot and Lane Change + Incident Management
Warning
o Not Pass Warning V2l Environmental Applications
trol Loss Warning

Vehicle
To Vehicle

+ Eco-Signal Systems

» Eco-Routing

+ Smart Parking

« AFV Charging/Fueling
Information
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» V2V : s& EcllSlS S

« Emergency Brake Light Warning
— AYt z}2ke] FAZTo R Qs vt x}Eko| A Alw
-‘%ﬁ = A= A5 ol F L%‘ix}Oﬂﬂl 74 L8
X H| 2

WARNING:

WARNING:
Brakes Applied!
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3 V2V : A8 S8 Eas Al

* Intersection Movement Assistance
— Wx}E )“01]/\1 1 Z}(intersecting)st= XFEFE 7 A9
o] QIS A o|& AL AAFOEZN WRE ALALE oY
g A= Av&

f
Right Tum Into Path Left Tum Across Path Stralght Crossing Path
Opposite Direction

o

Left Turn Across Path Leoft Tumn o Path
Lateral Direction
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v V2V : &3 S5 Jal Al

 Forward Collision Warning
- A S22 T3 A A9 2FH FEA(rear-
end-collision)7} 4 7-$- 01—3— AR ol ZHA] 8}
o TR AN A 7 8= A8 =
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3 V2V : =8 2l NS

Do Not Pass Warning
- 49 771l A FH &l SRS j—%
= ‘0

+(on—-coming) o] U A-F ©]
2N

—
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3 VeV : A=A 2ol 89 N

* Blind Spot Warning
- AR e Aoz o8 ALY FeAel Eokag A% &4
A}l Al o] & 74 A3} A H] A
« Lane Change Warning
- A4 WA A AP A2l A FAe e Aoz 8 An
A o] AXHY S BS o] & F A= AH| X
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3 V2V = Aol T 0 AT

e Control Loss Warning
— &9 Control Loss AFaL7F 2HAIGE X9 & Eold F$ &
AR Al AL AR & A3t A H| &
- W@do|y 53 AHEBE A5 v Fadt F & 7|&9]
Al 3= A&
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3 Vel : BN A8 2 Al T

« Stop Sign Assistance
— AR A% Aol v|g] FA|HS QXE &dEHF= AH| X
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3 V2l : & s A8 NS Al

« Traffic Signal Adaption
n-F o wel NS5 Y-S AT AP A
_HA DENZE QA= AJH| A

KETI dis=cze >
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v Vel : mS 9E Sl Akl

« Traffic Signal Violation Warning
— 1F ANZE e 7hsAd o] e A5 blste] Fa
A H] 2
i
u| &
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¥ Vel : #9938 B Al

e Left Turn Assistance

- AT EE A} BFG A0 T T 2,
o2 F3 4 A FE 7HsA0l 9& B9l B v

NAE FE U2
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A

o Arrayd ZhHH|g} 7]Hke] S A3 AR
— Array & 7HH|2He] 98S gt
=, 973 A%, A A=, =2 Y9 A R
A AA T L AFl 3 BEE s3] Hotst
= AH| &
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3 Va2l : &ME =8 Al

itz £42 B9 Au~

- BE A27} okd bRtz fE A 32 Aul2
- A 28, HBA, A0 A B A

- FSl A9 A £F A1 da
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3 Vel : diz IR S Akl

+ SMART &% 7| =
— Open =% E : WAVE, WiFi, DSRC &
- TE ARE ZF 32 HAH APt DRI Y =S HEP S A u] A3
- WAVE &27] : | &F AAZ AF, AT 34 A9
« DSRC ©@&7] : & &4 Au| 2=
- WiFi @27] : 2% ZH AF

Aoz g3l rC

DEHE X2

= WAVE E}gyl v’ "
gy HE ANz T L
B 1tz 7t 20 7t g
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v Vel : ms 85 Aol Al

 E2 BARS 2E AR wet tholuhe s W
— Atal 2R A 110km/h BFEE
e 10km A4 : AF £E & 60km/hE W7
« 5km A4 : A £EE 40km/hE B
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3 Vel = Arm QS

o T3 = ol AX|E DGPS AHE 7|Hlo =2 %“—53
— HT L AQ FO = Q13 FA o] ¢t E B /AT
— A 9x] AR (DGPS) AK.E WAVE A&

Gz |
etz

° H 9Ix| ’“E— 0I%=.>_f = olg Zx|
'Y =0 oxf Xl : AI F-H':'} A|»_l = 0f et E

=20 T,
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KETI

ITS &E SH BERSE

Korea

USA

EU

Japan

-
SMART Highway Project(‘09~’14)

C Smart Highway(MLTM, 2009~2014)

* WAVE communication based Smart Highway construction

* IntelliDrive(DOT, 2009~2010)
* Connected Vehicle(DOT, 2011~2013)
k. VSC-1(2002~2005), VSC-2(2006~2009)

> :
Vli(Vehicle Infrastructure Integration(VIl, ‘02~’13)

J
N

(EU Frame Work Program(‘06~'13)

« CVIS(2006~2010, 5002}) : V2X Platform

» Safe Spot(2006~2010) : VANET, Positioning, Map
» Coopers(2006~2010) : Road Safety

( C2X(2011~2013) : 7 countries

VAN

(wcs, DSRC, V2V, Energy ITS Project(‘00~"13)

* VICS & DSRC(2000~)
* SmartWay21(2008~2010)
» 700MHz V2V(2008~)

- Eneray ITS(VETI, 2008-2013)

J \

HIE=AH249
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md v =, 759, oFA|ololl A ¥zol 7t 3
ITS 719 MAAQ 53 AH MH| & A E
17th : B2H(2010), 18t : S E(2011), 19t : H] <L (2012), 20tk : YE (20139A)
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« Safety Pilot Project
- FA
— W ZFF(USDOT) RITA(Research and

Innovative Technology) 25 f |
— UMTRI(University of Michigan N .
Transportation Research Institute) ; st
~ 2011 8YHE Az o o ok
. 23 g TSR
— A7k 7)'¢¢ Connected Vehicle ZTZ2 ®
AE B V2V, V2l 7|9k Qb Au g s G Preg ?’““i"'ff@?«'g, |-
« Test sites i PR
— Ann Arbor, Michigan =T 2 W)
— 73 lane-miles (117km) — - 1/
— % 3,000t 2% (583} EY, H= ) ;J “Bgaghl

CE
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3 NOZE WHH E5H —

CY2010 CY 2011 CY 2012 CY 2013 CY 2014
1Q 2Q 3 | 4Q 1Q 2Q | 3Q | 4Q 1Q 2Q 3 | 4Q 1Q 2Q 3 | 4Q
DVI Needs ideli
% Specification CV V2V Safety ’CV DVI Guidelines
= Develop ‘ Workshop
(J}
; CV Driver Clini Performance
z %' Performance Integrated CV Builds river TAinies Specifications & Test
= e Requirements - Procedures
90 CV Retrofit Safety Device | Performance Testing |
9O cv Esti v NHTSA Agenc
£ |Interoperability Objective Test | [Interoperability stimatelC Decision (CV)
S Issues Procedures Testing Safety Benefits
‘ Safety Pilot DVI C{>iteria OVZV LV Benefits
] 2011 ITS World Congress Assessment
— HIA Device Demo
o Post-Model D
> Pre-Model Deployment
] eployment
G
("]
()]
Independent Evaluation of Testing Activities
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v BN A8 N EEREE

. 3] AN AT AEFYES Aotel AFY YE A Ao 5T B
HAATA7IeHF U ESY A B 7| E 4 A o] H A
— Latency 10msec, PER 0.001, 418} V2V/V2I/IVN

— Z2MA Core &% 300Mhz ©]A}, 325 -40 ~ 105, HORE 9%
omsec

— A 717k : 201299 6¥€ ~ 20169 5¥
— 1z A AZF: 20133 11€ 9 A

i - Cp—— - - 4 =
— ’ - 2 T HI

/ ﬁ Y
(= ﬂ
- EE e

(e
=

—"

\,A\ EER LR

Radg r

o2 Ho S/ SoC EEE DERE

Core Mac

g2t El
A/D Modem Application

. (SW %)

2

I(E-TI H PR E A7
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KETI

5.850 to 5.925GHz Operating Frequencies
10MHz Channel Bandwidth

10mW Transmit Power (@Port)

—90dBm Minimum RX Sensitivity

Fully Hardware Implemented I[EEE 802.11p
PHY and IEEE 802.11 MAC

Support WAVE Standards

— IEEE 802.11p

— IEEE P1609.3

— IEEE P1609.4

Software Development Kit for Application
Development (Linux 2.6)
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NE=E &4 A=

« WAVE RSE 57§14
— ¢k 1km 7+4 A ]
— 9129 Ez
G YvELYT)

<RSE1> <RSE2> <RSE3> <RSE4> <RSE5>
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v 0 NE =R

. SMART Highway EIAE A|E %
. EUIAZ U MHA X

O ERIEEZE MHIA Al 23 (2011.11)
HFHETE 20l WAVE V2I/V2V GI2 AIOIE 3= (HFZLUE AKX & 28)
SMSE S, 2iAeral AMAIDOIE, QIEY, CCTVE AN E, YolSEXIAYE HIZ, Virtual VMS,
FHZ OIS0 MHIA AIAH
" v RSE : 6A, RSEZH I Hal: 1km
4 v 224401 7.7km
S v AIHARAIZE 120min
v =HIYESE

- K2 TES 140km/h

- ot 2 KA
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Nzl NSAr

. ABA FFA AFLZ 404 AT A}

- 197058 W=, §4, QENA AFE FH38A J)zo] EA

- 1970 @4 vlo|a 2 2E¥Y RIS =29 FE3ta x| A sl Ao sl
AEFY FF

— 1980dd Radar, Visions ©]-&3% A& F37|& AF

— 19903dt) Laser Scanner, Radar, Vision &3l A-&F3)4 A+

— 2000t GPS, Map, Laser Scanner, Radar, Visione 83 A-&53 o] A
3

- o= MM WAVE SA& 383 A F38& A=k 9led 20204
e A&t ALE AW

- ARTRIGE ATAY MASR LAY ATE RATSLo, 4
dAo| G E YA FAZ n&F4 2N 2837} ol LolAA 8
— A8371 7158 BolE B : Shuttle W& &3, 3Ex #3FY =
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Errd NS

AE&F3 AF2F 71 NS A
— 20104 VIAC(Vislab Intercontinental Autonomous Challenge) 2tH7} 35
g3l ojgg|o} oA T Aslo]7kA] 371€ 7 13000 km Al E F+3) 9

il
AF

— GCDC 2011 : Grand Cooperative Driving Challenge
« Y@ &= Eindhoven 9 A AlA < WAVE %% Agste] AE&F3 A ANF

Scenario

C T
N3 F 9F
« WX}Z F3)

HIE =24 /3
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. AEFD A5 71E A A
— H]=r DARPHA Grand Challenge : A} 5202 w|x IHMA
27
« 2004, 2005, 2006 : California | 4] Nevada A}=S 533

Autonomous Driving

Google's modified Toyota Prius uses an array of sensors to navigate public roads without a human
driver. Other components, not shown, include a GPS receiver and an inertial motion sensor.

HDAR " ore e O e : < POSITION ESTIMATOR
Arotating sensor on the roof A sensor mounted on the left
scans more than 200 feet in all rear wheel measures small
directions to generate a precise movements made by the car
three-dimensional map of the and helps to accurately locate
car's surroundings. its position on the map.

VIDEO CAMERA
Acamera
mounted near the
rear-view mirror
detects traffic
lights and helps
the car's onboard
computers
recognize moving
obstacles like
pedestrians and
bicyclists.

RADAR
Four standard automotive radar sensors, three in front and one
in the rear, help determine the positions of distant objects.

Source: Google THE NEW YORK TIMES: PHOTOGRAPHS BY RAMEN RAHIMIAN FOR THE NE® YORK TIMES.
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http://cfile26.uf.tistory.com/original/131F7A014CB2959E81879D

v ARl NS

o AEFY ZAF A i3t ol E
- A AR 37 A4 J1&
c Folth F1ee BA A4, 129 Azst ol Aoto] T
. bl Al e BA QA golaht YRl FTS B
c o)A 271 714 BN A o] HAA H Lol ol &
. R NS STIT VIV/V BACE FRAW/ER 4F ARE AT
SEREE EEEE ERE
- AN AR AY L AR NFHA
. Xyge) FUAR AN A o] X 7H(10msec FIZ ol Fo|zIok 5 Au A
DAAE Aole] JFE nIARZ A4l Folof 3t
C ¥ QY R AY, BT R AOE 9T SWi AAEOR oS0l Aok v o
$l0] FEHolo 3
- BN Azete} AAA
. =26 Map, 2%, AHL, B, 242, 59 AnE Aol 4EFIL A
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