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(@ continuous driving on a lane @ Lane change
*Provide position *Provide road structure *Provide forward traffic
information at tunnel. data as curvature, slope, regulations data.
etc.

@ optimal driving at merge, branch , and traffic jam area

*Provide other vehicle *Provide optimal speed,
position on main lane. gap, and recommended
*Provide forward traffic lane for traffic jam area.

condition at branch.

[OJ2 4] ITS infrastructure AHEP!

o e F44 22 |EEE 802.11p V2X &417|=
|

IEEE WAVE(Wireless Access in Vehicular Environments)
F2 0SI(Open System Interconnection) =& 9] AZ 3
& W2, OSI AF W(=eUAZ)NAFE A 491 TCP
(Transmission Control Protocol)Z UDP(User Datagram Protocol)
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A& ZAAA b ™ A of sheAlE 2B Y & ook A FAST AZ 5 oAe FASK 2ed (19
AT TS 7INAIRAANE [8 djell el vk 2Fe] GPS 6]o ®.91 nle} 7o) PHY(Physical) ¥ MAC(Medium Access
AS Sl olets BFAME Aol MUnertial e =2 2o [BEE S0211p F4S B2 T, gAY &
Measurement Unit) 52 -83}¢] 3334 (dead reckoning) o] B8 7AC [EEE 16094 T74S, 187 network B
= 3 R Fou, Bo d 2= f1ske] GRS A transport 74 IEEE 1609.39] +4< wEt} A 243
35 A= A4, & ITS infrastructures B'd SolA4 % 29k Bot FAL oS Ruo]= 149, WAVE A A2
& Este ANARE AT 7 s VIES Fhke 913ko] IEEE 1609.13) IEEE 160929 #4< WEg 43
2ol tF ek ZAojnk. B 2pA o] gete 7, X9 o] ApgBTH,

urgkol apol W& T4 3 kA YT F AL H 473 21¢] WAVESH Wi-Fie] 2 zpo] g Au| 2 7
lzeprt FEEofof gtk AN S MAsE 4%, 9 A4 H 2] A (coverage) 2+ ©]F& o]tk Wi-Fizk 2F 100 mm oW
o] atek&Eo] mel kA A S MASE 7] e oA B 25 Al sl v AEFHRE | km F L9
glojof 3, LR ko] A EE T g LFH Mul s AWEAE 7HAok gtk olgE&EE Wi-Firt
HE AZT F JEE WAL S FF38loof gtk portable ¢l BHHol| A-&FaY 2= A 200 km/ho] &
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Subsystem Radio B

The Vehicle Tracking Subsystem and the Central
Intersection Communications Subsystem

/ == -~
Roadside ,»’L ; -
Communications &

Traffic Signal- Red

Traffic Signal - Green

Roadside
Communications
Subsystem Radio C

Roadside
Communications
Subsystem Radio A

Radar Tracking

Radio Communication

B Traffic Signal
Intersection Collision m  Traffic Signal
Avufdzmca Systr.:m © Intersection Radio
Equipment Cabinet g

Mobile Radio
Roadside = Dynamic Message
Communications Sign (DMS)

-7 Subsystem Radio D
@ Radar System

® Roadside Radio

(12 5] WAtZ DEAH AL vox SAP

Resource manager ‘

05l model
layer 4

OSImodel & 777777
layer 3

UDP/TCP
e Security
LLC WME services

Multichannel MLME
operation extension

05l model
layer 2

WAVE MAC MLME
WAVE PHY PLME
L A )
Vv v
Data Management
plane plane

[]IEEE 1609.1 [ IEEE 1609.3 [l IEEE 802.11p
[ IEEE 1609.2 [] IEEE 1609.4

[0 6] IEEE WAVE Z23% 2 & 3407

=5 7Hgsfor ok mebA o2 g Aol S HAT £ 9l
EE Ao A Eofok gk WA Au| 2~ AW A #4
g thiol WAk Wi-Fi €€ OFDM(Orthogonal Frequency
A& Au 2 A Qo] e
T WhALe} o] d & OFDM +229| guard timeS. = 3 2 %
o}, [q‘a_,q 100 mmg] NI ES oggﬂlo]]/q %Z}ﬁ]—}}_% }gzﬂg

Division Multiplexing) %
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guard time 1 km7HA] &7gafof gt} 57 1 kme] AH] 2~
£ AF3te 75l average multi-path delay spread”} 400 ns

= A7 SEEA o web 802.11pollME guard
time average multi-path delay spread ¥ #%k2] 4¥] 2 AH&
st (& 2o YeRd nie} o] 1.6 pxsE guard timel
A7 st} ol we} OFDM®] FFT symbol time ©] %te]
4912l 6.4 ps7b 7] wWEell, OFDM symbol® 571 8.0
18(6.4+1.6 ps)7F ®th wekA OFDM®| sub-carrier spacing
< 15625 kHz(1/6.4 12s)7} =31, sub-carrier®] 47} 64¢] X
2, AA A =2 10 MHz(156.25 kHzx64)7} ®t}, ©]
&% #HE o] Doppler spectrum 3 2 3= o) E
5.8 GHz thj el A 200 kmhE 7Hg3hd oF 1 kHz H =9 &
9 Furh gt o] FAE ZWEH 64709 sub-
carrier 914 4715 sub-carrierS pilot symbolS A3}k
o] & sub-carrier2F-E 4HEet AHE EQ|E HA}o] 7h53d)
o} 3 248538 249k RSU(Road Side Unit)?] 4 H3+=
dold wehE e Wxe] Aat glo] A ZH 9 3y

o] wildcard BSSID(Basic Service Set IDentifier)S 4% 5}
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<E 2> IEEE 802.11p BgAZ F2 F7U0
z}ehv]E IEEE 802.11a IEEE 802.11p
i I I e
BPSK, QPSK, BPSK, QPSK,
R 16 QAM, 16 QAM,
64 QAM 64 QAM
R 112, 2/3, 3/4 172, 2/3, 3/4
No. of sub-carriers 52 52
Symbol duration 4 us 8 us
FFT period 32 us 6.4 us
Guard time 0.8 s 1.6 s
Sub-carrier spacing 312.5 kHz 156.25 kHz
Preamble duration 16 s 32 ps
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. R=+

AeFRAE
olu} A, 187

Park Assistance/
Surround
View

MRl Sensor 7=

93 ANE 2o

BHE Sl 9

Blind Spot
Detection

Rear Collision
Warning

g

B Long-Range Radar
(28 71 &

Park Assist
Surround View

Short/Medium Range Radar

Surround View

AT e A3l wet AFaret o EA
7vel AR, W7, 183 59 4=t 85t ACC
(Adaptive Cruise Control)& 913t A #eoltks Aelsid
T Hoe @A) ARl Sxu A EfY AE
7t w85k, dAE Helte Asde B Bl o F
S ATy A% golthE 200 mm7HA 5 & et
A deolth, 30 mm oWl A 10 em oW 9] AL
g 7he A dolt, I Age] S| b AFe
A 2 EE SHS A% & ol BF d8s
o[98 #eltte] Fota o ¢ EH@IMI e &
T AT, Agsias, 183 497 S AEE 24 GHz T
9/200 MHz 9 &5 7|F 0 R AN E FAg 1]

.
CE 323719 Aol oA F4 F 9 (center frequen-
cy), NYZ 2 2o B2 B4 A, Az s, B2

AT % S5 PR FeF o)

B9 BEA AE A3 4 0L WA o

Park Assist Emergency Braking

Pedestrian Detection

Traffic Sign Collision Avoidance

Recognition

Adaptive Cruise Control

ane Departure
Warning

Cross Traffic Alert

M LIDAR Camera M Ultrasound GNSS

S5 AAM[AEZA: https://www.novatel.com/industries/autonomous-vehicles/#technology]
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AV AR AV AR
Ao Ap

24 GHz 26 GHz
BW ~ 200 MHz BW ~ 4 GHz
A=12.5 mm A=11.5mm

AV AR tAV AR
AQ Ap
77 GHz 79 GHz
BW~1GHz BW ~ 4 GHz
A=3.9 mm A=3.8 mm

AV: % )%, AR: AT AR, Ag: B92 H A
[O& 8] "ot s

<HE 3> 77/79 GHz A%FE #ojtte] F2 A4l

2 fan beamS AHESHT, FAL [1F 99
|

o] pencil beams ¥4I 31 ¥

% o,

3-2 LIDAR

golths Ao A%o] AAH o} 30 $FS 37
WA ARG SR Au A A} 100 T8 o4l
dek A S AR e AEE e Fobd A F
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Long range Mid range Short range
radar radar radar
Freauency | 47 Gy 79 GHz 79 GHz
band
Max. ouput o5 qBm | ~9 dBmMHz | 9 dBm/MHz
power EIRP
Bandwidth | 600 MHz 600 MHz 4 GHz
Distance | 1o asom | 1~100m | 015~30 m
range
pistance | 5 05 m 0.1 m
resolution
Speed 0.1 ms 0.1 ms 0.1 mls
resolution
Angular
0.1 0. 0.1
accuracy degree 5 degree degree
3 dB
beamwidth |+/— 15 degree| +/— 40 degree | +/— 80 degree
azimuth
3 dB
beamwidth |+/— 5 degree | +/— S5 degree | +/— 10 degree
elevation
e vhet 7

3

il

(a) Transmitting beam pattern

(b) Receiving beam pattern

(12 9) A4 09 $5 A

[}

- _l_

F7tel3, Alsfor & FRIF Fols e 3 =

7F &9 (29 10]2 F2oA LIDARE ©]43te] FH

& s Aldlolth. FEE HIES A E HEY B
ME ARG T
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M Adeta gedl, Aeske AdMe =483 s
Egete] okt @AM APl Fasitt o FollA
Aapol g dolnt A4 71&2 [149 8]ell vehd wet

oy
b

26 GHz ™49 UWB(Ultra Wide Band) #lo]th(t <= 4
GHz), 77 GHz % €] 1 GHz ™% %, 79 GHz®] 4 GHz t ¥
o] ool vk wEhM A= 0.1 m, S Sk
0.1 mfs, 127 U912 A= 0.1 2744 F& o] 7153t

PSPA.

. XEFAR SH

i

B
El
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AeF8Y a5 918 ITS T3+ 57|(North America) 9}

CE 4 ALFHL 93 A w7

9, 283 EveEhs <E 5o JE s vl 7o) 5855
~5.925 GHz= #wi = o] itk 92 755~765 MHz ™ 9
S ITS F3r2 Buj st

SuleA = (29 119 EAS vke} o] FCCe A
1724, 5 5.855~5.865 MHz t &5 V2V E41S £3lo] &
S WA 93 S22 AL, A 178 &
Au| 2 AE g Alojaly] S8 Al AL R A S
stk 3t A 184 WARE B Hoh ¢ AelA
o] tAE 9ot $E2 £82 40 dBm7HA| F-&3H Qlth
F7H 0 & FCCe A'd 1749 A2 176, 123 A4 1804
A 182 shte] AEE AFsNAM 20 MHz G EE 2=
AR AR F YT

FHY ITS Ade (28 12191 YeRd nkeh 7o) ITS
G5A Y=, Z ITS road safety channel(z]d 176 & 178 & 180)
3} ITS G5B ¥R =21 road traffic efficiency channel(1'2 172 &
174), 2812 w29 ITS MH]|2E 93 A 182 &

(HE 5Y WAVE F3}4 2u)

. LDAR | Camera | RADAR | oifil. | oomion
On Board Sensor Capability . b ‘ ‘ .‘gg’r
Car / Trucks Sard  bd O Yelse i
Motorcycle Yo Y% Y o VRO B ~ =
o | traffic Bicycle WX pr 8Pk s S
E objects Pedestrian DA AGAd A § e > [S 3 3
£ Animal Y 9Pk v =) £ 2
-.g Debris * i? .PE_'I i? T“ o = =
g infrastructure Road marking g ﬁ* 2 T 7&( *
g traffic Traffic signs R_’ e E’ S AR ARAS
it it emchans Sk s BR %
g path / Curve < @ H 3
road Guard rails s HIES
structure Dynamic +5€ Static
Rain/Snow  [V< ¢ |ix SR IR e [ T ] AR ok ook
Robustness | Fog IX X Y X A
Night S AR AR TAAGAY DAY

=7t T Uy zE
North
~5,925 MHz [EEE 802.11
America 5,850~5,925 802.11p
3 5,855~5,925 MHz ETSI EN302 663
YR 755.5~764.5 MHz ARIB STD-T109
o=t 5,855~5,925 MHz TTA
hared Publi P rivi
Control  Med Rng Service Short Rng Service Veh-Veh Intersections

US and Potential Mexican DSRC Allocation

: i NP Y S

S s T

Public Public Safety
Safety/ Safety/ Intersections
Public Public Private ol Public Private
Safety Safety/ ! Channel  Safetyl  Public Public
Veh-Veh Private Public Safety/ Private Safety/ Safety/
Private/Special Private/  Intersection/

License :
Potential Canadian (CN) DSRC Allocation Special Special

i v ST i o

Ch172  Ch174 Chﬂﬁ‘\\ChﬂB Cny'cnmz Ch 184

Canadian Special License Zones™

rrrrrrrrrrrrrrrrrrrrerrrr e

5.850
5.855
5.860
5.865
5.870
5.875
5.880
5.885
5.890
5.895
5.900
5905
5.910
5915
5.920
5.925
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dBm/MHz
20 SCH1 CCH
[ SCH3
SCH2
0
-10 SCH4 SGH5 | SCH6
ITS-GSB [ ITS-GSB | ITS-GBA | ITS-GBA | ITS-GBA | ITS-GED | ITS-G5D o
-20 \ | | \ | \ \ \

5850 5860 5870 5880 5880 5900 5910 5920 MHz

(22 12] 39 we Fal

184)2 %37 3tk GSA ¥l == G5-CCH(Control Channel),
G5-SCHI(Service Channel) 123 G5-SCH2Z T+ 52, G5B
Ul = = non-safety applications© 2 G5-SCH3 ¥ G5-SCH4Z
THED GSB MEE A Y e} thE §E2 ALEE F
itk &H Y& 700 MHz t9 9] 3 AE(10 MHz tY
) A&l Sith

T3k A A Ao & 529 M2 SEM(Spec-
trum Emission Mask)o]th. IEEE 802.11p7F 802.11 A¥ <)
WLAN# 598 7]&& AHgstal QLo SEM 7% <F
Aol #HA FAo)7] Wit 8] A7)l wet Class C
(29 20 dBm) =& Class D(FY 28.8 dBm) & &3t}
ol <X >4 & & = vhet o] WLAN 5o 285
£ Class AT v 9431,

A-&F 3 Aol A= gl th 24 GHz, 77 GHz, 79 GHz
ol AMFEHI QLo TS 318N 7] vhe} 7
of AZAE, B MFE 18X £5 E3lT 5 S
Holl A 77 2 79 GHz & o] &3l=

V. 7211% al %I:_?_ Od__l.l.lzll-%l:

CH 6> 10 MHz =& ©]83= 802.11pe] SEM!"

1% 1319 hype cycledl Al YERH wRe} o] Ap-&3
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of atn], WEASAA L HAOE HAFEo ok
ot 9 A e Aol M AeFY S oA =Y A
AT QA Ha, o2 sty AEFe Y

x287] oA9A Ak B4, dolthE B A
1&3te A O AFOEFH 2= A5 s ve] 4l
T-E3stofof g}, #lo|tt A& o] CDMA(Code Division
Multiple Access) 155417 70| orthogonal codeE 01 4]
AHE Favt ek 3 GPS A e FAEA e A Y

oAM= IMUE ofdsto] &2 AZbedt Bad o JAT
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@ NaturalLanguage Quastion Answering

QEnterprise Tawonomy and
Ontology Management

@ Humen o
Quantum Computing @) Augmentation Virtuel Reaity
Data Broer PaaS O Augmented Reaity
EbPaas S N romorphic Hardwars.
O Context Brokering
O 80211ax
(© GenarakPurpose Machine Inteligence
© 4D Printing
©Smart Dust

Innovation - “Trough of
Trigger

el Slope of Enlightenmant

[28 13] Gartner?] 2016 % hype cycle!!”

Permitted power spectral density(dBr)

STA transmit
power class +/—4.5 MHz offset | +/—5.0 MHz offset | +/—5.5 MHz offset | +/—10 MHz offset +/—15 MHz offset
Class A 0 —10 -20 —28 —40
Class B 0 —16 —20 —28 —40
Class C 0 —26 =32 —40 —50
Class D 0 =35 —45 —55 —65
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