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1.4

Soket BRI IT 7|4S Sakshol 2t
ZAl(Vehicle to Everything, V2X)& X|3}+=
OJu)gtet. x}eF Y| E ¢ A (Vehicular Network)+=
7F ZA1(Vehicle to Vehicle, V2V), x}5Fa} @13z}
7t ZAl(Vehicle to Infrastructure, V2I), X}=F1} ==}
7t EAXl(Vehicle to Pedestrian, V2P) 5 A}5F 33 =
w2 olmel ohE Xjef 9 BRele] EAL R
S ® XYk, iy U JRE a&H R FHR5HA

rhu

k= UEQZE ouiRttil, 2]. IEEE= A U EY
35 ¢t A8 2] EA(Dedicated Short-Range

Communications, DSRC)S $J$t WAVE(Wireless Access
in Vehicular Environments) A A TH3, 4].

A e e S7e] 814) 7140l VIXE ol gtel Rt A
HIAS AlEE 4 gl olelst Aulak iAol
(Navigation), 212+ 8 R Z(Green Driving Assistant),
WEAS FHE|(Dynamic Traffic Light Management)2}
72 v]okA B -3-8(Non-safety Application)} x}=F
ZE="A]|(Collision Avoidance), X 3R} QFZ(Pedestrian
Protection)¥} -2 oA I -S-8(Safety Application)
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21. WAVE Z2EZ
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EEERE WAVE &2 A8kt 19 12 WAVE
IREZS AHS FHSE Ao|t)3, 4. WAVE Z2EF
A EHo] &8 A Z(Application Layer)2 H|oHA & &
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TCP/UDP2} IPv6S A4 T2 EZE Mgt IPvee}
WSMPE £914517] ffsfl vE= offje] =2]2] = A
0] Al&(Logical Link Control, LLC)7} ZA}gtt}. o]ty
Sefoll ki 2 holE F7le) eel WES olgto] ¢
O|E|7} IP A8l O 2 J}oks}=X] WSMP AEl O g 7}ok
shexE A4 4 9ok LLC ofehe] e A
Y| o] A(Coordination)2 H 3= WAVE MAC #|Zo]
ZA1get 71 519] AlS-Ql WAVE PHY A3 F4
Aol K] lole] melo] TA $4A1S Bk
IEEE 802.11-OCB 802. ll-OCB(Out51de the Context of
a Basic Service Set)[6] 32> WAVEY| E Q] = 0f A 9]

4 PHY S} MAC A3 913t dloldy =g} 52t
By 7gsn g

2.2 IPWAVE Z2EE

A YEYZ e Jfusla
WAVE Z2EF AEo] Hobd w38 ol sl
Sk IPv67|HE L2 EF5 IPWAVE 17 15l A 7
slal Q7 8]. AF == Y E L A(Vehicular Ad
Hoc Network, VANET)S— 23t IEEE 802. 11—0CB[6] o
IPv6 o7l A+L ¢Jst IETF IPWAVE ¥Zo| IETF
IPv6-Over-802.11-OCB©o]t}{7]. TPv6-Over-802.11- OCB
o 4 W& FHd HAE FW Z7|(Maximum
Transmission Unit, MTU), IPv6 3|5 &of] 2= T
sleio] 2, se] 2w ko) el gk, LEjal o|tdl
%8~ A|Z(Ethernet Adaptation Layer)©]t}. 802.11-OCB
ZE| 4 MTU Ate]=& 7]Egke] 1500 Blo]Eo|t}.
o] A7|= olyYl Ja= WHW= IPv6 3719 =7]|9f
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(Fragmentation)2 E3f o8 7§& giZle=2 Y11 ¢
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QoS(Quality of Service) ©|o]E 3|t]e] 27}4] %‘—%—E
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Lane 1 : Prefix D

Lane 2 : Prefix E

IFECTION m—

Internet

Access Network®

AR/RSU

Geo-1: Geo-2 :
Prefix A Prefix B

Forward RAs

RAs are spread to all
by geocast procedure

nodes in Geo-1 area

Use Prefix Aand MAC address.
to generate IPv6 address

g ag Fojuri, AAlo] X3 gl Qe H ol
2:9} MAC F42 AFste] IPv6 745 A4
79 st AAlo] whE Pve e E 2 gheo] o

upAsh e 2|2 d YRg olgstel P xely
2 wsto] AEol A4S P Fog AEHY
S pdeltiI2l A WESIR A BRI

Access Network

AR/RSU

Prefix C

Support Movement Detection
procedures of IPv6 mobility

RSU(Road-Side Unit)& 4122 2|2F L9 U
2, 7 Ae)a ool IPve el ag B, o
$E F3l W A]Z|(Router Advertisement, RA)E ©]&
3 IPv6 Fa5 Azl =z AT 17 62 AE4
YEYDE B3 PFs AHo] g 2ol

3. X[ oM 268 H[o[E] W3t QFIMAC IR E=2

STMAC(Spatio-Temporal Coordination-Based MAC)
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)l oHd dHlolg nehs A RIe13]. b4 dlolE =t
e Aol oA Arel Ad) Aw, o) A,
8] B, e AlE R} d2 A FY mao &
Ashs HlolEE Wit hda UE HolHES Al
2 ugto g S5 oY 54 A e S A
HIAE A 4 ok STMACE RSU7E 1 A&S
o 913 ARE S5 sto] AekEe] Yole] eyl
Wola] B @ A 247 Jakg Seles
St} % STMACS RSUS| 8744 9 A1 248 §
o Ak ko] axpEQl o dloly meke A%t
29 73 9 8 B2 W A7 ARE o8
B antH oz dloly ek sh=AlE At
» 3AHA 27 TE 7oA E= ute) o], W
(Directional) 2FE[L}E AR&-3lo] V47] V3ol dlo]
EIS AE3haL, V27F VIelA| Hlol8E AEshe A
glolrt. A29] FA1 ¥ 9)(Communication Coverage)
7F B2Vl AAA 71 wiell, = dlolE HE2
e NS, BAl) olRoid 4 9l

f

ok

o i

Mo medium collision
due to disjointed
coverage

—

22 0|88t 28X HO| weg

« AR 24 T1E 8] Aol iR HloE vt
V3ol A V4o oli5stal, VIojA V2& AdE=
oItk MR FAl W7t Sl A7

oA Bt 4&R(Time Slot& ]85l AlZHEelAl

9] A4 ZE(Collision)S WA 4= Ut

Medium collision
avoidance with different
time slots

STMACO A &7+4 244 AH8SH7] f18iA
A QtElLe] S thal stefslof gtk ®RpeF
HUE ol&al dlolgE H&ohd, ¢reve ek
we} el 28 (Main Lobe)7} 23t wak ofuel,
vkl Wit Weko 2 Alo|= ZH(Side Lobe)2}
EH(Back Lobe)7} HAYsHA Hrt. o3t Apo]=
Hop Wl 2HE= o] oA v AEo Al
Aol S do o ik weps W QteluE
ol-gste et SAl IHlE 97l Sl Afol= mH&}
ul 2ug aeelel Ae AAEY a0k weh 19 9
= A UEHA A=ollA W tEue] HQl =
o} AfoS 2, W 2HE ehdch

rr

oX,
off H 1= HR o rS o

Back lobe

Signal coverage of a
circular sector shape

/'\ / Side lobe
y
; K

T ilem]nl
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e coverage of a
transmission

J2 9 WEH QLIS Ol 2, A0S 2 Ol 2H
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8 10 &= 2t2l(Line of Collision) A S4I

FEAH Yol LS A ctElLte] EAmar
ofUet Aek zrol WA Esk mejsjop k.
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Aepol o3k LoCE AWshe Tdolth AFAL *
Mol gl XB, AC, AYD W AFES} FAT
S QAT AAR Qb ol masok sk Xjak
° geHog FEo| F5d AFBL AYE Woltk
olefst AYBet AYEL AAL HAAwlo] glof
geHos 50| /e BALO) Heh.
=20 thpo Zupo] 9w, AR LoC BAS
AFES AAste] T TR BET + Ak AFE
2] SN WAS IHZE BAFORN A 2AF
9 WS YEYA EZ2AE TF 5 Yk 1YL
& % 109 LoC BAIQ AHEE A= A sto]
A YEND adzE FHSE RS BdU
Y 1T 2 AP HEE YES A} Fol RS U,

A 3 Al-AY LE]E(Maximum Compatible
Cover-Set)& ©]-§35to] A4l doly weghE 43y
g 5= Stk & =0, A30] FAlE ke ASl

AL, A2, A4, 1ejal Abgse] HlolgE A
—’F UL, AFTS Aot A8 A HlolHE
ULk Lo A oW YA FAlof AR
%?7] o Zoll A3t AT FAle HolHE
o o Qlok ofg|gt WA o=, HlolHE HEstal
At 5}% LEo) ot a2 o] A P9

BAE ol&sll A5 = §lo] dold

R o) rlr
, o X mﬂ et
m

1

V3 has line-of-collision vehicles 9 éq :
Vi, V,, Vyand Vs } i

]

]

of

O 11 LoCE 088 A LIEYT I3 = By

STMACS AJ7FH 23S 317] 91814 Eto]w
I A(Timing Advertisement Frame, TAF)S A}g-3t
OF. TAF: 37b4 93h dhch 2o 24 RSUC
odelaL, Ao o] HEE RSUSA dHo =2
RSU7} A% 2AlEY sa¥otes shvh E3F 2559
AL 2AES o AF=olA gttt STMACS]
Al AEo] gt 2AEEE sk WHE oS Ak

dlolg AFe sl A= F 7HA 2, AR
(Contention Period)1} H]7JA=L7H Contention-Free Period)
o8 etk

AT o A= RSUZE =8 Z=FE0) 7] TAF HA|
S BT TAF S e AFEE A1) o
54 AEE F5517] 918 RSUo|| 874 HAAE =
WA Hrk o] IgolA= FEel doju T50] &4t
27 dojux] 94 4 Q) o] HAAFLTIS] AolE
CP Zole} sh=d), o] Lol YT Lol Fopw o
7] ol H3F dasioh A =2hs F A
£ olgsto] Ak 523 Fal M40 Cp ol 2
Fa 4 gick 19 125 AT dojuh FHE
Aze] B2 et waAH Holth

Optimized CP Length based on
Arrival Rate
[ (I I— ____i
| Ackw ||| Collision| |
DIF SFS «}|)|F5®m|l | s
L] N

Registration or
Data in CP

Channel Switching
+Guard Interval

Vehicle oIS

starts
IS

Possible Collision
inCP

8 12 Tt MAX] ©E THo]o{ 113

o] o5/ FEE RSUY| 55= sk, RSU= 1
FEE R A MAEH S T 1 A0E
TAF Uﬂ/\lxl% Sl o] ApFoA sk, 2 A=

etk 9lolA
Jel3 e &%
£ 0|83 BEAAS] 2= Qlo] EJ—}X4_E glole WIhe
238k 2~ 9l 18 138 v AWE7RS Awsic)

Line-of-Collision Directional
Antenna Transmission
cP
TAF starts

RsU VA U e >

- Frirs—] [<SiFs EEE| [eSiFs= CSFSs [SiFs=
Vehicle 1 BSM r BSM | e BSM

r 1, Maswr !

BsM’ ||
| I

- |
I
Spatm Temporal l

Coordination

| HIXIX| ©& Cro]of 1R

27 ol whet Blold meke:
Ao LoC TS A7) 2k

Channel Switching
+Guard Interval

17 13 8172
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N prewarn ,

|I Pedq:lstrian l«’ TWBIT' : RSU

3 Vehicle 1

41 HUE|EFIE S&t =2 ¢t

B Hol e AYEEsL bl S8 An|(Safety
App)ell Tl 27hEch B QPHel mayxet Aja
zro] Qb Akt e 7ho] QPHOR B 4 9)
oh. Baje} A 7ke] 3B WA et Ao
= Safety-Aware Navigation Application for Pedestrian
Protection in Vehicular Networks(SANA)7} 1t} 14].
Al wHAY] ofF BAS Hlon 2E 9L
BAslo], ALl A AP 7 L (Pre-Warning)9} 7 1L
(Warning)&] = 74| @AE 7 AIAAE Sl &
= Y¥S &= 7I¥olth RSUZF Hagzte] o]F A
HeL 2pgre] ol JHE wAst] F& f¥ol =

Pt Class 2

A BRI Y 14k B BEE 919 Bk
oPH GIL A ek AR FHOE A
GAL T REOE hiro], Aol uE% GYof 9
om A AW S, WoF A LYL WYol=
2753 1% JUOR Solew AuE MU 3%
o W@

T Mot A LAY AnpEZo] A5t
49| ol% FuE RSUS By 35 ¥ o

5}
olsld AntEE wjeg] AR EA7} T -+ ok
olg WA8l7] $1}el, SANAL 5§17l gl 3
= ZEYTCEN T Aol U Felw &
utE 29 ZASHActive mode)A] 7|1, 1HXR| ¢ 7

o
Qo= dA 7|7F v]EAJ3KSleep mode)A| 71Tl SANA
£ 25 9Hol gl A9l AnfEZo] Ay /|7t
v 2 stEA stof g ag&S SHAIRIH

A e R e T = I R o A
© 2 Context-Awareness Safety Driving in Vehicular
Networks(CASD)©o| A|Qt=]QltH15]. CASD= A}o|

2 AT} ol 54 AR Sof 914, W, %)
of HelAnE DBFORN FEL s 7Yl
th o] o5 RS olgh 54 Aol
dal 9l ke agise Po] 3hK YA B
ek AL 29 APl Bod FS0] Ak
LoS(Line of Sight) H]oFd Zalj 2 (Class 1), 4= 7+
A2 50| 7ks?t Non-LoS H|Hd Z&2(Class 2),
TR AAE e ATle] FEA AT A
& ~(Class 3)2 EFHTh

2 cheoli 24 Aake] Bl uet £HAe

-

\ Jeempemannmans L |
Ao o g Ve
Path Maneuver Accident
Information Information

T8 15 CASDS| £& 7540 M2 FH xtg 25
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(Threshold)& 2|23} it} wheF Aba7p dopd 53
o]5 A= A& 7|H(Dynamic Path Maneuver Planning
Method)& &3l 1 25t FAlste] 7143l Af
S IHtAY Atk I8 162 Aol HA
¥ CASD A|Agle] 4TS 7]&stal glot.

Sensors
Infon'natinn

Context-Awareness Safety Driving

| Mobility
| Information

e Class-based | | Dynamic Path o User
Fortiation Action Plan Maneuver Interface
QrTHatcy Engine Planning

Surrounding Vehicles’
Information

18 16 CASD A28 fd =

4.2 HHUE|EFIE Set xI LHH|AH[0]M MH|A
AUE =7} 3-8 AlH| 2ol Ayt 245 b A
H| 2 Qo= HAAIRE 7]RE H|QH AJH]2(Non-safety
App)7t Utk Ab 2Ee] dlofElE Ffrstal -
UTHH, WA MH|AE AT 5 e Zolth Ay
25 AFE 4 IS Aolu) Self-Adaptive Interactive
Navigation Tool(SAINT)= 2} TS 7|4 YH|
Aol M| Ao0]TH16]. SAINTE 2ol 4 HuE
SAlste] £2 WA Fu A8S BY & e 2
£ duish= 7IWHelth 71ES] WHAClA Al2H,
Mz T4 ARE FHSHA Y= dHlAlolAd Al

sge] A9, 2 e A ARelA A8 K A

AN HU

A AR Bl olark. olHat AY A YulAo]
Ao e o E AL e & AZE TFg| 23

171 wjiZol] W2 Aol A AR =
% o] o Aolch. 1Y 172 oA A
=9 H|AlolA Al2"lo] ZFAAL = A
Alskal @itk

SAINT+= o]&gt &8 WX|al7] f8l, ag AF
7] Z=(Congestion Contribution, CC)Zh= 71412 HEZY
(Metric)e  ©]&3sto] Wu|Aleld HA=E AAzth
SAINT+= 7' 2FFe] &4(Trajectory) 49| 2F =2
7ol Wehs S4EE AS7|01=(CO= ]St

;O

N,

1

™ of o> 1o
flo o ot N
=

SAINT= 7HE Aol dis] =2 HEHI HAA|olA
CCE FaslelA 38d 3] Az a1sto] Zf
2Apegel J2E ST 2H 2 YEYI dH A
z2skd Wl Aold AulAE Aled & Atk dE
=0, HrAldE S8l v Aol 54 FE2=
sAS 245, I B2 digt CCgrol F7IsH |
ot o2 Aol 25 JAE o, T A= ot
CCtol &7] ol & 422 35t vy 13
182 SAINT7} CCE arefste] du|Ale] Ao ofgt &

Y& YA AYE QYA Agole w3l A
/}j_o] ‘,47(4 ﬁga}- 7}14'5—,} =N Q] x]-ako] ﬁoi 7}
< B2E AdYsHl HaL, s d=oll CCo] Fojd
o oE e 55 ﬁi—% CCHrol 7Kt 2=
Selsty, B2 Az o4l ¥E 422 93 glojth

Cook Ave W Cook Ave W Cook Ave W

6 PEOY Al

: ¢ Light
: Traffic  we  RSU 0
8 . Path :
¢ > > |
Lig’lt § A A i
Traffic : z ‘ Heavy,J
Path g & | Traffics
hos " “*| Pathe
/’— = N .'Ilﬁ,
///Which way?\\\ 2 =
i s 1 =
N ~ © All vehicles : Heary & §
e, eeoo” ¢ Traffic 2
‘ RGI'OUie £ Path 2
WSt @ g

J= 17 7HE XK LH|A 0] 2| HStof of et 25 2y

 Ave W

6v peoy A

£ o Highly Congested Links
? n with High Probability /~

Front Ave' - Scoct Aug
‘\ . E
1\ BAACETE ¢  Lowly Congested Links + *
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