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Abstract

VANET has several different characteristics from MANET such as high mobility of nodes and frequent change of node

density and network topology. Due to these characteristics, the network topology based protocol, often used in MANET,
can not be applied to VANET. In this paper, we propose an emergency warning message broadcast protocol using range
based relay node selecting algorithm, which determines the minimal waiting time spent by a given node before
rebroadcasting the received warning message. Because the time is randomly calculated based on the distance between
sender node and receiver node, a node chosen as a relay node is assured to have a minimal waiting time, even though it
is not located at the border of radio transmission range. The proposed emergency warning message broadcast protocol has
low network traffic because it does not need to exchange control messages for message broadcasting. In addition, it can
reduce End-to-End delay under circumstances of low node density and short transmission range in VANET.

Keywords : VANET, Inter-vehicle communication, Broadcast, MANET, Wireless Network
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Fig. 1. Broadcasting protocols for VANET.

AAY WA Ae FFAZR AN Foz

78 & Aok FFAREL 2R SFAEE A
3 BYolaE Byl Az & wrpx| e ARk Tah,
AFAEE Byolart Agste] ApFo] S AAT

WAR o) Alzkelth BAC] w2, FHAZE 0Tse
c~1bsecol®, ol& 100kmhz FA3e Aol
194m~41.66mE AP 5 g Aot mata,
T Aol ¢ Ao e E29 A, U4, o,
TAL AbaL S 22§34 AU £3E EWME
A& He dol FFANE 29 F QA HY, A
FEI 22 SFAFAAMY dA HE A A
% 9o a2y, VANETS 53 EWM E2=5)
& ZRHoR Y] HeiMe AE AQ AR,
A2 Fat, =34 Tl tg 7fdo] A sojof

L

O

Nl

VANETE #13) Atd 7]&E9 EWM BE2E5)249
ZZEES 19 1% 2o £Fd & F U+ BEE
N Z2EFZ2 EWM AY A Tx9 odzg_‘_]r A
L':«l AR A e wet “81 , A 7

, Hiol& 7 BREFAXE, T3
1:!;1:7]]/\15 g oz s 4 9tk
A5 23E GPSE B3 94X ARE 3

2HY 7 HEEF2E J|¥E EWM HE
ogtE =ty EWME Adgste 35E Adstd
HEZ F38 Zole WHE Adsiod, E44
o] EAoz A% HEHIA Fatet AFAA 59 oY
dee AA AR Radoh &9 7w BHE =)
2~E Z2EZo|E= DOLPHING, I-IBAY o] i),
Ag 7|9 BREANLE 71%—"— HEHA F3te A
5& 7] 98 B 99 14194 EWM &4
97 sh}e] xcgte] EWMS A9t W
o 1:_4 /K-]?H.Q_. uﬂ;qx] _6_}\] A== _I'ﬂ_
o2 it F AY :=wltt EWM
%’4811 I d7|AES A wet

=0 =

A4

=
)

e

Jus



20064 98 HXIS

oA o] MAA] $A ==2 5 4 g
PR =27 WA EWME Aed 5
Ag 78 BREAXE 7|HE k9] WEst
- EWM Z$el 288 ddZa £34¢] ¢
FUzt dAR] dg AA Azre] HlwE vy
ol F & Agsich e}, k=9 HEI} B&
FUzE AR AD XA Alzbe] ZojA ] HEYA
AR Qg "R 3ol dolxe YHE JHHTh
7 7|8 BRZEAAE Z2EZ = DDTY, RBM™,
oD 11]’ VCWCDZ]%; o] 951‘:]’
Ho]& 7l¥ BEEAHAE JYL
29 AAAQE H2ES fA6A, AF 227t
EWM A2 =g Xgsie Wolt) 7 wE9f ol
xE Y2E HHE F714 £ EWM 24 Ald] o]
Ao~ WAUFE AHET Ao WAIA w2
| 2 €t Heolg 7k BREAXE T
B aﬂifsﬂc, AEAD AR =34 Fol
54 ol%ﬂ Z7 ot MEA
A4 MEYa Fai#g of
% Ad Azke] Zrlete B9AEE
drE w7}
717} 7%}0} %Joﬂ wreh o
olth. dIEAHQ HolE 7 BaT
RADE[IS], SDRP[14], 0 APB[Is]7

-
-~

7t =27} o]

Q
m
LN
R

LWt Ay we tlo b
Eﬂimlﬂ_%_ﬂioknln
ﬂ:omh‘l—ﬂoﬂ‘ﬁ
o

¢

A X

pud
A5 3

UMB™ 5o glch

282 76 BEEJPAE J|He E2E
99 FejrEz FE, Fe2H U9 k=
3 2H ddE AAsn JuE 5 EWME
EANXE s wolth A 7w HEEY
IMe YEYA EZ2A Wil e g
S5 A5 E Bk AW, =9 ojFAdo] Ft
& A% dEHa EERX Wy e Ao ofg
g2y @y AL FY2H g HAAe 9
Aol WAL Frtetr] el 5ol §43] %
T 98 S Zderh 2H2EH W BEEAR2E
Zd= SIMCOMM™, CBLR™ o] i},

A} A vle} Zo] VANETS 93 Bz =q)x
E IREFL AFAANZL, MEHD 73t 59 £4
7} 814 =ejof 3t} 53, VANETY EWM A4S
93 HECALE ZREZS ANz w29 99
B F9 Aol Y 5 Yolof duE Fagk

AR A" AD AR HAast Folud Fasith
& 4 Ak

A

_Tslm‘“‘“
2 fm fu oy et

=

b b
o

3E

3| ==X M 433 TC H

So R AR A QA Az 59 AF

(1081)

M9z AN

ol g 7jgk ggjo] = MEd Yu2|E
oA dsEgtxel, 84, Hol& 7|5 BgE
AEE 7|9, F2H 7| BREAXE 7|HE YE
A3 EZEZX ol yistd et JEST B
AsHE
ALt §E A 7|y BECHAE TFEZS v
T sl e A TEAQ PR =& Yol
olg7] W&o Fzt WA A AL AA Alzte] F7tst
TARE 72 Ao
X

o

tlx]

i

g Ad /\17}4 Lﬂé%ﬁ —ro]»%— UE & gk oy
b delo] == A" ¢n

g 7]yt Bgesjad uiﬁioﬂﬂ Z+ =29 EWM
AEs A% 7] Ate $2 ==25H9 A o
g ZA9ct. 2% 29 Zo] EWM A4 =EZHE
D1, D2, D3 9+ =z e 47 v, v2, v3 ==}

-]

-
N

AA# e AS, 4 === EWM A% LE«I Ae
o v WAIX] A di7] AHE ZET &,
EWM A% =284 73 7pike] e vikE7} 7}

7 9 d7AREE A =z, 7H 28 e v3
7} 74 #&E uo U7l Abg e weA, 4 =
o] EWM ¢ ==2RH Ad w2 EWMS A
93}7] 9% gz RWTiE A (D3 2o vehd
T Aok

RWT,— =RWT,,  — (— « RWT. ) 1)

o7lM de EWM $4 =E25H Ageln,
RWTw= Hdl A2 t7] A2k Yehlin R2 EWM
FA =29 JAF Adoin.

Maximum
Tr issi

Range

v3
D
3 w2 A& tl
L e e R
% vl 2
R . S B 5
[a]
0 + Meaximum
Waiting Time
EWM Sender
a3 2. HzZ[78 EWM E2EIAES] HA[X|

HE 7| Azt
2. Rebroadcast Waiting time of distance
based EWM broadcast.

Fig.



92 A HEE WEYIE AT BF 7|

O EWM informed Node
[0 EWM non informed Node

@ EWM Original Sender Node
@ EWM Relay Node

(@) X2k Lo} £2 ER
{a} High node density.

. -

-
-

(b) Xizte| Yol s A2
(b) Low node density

agl 3 Azl 7¢ EwM BEEEHAE
Fig. 3. Distance based EWM broadcast.

WA vz
A BEE
o}x|7} W&ol E
4 uelA 7H¢ He “40114 )J\}; 774 =X(Border
Node)7} 7H& HA EWME AgstA ot ofaf, ofn|
EWMS A% 227} sAA & 5319 FA138H o

FAE EWM HAXE s7]8ta g7 de 2 A9d
ozx BREF2E 25 EAY (Broadcast Storm
Problem)E s A%t ey, o] WA $A =225
B9 Agel wel dAx] dg 7} Ajzte] A o
Eo EWM A4 =59 7Hgateld =27t 41844 &
4 A% HH5d 7] AE 2R Rve EARS
ta .

1% 32 Agr)dt EWM HREial ZZEZ
A AAAE =22 5% EWM AdE & ReE
th YEYA Yo & == 94 $4 == (Original
Sender Node), @#lo] == (Relay Node), B#°] =&
33 (Relay Node Candidate) oA 3hte) d48& &
F & ¢ gk 29 3904, A& EWME THE0] B2
ci~EE Sx=rt A AL »=71 5o EWMS

T 100
0
Range T P (0t
D, (0, 1 :}
?v’j’ t
>'°x(0"'3)J
g Paf- v2 2
' 5
g uIY —
A vl ty
0 4 Maximum
Waiting Time
EWM Sender
a3 4 ¥o 7t gajjo] == MY enE

Fig. 4. Range-based relay node selecting algorithm.

2 w7 dAg3dE NI, N2, N3, N4, N5 ==7}
ddlo] ==7F foh. 29 3004 29 FEL 2ol
iCPJ ANEL BrE H =8 49& vehliy, $8F
2 99 Yo X3 ==+ EWM dZS A Lo
& Zyrl g9u 29 3 (@9 2o] A Y=} =S
e 7zt o] =29 FA 949 o B2 F9 Ei

71

}_

&‘i-ﬁ-

o l-r

W&ol TSN TR
= xS o] Az met

A, AstE bAz] AL 7] AIE M 5 0] o
ol EWM A2 AdARME A288 5 gt 28,
2% 3 () 2ol B2 AF = & BFE
Az BA) 2gdA BEo), N2& N19j thf ddo]
wE7b 53, N3 N29| ohe Zelo] ==2 24 9
r:} a2y}, AAE N2gk N37F EWM A4 =29 54
Ao AR xR YA 27 Y& o EWM
% WA a9 Zo|AA drt. wEtA, EWM
o] YA $4 =EZRE BEesad W U9 mix)
a} ch}x] EWMO] AgEE T wWAA A A

Yelo] = MY
e Aol =7t 91215
AHTE EWM 4 iziaﬂ— Bel Adg soz
Zt w27 AEH0E ZiA=s cﬂ7] A7He ZREE
sl 1 49 2ol EWM A4 »=E2%H DI, D2,
D3 Agdl 24zt vl, v2, v39 EHo] k= ?iﬂ A
A4, 2 o] == FrU7 M F e dd A
71N EWM A4 =22 R Al dhla
e Attty 11 o "ok 283 4 FRE Ao
M & Qe FHo A2 d7]ARE WelA o] AIzE
T, To, 32 AE3] 29 HAR] e dfr] AL
2 AT} wEa, EWM A4 =28 g 9
=EUFE ¢ F& AAA A2 A M 5L

(1082)



2006 9 MxSsiE EEN M Q3 HATCEHANOE

oS AXA =, 54 499 73Rl A%
=7} ol ERFE BHrh FL wAx AL Azt
Zt7 g E£3 EWM A$ =2 5E sk Q)
=g gXEE F2 fAA e AE 7 & A
. 29 79 dYo] k= Y dugFs Tk 4
dejo] == FHIZF 7ERE AAA Hdg g7zt
RWT:E A(2)¢ o] vehd & gt

RWT, = {RWT:0< RWI< ST, }

(o

IR @)

ST, R max

max

=RWI,

max

71N ST
A 7] Aol

defo] == FE A #HAA

HRoA2E AR Ag Y Yo BE =8 v,
o] =55 r, EHo] k=29 FADY olx =5
ng M, ol& #4749 ¥ V, R, N& thad ol
Uehd 4 itk

V={vy,v9,, U}

R={ry,ry,..,71} 3)

N= {nl,nQ,..,nm}

HA £4 =271 % EWM & BERE=2E 3
T YEA W9 TE LTyt EWME $4 & w7r]
9] EWM A3 A4 Az Toae A D9 2ol 2AME
sl Yebd F itk

I

(4)

todF)& BHo] =E 17l EWMS FA8 ¢ =2
EZS Asted 288 E ALt AREOIH, twlri)e
deo] =& ri®] EWM dg th7] Ajztelth t(ri)e
MAC AZor EWME AF3717k419] wjal H2 Al
Azl delo] k& 9] B4 Y o FAl

EWME HE3Hs ol2 et 4 (B(ri)sh 92le] o
= Az (apdl ol AAEG Hehd, Tege B9
fwe QAT A5G Y8 BE w25} Pelo] k=
7 57] dEel A0 EWME 148 3¢ A7 %

& 4
3 A% 712 A8d 7t F83] T F A
o vhd AE 7|we g she Do) k= AE WA
A 99 U shte] xExke] Hejo] =2 Z
AE7) wFo] EWM Ag th7] Ak (tw)ol 71 =
gA WAl 2 D ()8 Hast & 4 gl

a9 55 £ =EdA ALS"E EWMS HAIA] 4

o
L

[

el

(1083)

83

Do D249

Original Sender| Relay Node Delivery Broadcast
Node Position Position Range Data
F1 F2 F3 F4
J8 5 EWM HAIX] &4
Fig. 5 EWM Message format.
EWM Reception |
New
EWM? N

Y
+
[Gﬂ position of Origina! Sender Node, Relay Node and Refay Node Candidate

]

“Catenlate distance between Original Sender Node and Relay Node Candidate
= Caleulate distance between Relay Node and Relay Node Candidate

Defivery . T
:~ Drop EWM_]

Y
iy

] Choose waiting time for Re-breadeast using RBRS I

Expire
Yuiting Timel.

Y
X
*Change position from previous Relay Node to Relay Node Candidate
#*Re-broadeast EWM
T

a8 6 ol == FEo| EWwM ME A
Fig. 6. BEWM Broadcasting of relay node candidate.

N

EWM
Delivery range
---4

: Original sender node :Relay node : Relay node candidate
rig)

a3 7. =E2H AHg
Fig. 7. Distance between nodes.

< Yehiich EWM #lA A1) Zo|= 250 Hlo] Eoln,
AAl A =9 R, oA o] x==9 A,
EWM #AIZ9 Ae ¥ agx dg deolg F 474
FEoz 745 Jrt

29 62 gyo] == EHJ} EWME FA8tz o
NAE AdD s717HA9 #3& UEiit ol
»E FH7F EWMS 418 &, $4% dAA7E 42
& EWMSIA & #gste] oju] FAld wA|AjojH
Ald EWMS #7]gc) olojx $ald EWMe| ¥3F
5o] Sl 9 4 x==9 9 Bo}l ojd Ho]

A

A4



o4 Az =2 UEAIS AR I
o9 YXARE F&31 GPSE F3 o] ==
FH 2 AAHRE 5 adn, 1Y 73 2
o] YA £4 =& S9} o] =E Fr C Ao]g A
2] dscot, Bdleol == R o] =& FH C A9
o] A drcE AN ojd, BHo] == FH Ce
dsc < dspE WEI=AE #DE, EWM B2 EJ|
28 HHE "Hojdud 4% EWMS 3U|sx

EWM H&& AEatA] ok T o] == 51
7t EWM E2E2E H9 Wel god, 4 (2)d

ozl EWM A€ ti7]Ake 233 EWM A2 o
71AZke]l W £ EWM #HAIR o] 23E o]
A o] ==e] A& dYo] k= FH Ao 4
Az dHte] EWME AdQ 3. ojAd, 49 7%t
o] =& Ad d3E]E&e EWM $4 =229 ASE
9 PR 2R EolA e == Ak o
AR d7] e A HaE 7] dEd B2
Ao AF BErt 9 FANME FEL HAR g

A Az Y 4 Uk

V. 4537t
B 4 7wt o] = A dugF9
E dxet A$Ae Wl g WENI Rt}
2 A4 AIZre] ¥stE Ao
¥ 28 AEHOHE A% LﬂEﬂa
123 e@ o AHgd BEE
S & & v =, 7 7
Axn glew IEEE 80211 DCF(Distribution Control
Function) MACS A3t A& 7HE3kdch & 32
AlEdold S A% 2 A4S JYeuiglen, 2
A4 W4 2 F9& A Utk T2 A9 AF
A= A BEE Zeth A¥dA w&9 IEE
A&AE7}t 150mel =E& 25704 5005714 Z7}a}
o Ao, == AEADE bkm 7‘°H =2

SRR

d
&7

(<]

%i‘ﬂ

LI )
o i

L iy

mlm
ot
31;
il 1_

1 L ¥
—L'E‘l_._r

éiiﬂ

°3i

ﬂ

-

Of

E 2 dHEf3z3 #4
Table 2. Network environment.

Item Value
Transmission Range 150m (Default)
Packet Length 250 byte
Channel Bandwidth 2M bps

Packet. Propagati
ackel Fropagation 0125 1S (250 byte)

Delay
Computation Time 1ms
RWThax 10ms
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Table 3. Road environment.
Item Value
Length of Road 5 km
Width of Lane 36 m
Road Direction One Way
Lanes 3
Average Speed of Node 100km/h
Traffic Density 13 veh/lane/km (Default)
Length of Vehicle 4m
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(a) Node density versus number of relay nodes.
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