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ABSTRACT

D-ODAM (Delay-tolerant ODAM) in VANETSs

Sang-gyu Oh
Advisor : Prof. Seok—ju Shin, Ph. D.
Department of Computer Engineering

Graduate School of Chosun University

A VANET (Vehicular Ad-hoc Network) is a network which offers direct
radio communication between vehicles without any aid of infrastructured
networks. It can greatly improve traffic flow through its self-organizing
network architecture. High mobility of vehicles, frequent topology change,
and congestion of vehicles are some remarkable inherent characteristics of
such networks. These inseparable characteristics are the major cause that

deteriorates performance of the network.

In this thesis, a delay tolerant distance-based broadcasting protocol is
proposed, which can change latency according to circumstance of network
topology. This change in latency of a broadcasting packet can be tuned
according to distance between relay nodes. Performance evaluation shows
that the proposed D-ODAM has low packet delivery delay compared to other
protocol. Hence, this algorithm can be easily applied to applications which
seek communication for emergency message delivery in  highway

environment.
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Fole=d HF o] gtk olF Fste FHle AEHAA dEs g A o
AFeF(Vehicle to Vehicle: V2V) &Al¥} Z2Rd A8 =R 7[A]=5 S
g JHE AFstes A o Q12Z2k(Vehicle to Infrastructure: V2D &4l
oz AA TR FEE V2V SAldA FHE ARE V2 §4Ae o8&
o] A58 W% Al 2H(Intelligent Transport Systems: ITS)o] E3txo] 1
485 9 + ATH2].

ole1dt ITS MH|AE o] &st7] A7t 2% 9] S41& VANET (Vehicular
Ad-hoc Network)e]gtar s, 25 7F FAEAS 7|Hlo 2 3= Enpd o=
Z Y EY A (Mobile Ad-hoc Network, MANET)¢] 3 £7Fo|t}, VANETS &
2 FHY VAT 2L VIRkAA L] E Qlo] AbF 7ol AEAl A EAl

% o 94 MEQT T Asdh olF Ba £4HA WEEEA



Satellite GPS/GALILEO

Terrestrial
Bro a%:ast

T 2G/3G
WiMAX / WiMmax 26/36

Hot-Spot
(WiFi)

* RSE RSE

) 1 CALM M5 % : e,
RSE-to- || 'WAVE * ©OTYS RselL 2 5.
- Urser im0 25V S o BSRE
. ’ vehicle-to-vehicle * Y —to- I
&Cam Sor60GHz) . . . -||: : PO rahicte

VANETZ} MANETS- 7]HF HIEQF AJA9] =& glo] ol =% 7ke] 2829l

M= F4o] bssithe F54E 7tk ey, VANETS MANETS} 9] e

7He) olggt 552 2k UES A Pd(Network Fragmentation), &> H3 A<
AIZF (Link Life Time), %< 3% =25(Packet Derivery Ratio), 2+t 2 7Hd (Radio
Interference) &9 A 7H42th olggt o|FEE sk, 7|ES MANET $H4&
{3t 298 7y BREAAY T2 eSS VANETY 1 g2 4-83)7] o]
VANET®] w54 528 23 ko] QbdA 7iadelet & o= Stk o]& f1siA
© AlEska AgekeiAl A1 AEe X el = xRl e Akl gl o)
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o} BREIAEE FAEET YEA U9 BE wEoAgRlS A5 7 e W
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(a) WLAN/Cellular (b) Ad Hoc (c) Hybrid
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AU Application Unit
GW Gatoway
0BU On Board Unit
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( oTART )

¥

Irntialization

Car
accident?

no

ves

Send the
EWM meszsazge

¥

melect the EM

¥

EM rebroadcast
The EWM messzagze

v

Each wehicles
Calculate the
distance between
vehicles

ves

Frevious EN
recelved
ACE messzaze
from ne=t RENY

Previous EN
rebroadcast the
EWM messzage

% 8. A ARALAl EWM #A A 9] A

wzol A Aaro] bt

1} o
A=

uf D-ODAM®] i1
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( START )

mend the hello
message that involve
the position of nodes

v
F 3

L J

Calculate the distance
hetween ENs

w

(qather the average
distance between EN

Calculate the
average distance
for 10 sec

19 9. D-ODAMe A 2] RN7He] Ag AAl dag=

a9 9049} o] D-ODAMOA= Hello WAAE &34 RN =EAlo] g
ARE Adkete] Aol gl RN A Hole] RN Alele] AelE Axba
Fol EWM wlAAE Ashe @ ODAM o] Al Ao AEAel7l opd
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RNAbol o] A8 FalA t7]Ate 24,

/* D-ODAM Algorithm */

// Transmit the EWM message
send_ewm_message() {
if ( car accident ) {
send the EWM message() {
if ( RN received ACK message from next RN ) {
//Wait the next accident
wait_accident();
}
// Rebroadcast the ewm message

rebroadcast_ewm_message();

// Calculate the average distance between RN cars
calculate_rn_distance() {
// Send the hello message that involve the position of cars
send_hello_message();
// Calculate the distance;
calculate_distance();
// Gather the average distance between RN
gather_disance();
// Calculate the average distance for 10sec

calculate_average_distance();

% 10. D-ODAM B R =28 dugE

gy 8% 19 99 D-ODAMO| ¢i#]5FE& Pesudo IE

=]

[-4 1
ol
i)
N
o
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103+ 2t
A3d D-ODAMS® 483 2d3Y

A7) @ FAe obdlel £A@)sh FA@)F 2t

°|

il

AODAM defer_time(x) = Max_defer_time (nT) x R };ED (2)

D, (nT) (3)

Max_defer_time (nT) = max_defer_time X
Ryp

Maz_defer_time (nT): nHA A7k A
T : max_defer_timeS adaptived}Al AA 3= F7]
D,,,(nT) : n¥A Agbell A F7] TEte] H RNAFo] ] 72
e A AF A(ERbA o2 300m)
T2 @2)e A= ol&ste] YEtd 19 29 EWM HA A 9] A F A7
TOZE B u), 7]E9 ODAM €agEEtt D-ODAMS] A-dEAzte] o
darg]Fel HlElA D-ODAM ZagFe ol

a4 5 ek

#qHo=A X dAzke] ODAM
3 EWM mlAjA o] B2 Esjade] NAAzte] o] Was
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Retransmission time and Defer_time

Time (us)

Distance (m)

1% 11. ODAM3} D-ODAMel A 2] EWM H A #| 2 A 44 7F

ODAM¥} Adaptive ODAM=S H] 28} S w FFH o= 200mol] A3 =
=7} RN7} H 2w ODAMETE A7 XA o] oS
T ATt

— Retransmission_time :

Zol AdEE= dele ARE

Exa
=1

Sz s7el A5H ol RNe| $1X0] wet 3)

- Defer_time @ RN7} sj7l& ks wf mEcboll A sf7lo] A Eduf7b+]

7] 8= AIZE
- Adaptive ODAM : Adaptive Max_defer_time9 #t= =
Retransmission_time(3 1 RNAFo] 2] AglE 200m= 74 3H3l )

i} <]

o

5191

Oll

_21_




A4 4B 7L

L AollMe= Aljtel= D-ODAM 28 ZrEZ0 des 7|59 ODAM o8 =
eI} vluE] Bkl AQbeles #H9Y ZREZO] A% SNT(Scalable Networks
Technologies) [8]o14 Al&sk= WEH A AlEdelAd =721 EY(Qualnet) AlE o]H
HA 455 AR&ste] ERlsigith. Ayl AlEdlolE = ARAF 2eE SIE o] (GUDE
7]¥ko = MANET(Mobile Ad-hoc Network), QoS, IPv6, A&, 914 59 thyst 2
olHEE ATl o]7|F1te] UESLT Ruly, T vES D, AARE AlEH el
W el Al=EL A UIEA so] AlEEeldd g AREH AL 9l

ARjbeh= w8 TREZ] Hes Bkl fal 2~8ule] ARk olgste] &=
Rol|A o] Fdh= AU E ARESIGITE 1Tkmo] &R QoA ApRFe] 5 2~8ui=
W3k 7|H A PDR(Packet Delivery Ratio), e AX|AAZHAverage Delay), #|oj=jZ!
o] @ms|=(Overhead)ell 3t ds5 733t

A1d AlEd ol &7

m
1

Bo|Me 2AF oled =l

NEEE o5y mHE mull wuel AP nkrw foidel $19e wd

5 [e) = = o 2~ = =
Fow AU ¢ J=F B Atk Aol ks AHKERA olseteE AR

H el eolal, Aol SR 80~100km/hE YolHor SHo|ns s, 2}
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w3k ApFe] 4= 80~100km/hE o] EsHAl Ho] J=d whef zaeko] o
o] ool ko) 20m oW ZIFIAIE AgFe] &5 80km/hollA ARl =]

WA o] HEE FolA ol BeuR sk

AEE A &7

5 A% Z2EFL [EEE 802.11a xS ARSI, HolHHEA AT T2EZ32
7709 HElAE S ARgstar, ef &l il d(Application)ol] webA AC[O]4-E] ACI317F
o] 945915 7HA+= IEEE 802.11e MACS AREsIith Al Ew -86dBmeo|™

U 42 &4 B two-ray B2S& AMgslGint. AEEEs 2Mbpsol™ o) %
A= oF 300me|tt. UEY = EjE Fal 2 [EEE 802.11e0lA] AC[O]] <3}
= S WAA(Emergency Warning Message: EWM)S EgjE o2 3lo] AlE#o]A
= A5

VANET9|A 2] MACS IEEE 802.11pE AFE3=4] QoS(Quality of Service)Z 93}
of ofZejAloldel wetA s ARSstaL, HEAES AREate] Ao A} An]
2GS AFESH) [EEE 802.11pollA] AF88H= MACY] wiAYUSS 9 123} 2}
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'

MAC (with Channel Coordination)

| Channel Router

5 | CCH (WSMP data only § | I || SCH tWSMP and )'or 1= data!l | E'

1) v v v v Iy 4

g AC=0 ACI=1 ACI=2 ACI=3 | I#\C|=U -‘5‘«":"1 ACI—2 ﬁCl4 l.'él
! I

(=3

= : <l

g l g
|

[12%Ina0
[owlsd 1y

[ =)
lowimo

[oylsdy
[lwinns
[I=wle 1y

el = [e)d
29I

[l =E
[ ST

2wl

[owlsde

L id QL
IISVIACYL

"e

I ¥
Internal Contention | Internal Contention

Channel Selector and medium Contention

v

Transmission
Altemnpt

“19 12 IEEE 802.11p9] Ad srjdle]d
AT [EEE 802.11py 34 S /Aol glom=a [EEE 802.11polA] 7]E-4
o8 M-SR QoSE AR A VIS ARE] flskel A kel Ald A
<l IEEE 802.11e®] EDCA (Enhanced Distributed Channel Access)E AR&-3I31tt.

£

Jp

EDCAE 71| DCFE Heke Zo& 802.1P CoS(Class of Service)dl we}t EjY]
2 87K9] g2 Y, o]of we} [FS(Inter Frame Space)2} CWmin(Contention
Windows minimum size)= W24 A-8ate] Egf= 7He|ate]d An|=E 2pEs) gtk

&9 AT ezFE MAC Alsol =28k 2F 2ol Ediy 7heae] 3 ARAL -
A9 s 7HAA HH 2] QoS HlelE 29l MAC altole AREAE $-4lee]
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fhol Xk o] Stk - £ QoS dloly Z#9 AES fI8) IEEE 802.11e QoS
ZH|o] A2 47]9] AC(Access Categord)® F@3ITE HE ACE ZH2he] 4% 79k AC
s ks 7R He, ACKH] 49 Abole M=m thEAl 4E AIFS[ACH,
CWmin[AC], CWmax[AC]¢} 2 AC dfenE] gro= 9],

IEEE 802.11e EDCA°IA 2] 7]& dfeh|e= £ 19} 2t

3 1. IEEE 802.11e EDCAdA2] 7]% m}e}n|E]

AC CWmin CWmax AIFSN
AC_VO (Voice) 7 15 2
AC_VI (Video) 15 31 2
AC_BE (Best Effort) 31 1023 3
AC_BK (Background) 31 1023 7

oAl 74| Adrget AlEeoldel AlEeoldel AR e EiEE & 29 Atk
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r U
o

Parameter

Value

Vehicle density

2, 4, 6, 8, 10, 12 (per lkm lane)
default : 6

Topology dimention

1500 X 20 m?

Propagation model

Two-ray ground reflection

MAC IEEE 802.11e
Traffic source EWM
Number of sessions 6
Packet outsol . 1, 2, 4, 8, 16
r
acket outgoms rate default : 8 packets/sec

Mobility Model

Highway mobility scenario

Simulation time

900 sec ( 15 minutes)

Routing protocol

ODAM, D-ODAM

3 2049l MAC Z2EZ=2 [EEE 802.11eE ARREle] ofjZg Aol HA| X0l w
Ao A HEAE 54
ARgsle] Ao] HR 2 EWM #A1A] ] i) Mg &

° M98 =9l

2
A e ae

AlRFshE e ZREZ
o 19 1294 o] 2304 FE =
AHgstel AlEe e

o, 2~8719] ==&

= T, =

sk

Qo wrksly] 9F Avel o= 18 133 7

F49

N

2 e

Sl & 19

AL AReste] IEEE 802.11e2 AHeahad

et g Sl



A Densityx 1kme] n&ER2ol LZjo ApgFe] 47} 2~8u]9] A=Fe] o

WSS Fol ARINL T or|et.

Target Area

¥ 13, AGHL Yo EWM HWAIAE HEEIfAH

a9 1394 S& Al & 2ES welH, D(Destination)S EWM H A A

A8k #FFelty. Z18]al F/D(Forward/Destination) EWME A18H=

il
N

w=Eo|HA FAl]l EWMHIAAIS X sh= xhFoltt,
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A2d NEHlA A3 R

o

ANEHoldel AytrA ¥ 33 o] 1kmuHd ol sl 2t
9] ODAM &u8]Z&e] EWM WA A FAEL 70%E,

o] EWM HAIA 9] FAEL 7505 RO zA ¢ 5%9 mZ F28&0] =7}

st om, 1kmA ulo] xko] 4~84) & wle] Aoo]= 7]Fe] ODAM <t
2% EWM dlAA 9 #a&3 Aol ulshgich,
T 3. EWM HAAE 58 e ug
A7z
Protocol 150m 200~ 350m
A=
ODAM 70% 100%
2 cars
per lkm lane
D-ODAM 75% 100%
ODAM 97% 100%
4 cars
per lkm lane
D-ODAM 97% 100%
ODAM 99% 100%
6~ 8 cars
per lkm lane
D-ODAM 99% 100%
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{msec)

Average end-to-end delay

0 | 1 1 |
1 Z 4 &) 16
Transmission rate (packets/sec)
.9 Y

1% 14. Rateol] W& A AA7F

w3k 19 145 HW rate(packet/sec)o] Wt ODAM¥ D-ODAMO|A 2] H
TAAA IS eI AL ok 129 dFehs d3le 5 1~872 WA A&

] ODAMX.t} D-ODAM©O] t] W& A AL AI7FS 7FA] a1 Ut} A A A7 2L

il

o]A ODAMS 7] A58 <l 300mol] thelA] 7] A 7Hexpire time)S 7}A
WM HAIA]E AF38t7] diol] ol ti7]A7ke] sd3skA| ek, D-ODAM &

E
28 2437 Z8 10secE 29 RN(Relay Node)7Fe] AHE 7|02 t7]A 1k

tlo

2787 witel ODAMETE A IAgko] 1 vkore),
% D-ODAM ZREZo] ODAM¥ Wd £ 7l A4S 7/HuA A

ANz glold e A Hol: A2 A+ gtk
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(msec)

Average end-to-end delay

O | I | | |
2 4 & a 10 12

Density( number of vehicle / 1km lane) y

1% 15. Densityol] @& x]dAA 7k
ok 79 159 KW densityd WIIAZH S Wl D-ODAMo] A AA|7H] Qo] A
ok7ko] ZHAavE Yy AL B 4 9t} densityoll YojAel X AR 7] Wl ¢lo]

—~ODAMON A= 2F=Fe] A A Aol ofsi th7|A3=

7] wjEo] 1kme TLEEZ 2peFo] 2~4712 AL-9 Sparsedt AFsHEul ol g}

Densy@l Deysitydl A= XA 7] Foj5S 18 5 AT
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§ 07 r

g 06 ——D-0ODAM

3 05 .

g 04 rF

S

& 0.3 I

M

TEU 01 |

% O 1 | | |
1 2 4 o) 15

Transmission rate {packets/sec)
L

% 16. Rateol] W& eHI=

a9 16S B rates MIAHES @ ewjF=e oA D-ODAM¢] Z& ¢
Fo AL HolAW A HE=eE B 4 Qdrh 2 =RellAe] eWE == RREQ,
RREP, Hello message, ACKHIAIAe] & dHolE 713} vustls v Ao
Azke] vl YeERAY. B =R Hello MIAIA o] A43ke] YAARE F7}
&9 3L, ACK mlA Aol o] A 2] RN(Relay Node)9t tha RNAFele] Azl gzl o}
© RN7F o] 9] RN=E=25E EWM HAIA 9] F=ale 5 ACK WA Ao F7}3}
Atk AR Hello #IAIAI€F ACK #IAIA]9] ukS vl aatql”] wj&o] ODAM}
D-ODAM#}e] e W =5 sl s wf & fol& HojA&= eFskrh.
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B —*—D-ODAM

i ODAM

S MNWEDID DO
I

Z 4 G 8
Density(number of vehicle / 1Tkm lane)

Nomalized control overhead
CEICEN G (T R T T

718 17. Densityol] W& B3I =

9 17 densityd] wWE 28 E)

Iy

& Yebd gz olth. 7b Sparsed 4
L= 1kme nEEFE] xpgFo] 27§d ALolE Wi x= 7k Art
3 e A7 el A

FAGRG U 2 49E JomE Addel WARAL 1ens AdEl o

300~500m7} EE2 2 EWM WA A S HAA LS o =}
A @A3EE ACK WIAIA ¢k Hello WIAIA 9] AjxFo] o] FoJA] Al o] Density”Zt
29 A9 eHWa=r} ¥4 yelton, densityd] wWE omE=o] glo]A
ODAM¥} D-ODAM®] Z3}= v]=3t}.

Rate®} Densityol] et EWM HIA A S Adaro xpgko] H] A A A ZH

L]

to

[e]
=
el =e] Aol taiM FUE ol &3 AEdolds sl W, drE de

W Awe) W& WEea, W=l WsaA, AAATk JolA oF 12%
o A54e na
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B omfoAE A 2F Sl oA SHEHAAE Hulg
7] $lgte] BRE JfaH
Fholl doiA 7Hg m&e] F£2 77 7wk BeE A2Y 7R ODAMS 7|
o7 Yo =7ty Ay waba defer_timeS WIIAAA Fd 7+ AAA

7He ZFolx= 71¥Wel D-ODAME A¢tsld T, T3k Qualnet 4.5 o] &3 A

A

Jp
ol

Al

(ESe

j‘:_l,
off
o

¢

[l

N

o

22z e At Hes

o]

T op

A

.

£5
dlo]ds Fste]l AlEHoldaEd ODAMP D-ODAMS] EWMHIAIAE 4
|

N

Algk ZpaFe] vl ol glejA ODAMI} D-ODAMS] PDR A5 H|5:33int,

o
2

AR doJA = D-ODAME] 4814 Rele S T3l Sparsest -l gt

A5E AR o=o] ¥gloyt ODAMI o] xpake] Hujd%47
g2 tr)Azke] MR Ab88HA @i, D-ODAMOl A= RN(Relay Node)A}o]
o] AYE At o®E AFESlo] Sparsedt ZA-$-#TE obd Densydt AF3Ho A
T AAAZe] ZAE YERRAT 3 Hello #lAA9F ACK wlA A9} 2o
EWM WAIAE HEE f2"s7] 993 AES dA| A gt ews=9 A
SolAE ODAM 98 Z2EZ3 D-ODAM -8 ZRZEFo| ol H|S&

L

st3ith. 5 D-ODAM< ODAMS] PDRZF QW& =0l SlojA nlzek AsS
ERA A AR QoA oF 12%9] 1 B2 AAARES BomA AAx

A

2ol oA As e we.
i B oATe] g BARA $F AR W ool A% e gHE
FrHow Asets 77149 A% dH WA A%l YoM D-ODAM =

z2EZd F4E Ve F7F a4

!
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