creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 24011- 200000242071

2011 % 8H

A AFEL S

L
[0

]

A H==2s ?let S QA

(152 2oy n2ea



O ool T ok HI0H

R0 SUlMrzoom oFil 4rHolR OK0 B0 Ay OFo0 HINH WA MY



—

T2 DICEUS Slat £TOI [ 22 2i9E

T =
=

Velocity Aware Multipath Routing Protocol for
Vehicular Ad-Hoc Networks

11% 88 25H
P T R
NP EADS

0 & 2



OE
T o

Xl OiEd= ct

—

O

=

——
=

=
/1

]

—

&

Sl

=3
=

l= ==

N

80

I

D

3+
E

150
i

=

Ol
OH
H

R0
=l

oF
ol

xr
ol
[0

ol
il
H

201 1% B8R 25H

or

ol

B

ol

g
K

)
ol
M0
</
10
TH

KO

=

ol

|

[e)
—

O



&

—t

oJ

k{0

-t

ol

S
E

E
ol

&l
K

P

KO
OF
o

&)

K
{10

0.

S+
E

=
ol
7l
K
oL

&

M &

1)

S
E

E
ol
7
KA
oL

ol
=2

8 2

2011 &

orJ

ol

B

ol

g
K



= == il
o g i|. ....................................................................................................................................... Vv
Acronyms ....................................................................................................................................... Vi
ABSTRACT ....................................................................................................................................... vii
| . }\-l % ................................................................................................................................... 1
A' g? UHDc:)I ........................................................................................................................... 1
g?_ o P 2%

C' E_E_ ?'/c\_)' ............................................................................................................................. 3

| | . VANETQ' jHlEIH ....................................................................................................................... .4
B. VANETO] S22 rrrcrssmusimiiisiitniistsusiissisisesitsitstsisasssestasststatststssstsusssssssssststassssususussssns 6
C' VANET %SOE_E_OF .................................................................................................................... Y4
D' VANET jl% .......................................................................................................................... .8
1l . MANET E',I’—CR—EB' EE_'E__T;_ ....................................................................................................... 9
A' DSDV ...................................................................................................................................... .9
B' DSR ....................................................................................................................................... ‘]O
C' GPSR ..................................................................................................................................... 13
D. AODV ..................................................................................................................................... ‘]5
E' AOMDV ................................................................................................................................... 18
|V X-”O‘_|-§|- routing protoco| (HM_AOMDV) /é_'):” ................................................................... 2 4
A, KO SITH T T BFBL oo 24
B' HM_AOMDV go.l .................................................................................................................... 2, 4
C' M0b| | |ty FAGTOr  rrrrrererrr et 2 5
D. Mobility FactorZ 0|8t QFE ROl AR MEH s 8
V. AIBE Q1 TDEP i 30
A, AIBE HFBE i 30
AlSH HID SA L ZTp TIEF e 30



1)
ijd

KO



VANETO] LIE D TD OFF[EIT erereerereerereerersssesesemntisisisisisisi et 5
Vehicular Ad-Hoc NETWork Routing protocol EE s 7
RREQZ O|R5F 22 ZAH et s 12
RREPZ =5 RREQOI [HBF ST worvereerererrermeerneisitisi st 12
Gready TR o 14
Perimeter ERTO| TQBF ZD wrerrererrrrerreeieinieitieti e 14
RING  -++sesesesesesesssstst sttt ettt h et bbb bbb 15
PerimeterQ] Q@225 BHE] oo 15
AODVEO] RREQ DTl TFE crereerereereressesesseseteieisistsis st 16
T 11 s O 16
Y0 ) ) 2 = PP 17
RREP THZ! TEZE  creeeereeeeessesessesetsts ettt 17
AODV 2 AONDV FSE! Q|2 «reeeeererrererrmmersesesstisistisintisististis e 19
2R TFTE SR cveeereeeereereressesessese sttt 20
AOMDV R ZHAH DFE ceerereereremieinieisti ettt 00
A== 11T s PN, 24
HU-AOMDY SR THD! TETE cereeeerereerrreressesmessmstssisis st 24
HV-AOMDY RREP THZ! TETR  ceerereereressesessmtiemtieisiet sttt %6
MUHETRE wlll M2 MFBEGE e 07
W22 [IIOREBEO| 2T HIZ O|REF HAFD| (] cevererererreermereenenennsd )
RREP TH2!S 415 HD QIETOI A2 AFES SIGH HIFAODY o 29
GIOIE] THD! FTEE coorererererereesnmeesiss s 31
1 N 30
Normal ised ROULING OVErLOAd «wwwsersrerrmmssmmsssississsissisiss s 33
RERR  +++eseresesesesesesesesesesits sttt b bbb bbb bbb bbb bbb 34
JAF R S TLYQUEE PGNR weereeeeresreressesessmsessmesstssssssesstiessssesssse e sesessensd 35
AOMDVE O] 258F TAF Tz AIRA o 36
HU-AOMDVE 0|23 AN T AlRA v 37



E

H 3.1080V 0l AtEE=E A4REHIOIS

v —



MANET :
VANET :

DSDV
OSR

AODV
GPSR

AOMDV :

ITS
RREQ
RREP
RERR
IVC
Va2V
POF
NRL

Acronyms

Mobile Ad-hoc Network

Vehicular Ad-hoc Network

. Destination Sequence Distance Vector
. Dynamic Source Routing
. Ad hoc On—demand Distance Vector

. Greedy Perimeter Stateless Routing

Ad hoc On-demand Multipath Distance Vector

* Intelligent Transportation System
. Route Request

. Route Reply

: Route Error

: Inter-Vehicle Communication

: Vehicle-to-Vehicle

: Packet Delivery Fraction

- Normalised Routing overlLoad



ABSTRACT

Velocity Aware Multipath Routing Protocol for Vehicular
Ad—Hoc Networks

Lee, Won-lII
Advisor : Prof. Pyun, Jae-Young, Ph.D.
Department of Information Communication Engineering

Graduate School of Chosun University

The conventional routing protocols developed for mobile ad—-hoc network
(MANET) show low performance result when they are adapted in vehicular
ad-hoc network (VANET) which has more unstable channel features such as
short communication time, low packet delivery ratio, frequent link breakage,
and rapidly changing topology caused by high mobility. Therefore,
applications on VANET environment require a specific routing protocol to
maintain stable communication between vehicles. Previous VANET routing
protocols have been mainly designed by using vehicle position and/or digital
map information which require installation of related devices onto all vehicles
on the road. In this thesis, | introduce a new routing protocol supporting
high mobility over VANET without using additional physical installations on
the vehicles. It uses hopcounts, relative velocity between vehicles and
surrounding condition to find the best routing transmission path. Nowadays

digital vehicle velocity can be easily obtained from vehicles on the road. By

_Vi_



exchanging vehicles’ relative velocities, the more stable and reliable paths
are searched as compared to traditional MANET protocols that use only
hopcount information at the time of routing path set-up. To evaluate
proposed routing protocol, | compared original ad hoc on—demand multipath
distance vector (AOMDV) with proposed routing protocol through NS2.
Simulation results showed that proposed routing protocol achieves 5% to
10% better performance in terms of normalized routing overhead and packet
delivery fraction.

The proposed routing protocol doesn't need additional devices and shows
better efficiency. Therefore it can be applied in vehicles easily. Also it allows
stable communication environment with or without GPS system. For example,
vehicle using geography routing protocol can not transmit data in undersea
tunnel environment because it cannot receive signals from satellites. But
proposed routing protocol ensures stability of communication and provides
traditional services like video streaming services. Also the proposed routing

protocol can be used to preventa traffic accident

- vii -
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MANET 2tR8 Z2&E 22 3 Proactive 241t ReactiveZ2[7] 12l 0l &
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(b) Ad-Hoc

(a) WLAN/Cellular/WIMAX/LTE

(c) Hybrid
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I[II. MANET ct®E EZ=&E=S

A. DSDV (Destination Sequence Distance Vector)

1, ®b-2C 2 )e|S

2 LE= RIS ZRH HOIEH #80| Jtsg &KX S E0HKI2l distance gt2 2!
&8t LE 9| distance vector gt 0/&E06tH BIEHEC2 +HOIHW, XY BZE 06t
= Backward search algorithmO|Ct. €0-T & 24N2E S ItE R dAHZUHA =
& J2 2HME F= L0elB0ICh Ol 2o ItESXe 8+ L= T ULH 012
==&t CIYAER gelse HW-Te 2250 S HPsS 8ot A
£CE O WEX2 CYAEe ZelEde &2 IIESXI 8402 2= Mg =+
globez, #o-IE A eSS AFEStC.

- 2el&0 2HotH ct<E HoleE /8 & WEtol=
Ol DIt 212|S0ICH O Z2ESH =2H 2 &2 HEEC=R AR
HOIZE2 2 E 01800 IHA'E2 XSS
H 3.10l M Destinatione & X2 =cl&el =45 UEHLED, Metric2 S&E XL
Ko &+ UEtHCL Sequence Number= ctRE X &2 2 Xot)| o &8
tOICH O gt=2 S0l JIES cU4RE 2% MZ2 ctfE BZE 86| A
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H 3.1 DSDV 0l AtE&l= ctREHI0IS

Destination s = Metric Sequence Number
A - 0 S206_A
B B 1 S134_B
C C 1 S312_C
D B 2 S129_D
E C 2 S339_E
F B 3 S112_F

_10_



ctSE HOIZSS d%5 2a2 HHHEL P2 BHE2 =FE0. M HE=s 242

g HOIZ2 2= 22 d&ote A0IH, F2 iZs INRCZ 58 A tiZ
Ol=0 e g=2ts d&cte A0IU. 28 Xez HERD EdfES =01J| Flot
= HHEE otd, &0l UEAZN MZ0l F0otHLE EEE M 20l UE

3 ESZA0F I HEHE R0 dA tHEE et
DSDvVeE ct2*E HI0I=2 322 0 & =2y S5 o2 2ol g It F

1, P2 2N U 8

o
$0
o
oY
0
2
2
=}
Sl
=
>
=

DSROIMS d2 82 & L& 20l Sd9 224
=

2t 32 4%32 & S50t RREQ IHAIE E=EMAEGHHAM AIXELH RREQUI=
QPRAMER (request id)It 2OHECH 2l 2 BE= 220 =48 RREQE &0l
ot ®IHM AALE FAQ2 QIAAMEIE ItAl= 2IAEE 22|l RREQE EZ2
COHAES LEO ME FY UUA RREQE =4It LES2 U381 &2 YHe=z

J2E M, dFsth
HREMZ XH&I0l =4t RREQIE 7PAMEX clAEN EZE0l H0 JA=XE =0
td, C|AENN 2HE R S5 =l

S BHMZ 2AENAN SL8 QTAAMSERI ALK EFES FR=, RREQE #4l8t
AEE= RREQ&S 2RE dIZE= WOl Atalel =401 As

Fa0t Z2Ad 32 20 FZE MAHGHI| <ol 1 RREQE HIJISHC.
BIMZ RREQ&S ctRE dREUAM XAl A0 HALKX $22 &3

ol

2
Ao

— —

Al = S AH&I0|
RREQSI =XXICIXE =Qlotlt. gref THal0l SX/X Y 32 RREQaS c2tRE d=2
Col JISE B2 Al =4S RREP W20 &0t RREQ M3lS ZMAIZI AAL

CHH NMESCH OreF XHA0I RREQL SAEXIDF Ot 22 Xl =4AE RREQ
22RE dIZE0N =IF A2 RREQS CHAl EZ2EIHAESHTE
8 3.12 Vehicular Ad—Hoc NETwork Routing protocol 82 AA L5 SO

A SEX = DXL B2E Zdots HE 20 =10 AL AS0HA XS0 2

10

_11_



£ RREQ2 ctRE dZE0 &Y A0 RREQE EZEHA
g&thh 0I=2E A%t BE =48t RREQIt RAAEX 2IAEN EZSEA
AN =

z =X =elst
1, 2IAEN 222 «4lst RREQS SRE dIZE0 22 XAl =4 A2 B

It AJI) RREQE UAl EZ2EAEHEI. =5 AZRH EZEHAEE RREQESE
b =&I6tHH =5 S= =418 RREQIL K7PAEX 2IAEN 0101 U

HE=0 SHA == D= RREQE 22 Mol =4 DE RREQS d=2
A2l § 18 3.228 201 RREPE 448t = LAHE F=Z (S/A/E/G/D)Q &
(D/G/E/A/S)E 0I8GtH SLIAAE gaoz A F=Z (S/A/E/G/D
RREPE &AL

—

i
E
i
i

18 3.1 RREQE 0|E¢et 2= &M

‘o) F
S/AJE/G/D

A
S
%
S/A/E/G/D )
B < <

N

m

18 3.2 RREPE =S¢t

roh

RREQOI Uit &



—

—

L= AOI0I €30t =

()

HE=20IM AtEEl= DSROIA

20l Ul M=o,

o

GHOHl

&

2|

[l

2

 —
=

Xl MAC layer2 Xl
2130t

CIOIe m2ls 0IR=
ALOL Ol

=
c

FA

20l ofled ot

RO

J
Ul
H

o]
=J
ol

3

q

b

=
=

2 0l

20
20

SA A2ALEZ 2L

20l A

by

F

o)
o0
IH

i
Kk

ol

£ ds&ote MEOA

i

il

)
e}
o0
I+
on

I
IF

i0J
20
ol

H

b

{230 Oldot

&
Z20ef WA

&l
S

A
e
o

=
-/

DNI=S=Y)| JN

Ht 2t 20|
Euclidean Hel

b

[y

DERL OHE Dbk &«

=

=

3.30lA Al

2|
=

H, 2

{210 28 Hold HAsS &5
SHXINAC Hel

1

St
=2

S

AT
=
AlIl-

1t Perimeter
AXNEEZ M

tCH.

—
o

S
=]

o

]

=

RREQIH=!

=
fum

L.Co
— — =

=

=
A

HAHZ

H+LHOIA ALK
0

| CtE E=2JF YKkl XAl IH 4
A Greedy &

DI

=

=

b

=
o

[—

1. Greedy ¢ ¢

C. GPSR (Greedy Perimeter Stateless Routing)
GPSR

E= 32

B2

O

g

ol
ol

-

0

il
l

ol
ul
H

ths
d22 FdEH0=E 2 &

ol
AU

olet &

OICt.

Ju
s}

LRI gt

H

NI S=9)| NI
_I

4

Greedy

210l

1=
KJ

iy

O Ole 2L

=10

3.4%F

_13_

Perimeter ZE 0| %



EN

18 3.3 Greedy ERE

2. Perimeter X &

Greedy =& FY91 Perimeter =& F¥9=2 28 AN, =
350l 2= RNGet Eoikl= H2tE 0l deHZEE HASHCH Perimetertil A=
8 3.69 28z g el 2 =5 et OlsSatthr S&X2F JHE Iite &

Y0l AWs AXNFEH CHAl Greedy EREY

S0l AXISHH ZSH 1 MOl Greedy &

= CHAI AIEGHA =L

_14_



8 3.5 RNG

& 3.6 Perimeter? @& 82

D. AODV (Ad hoc On-demand Distance Vector)

1 P2 2N U 87

AODVe ZZz HM ZXt= HEZ OOIEHI MS Zds AALCE 24 E2
ol HIOIHE d&ote & &3 HE0l 26t 32 548 sdols S22 =&
Ol AIAE = UA2H, 0l ===2 RREQ s 24 UERZD WUl ZE
Ct. 18 3.72 RREQII ZE e HE0IHH, 18 3.82 RREQ 2! 0|0
AEE S SHX =5 DO 22 OO0l 2ot XHalol AIFA HSE 1
JEAIZI &, RREQE 012 LESHH E2SHAESHCH RREQ W3S 418 &

_15_

i

2

o

un- oM k-



Aalol SHX =20t otLll 2t E HIOIS0H SHX ==0 e 8
2t RREQSl SHX AlEA H©

2 40 1o

— o
, S Qe HE0E O zlale E2Y 0B RREPO SE€= &t

8 3.7 AODVEl RREQ 2di€ &

Type Reversed Last hop Hopcount RREQ ID
Destination IP Address Destination Sequence Number
Originator |P Address Originator Sequence Number

18 3.8 RREQ 3! =

CH
HU O &2 2EX ANEA gse SHX 28 I e B3R, 225K
S ZBZ2E A4RE HOIS0 MEotl & =2 1 SItot 0l ===0H TAl EZ2
ColAgStth 8 3.9 S&8X =5 DJF RREQE =48 32 SHI AIEA BHE
£ 1 SJtotd =&t RREQO U=s & = 2= RREPO SAtct &9 322 et &
A& LE0H sUANAEGSIH Z22E £&ot= HES LIEHHCH 0 I O 3.102

_16_



RREP
cecccscccccccc)

F
G

ﬁ
4-------------@<----------------

8 3.9 AODVEl RREP

Hopcount

Prefix Size

Destination Sequence Number

Lifetime

Reversed

Type

Destination IP Address

Originator IP Address

18 3.10 RREP TH2! X

T

;
1

=0

&

CiIOIE

=

A A &
So™

H

22 0l

0

==
=)

ol

SIS
Lo
<  —

al A
= =

24 AH
=Ry}

&2 AODV &=

b =X

—_

<J

Kt

RO

9]

ol

0l
Ulo

-

KO
~

ok

=
=]

defLt |

T/ O10F BHCH

R

o
b

, &M AODV Z22ZE =+olJ|

AA CEZ22H &I W20 &

O

K

i

KHU

H =2 Ol Ct.

_17_



= 0/0l tHSotH MSH = 3N HE=S
2H SHEX LENXe 2E W22 HOI=C

=)

0D

Qﬂ

=4

k>

>

H

In

2

=

0 O
H

o]

IJ

n b
>

H

In

E. AOMDV (Ad hoc On—demand Multipath Distance Vector)

1. &t2E HIOI=

AOMDVI[21]29l et2g HI0IE2 AODVY ct2E HoI=l &2 X0IE M2
o sgolttt. 8 3.112 AODVZ2 AOMDVE ctRE HIOIE2 X0IE E(
Ct.

f4& AOMDVE ct2E HIO0I=2

o
Sy
=

2 2 JIE0 Y advertised hop countE <&t Z2t0I
QJUCH. advertised hop counte= =Xt HSIt BIAYS WOICH LOIOE =L =, M
S22 2 HdMES AYGIRES M HEE= A0l D2l AODVet= €el 220t T
=022 Z=ZIF oLt ol 2lAE=Z MEECH 2l FdNE Aol
firsthop= At=ot] QUL

_18_



Hop count

Sequence Number

Destination IP Address

Expiration_timeout

Advertised hop count

Next hop

Sequence Number

Destination

Route |ist

= — = N
S S
=2 2
— 3 — 5
< O < 3
o O —
Pr— m Pr— m
s=  &E
—
o | Gl
— o\
— ..L
j o
> =]
(o) o)
S S
..L a
%) %)
= =
= =
— oV}
o
o) 5]
< =
= M_
)
[
= =
— eV
— a
oy o
= S
o) o)
C_ C_
o o
o) )
= <

=
=

8 3.11 AODV 2 AOMDV ct< g HIOl

%0
T

ok

<

N0

A0

NIl

4

Rl
0ir

off

o
+

WE=aNe P

==
=)

X
[l

AODVEt Ot
Ao 3201 2

PiXlZ, AOMDVOIAE A =EDt

ok

X
T

Ul
H

Rr
o
Ju

io)
K

~J

R0

ar

oJ
Rl

-

K0
ol
Ul

H

= =

J

I
ol

=
=

=(§0)

wo
OF

22 ct

Al RREQ IHZ! otoff M&EE firsthopdt

| 32

LEZ9

A
ol

—
—

P

b link disjointo

ni

=

by

U
ot

H

-

KO

Hal

X

Ol link disjointe &<,

RREQE E=EH

Rr

o M&

Ol =X XIJt ot

122 4*RE ElO]

A 2
-/ O

]

©=2 LY

E|
>

(5] o
=2 ?D:‘_I_

Al

oF

ol
o

i
a

, RREQ 3!IS TAl EZE HA

i)

00

fulJ

o B2,

I AODV

0l

_19_



Gt Xl

| HFZ2J £HEHJAI =20 2 22 mIIOF =0

O

& 0101 &A SEHK

gt AOMDVE

=0l

Elol

oF

off ct

ot Al =Lt

32 ct

bl
aJ

i

F

ioll
K0
=

H

J
9]

Ok

T

N

.

ol
Al

J

L
— =

LA

MNEE E22

HIOIZ0 I

oE|
T o

[e:]
=

Al ©
o =

P

X

s ng

link disjoint & &

o
j—

FXI2H Ol RREQ

1 HDI=CH

[[e]

o 2

=
=

Z ct<E HIOl

ot <

HAEGHA &

c

HCHAl E2
H &&= RREQ 20|

0

K0
Ju

=

Al
—

il

ol
ol
m
=

J

Rr
o

Ol
ol

S

il

—

H =ICh Ol Oded JHel RREQ W2lE =2

&2+810|

FOl firsthopte=

OICt.

Oli0il= mH=z! ©f

ICF.

&
[

I

(u]
—

A
e

ol
=2 o

)
32

oF
LS

X

F

0l

[
3.12= &2

b

C
=

000
o

oJ

3
0l

Dl 2

A O
BLEEP VN

f

X
=
o=

Cl,

Mot &

et

Ju

10

ar

=
10

s §
[==]

otXigr, X

Ol A2l RREQ IHZ!OILCH.

=
=

A

212 25
D-—>E->D->C->A->S2 D->E->D->C-

il

Lol

t

2
[

=
=)

It

d2Jt UL

HE|

= ol

=
—

>B->S,

JJ
1)

A
=4l

L
@— —

=E<PN

b s 200

32D

CHE

R

RREQSl firsthop2 25 A=

18 3.12 E2 A 2K

=}

el

2 RREP 3!

(-]
-

S IHA

4

o 2
—

=
T

Jdell H

HA OICH

0

MotE =21 A

=
o

&

23

o)

O
iy

o=

oll

-

10

i0J
U

B

Ju

O

St &M WIE

AH
Al

= A
— o

_20_



5= RREQ I

=ESPN

B

ol X &ot

=
=

32 tRE Hiol
£ RREP IH2!

S0l

<

H &&= RREP IH2!

=

. O|E4

o,

L
—_
=]

[

o

I Ct
Ea

[
A

ol X & =
SN

e

=

=

=X
(=]

B0l

SE
T o

0l

RO

8 3.1300 AOMDVEl &=2

_21_



R

——RREQ=——t
everse Path-»
—DATA—

/N
ray

=)
@) a)-
A

J8 3.13 AOMDV &2 &34 IHHE

_22_



3. 32 ®RAl # =+
AOMDVOI Al B2 [X= AODVRH HOl SLGHCH AODVOIA 22E X R

S [ 2cl= RRER M!S AFEotD UL

ol
3%

d2 Hal JIH=2 AODVOIAM AtESHE AHE Us 222 QUZ H&totUl. ctRE
HIOI=ES 29, 234 HZ0U timeout AlIZH0l MEEHNUSS & =+ UCH 0l&0M=
otLtel BZots HAISHHE, AOMDVUIAE MEEON Us 2= JLE ofLA 4l

_23_



IV. HICKSH routing protocol (HWHAOMDV) &H|

A X2 8l S dE 2

J8 413t 4.2= AOMDVZ HM-AOMDVEl d=z% I3 X2

o
Sse FIINCZ Y29 ¢Z HHE LI AstH B2

AOMDVOIA = ol TEAR=N
5 E=2 0] €22 M3AS MSBSIH 0l LES2 AHE Wetetl, 23
AZb S0t 0l SEZ2RH 22 HAs &= = UUH, 2tRE HOIZUHAM 22R
W22 BUA 28 =9 HE2E AHHISHT

HM-AOMDVE Al 0| 22 2= O|ZstCt. 22 AN M e 55 32
E LEGoHH OE 02 SESUAH EUWA T, 0 €22 IS &2 01 &=
2 8M X £ HEE HIE2o=Z 2tRE HIOIES YU0IE otH =

Type Source |IP Address

J8 4.1 AOMDV €22 IH3! #=x

Type Source |P Address Speed(Km/s)

J8 4.2 HM-AOMDV €2 % IH3! =

Mfp o CHEHQ HZO dF= flof, 0l =E2RH 22 NS =
of ME2E X2 0lsdS UEtUH=E 2AZA, O #= 0~10IH 0= X
2

CHEEDE 02 M FCHEIS =1 Os W 23 KAAINZ2 X &0 Mmf8t0

0

0N HI
[ ]

0z Ot

0 H

_24_



IVEIS

SERE0f &L

s SE2AM

o)

Ok
o

LHO

)
EN

RS

R0

ol
Rl
&0

oJ

ur
<+
o

(I

2 I3 IEHE Al 2tH0ILH 022

gt
=

ol
s
=

OF

ol

-

U
0
=

0K

-

Al

OtCH CHAL HI&HEIT,

=t Ch

B

sl

0l
s}
ol
Bl

st=lCh.

)
tAl = CF.

=

OtCH 022

wll

0l
o)
)
il

KF

110
</

F

O Al

ol
™

pem

1=

il

a4z

N

SMIA &2 d22 IH21e =2 M,

il

Ol
9]

o1

o)

C. Mobility Factor

(1+r)" "

0l

E A

Ut

o)

0
oI
™

1=

o)

e}

£ WARH JIEY Mf

Mf =

(L+r) "+ (Mf,,, < (N=1))
N

[}
=
A

Ol RREP mHZ!0 Z& &0 O

iot=0tet &
RREP IH3!

MO
= o

8 5.301A

S0 MR KHAe) Mpgts el =l

deld &y

Mf=

o

o)

ol
ioll
3r

0.

= AtOl0I O

8 4.30lM 2= Bi2t 20

uln

S0 =0

Al
=

cl&el Aclol E 39 MO

=
=

SN

=2

KF

Ck.

i

1

_25_



Type Reversed Hopcount

Destination IP Address Destination Sequence Number
Originator IP Address Life time Time Stamp
RREP ID First hop

Mobility factor

J8 4.3 HM-AOMDV RREP IH3! =&

Eet 08 4.4= MfE ol K==&=+5 AIE8 0IRE € = UL D82 dU=
T wll GE Mf BSE UEHO MfUME XK= [H= ASE2ZMN &2
SUSETE Ot XS 2HHOA XHMSHH XH0IE &0 #E8E &= AN STt

HE S0 U2 ZREUA BE2 NEE2 2 HHEZ FAet 52 0|Sot
=0 BHEHO 0E RS2 e =2 552 WS 28 25 AL, IE5E=2
A SHR2HLE L] ol $2 SE2 &2 dE8e =& UL

S480l w2 g0l 0.32 &R, Mf2 1.00l TIH &4U=5E= 0 Km/hOICH BHH Ay

JH0.52 [ &i5E= 2 10 Km/h OICH. €2 GAIME Xg 28 22 &40 £5=2

i

HRAMM #1&2 Mfe XOIRE LIEHHDI] HHEW wE 0.322 SE4GHALC

_26_



—a—w=0.1
-o-w=02
1.0 }‘ --A--w=03
I —v--w=04
084 \ 'l.... w=0.5
“A‘.‘. u .Illlll..... --4--w=0.6
E\" ... llllllllllllllllllllllllll w=07
g 0.6 ;.\'AA *oees --o--w=0.38
Y TA —
© LR 000000000 ——w=09
E DA AAAAAAA 00000000.......«»0...
= 044 E\ i,
(e} L ¢ Yy AAAAAAAAAAAAAAAAAAA
S *::\:4« an
0.2_ \*:.. M "Vvvv'vvvvvvvvvvvv
*xnd N1 X2 OPAS4
*:”:ggg” TN T«
0.0 1
I I I T I I I
0 10 20 30 40 50
Relative velocity
8 4.4 AUHSE2 w0l HE Mmf BHet
8 450lA MfE 0188t 2 M8 ZHHO MAIE UEHWHLD UCH =& A=
80Km/hZ 0lSot2 UA2H, AAl 80Km/hg 0l &2 =& BEZRH gz W32
=AGHECH H2dle &% B2 &M &0 ZEHH ALH, Ol =& AS Mfe
S C BOI &3t 1.001 €Ct. D2l = AJb ChAl 90km/hZ 0l& Q2 =& C&%
BH €22 W3S A6tAH EH, (1)l 2o mfs 0.74352 CHAl HAHEICH O F
CE D2 LE EEZRH €2 222 WAL= RH 22 HME HH MFfE FotAH &
1, 0l Mf= RREPOH & CIE 0l S==0H &S=C0

_27_



_ Hello message _

80Km/ h @

RREP I2/2 2= =S XM RREP M2l 2t2Y F2o| LS S=AN 2=
P FA8 ECh A2 [P FAS LEO P FA9 AXGHN 22, 22 HO|

HECINH SHAE fe s S22 JISsett. 2Hil &8 =2 Sote UsS S
—

AHE=Z 4RE HOIZ AECIHA S = UL d& UsS =

aA s H BHME RREP WAMA SHX AIEA BSE 811, SME ctRE
HIOIZ0 A=s Ol& e AIEA EHset SH A AldA BSE dluwstlth. SteE
<, RREP IH2!

HIOIS0A et AlEA Bise 220 2 AIEA BHs2U0 0 2 &
o

2 AN otk =20 &2 AIE2A B3Ot 2tE HIOIS 0

SHI AEA HSEN =20, RREPUlE =22 H20F 20N JACH AW, 0ld
o A2 Mmfet =20 22 W22 MmfE BluWeCh OI&0 &2 W2lel Mot =2
o &2 Wala mf 20 2 3%, 0l 2= UAH 222 £FEC &, 22 22
Halel azf01 21 o™ mHalel amf 20 A0HH, ot =2 X0[oF 1 Ol™EC0 O &
Cte XS 2l0I&tth olHel 22= OId20 tE A0, &3 SAAIZE Ea 20
tXIeez aAs SHI AEA SHE YU0IESHL, Us 8 22 =5 =di1
£ XN=0, ct*E HOZHM M22 US & Z2E2 R& ZHIAE MNEESHH



Read destination sequence
number from the RREP packet

The recently received
sequence number <
destination sequence
number in route table ?

The destination
sequence number >
destination sequence
number in route table ?

NO

YES
YES
Received Mf >= previous
Received Mf
YES
h J
. Update destination sequence number 0
Discard the and clear nexthoill:eld and its valid
RREP packet g
A,
Lo Save next hop and its
" valid flag to route table
N0 Are some data packets
waiting to being sent?

YES

v

Send the data packet

End
flet HM-AOMDV

0
I
ro
o
HU
b
0
o

ol
0
10

o

Al

18 4.6 RREP H3lE ¢

o1
o
i

Mo
<o)
|



10
(&)
o
=
1o
H
n m
>
010
mn
$Q
N
<
>
O
10
tu
x
m
m
m
(00]
(@}
o
S
>
01D
m
$Q
O
o
e
=
>
10

HdolEHAME 2IRE ZZEZ22Z M proactive 2419 HEZXQI DSDVE reactive2t2!
ol AOMDV 12l Hietst HM-AOMDVE AFE3dtd PDF, NRL, IH2! &=&AE 1 RERR

23S HE0 = DBEE2 UM =K S=E 80Km/hOIA 120Km/hE ©
stotH =JotALH & B ASdI0I&E0IM=E Metet etfE Z2E=S AFESHH 3
AES XY D=2 2E0HAM 80Km/hOilA 100km/hel PeHz S£5& 0SS
ot =Eo RE= AISotH, M0 A ESZXNE BEotd, 85 = 2
S ZYEE PSNRES FEotAU. o dE2 44 L& |8 =5 €406t
1D LES0l SH0IMH, SH ==E2AM2 JIsS otHE ofRl. 2= AISdIoI&EA
= EcZ REZ AN UDP/CBRZEO0I AFSZHRULD, IHAAJl= 512bytes®2 H &1,
IH2! 2HE=2 =Y 4042 IHA0l LAEHCH FANMSS ol &M M50 I
800kbps2 IHA S METFLD, MPEGAT I AIEEIACH F=2FA22Z2= “akiyo”

2 =20AN 85 XNE=ZA OO0leH &&50l= diole M2 dLE (Packet delivery
fraction), ctE M3 LME (NRL : Normalized Routing overLoad), E& 2t H&
XA (End to end delay), IH2! &=&lE, 12|10 RERR IH2!9l &M BIC I AIEEIQAC

O, & M£502= BN (PSNR : Peak Signal to Noise Ratio)0l AF2 E UL

B. &8 Hluw =4 & 2 IF

=<

14

Jh XHEQ U S0 OE 28 Z2EE 85 dHlu

18 5.1

ro

ctRE Z2EZS LB i £&0 HE PDF s BH3E 20 =



1 RUCH DSDVE
A @288 20 =Ch
Ol=0ot JIE2 AOMDVEH Hlu

JIEUEl HE X0 B2 E

100
0.95 -
0.90 -
0.85 -
0.80
0.75-
0.70
0.65 -

Packet delivery ratio

0,60 4
0.55
0.50

2 ESZXot &
Mietst HM-AOMDVE
S Al ZU & 10% &2 ds 4= BE0H=F

SH © <
H=EsS2 20

HH

dp

g 5.2 &M I3!S
H X222 HOIEHE EWI &l
ZZ Xt A== Blgtols VANETOHIA = SEXI
= &0l dHloh ES2XJt 4AIZ2 Hatot

MO W=Xl &

MAX SPEED(km/h)

Ch HS =

b

,,,,,, O0-- DSDV
rrrrrrr AOMDV
- - HM-AOMDV
N
-0
""""" -0
T T |
110 120

& E0 =




Ja

CZ @0l MolLhs SHlAME A HSE0] 20t osdte XS 2 = UL
OtXI 2t reactive@! AOMDVEl 2<% IH2!= =2¢ [HOICH 30t E0HE MOICH B2 E
g£dol)l =20 E=2 X2l &30 2otH Hatot= B0 DSDVOl Hlol & A
OS2 IHAS £HE0| MO L8 MfE MEotH AFHQ HZE KMEict= HMQtet
HM-AOMDVEl 22 =l

ZI0 6% HEEASS & = UCH

909 - - A- - HM-AOMDV
80 - E]

70 4

60

50 4

40 4

30

Packet loss ratio

20 - o e -

4 _.._8 T

80 90 1(I)0 110 150
MAX SPEED(km/h)

8 5.2 HAEAE

18 5.3 UI0IH W2y 2ds 4RE W3le =8 201 UCH NRLE &=



ol
Rl
K0

o)

==

E s

ct

2!

S G0

2o J1=9)
VS

O

HM-AOMDV

st

JA[Rel,

FOY CIOIE IH2!

g 2u5

a2
AOMDV<E}t Hlw Al

[mm]

=nHe
=SVI=

=0 &0l

229

ng
ctE W2 2701 U 15% =0

=2 =zt
= X

32

=l
[

RO

3

(@]
[n)

O=F

Rr

CH

|.

A
(=]

H =L,

=
=

o
O
Ell

ol
K
i

hay

g

PEoLISAO BunNo. PasIjewIoN

2 q

M .
20
S AM_n -
mun T .
- <Q
o d )

o q
OA
— T v T T T T T T T T T
® =~ © © 3 e N

100 110 120
MAX SPEED(km/h)

90

80

18 5.3 Normalised Routing overlLoad

A
T

e

o

2 RERR IHZ!9 &4
cl= WA 22, RERROI

a8 54
of

=0l

=
=

Jb 20t &

ol
00

.
10

oK

RK
i

Rr

Rr

X

e}

E gy

o
ju—

21
N

HCBEZ RERR IH

&0l

2
LS

_33_



et B, ESZX

E=)

SOt ¢

4

Rr

RO

Ul

0l

0 AOMDV
- -A- - HM-AOMDV

100 110 120
MAX SPEED(knvh)

90

80

72 5.4 RERR (23

o3

o =

0

imi

ul

ZUE

AOMDVEZt HM-AOMDVE

ol

==
=)

JJ
0

n0

38.78dBZ JI&

o
ju—

BrESL0d  PSNR

Xt
=

ZXE

E=

JI
1]
10y

OF

R0

HM-AOMDV <

AOMDVE|

ol

ds0l

35.57dBE

ol

IH

57701 M 4.182

_34_



50 —— AOMDV
- - - - HVFAOMDV

PSNR(dB)

L I L L L
0 500

T T T T
1000 1500 2000 2500

FRAME

18 55 o &5

TdZ¥E PSNR

ol

J8 5.61 5.72 ®2 A& OI0IE0A 2000,2001,20022&2 &S LIEHHD
ULCH 5.62 AOMDVE 0188 JHEE2ZM 5.72 HM-AOMDVOI BloH OtLI2A 2

2=2 AME0| odss 20 =L

_35_



_36_



12 5.7 HM-AOMDVE 0l

(3: 85 & g,

10

- 37 -




=
Uy
I

2 =zllAd= MANETS <28 Z2EZS 0/8, VANETS 230 HEgoteE =
H LEo HEE UG Z2E dE¥ole ctRE ZZ2EZS=2ZAM KCIEE2E 26t
A &0 0l ANHE22 2H 012 X2 S E2E 460 &2 1 FEE
§oz itg Soff AN FZE F= TZEZS M2 HMetetn 1 458 #
OIBIRICE. el Meotst Z2E282 ASol)| A6t UWERI AIZ0IE2 NS2E
0I=23t0 Ci2 22 AtAlS EeIGHRULT.

CHEAQ AdsdItel XIHQ POFUM= DSDVE 2 ZIU 73%0H M 51%2 21t
E 20 &0 Ol= proactive 21el&01 EZS2 X2 WOt Ast R0UAM= H&ot
X e 212 200 AOMDVe B2 EZZ2X9 BigIl gle SFUAME 100%2

AP ENOl M2t 9 94,79,75,73%2 &S0

& 3tot Al

J
6.89,81,77%2 M&EE0/ 8&EE0| BotEH AOMDV 4l

DOHI ZCH 10%S &5 S40] UACH Ol HLHst HM-AOMDVE JI1ZSl AOMDV

BCH HFMO SMO| JHSOES YRS B AMH Ls NS A & AN,

I3 £AE %Al PDFR SAEH ZES 20f 20 DSDVE 24 23.7%0A 81.1%

of &MZ SOoiZE U0l AOMDVE HA0%MAM 26%° MBS HOFED
| é

HM-AOMDV= ZlA& 0%0lA 22%2 &AE

=
=
ol WS 22Y IO LMFEE 2O0IF

O X4 17.80872LCF B2 16.96292 A 2 5%Z T ds&ds 20/ &

239 22

=S LEtE RRER IHA2 =2 B2 Al HM-AOMDVIt =0 1082 AOMDVEl 12

2L o 16%8E dseds E/AU. IN%eZ e 85 SAl AOMDVE 24.07d8B,
HM-AOMDV= 25.19dBZ 2 PSNR CHH| ©F 4%2| dsgfats 20 UL

Olet 22 ZUO0IA HMotel AIAEEZ VANETUHA XICIZ2EE AFZotAl & tefol
= 22 01SEg22M JIES EEEEE MESotA Ee E234 ZZE=UH
dsgdil AS= & = UL 0l ?X EE2E AISotA Rote S30A AEHel
StS e ANAE2Z 28E & US AOILh HE =0 JtHUwe gRE =U
ZIxRC HMEOMEE, 24 HA 28 HEBEZ 3.7km 20N = GPSEEE EEGHA
RolEZ R/AXNEEE JIBICZ otz dZEM Z2EZ2 ME0| SItsotHl O 0Ol

_38_



25 BANAN HOHEt I2E22 9% H2ES AR6IK Y002 S49 HHAS o
BEtD, HIDIQAERIY MUIA SO AR MHIA = OF OfLIZH 1Y LHOIAL 2
2 4 9 +S0E 22 o + UCH PO, CIVE EEZ2X0 HXsE =

_39_



[9]

LPIHEIA/ITS AHIA 28 & B ", Mar

ml'n
M4
rar
Ol

Mark W. Maier, “On Architecting and Intelligent Transport Systems,” IEEE
Transactions on Aerospace and Electronic Systems, vol. 33, pp. 610-325,
Apr 1997.

C. Perkins, “Mobile IP", IEEE Communication Magazine, IEEE, pp.84-99,
May 1997.

HoHH, AT, 019s, zXE, 42, 4, “0l1& Ad-hocUHIERA JI=sg,
HASLSSEA, H18AH, H25, 2003.

oA, AMS, 01, zXE, A2, “0IS Ad-hocHERA AHIA", HXSAS
sEa, M8d, M4s, 2003.

S. Corson and J. Macker, "Mobile Ad Hoc Networking (MANET): Routing

Protocol Perfornlance Issues and Evaluation Consideration Internet
Engineering Task Force WG Charter, 1999.

Elizabeth M. Royer, C-K Toh, “A Review of Current Routing Protocols for
Ad-hoc Mobile Wireless Networks”, Personal Communications, IEEE, 1999.
C. Perkins, P. Bhagwat, “Highly  Dynamic  Destination—Sequenced
Distance—Vector Routing (DSDV) for Mobile Computers”, In Proceedings of
the ACM SIGCOMM'94 Conference on Communications Architectures,Protocols
and Applications, pp. 234-244, Aug/Sept 1994.

D. B. Johnson, D. A. Maltz, Y. Hu, “The Dynamic Source Routing Protocol

for Mobile Ad Hoc Networks (DSR)”, RFC 4728, July 2007.

[10] C. Perkins, E. Belding—Royer, S. Das, “Ad hoc On-Demand Distance

Vector (AODV) Routing”, Request for Comments 3561, Internet Engineering
Task Force(IETF), July 2003.

[11] J. Luo and J. P. Hubaux, “A Survey of Inter-Vehicle Communication,”

_40_



School Comput. Commun. Sci., EPFL, Lausanne, Switzerland, Tech. Rep.
IC/2004/24, 2004.

B. Selvaretnam and D. Wong, “Handling the InterVehicular Communications
Challenge — A Survey,” ICCS, pp. 86-90, Sept 2004.

H. FiiBler, M. Mauve, H. Hartenstein, M. Kasemann, and D. Vollmer,
“Location—based Routing for Vehicular Ad—Hoc Networks,” ACM Mobicom |,
vol. 7, pp. 47-49 , Jan 2003.

Jeremy J. Blum, Azim Eskandarian, and Lance J. Hoffman, “Challenges of
Intervehicle Ad Hoc Networks,” IEEE Transactions on Intelligent
Transportation Systems, vol. 5, pp. 347-351, Dec 2004.

Keven C. Lee and Mario Gerla, “Opportunistic Vehicular Routing,” 2010.
European Wireless Conference, pp. 873-880, Apr 2010.

C. Schwingenschlogl and T. Kosch, “Geocast Enhancements of AODV for
Vehicular Networks,” ACM Mobile Computing and Communications Review,
vol. 6, pp. 96-97, July 2002.

C. Maihofer, “A Survey of Geocast Routing Protocols,” I|EEE
Communications Second Quarter, vol. 2, pp. 12-22, June 2007.

SAM, I8 "X sS4 Dl S8, IITA F2DIEs8, 12925, 2007.

D. Jiang, L. Delgrossi, “IEEE 802.11p: Towards an International Standard
for Wireless Access in Vehicular Environments,” Proc. |IEEE VTC-Spring,
May 2008.

B. Karp and H.T. Kung. “GPSR : Greedy perimeter stateless routing for
wireless networks,” In ACM MOBICOM, Boston, MA, 42 Aug 2000.

S.R.Das, et al. “On-demand Multi-path Distance Vector Routing for
Ad-Hoc Networks,” ICNP, pp. 11-14, Nov 2001.

Wikipedia, http://en.wikipedia.org/.

IEEEB02, http://ieee802.0rg/.

Network simulator (ns—2), http://www.isi.edu/nsnam/ns/.

Myevalvid, http://hpds.ee.ncku.edu.tw/~smallko/ns2/Evalvid_in_NS2.htm/.

_41_



N EKEL

s | ABESA3Bs ) | s H 20097489 o A &AL
8 9| =2 0 & & St = Tt — A= Lee Won I
= A ZFZAA S AAES 375 ZHUS D A E 2t
A2t | e-mail : tastanos@chosun.kr
Lo 52 1 I HESXUS st S 2K 0 &2 2IRE I2EZ
M= | 9= Velocity Aware Multipath routing Protocol for
Vehicular Ad-Hoc Networks
=010/ MEE 9Io] NS0l Hat0l 23 22 =2 ofef =& ciet ot
HE2S 0|28 4 UAEE 525t0 SOISLICt.
- Ct = -
1. M&=22 B#= L QY2 Zgst A2SAMENe BIE /st ME22
2, JId&Exe H&, 885 S8 oets
2. 2 A2 ot 2Rt HP UM EHED HAAMO HAZS GiHE
(2, J&Z29 U=HEd2 =2XE)
3. HHEZ - M&E A2 deld s82 /s =M, A, 88 52 2XE
4. MZES0 st 0|27|2t2 5HCZ o, J|I2HEZ2 3 O E=9o 9
A ZEAIDEF G2 R0 HE=2 0|201242 HSs A9yE
5. oY HEZ29 HEAFS EICINH LEoHHLE SBE 522 oIdsS F 20
= 10" OILHOI CHEY 012 EEE
6. Z&USWN=E MEE 022 613* Ol oY MHE=2=Z ot &Mol= El
olgf 2jst #Hel ZoHol CHot LAl & =z XX £33
7. &% 0ige gdI|&0 HEZ22 Ms ¥ oy s F3ESNEUES 0|=st
HNEZ2O M& - =HE 5l
SO 59 ( O ) BHCH ( )
20114 8& 25¢
MEX 0 0 & (o)
A2H0stw =& Aot




	Ⅰ. 서 론  
	A. 연구 배경 
	B. 연구 목적
	C. 논문 구성

	II. VANET의 개념 
	A. VANET의 특징
	B. VANET의 분류
	C. VANET 응용분야
	D. VANET 기술

	Ⅲ. MANET 라우팅 프로토콜
	A. DSDV
	B. DSR
	C. GPSR
	D. AODV
	E. AOMDV

	Ⅳ. 제안한 routing protocol (HM-AOMDV) 설계 
	A. 차량의 현재 속도 전달 방법
	B. HM-AOMDV 용어
	C. Mobility Factor
	D. Mobility Factor를 이용한 안정적인 경로 선택

	Ⅴ. 실험 및 고찰
	A. 실험 방법
	B. 실험 비교 분석 및 결과 고찰

	Ⅵ. 결론 및 향후 연구과제
	참고문헌


