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Abstract

In order to realize Intelligent Transport System(ITS) without any road
facilities, Inter-Vehicle Communication(IVC) is preferable. IVC makes it
possible to exchange real-time information among vehicles without
centralized infrastructure. The IVC network uses an ad hoc network, which
consists of a set of vehicles that communicate through radio frequencies,
without the use of a centralized administration. IVC exchanges various
kinds of vehicular information in order to avoid collisions between vehicles
and to ensure accurate automatic driving. IVC improves the traffic
efficiency and traffic safety. In IVC, occurrence of a traffic accident should
be immediately reported to the following vehicles to prevent secondary
accident. And this information can also be transmitted through a
vehicle-to-vehicle. The IVC systems rely on multi-hop broadcast to
disseminate information to location beyond the transmission range. In the
IVC networks, the topology changes frequently and the vehicles
communicate between them using radio channel. To transmit broadcast
message, IVC uses the ad hoc routing protocols. Among the ad hoc
routing protocols, the AODV(Ad hoc On-Demand Distance Vector) routing
protocol is used for the IVC network. However, the AODV routing protocol
has the problems of the frequent link failure and delay of link recovery.

In this paper, we propose the improved AODV routing protocol called
MAODV (Modified AODV). The MAODV routing protocol uses a node
distance table for fast link recovery. We use the Hello packet with location
information to calculate the distance between source node and neighbors
node. If node receives the Hello packet from neighbors node, node

calculates the distance and stores which are far distance from source node.



If link break occurs, upstream node transmits the Unicast RREQ(URREQ)
packet to First_Priority_Node(FPN) in its node distance table. Using the
URREQ packet can mitigate the overhead problem of the RREQ packet’'s
broadcast.

We confirm the throughput of the MAODYV routing protocol compared
with AODV using Qualnet ver.3.8 simulator. Simulation scenario composes
39 nodes in 6 line. The simulation results show that the MAODV routing
protocol improves throughput by 32.3% relative to the AODV. The number
of RREQ packets is reduced by 18% relative to the AODV. The number of
RREP packets is reduced by 28.4% relative to the AODV. The number of
RERR packets is reduced by 67.6% relative to the AODV. So the number

of total routing packets is reduced by 32.3% relative to the AODV.
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2. AODV(Ad hoc On-demand Distance Vector)[m

AODV =98 Z=2EZL A HYy duzlss 7HeR sau glow,
Table-driven 4%l DSDV Z2& 273 On-demand 49 DSR Z2EZ
Wo] e F3e wajolth AODV 298 ZZEZA AHeHE 2%y
7o = RREQRoute Request), RREP(Route Reply), RRER(Route Error),
RREP-ACK(RREP-Acknowledgement)”} 1o.H, ol ¢4 HAZE AF

a3 frA sk AbgH T
1) AODV &$-8 Z2E= 3
(1) RREQ(Route Request)

RREQ # A& &2 w27} &

a9 19 2o



0 1 2 3

e o ML LT, L S
Type J|R|G|D|U Reserved Hop Count
Broadcast |ID

Destination IP Address

Destination Sequence Number

Source IP Address

Source Sequence Address

7% 1. RREQ A 74

Type : 37 T/E HEH= 222 RREQ 37l 1

J(Joint flag) : BEHAN=H S st ooF &3

R(Repair flag ) : BE|7H 2 S 3t o &7+

G(Gratuitous RREP flag ) : RREQ A& FAs =7} 298 HolEd
AR =229 o¢® dE7F EAT 9, &4~ ==2 RREP #AS A%
olf EHXA wtoA Fit =04 RREP #Hi7ls TAAAGE AMES &
g7] 9% =g

D(Destination only flag) : H4# A& ZH#1. | H4A|vF o] RREQ 3
A FFE F A= FEA

U(Unknown sequence number) : " *]2] d&d WHE, H4% dAHT7} 4
A AA ges EA

L= =]

Reserved @ 002 HAE3al 214 A

Hop Count : &2 =E=2FE RREQ #AS FAlg »==71A9 F4E5 UE
W, 2 wmEAM RREQ 7S A Al o] gl 27] g2 022 dAgsta,

RREQ #71& #4038 $7 wes} 29 wez 44 A o @2 sy 27}
A1

Broadcast ID : RREQ A& F+¥E3}7] 98k ID. &2~ =94 RREQ 3|7
S BT wuit o] S wAH oz FUHAF. olE F3] RREQ A F



Destination IP Address : &4 X =9 4

Destination Sequence Number : &2 X|o] s WA T += dHHTZ EH4 X
FERHE An RE7HA 9 o]Fwhde] H e AR did] fast oF 4
)

Source IP Address : &2~ =29 F4

Source Sequence Number : 22 == s HAFHE= dEHIZE LA =
C2RE 5A4%] =7t e o]y WdEol HF3 AR g fFast o

a7

(2) RREP(Route Reply)
RREP #71& RREQ A& FAE w27} Aalo] Zax]o] A} B2A] »
A9 fad 49" ARV ds A 7 <& AMe

'(]D__
& JZelth. RREP #jA9] +AL a7 29 2t}

B~

)«
b
[
fru
oo
ofl

||T:BEDJIEIESEII |||l311
‘ I T=Eu s Lo 1T 7 ol el L&l ae 111

|
Type RIA Reserved Pfx Sz Hop Count

O - |

Destination IP Address

Destination Sequence Number

Source IP Address

Lifetime

1% 2. RREP 3% +4

Type @ A FH/HE Y= AL =2 RREP 72 2
R(Repair flag ) : HEIN=HHE 9 oF 33+
A Q2 A Acknowledgement® AF-&

Reserved @ 092 HAE3slal FAIA] FA]
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2
Destination Sequence Number : &2 2]o] w3 A= dHAHITZ HA X
LEZHEH A2 27X 9] o]l HA% AR us] a3t oJF 4

3

shol Ah&

(3) RERR(Route Error)
RERR #ZA 2 ZA=Z9 gd=z J3 =3t HA2E AEE & gs 4%

2

o
H
o,

rr

olzttwte] mAo R Q& Exlo] BErlss)

7

—

U F+= 9SS vl RERR 7S FAlg

L N

i

23X 9] g8 HolEo| A AAFT RERR A A& 18 33 2

TI8 @
I T | [ T T |1||||134= L
I B N Bt T I 1 1 & e | Al i

1
Type N Reserved D

Unreachable Destination IP Address

Unreachable Destination Sequence Number

Additional Unreachable Destination |P Address

Additional Unreachable Destination Sequence Number

19 3. RERR ## 4



Type : #79 F7FE5 Welll= A= RERR 3712 3

N(No delete flag) : #Hd H=ZE B Fof Jon=z HA=ZE AAsHA debes
ojm

Reserved @ 002 HAE3slal FAIA] FA]

Destination Count : RERR #|Z & dAFalof & ==59 5. Aol 10]4o]
wojo} 3

Unreachable Destination IP Address : 2 =2¢] 1o 2 l3te] =3 4 ¢l
A HeE =29 F+4

Unreachable Destination Sequence Number : Unreachable Destination IP
Addressol ¥3¥ »==59] mlx 9 Destination Sequence Numberel] 1% %

A7 e

fol

(4) RREP-ACK(RREP-Acknowledgement)
RREP-ACK #{# 2 ®E=A] ‘A’ H|E7ZF A% RREP #Zld dis &H2°

RS —_—

2 dFHooF gtk RREP-ACK #HA e 742 18 49 2t

Type Reserved

1% 4. RREP-ACK 3|3 +4

Type : WA TFE5 YHeElW = o2 RREP-ACK #71& 4

Reserved : 002 ZHEF3al F2IA] FA|

2) AODV #9-9 Hol &

AODV #h¢-8 Hol&9] d= AH= ofde] dojxl A= Fro] wajAvt
AL, doixl A2 ARE oleAdes WHATIV] A fES AREE A
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Asle] Fa3t J4FE ZAst. AODV &858 T2EZFL 7y Wy <y
=& 7o g sa gle MES A QAo diet #9-% JHE A8k
Aol ofyet o] o g g9y AHTS 7FA 3 vk AODV 298
Hol &9 FA& 1 13 2
¥ 1. 259 "Hol&E9 +4
SIS Bl £
Destination IP Address EA4A IP 4
Destination Sequence Number HA4%] wxo d¥W W
Interface G Az fF/FA EA AF
Hop Count A2 et & 4
Last Hop Count HAA7MA AAE & 5
Next Hop AFE 913 vds &
List of Precursors S Aol & FH ==
Lifetime W2 fas A
Routing Flag Flag ¥A1& ¢ &3t
3) AODV 248 ZZEF %
(1) A= g2 3A
22 7 BAA w22 HAEE dolE #iFlo] S uf g9’ Ho| &9
A mAA wmzel ARsh EASA ST, HAA wsze JEE 2
7] 918} o]% ol RREQ #A S BREAAE ) RREQ #AL A
st =5 AAe] 2" Hol B Y HAA =) glud, 53] ==
2 2 y7b%] RREQ #AAS BRE=s)~E gt} RREQ AL £4138 ==
T 2" HolEo dld HAA =7 Qi 1ol g@9-8' HolEo A%
¥ o] 9+ Destination Sequence Number’} =413 RREQ A o] grxt} #+
A erom, a2 wrol7] RREP 7o @t} 27+ ==7} RREQ %
S FAYE u, oA FAE RREQ A L3 HfAS 204 =
o A8 HAS Hretal o] =R HREEIRAESA 8=t RREQ
712 <Source IP Address, Broadcast ID> 42 #4374 RREQ 3|7 <
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NET_TRAVERSAL_TIME %H& 7]tt¢l 3 RREQ #HA S AdE3ct 29 5
= AODV 98 T2 EFHo AR B4 H}AHS HoFi Ut} Ax == S
= 2AA w2 DE Z7] 93] RREQ #AS B ~ES i, Next Hops
2 DE 7HA2 9 == CE= RREP #7102 $ua A ot
/V
59
”
”
~ =
” -
Y £ ‘' salll BIN" . RREQ
] . RREP
~
-,

2 A= f4 23
AODV 2% ZeEgdAt 4271 448 ¥ Helo A& AFstel =
v

= ARV F52%S 49t Hello 3171 RREP 3171 ¢ dF o2, type

o e 22 RREP #Zl3 L3y Hop count #< 0°o= AA3}
RREP #{7l#} &3ttt Hello HA & o5 WEstes =29 IP F49 &4
g o9loew IP sltie TTL #& 12 HAAs o] =g
T2 3t} Hello A9 Al F7]= HELLO_INTERVALZE WA ¥,
1,000 ms otk ALLOWED_HELLO_LOSS =

opy

=

L
of  fol
il

m =

rlo

v
flfd

#k
HELLO_INTERVAL(2 * 1000ms) ¢t ©]
Wk Ao] PAL FAEA EETd ) o
Beeta sx wEo A RERR HAS A5 E 0k Hello WA #4 19 6
I 2

=2 5E Hello #17 =& 9

o
ES
g weshe] BEsh wdE AoE
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J]?BQDJiIIEEELI J||13‘1
| | N O O O N

| |

I ' |
Type RIA|  Reserved PfxSz | Hop
This node’s IP Address

This node's latest Sequence Number

ALLOWED HELLO _LOSS * HELLO_INTERVAL

19 6. Hello 3|7 44

(3) Ao A= B

A2 g4 4L B AHE A2 dHolH A Tt fHEHor 3
th. 23y ad hoc HIEY TS EAN =59 oAz st A=
o] MASA dojuA A} ol A2 dS WA} mEE F oAX F I
7HA B o g AR BEF AAHES FRdT FE dHo| BAHA ==¢ 77t

FollA TAATRE AQ B2 EFE T8 d2E 57 oW AY

Mo

AR B3 7hse HeE AERdEC] dojd kEeA EAHA =712 9]
&7 MAX_REPAIR_TTL(¥®F4g o % TTL=10) Bt} & Hejolg. I1¥
74 == E ¢ == Fo AR7F dAEFHAS w 49 =22 EdA X
rE H7HA] ¢ e MAX_REPAIR_TTL a7 H] 2 &} o
MAX_REPAIR_TTL Xt} & A$ = EoA Ao Az H3L2 F3st).
== EEx RREQ #H# <& #5353l Discovery Period E¢F 7]thdl & RREP
W& FAlehA Kehd 4k oAl RERR dizle dEste] d= &4 3t

gol Al A A e
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A o] MAX REPAIR_TTL 4o A whagle
of Al RERR A& AFsle] A=27F Gdy
LE AT AR 94 BAHES gA Y
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AZ ©A o= WS RREQ 779 BREAE £ Zol:y WS
i gtk ol $j8 71£9 AODV #@98 ZREZ B4 Azst vd
(3]

.‘_[E
H1e Aol A AR Bps Fgsts ol ohud wdo] o
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Zow oFort. A7 WA =% @ SevHZ oA JE 9

# (Received Power) k¥ 7] 3+9](Threshold Power)2] H|¢} H]ulsle] o A
71 ¥Ry AAY 22 49 oA A2 55 34 (Substitution Route
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Repair)& A8 3th == B= WA 425 2438t7] 9ldl RREQ A S 24
st oln] 7]ES AODV #h¢® ZREZAY Ao AR Hie &

RREQ #|7le] TTL gk& 12 AdAste] Ao 4 dF w7 <ko] mx=of 7|
% RREQ 7S d2dth. RREQ A @A 24 4= 49 == ==

F AN G5 HolBolN /£ B F2E AL W o
7 ®rh RREQ A7 & w487 @ == A, G RREP 7¢ we 3
YA AR == CE FRTE A2 QXS] A G9Y HolRe A
oJEde] S A-CGEDI 24 428 fAA Hi Rolth 4= A o
% gae 4% 9L d3ste] TTL gol 19 RREQ 31213 RREP 317
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2
o

Transmitted RREQ Number(TRN) Aol o] - wZo Al MEsk RREQ A 7

Apalo] o]% wEzRE 4403 RREQ )

Received RREQ Number(RRN) o
7N

79

RREQ Transmission Success Rate

Aale] o] % wmEske] RREQ 17 A& 438

(RTSR)
A2 A&EE. RREQ HFo] AU ==
S RREQ W% HTES #3 oz HAHXA
Route Availability(RA) S HEAow oo obdAel Ame

37 e 3

(2) &2 4

A2 A% A3 F4UA RREQ #A A% 43F Z4%e ol§dte] A=

Y5 QA sdgosA s|Ed AODY 98 Zzez wyon A4
AEnt 9 gdhs edAs s J2E AR UEdad E43

= EE =252 QA ol ==9¢ RREQ A dF AFTES AAtst]
e Aol o] % oAl RREQ A& BE=ANZE & wuir; 298/ H|
o]89 <TRN>ZT o] AAsa, Apalo] o] wrziE HI e AEF
RREQ #Zl& A& wjrith szl /iE A4le 2h98 HolE9 <RRN>
oo AT a2 oA BAA wEm R 42 AAdo]l e
RREQ #H7& 2t$-8 ©Ho]E9 <TRN>o| A3t el RREQ A A4
N4E RREQ A <TRN>Z=o] AAetil, <RA>IE S 18 %7]3

1

gte] o] % wro] HEEs~EST RREQ WAL F41% w=v 298] H
=9 <RRN>Z = 7+S 19 Z7HA1 7] a2, <RRN>Zko] A 4=

RREQ #H# 4l gt Aalol Wb 418 RREQ ##¢] <TRN>Z =9
Ad=o] 9l RREQ #71e] 7l+E o &3te] RREQ #H719] HAE HTES
Asbslal 298 HolE <RTSR>Z = AAsth Ak <RTSR>3
G218k RREQ 97 e] <RA>EE #hg o] &3t 1 A= <RA>#HS A&
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A Axrsta 29" HolE S <RA>Z o A 43

2}9-8 Elo] &< RRN 1)
RREQ #71¢] TRN

RREQ(A—B) A% A& =

Route(A—B) ¢ RA = RTSR * &+9-8 HolEe RA (2)

2 (D (2)8 o143t RREQ 79 HE 43E5S Axdozn =19
A B el ol =7 duh 2 HENEAE F5T 5 ATh
RREQ ## 9 ©d% AFES A F4
Agoll= g9" EHolEe <TRN>#S 1%F S7HAZ o RREQ A <]
<TRN><RA>Z = Aol X757+A4 AEd RREQ A /M9 A& A
ALtE <RA>FLO R 7B4le Fof thr] M2 Es]~EGTE RREQ #HZlo] &4
A wxo = w7bx] 99 e WyPS uEs FZd <RTSR>#IS
T F A2 <RA>HE AMEA AAEE FH S wiEdt 542 RE=7t
2] RREQ #7l¢o] ®=#stA =¥ RREQ #|Flo] Ay =52 <RTSR>¥
ZE 58 Al o] w==E3te RREQ #HAe A% ATES & F I,
=23 RREQ Ao A} A2 <RA>HS 53 sld 428 +
Aate =259 o)FAES ¢ 4 Utk RREQ 7o) H42 o] =33
HH B2 === 3 WA =28tE RREQ Ao disia <RA>FES At
3, RREQ | dist &H o= RREP HA & A
25 Foto fFUMNEESHA dE g

4 71 ad hoc MEH A 248 Z2EFS RREQ HAL o430l

49l wEERg olgdte] JEE AYh OB APHY wSEUS
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