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Abstract We introduce three routing protocols adapting to inter-vehicle communications proposed in our labo-
ratory. The first routing scheme named DORP ( Direction Oriented Routing Protocol ) that decides a direction
of packet forwarding by using information of a beacon [1]. The second scheme named DORPz ( DORP enhanced
by zonal road ) that enables an efficient packet routing at intersections by using zone information of roads [2]. The
third scheme named DORPr { DORP collaborating with fixed relay points ) that employs a packet relay point which
memorizes the directions of vehicle movement by receiving beacons and gives routing information to the other vehicle
terminals [3]. The position of each vehicle changes frequently by the movement in the road, but the anteroposterior
relationship is hard to change. In addition, the vehicles generally exchange information with neighboring vehicles
for the support of the safety driving by inter-vehicle communication. DORPx ( the generic term of all DORP
schemes ) actively utilizes these characteristics. In this study, we evaluate DORPx in road environment including

intersections.
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EThHh, KRYEHI X3EROFEIARENTLHNETOH
3. &oT, BAMEEIELF Ry SEENMELTWS L
EZoN3H, IAFRY TRECIEERBICEL 7V —F
Y77 AVNREEES. FTTEREZCENT, HT
FRIRROAMERE D LI — P REERTRNV—F 2V TRT
S HEfREN—F 77k a)b DORP (Direction Oriented
Routing Protocol) BEREIN TV 3. TORKARTIIEL
MEE AT LOFBICEEL, AFHPOR, REROEEL
BOEEEBREEE L BB TEREERERL. L
AL, RERZEUTHMERRBIC BT, ZERTONR
7y MR ERNSEMRELLTLE S LS BN S 5.
EEREHRORMIC BT, ETTHHEEBY—Tkicah
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ZeHEROXBOLHICHLAMEAGEEMTHERAT SO TR
£, REMBEGLOHEEEZMY ANST LEMPETHTY
5. ZTTHEBEETIE, DORP IKRBEMALRERES®
THEHERRBREICHEIS LTz 2 D0 —F > 7 a b Vb i
RULTW3. #HE/—rEAREEICLS 7T k)L (DORP
enhanced by zonal road: DORPz) Tid, #EEYV— Y EH N
BT3B ETT2EMERFNTS. TERUCT Y P
REBE LIBEOELWV—F 7 b 2)l (DORP with
relay points: DORPr) T, REREEEHR L HEGZERE
U, RERTOERR Y MERERITS 7y M oikiie R
[AV-R

Z&FTi%, DORP * DORPz * DORPr @ 3 DDN—F 25
78 k) ER—DOREOTTIMEYT 5T LiTinA, HAME
B L AAfEEN—F v T OREEED LTy b DRIFINGR
ERNEEEA LEBEICOVTIMET 5.

2. DORPx

H4MERE CREROBENIC X D SUROMBENAIREIZEL <
BT 38, ThoOWBEERIIHEVELRLEN. Eit, B
SRR « BWIEREO 1= I BN & BRI HEAHR
#LT\W3. DORPx (DORP £4RDKH) &, ThooR
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2.1 DORP
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VOLY M) RART—T VBB Eh, AmF—7 VDL
MY OBRRBEEINS.

\ backward €——————— forward [

1 DORP MARAROF

% 1 DORP AilllERT— 7V Of 88K A

ID | Direction | Update time [s] | Received power [nW]
B rear 5253.13 25.74
C rear 5243.47 72.37
D front 5252.63 81.37
E front 5253.25 51.37
F front 5251.51 6.26

# 2 DORP AR7—7IVOF (EE A)
ID | Direction | Update time [8]

4725.27

4558.51

G rear
H front

DORP T, HEDOABRGRERAL, HThARMEEE
Ltz v b OREITS 123, HTHRIERARICEET 3T
NTOBHEMANPRERBERE L 5. Lo T, BEEEh
Telv— P REWTHEBOERSED S kiR 2 BIRT 5720, U
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%, AODV ZDORRDONV—FFTa ba T/ y bD
FEERIE S THRICHIE LI 1 BOHERENTWS. FDk
B, UV ognhiRElBeN— FOBRENNEL TS,

74w P ORISR ORRICIE, BHEEET— 7 IVICEERE
172 HELLO /% F OREHERZ AV, FISEAAMICEE
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T FOPREITS. Thicdk b, RERESUTHEHEESE
BT AT ENAREL 55,

DORPz N"BE T 3 )V—F 2 F5F—7 VX, BEERT—7
W= 5—TVD28BETHB. V—F—7id DORP
KBIBAAT—I NV EAROBE R L, BEERT—T Vi
BOTEMHAESRE T NI BEE N5,

2y MR BB, BTEREEE V- VA BT BER,
% L RZ DYV —icaD  Hilg 2 B5eh PRBR R &
LTEBRUFRETS. Ry FPEBEITREV—VA—F
EF—va vy AT LS LEBLBOBEL L DERRY 5.
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(d) BTHR/—VALHEETIEGLEBEETELVESR,
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BTy b RRET B L THB. DORPz CRRIESR/ Y
FDT 5y F 4 T OBREROREBHAADT R T DEENRE
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2.3 DORPr

DORPr TER Y/ —V2HVT, TER EERBREL S
7w b OFRETS PR ERT 5. DORPr Tid DORP
LERC HEW ID 240U 72 HELLO /8% b2V T 3
HELLO /87 v b 2R L EHERIZ/ T v FOREAHE
ZEREEBEET T — T IVICEER TS, T, BT 4A
FICHEMMET > 7 2B L, HELLO /3% M SE UK
KRR ry FOREAR REL/ADAM B L2EH
BREST 5. PRYBTIR/ Y FOREAAOTERMNEG L
BVETHR 2 AADSHEARBIL4 AL E>TW5S. i, S
BBid 4 DOAAHHE VS T L CREHNDRET L 3ZERF
WRLEZERSETLTWRHEE O5A) #2H5ITE 5.
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(4) HRERREFEOPHS HELLO /37 v + DOREHRENS
EWYd ORPRIERE LT LEBIRL, 7y h2AET 3.
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DFEHTHS.
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(2) HREERBREERET 5.
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KRRy TRETHERLT 3.
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KIEHEL TS,

(3) rhfkEkEFE OB S HELLO /35w R DR(Z8BEN
BYirbORPRERE UT 18R, 3y MERET 3.

BN SO — K+ v R MR A8E, Ty FERY
o =B EUND 3HEIC 1237y M T0O%EET 3.

3. I\7v b ORFIERILE

DORPx ¢ B4 MEGORMERA LI v FDRFNE
PUBPIRERT 5. DORPx T3/ vy Medid a8ic, #
OB OP A, S HELLO /347 v h OREREIED
& chitiisr 1 §BRLTWA. LHL, BIRU RS
BOEETT A REERNSCRELEEROY Y FUALVIT
TWESERT B AREERERF LIz y FHERT 5 HEE D
EZx5h3. BEROV—F2TTa VTR FOEE
ICRBE L7EBRTIE, /7y FRBERLL— F OFEBERITo /-
0, V— AR LIEC L RAISRE B 0Dy FERET
37 POWERTo TV, DORPx ICBWTE/T Y DR

BICRBLIRBB Ty P RBERL TV, AAEEL—~
Fr 73— OBREE LB, TORREENL, /S
v FOERICKRRE U BRI ENBICBERT 2 DT, ®®
THEEKBRHOP, & PR ERIRL, 7y M EEET
. TONERINTy FORFNESLEEEES. R’y bO
REFNER LB ERLEONRL LTT—437y FD&H
ER-IRBEE, T8 v FeERN T b+ - ERIGENR
T PETHRUBED 2 DOAREIERT 5.

4. HEBYZa2L—vay

HEOBBETETIN[E] ZERL, YIal—vavick
BEMEETok. I al—&Icid QualNet ZHA LK. &
Iy Zal—ya ViR RY. M3 IR &k, RiEH
i » B CHREFOEEER 0m~1500m T—E& LTERE L.
DORP # & U DORPr OARRARINER L UC, kiR
{&FERD HELLO 787 v M R{EEBREN PEE O 2RI
TBES5 L.

source — destination :
0 ~ 1500[m] |
E—

3 GHEBETN

R3 YIal—varv#Ern

Traffic density 25 vehicles/km or 15 vehicles/km

Number of lanes 3

Vehicles average speed 60 km/h

Propagation model two-ray ground reflection

Transmission range 251 m

MAC Layer IEEE802.11

Data packet size 512 bytes

Data packet generation ratio 1 packets/s

Simulation period 150 s

4.1 3EEHRETIV

DTFCRT &5 k5 A, BXLETETNVRIER LR 5]
SEATREGHSESTICERER L AR URET BB
H REERTICEOEFEETHETFINEELTVS. &
FEEIR 1 FAORCETL THE D MAEIREE LR,
YPECE  EEOVMIRE R —REBIC Ul o THER LICED
B3 5.

BHEE FEHELIGEGEIRETIREETHD, Th
B LRV RET . SERAOFEEER 40km/h~
80km/h &9 3. TTC, BEHEIXTH 60km/h, HHEFEE
10km/h DAY ZAFTHIC K DRET .

W HEHELOWAEEISEVCIES, HEFEERED 20m U
EABRL 1T L—%F (-0.125G) TWHHET 3. %7z, 10m XL
PIcAB L 27 L—F (-0.25G) THIET 5.
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I BEGLDIASERSEVCES, HEHEERD 20m M E
IKxB 77 El (0.125G) TH#ET 5.

BHREE FEHELDEVEETERE 10 DU EETEES
RRITVEE, EREFEEFETS. b L, MEERTHRE
20m BRI ETAIEE LRWVIEE, EREERTS.

4.2 HREBEOBEWES

LEHRE T IVOEMTEE R 25vehicles/km & LIFED
Ial—vaVERERT. K4 DORPx3 AR (RATNE
B L) & AODV O IT- IR %2R9. 5 DORPz
DRFNEEOBALROLLE, X 61 DORPr DRIFTHIERA
DEARROLBERT.

X 4 5 DORPx i& AODV LU, HE L -mhsiER
RETRBVEREZREET I AN SD. Thid, AAEEE
W—=F 2V TREANC L TIV—FOYNRELGab o &
&y D ORREICEY A PREREBIRLI-C EHER
otk #EXbh5. DORPz * DORPric¥ LT DORP ic
Iy FERROKERBETHAE SN S FHRAZ, DORP A%
ERESCRBEICNELTWEVWESTHS. Chicibli
DORPz » DORPr 352 rUBB& DORBIRR + H THetiRgHE
B 500m S EDBA DR EKBRMEEDETIRRS AW
DORP RZEFDEIEHENT, 2DOOKETEZEBOSBHT
FIRKRETRNEELTOBERN Yy P RIELKEETES
FESRIIHI 50 % D=8, TEEDEET S 500m LIED 7y
FEBRHSEFELTHNBEEX OIS,

7%y D ORFNERLEIIERLEONGE T — 23
FORICE S TIREL, T—&7y FeBR Ty b BR
BTy N ETHERUIZBAD 2 DORGTHME L. K 5.
X6 ho, FAUECEADHRIHEAINSG. Ty OB
B K7y FRIERBIIDOEWENER L. 2L, &7
LEBERMPERTE LVIFERICB W > Ty, 56,
BFUEOHRNMRDEN G- LBRE LT, BELREY
2al—vavBETR NI T4 v INRELTEST Yy
FOWEFE LI L DBEORBNRE LTV L, £, HR
B EBVY RuA TN R TRFBOIRLRBE LT
TeRENBIFoNDB. 5%, COLSZNENRET ZEE
KBEOTHBIMET A0ENSELEXDLNS. LML, Ky
FOBERTOLEL L L EROMELENE bhiz0lk, DORPx
DV—=F 2 THEELTWE D THBLEWVIE. ¥k, 5
B3 FESEOEBIC_ERER b o foh, FERNE SRR
377y FRRBOETRAL HEENHZ0T, BEOLRE
WNH5.

4.3 HEBHOEBEWES

LEFE T INVOETEER 15vehicles/km & LIzBED Y
2alb—vasgRERYT. K7 DORPx3 AR (RFWE
Rir L) & AODV DEBET- 1R ERY. K 8IC DORPz
DRFNEROBAZEROLE, K 9ic DORPr DRFATHER
DEABROLBAERT.

BJ 755 DORPx & EME L OBHBEEMET LIDBETHR
EUERERERET S C M3, Thid, FBERBRO
BT HELLO /37w F OREWERH N3 L TRELERE

1.0
.°
808
o
3
= 0.6
o
]
8 04 | @AODV
g -6-DORP
g 02 | #DORPz
[= ~& DORPr
0.0 . : :
0 300 600 900 1200 1500
Distance between source and destination [m]
B4 £AROLB 25vehicles/km
1.00
©
ﬁ 0.95
5
2090 |
© --DORPz
a
L0855 | .
§. B Data packet retransmission
| DORPz
g 0.80 | 4 Data packet & route establishment
Q message retransmission DORPz
0.75 . : -
0 300 600 900 1200 1500
Distance between source and destination [m]
5 HEAOEA DORPz DIFE 25vehicles/km
1.00
=]
5 0.95
o
3
£090 |
° -¢-DORPr
g 0.85 r
'§ ’ 4 Data packet retransmission DORPr
[="
8 080 ' 4 Data packet & route establishment
a message retransmission DORPr
0.75 : . .
0 300 600 900 1200 1500
Distance between source and destination [m]
6 BROEA DORPr OBE 25vehicles/km
RITABIHTHS.

8-R9ZHBL, HREROHWVBELHEL, K7y
FORFANBREDOHRIETNELED > TN Litbh
3. LL, EB50BAE DORPr DIE 5 HBRERSKENT
oA %. DORPz 23 LT DORPr OFERNBE DR HE
AEEIBNVBESLEVBESLRECHTWEERE LTAE,
DORPr (332 R TRE R L OH#kEs & O Hsc s 55E
A5 1esh, TOMHET/ T v FOWZENEFRE LT v FAE
BbTW5kHTHY, BRALBEOEAIX D/ FEEED
BETZHTFTHE0REEXLbNS. COT b, /87y
OMWMESFRT HBE, FEEty v a VB AE @MLK
BRIy FORFNBESVRE LR ERETHLE
Abh3.

-13-



1.0

e

8 0.8

o

2

= 06

©

a ® AODV

L L

] 04 I o DORP

§ - DORPr

0.0 -
0 300 600 900 1200 1500
Distance between source and destination [m]
7 /RO 15vehicles/km
1.0

e

E 0.9

o

2
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207  ®Data packet retransmission

8 DORPz

§0.6 I - Data packet & route establishment
[a] message retransmission DORPz

05 A . .
0 300 600 900 1200 1500

Distance between source and destination [m]
8 BREDEA DORPz OBFE 15vehicles/km

1.0
e
Ho9
2
208 |
3 - DORPr
8o7 |
g " | 4 Data packet retransmission

DORPr

806 [ 4 Data packet & route establishment
Q message retransmission DORPr

0.5 : : : :

0 300 600 900 1200 1500

Distance between source and destination [m]
9 FEEOBA DORPr DA 15vehicles/km

4.4 BELERA Y- BROMHA

10+ ®1lic, F—&17y b 12y B TRICET
3BT, 1 Ry YD TRERETy MBSy bEETS
BEBENB ST BRT. BRIIFEFIEEK - D THHERMER
A 1500m OBPEOKERTH 3. 1500m DPE, 7—Xry
b DGRy i AODV H 7.61, DORPx X 9.95 TH 5.
DORPz OF HiFE 7 v b A DORPr L HBILEWMETH S
D, DORPz D7 T w54 ¥ T DHHERDEFBMANDT N
TOFHANER T2 ARER 12D TH 5.

DORPx it AODV & HET 3 &, LRVEEAy—VR
THEENTETH I LHbHS. £, BRANESNEICX
BHEMNRYT Y oML FNE LSRN b B, B
MEEOETICL h XEREA v —IBNRDT 5 REIR,
HEEETFIVHNOERENSHRL LT, 2EAR Yy —IMTEHE

B AODV

0 Dats retransmissicn DORPz

@DORPy
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35.6

B DORPz
DDats & route message retransmission DORPz
M Datn retransmission DORPr

20

>

S

[packets/sverage hop coumt)
> o
& o

Number of packets needed to scnd one data packet

00 ol G ‘. ST R
Data Packet RREQ or Direction scerch  RREP or Direction search
Packet reply Packet

10 REHREEA v — I 25vehicles/km

~
o

303

EN

E
1]
%g 12
08
_ig 04 —
‘s 0.0 SHER | T e |
g RREQ ar Direction search  RREP or Direction search
z Packet reply Packet

11 REHERR A v — I 15vehicles/km
BIBHIBHENS Ty FEIEP LTV TH 5.
5. T ¥ U

FRTI, ELUBEREOREEBIBNICHIE L ARisE
NW—F 70t DORPx 2§ L7z. DORPz+DORPr
BEER/RESUHBRBIC BV TEY Y v FEERZRIET
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