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ABSTRACT

In this paper, we propose an algorithm to improve collision avoidance in Vehicle-to-Vehicle (V2V) networks
based on IEEE 802.11p. Since IEEE 802.11p adopts CSMA/CA as a multiple access scheme and an emergency
warning message (EWM) is delivered to behind vehicles in a multi-hop manner, due to transmission collision, the
more vehicles in the vehicle chain results in a longer delay. The longer delay increases the possibility of a
rear-end collision. In order to ensure message reception with low latency, we consider implicit acknowledgement
of a broadcasted EWM message and propose an algorithm to reduce redundant message transactions, called
Two-Way Implicit Acknowledgement (TWIA). By simulations, we show that our proposed algorithm can reduce
the latency until the last car receives the message by 9% and the success rate every car receives the message

within 0.7sec by 12% at 100 fixed-number-of-car environment.
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if (between message senders)

else

if (new message from a new originator) {

Compare the positions of received messages;
no further periodic message transmission;

periodic transmission of warning message; |}

Algorithm 1. A<kshs dazls

Algorithm 1. Proposed algorithm

V. &

4.1, M3 B

B Aolx= MATLABC 2 Fag Al EHee &

3l 7|EHkeke] 1-BIAS} Aok

Wake] g vl

gl =t (T)ellA Algksl [-BIA (Intelligent
Broadcasting Implicit Acknowledgement) W}
otz} 7] CSMA/CAE 7Hke® 3= IEEE
802.11 B30l 93 Ax vARE 8 A5S

uhgato] Aekieh Hla 4o

Sk 918 A WAL s A

A A ezre] 2t Aol 4eH o
WAL A A2F Ao gt

gho= A dol

A3= 200719 ofE Y] %27
Ble] S 283t

= AaA A

)

oL
il
o ol B okt

[s)

r]n jz
w

1. Bl eisle]
Table 1. Simulation Parameters
Item Value
) Fixed road length 1000m
Vehicle Number of cars 20 ~ 100
Related Car | W ;
Parameter ar engt s
Number of lane 1
Transmission range 250m
Message period 50ms
Network Data rate 11Mbps
Related EWM size 128Byte
Parameter Background Traffic [80-800] Kbps
3 (Highest
Contention Window ,( .1g o
Priority)
Slot size 20us

.dbpia.co.kr



k=541 8)3] = 5-4] *12-01 Vol.37B No.1

< ®AE GPS 5 ol %
7L

sfod 7} jegel $ 1= Puh 71g 918
SFelitel Asﬂ ?Hﬁ“—ﬂ% o] A] %

Ly 2y

= o o
gt Pedd B4l 2 B AL % 13 7

’Bé

23j} olfd Aeg deokrr] flal 1000mE 14
5 el AFEL Foizl T3t kel Fd FE
(Uniform distribution) & ZF=S- wlj%|3}ar, Al|qks W)
ok} 7]129] vleke AjekE ol wle} v} AlA)
°] B4l 748wkl sl 7 2k sk vl
7 E#¥(Background Traffic)®] =7]+= 800kbpsi
ARk, 7 AlgEe] SRACR §)e] AFIHES
AR gk

13 62 AEF 420] Wislol wlzl UA A|7F (0.5%
9} 0.72) el $18 Az WAAF 5418 A=) w)
& yvERick Ake] a7t STl wet wlAA] S
Fo] Z7ItEE Fojal A7k el $18 A wAA]
& FAIRE o] mlge 1 ZHagic) Aleko] WAl

= 7122 wikst Akt Welkel TWIAS A% 27}
3-5}. FoIz 7 ) A=) 60tl7F EANE A=
0.7% el w| XA = $A15) 2jeke] n)go] ¢k 29 7
A=) =) wt i}ako] WAFEE A fle] Zv)s)o]
100012l A= 12%2] A5o] M=t Heke]
“’e‘%ﬂ‘f‘%% CSMA/CA°ﬂ o1&t WiAA] FEE Vg4l
2lefo] ZrlslE R AlokE wigla) 7o) wjA|A] nl4
Al ko] Mulkaieks) Tukajekla] AdEs wa]
Ag FAlshs Zo] 913 A wiAA] A o &34
Aot

el A A A o]
TZkel] 60t o] Afo] FAd EE
a8 78 FHE Al 2=k (
7 Afekge] 18 Aar v
o A|AA7he et

CSMA/CA°] 23 HIAA] F& A= sl F3b
ol §1213F A= Foll 4 At =A A9 A
HARE A1 757 Ak, AlE Wik o]
23k 7395 AMAslr] Sl Fae] Asella] Ky
= AR E a8l R 7]Ee] B ]
A AFEAA $19 Ax WA
mEbA] A R ARk 2 HE IR

P

>

5171 <13l 1000m
7495 vlagh)
A 2} o 2 5E]

AAE A1 W7hx]e] 3

rﬂ Kl

)
L

6

100g=———

& oot

2

B

o 80

(0]

(%]

O

3 70f-

£

[ 8

560-" g 2 iy e Sk

*‘; —&—|-BIA (0.7sec) S

g sol| —+ TWIA (0.7sec) | ‘ i
— & -|-BIA (0.5sec) NN A
—+ -TWIA (0.5sec) T

40 T T i 1 (3 e

20 30 40 50 60 70 80 S0 100
Number of vehicles

a7 6. TRl A7k ool wiAA) 4l AHEE
Fig. 6. Successfull delivery rate versus the number of
vehicles

400

3801

w
(=]
o

Packet latency(ms)
S
o

150 F 1
100} 1
50l ; ; : —&—1-BIA H
: —+— TWIA
O 10 20 30 40 50 60
Vehicle index
a3 7. 2 Age] wlAAE $As A 208 A7k

(BGT=800kbps)
Fig. 7. Packet latency versus vehicles (BGT= 800kbps)

FS(F ¥ oI 7431011 S1AF A e At
74l Al *l & | As3lol7t H“ﬁﬂq 7‘“‘ HA A
o] :1d A wA= lfé A5 off Fpe] AlFE] wl
7 EE wlAA] Fgo] Aste] Afo] A
7] witell B WA 2} Fodse] Alke] 41 A
de] & AeolE Btk

43. v§H Eme| o3

W =) wsje] we 7}

Ahegel] A

Aol X AFE dotwr] s 2 73 2
AY elA Wi EdES 80kbps o & A3
vl 723 8ellx] Ho] 800kbpse] i EefEal

AR 79 wmsle] AuAel g AL F
ofEr) e 71Es) ek WA 2EZ <l
WARE WA ek dele] Aides T Fe
HAA ek AE B 4 gloh olelyt WAk

www.dbpia.co.kr



X AEE 7F Al 37 oA &3l 913 A wWA)A] A4 uke

7 Efge] o3 wAlA] FEE FAEAT ¢
g Ao WAA] e FEL FUs| wtelrh
TWIAE $49 AfeFo g HEl2] $41 dAAE o]
SlmE [-BIAMSERCH £719] 913 A vA]A] v
Al 2] AA| whAgic). oleldt 7] 919 73
L wA)R] w] Al AL w7 EdEs EAAlY

BEE a5 83] I-BIA 73-% oﬂH —%] 2 2jekso]

TWIAHM ] A% 1- BIAHMED} %J ] m] 441 =}
FEo] Horz n7 Ezjz °ﬂ§,3_ Zol=
23 AR E Fo AFER &
Ao},

90 T T T ——

(<4}
o
T

L

~
o
L
I

FiN A D
o Q o
T T T

Packet latency(ms)

20 30 40 50 60
Car index

T2 8. 7} Ao wAAE Al 7] Ao A7t
(BGT=80kbps)
Fig. 8. Packet latency versus vehicles (BGT=80kbps)

4.4, F7F i S X2k g |7Ex
a7 9= V283 2 Ay 36 W &

01] =gt 2pgke] WIARE W7 ]7A] A7l AE A
S vlepdich 2 =Follx] A|QkeF Hlgkel TWIA

»} 7]J—/I Hlob 25 EBAld 4] Eelo® AfxS
< Fudsle] AR = e EQlch agAq,
TWIA= At $9e] wAIA] S B Zfol AR
3lEE. CSMA/CA®| WA#] F==2 <ls] v 44l
2pE (o, 13 49 5T 6 Asho] s e}
T Fuke] xEpomyE| wARE FAlsla o]
chA] Znke] Askow zdsln® 7]Eeo] gl
[-BIA X} whe] Al 17 73} goll4] H%o]
I-BIA= 50| B2 ol v =4 A=ks(
ol 73} 82] A= 15~25M) 2 <lal TWIAXC} A7)
A|olo] Zejz|ar o]zfqk o F AFfol|A o
AAE A o AzZEA]sde] ZHoizlc) Ad ZHx)
B =tol|A Algkel Higle] 7]Ee] Hlghl -BIAR
tf Foz = Wl ARF 7 0]l S 6%,

|0| A-i:

0 mfu

100HH.] 739~ 9%°] 918 A wAA] AF Ao
A 7ke] A= Sk

0
o
(=}

—+—|-BIA
[——TWIA| ! : : 7

~
o
o

(2

o

o
T

n

8

A
\

Il w
o o
o o
45 T
\
3\

-

o

o
i

50 60 70 80 90 100
Number of vehicles

8 9. 7 A B Age] HARE Al A AR
A7k

Fig. 9. Average delay until the last vehicle receives an
EWM

Average latency until last vehicle receives(ms)
3
o
\
N

by
o
Wil
o
N
o

v.2d &

£ =4+ IEEE 802.11pF 7|HESe R 3= A}
wF 2F A NA 2l 97 A wWARE A
%3p7] 98k Wik Alekslsic. IEEE 802.11p+= v}
% AU CE CSMA/CAS AH83taL, $13 Ax
wlAX] A4 A uid] wkAlg)l WHE] & ukale g Ssw)
o] ApEFEelA S-S ek webx $7 HAA A
ol ofsh= A 47t W% wiAA] FEel <
g AF Ad Azte] 1Rk ol AF Ad &
AE E0l7] $13l FAH] falEkal vk 51?%6}
o 2083 WA ASE EHE AR AF A
5o FAA71E TWIAHGES: Algtsisiel = %51—01]
A Akl ek 712 Wil D7) CSMA/CAS
S Foll AT Ae] ®A wAAIE **hf}
olo @ AR S Adsls 49w weisleic) Aok
AF A WA Af weke A Fal 718 W
kel mlsl] £13 AR Ag Asel A= s B
ek 53], 1000m el 100t ko] $13] 7ar v
AR Aol it A5 7182 Wi 0.7 el
AE A3 wAAE A1 24 vlEo] I-BIAC] 9
& ARl Al AREF RS die] 129 HAE S o,
Ae] WAHSE ol2igt Asel v A

&

5

Ho

[1] REAEAY, “agAladyh o e 2
2 EA71A” 2011.

www.dbpia.co.kr



(4]

5]

[6]

(71

[8]

(9]

[10]

ERWETH, ‘A IFAaEA Bu
A7, 2011.
C. D. Wang, and I

and method for

P. Thompson.
“Apparatus motion
detection and tracking of objects in a

region for collision avoidance utilizing a

real-time adaptive probabilistic neural
network,”,  US.Patent No. 5,613,039,
1997.

M. Green, “How Long Does It Take To
Stop? Methodological Analysis of Driver
Perception-Brake Times”,
Human Factors, 2(3):195-216, 2000.

I5-8, olad, &34, “v2x UEHA
TTA Journal, No.124,

Transportation

e EE5 5,
pp.70-74, 8<%, 2009.
ASTM E2213-03, “Standard Specification
for Telecommunications and Information
Exchange Between Roadside and Vehicle
Systems - 5 GHz Band Dedicated Short
Range Communications (DSRC) Medium

Access Control (MAC) and Physical
Layer (PHY) Specifications”, ASTM
International, 74, 2003.

S.Biswas, R, Tachikou, F. Dion,
“Vehicle-to-Vehicle Wireless

Communication protocols for Enhancing
Traffic [EEE
Communication Magazine, pp.74-82, Jan.,

2006.
o}@gi o =

Highway Safety”,

zgx]%, Z] 2= © 71ZE4

T 3, Mo,
“VANET|4¢] 4 A% 7|& . IEEE
802.11p WAVE Standar 422", A%
Al714, Vol.22, No.1, 54, 2008.
TechnoCom, “The WAVE
Communications Stack: IEEE 802.11p,
1609.4 and 1609.3”, IEEE VTC’07, 9%,
2007.

S. Rackley,
technology: from principles to successful ",

Elsevier, 2007.

"Wireless  networking

[11] F. Bay, H. Krishnan, V. Sadekar, G.

Holland, T. Elbatt, “Towards
Characterizing and Classifying
Communication-based Automotive

Applications from a Wireless Networking

IEEE
Automotive Networking and Applications,
2006.

[12] P. Brenner, “A Technical Tutorial on the
IEEE  802.11
Wireless Communication, pp.1-24, 1996.

[13] X. Yang, J. Liu, F. Zhao, N. H. Vaidya,
“A  Vehicle-to-Vehicle

Cooperative

Perspective”, workshop on

Protocol”,  Breezecom

Communication

protocol  for Collision

Warning”, MobiQuitous’04, pp.114~123,
2004.
B i £ (Jaeuk Byun) shAysled

2007 39 ~3A) AkeiEka
A7]58H- A
<ol AlFE,

AR D]

AFA A

H M 2 (Sungoh Kwon) A1)
199411 29 KAIST #17] 2
HAREET $pAL
199611 29 KAIST %17] 2
Arkestat At
199641 39 ~2001% 19 414
7154 7led++

200751 8% Purdue University

T i,
A il s

o
)

b

»

ECE uM}
200791 84 ~201041 24 AMdAA} DMCATA 5
A4

20104 39 ~8A] ARt A7) gy 2
<qHlob o5l M=, MAC A, XA
o, %43}

www.dbpia.co.kr



	차량 간 통신 환경에서 효과적인 위험 경고 메시지 전송 방안
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 시스템 모델과 문제점
	Ⅲ. 제안하는 알고리즘
	Ⅳ. 실험
	Ⅴ. 결론
	참고문헌


