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Design and Implementation of V2I control command Technologies using
IEEE 802.11a

Sang-Wook Choi, Il-kwon Lim’, Young-Hyuk Kim', Han{in Cho, Jae-Kwang Lee’

ABSTRACT
Recently automotive industry is working on a new research using IT technologies. Because of tracing locations of things
and grasping with sensors inside the vehicle, Unmanned Vehicle System has a narrow view of things. Also cars will cost
more. To solve these problems, engineers should be propelling new car technologies development using IT technologies.
Therefore, we in this paper tested an Auto-parking system using IEEE 802.11a. The test was designed to consider parking
environment. Also we developed a transmission program for control command of car. In this paper we were to research on

the vehicle based IT convergence technology.

Key Words : IEEE 802.11a, Auto-parking, Handover, V2I, Unmanned Vehicle

* b gt AFE T
** 35U frol FE LTS

- 1K XKFirst Author) : Z|Ats - WA XK Correspondent Author) : O &
CHe(20104 1€ 12Y), =HA(1X}F: 2010 1€ 229), AMEE (20104 1€ 25¢)



HEREREEE W

A5A A1E 20103 2¥

l.A 2

ASALAA ST YAlE AFe G4 3 A, A
AE FPBFE Al A A gy Je=
235 AZsla glor, BMWE HIE3 -9
ASALAES o5 A3 AP =82 A&H L
2 33 Qv 22y AR FAATAA LR
& AT YR 22 ANE o183 AH 24 L EW
A B0 R, o] FE A AR U AF ER
TE ANE PLAINE BEF Aol Heky
08 FAREL AU e VAVehice to
Infrastructure)/V2V(Vehicle to Vehicle)s41-& o] &
714 A8 977 HAA 0 o] 2ojR 79Ik

o]u] v]=-2 DOT(Department of Transportation)
£ FA 0= [EEE 802115 7|9HO.2 3l L& o)F
S| Z33 WAVE(Wireless Access in Vehicular
Environments) 7]&-& A @ F0]1, o] & 7|qte 2 2}
Folzel gzl 3-8 TRAE $3o] YR F5
2 wEA HA Folv, 7 Y& 9 SAVECOM,
Car2Car, Coopers(CO-OPerative  SystEms
Intelligent Road Safety), GST(Global System for
Telematics), ASV-3(Advanced Safety Vehicle-3) 5<]
ZZAEE Tl AFA2Yt FAVIE S &8
Z & A 7)e FNdo] B3| A8 Folvk Sl el A
% VMC(Vehicle Multi-hop Communication), Smart
highway 59} 2% Z2AEE o] &3 -z}
FAL 08T ZRAE A dol gF oz JPH 1
ST}, The < 1>004 2t 2] V2I/V2V $21 A2
4 Y Z2AEE AT 5 itk

for

1.2 =29 vaivv SN HAANY 2 =2HE
Table 1. V2I/V2V communications consortium and the
project in each country

Z7p3 2EAIQ) 2 TAE 33
ZEF YR AulEF0] Yo
ez asaaras e

IntelliDrive
PATH (Partners for advanced

transit and highways)
CVIS (Cooperative

Infrastructure System)
Coopers

GST

Safespot

1w | ASV-3

“ | Internet ITS

e

Vehicle

Q
=

o] 7| FNute] Yoz FRIFAA 2H o Uit
A7 el AN HYew, FAFAAEE A
el QkA] 71E B4 BAl7|E ois A4 H2ES
Hg 7Ve 52 BES et Jok[1][2][3]

AFHE A FAE 0] &3 FAsE o] 53k At
) gz} 7 Aol HH P B Adde) g AA7 54l
S BAsjof gk T A1z el A ARl 27 I F
W AShE dlolE 4 2 kA g Ao} B gloly A
S BAF o} 3131, AHH wlojele] do] B ¥
A A ARSAE #9138 A% Ve tig A
85 aeisfof gtk ol wg} £ =EolX< [EEE
802.11a 7|&-S o] &3 F-AFAA 28] 87 HA 2
o g A7E FIJon, v 2ol FHEH
WA 23 AE Az vLt AL 7Fss 54l
71&9) gt BAE 3)ar, 334 IEEE 802.11a 7]
&S o83 A9 H2E HAE 35t 43004
EAAY S4L o R A HAES 3 5 7
7FeA A58 W viAHo R 5HME £ &
T FAR T FF A7 BIE 7|tk

e
i
re
-

2.1 WiBro
WiBro(Wireless Broadband)< 200358 2005137}
A F=ZHAAFA ATYS FHOE JgE FA

=]
T T

_10_



IEEE 80211a& 0| &% <lxg-abF @zt Aojddrle 44 & a1

ABA7|EZH FAFH 2= WIMAX(Worldwide
Interoperability for Microwave Access)zt &1,
WiBro @47l o8-8 FAHFA 7lgolth 2006
& Aul2E A1F For, 60Km/h $E=2 0]F3}
& A4 Hoh IMbpse] W4 £EE HABT:

vwld  REdS Rumswde
[EEES(2 16(IEEES02.16-2004, [EEE PS2.16-2004/Corl /D2,
IEEE 802.16¢/D7)°]| 7|9+ TTAS] “23GHz FiIE Y
FFSET:

WiBro Al2" Fz 242 wdv|(Portable
Subscriber Station) % 7]A]=(Radio Access Station),
AA) 2~ AEE 9-E(Access Control Router) 502
FA 5, TDD(Time Division Duplex) ¥4]& A&
8}, o] FDD(Frequency Division Duplex)®-4] 3}
< 99 2agde] 9 gle §AS /I =§
AMC(Adaptive Modulation Coding) ¥-2]-& A}-8-3
7] 2ol Ade] el whet theFg wEz A
70 2 ARE 4 Sl

°]g & WiBro 71&-& AE G A8 & 712
49 T4 AAE AT 1o, AFAY FA%
7RI A Ko A A FR A
£ 7Festtte AW A AR, xS ]
TA, A8t 7M1 FA A T FAHE 7HA
I Slk o] AR A o2 483 WiBro A5 371
A FH 3R wet AsEo] EAste TAA
7} A3t o] A AFE0| L o|FtE oA=&

A3 o] A= ATk [4][5][6]

-

tle

o (=
o

f
o

2.2. DSRC

ol Y FloldAE HIEF ITS(Intelligent
Transport ~ System)el] Z-g=o] ARE  F<
DSRC(Dedicated Short Range Communication) 7]&
£ 100m ojuj 8] @A) =TT 7|2 EFHH,

W] AdXse  AF7)AFHRSERoad  Side
Equipment)®}  x}g  ©%7)(OBE  On-Board

Equipment)7} AH&-#th. DSRC A& §4l 755
S8t S8 AulAe gt UE 345E 5
A Z ¥t} 5.8GHz )9S ARE-313 1.1, IMbps ]
3o ASSTE ATk 13 Fu¢ G840 &
gt #7) 2 Q1o dojrt dEy] F wet b
HE 725 VHRAER JAAE SHAN 958 &
AL 7HAt: 2184 DSRC 7|&& A4 34 =L
Hol tja) ar2jstA] Ft7| Wi, Q= ap-Abg g
7t 27 AF3A ghon, mepba 2kt 2|43
QA 5Ao] BAHA| gethe EAAES 7HI[7][8]

2 o

2.3. WAVE

AA BARH  olede ud  AgE
WAVE(Wireless Access in Vehicular Environment)
71ed AFEE o}, FE, 3 wETH T A
Lol AHE-E 3 glom Al o 200Km/h o] 48] ©]
F4& BAYY. ¥4 ¥FEl= RSES OBEY
BSS(Basic Service Set) 541, OBEgH] BSS £4, 7]7F
WE &% OBEAolY 39 FAl, OBES}
IVN(In-Vehicle Network) 9] <50 7}50] 71381t}

WAVEE IEEE 802.11a 714& 7|28 0 2 @&t}
WAVE®] PHY/MAC A -2 802.11p7} ©33}, &
99 Bet O A AL, A2 B2, EHZ A
H|2E16091~4 TR EFo] @A He F2E 7t
Ak

WAVE 71€& 419 31 ol5-2 123t 27
H37) wlEl A HolE Ao RAHH, {2
A A o3 & E&=E 7HAch 24 dA)
74X WAVE 71&2 Sl =9=7] A3 Bl2E
7} e RIg AR ol [9]

2.4 |EEE 802.11a

1999 ®FslEl [EEE 8R21la 7|&e
OFDM(Orthogonal Frequency Division Multiplexing) ¥4
S A3, A2 A 10m $9] 10m AlE-& B3

_11_



HERE SR e woGE A5 AlE 20109 2¢

2 gtk 8R211ax FA9] =S 3R] QoS(Quality of
Service) & B ¥oH, 5GHz & AHE3] T
AHlA A A Y FRGFE AR TE 7171949 T
2 7 @3] Yolue FEA 24GHE A3
80211bX T} 5840 2 MAE 4= itk

7EAo g FABAS R R R Ot g E P8 g
3, B2 ol5AES BATHY &L ANEAE 13l &
A L F=OHE AT, = AnEZH B
217} gje 2 rHka], WDS(Wireless Distribution Systerr) H
2Jo] ZA|3hck

TA WDG #2412 74 wx] MEIE 48817 S35
T2 AMEH, He AWRE B 9fE &
AP(Access Point)7+ 59 SSIDService Set Identified) S A}
B3} e AP 7S ERIsE) siae AEER]
dlo]E] 76 Fagaiol 3] whize]l tE-S 3A] As}
31 9ojol 31, AP7} Sl wlel A S5 ARE) H
ojxlE EA ] EAlgHL. sleEHe Algo) w1 7
ol ARG S 054 E A W ATER
e 2o ez Ho) vis] Ao w8 o5
3& BABIA 2] o] AF sk, W Aees
7FATk[10]

A7) B} B0M 9] HIAES 43851 Ssirte
7} 27 el tigt HiAEZ B Qs A4 Sl
e}t 75, A8 leA S 1EfE) B ZRES S A
eijof gk

B =2olMe 949 8 7ARNE: 123} IEEE 80211a 7]
& gt 85 9718 AR on, A TR $Eox 9]
HEES TN A8 7S HEE Jrk

IIl. \EEE 802.11a S2OIZA[A|AE] 512 AA|
ol 28 848 FAE| YaliMe 7 e

A2 AR APS} ZAzte] 2ANHE AZskm 7MY
9] OBU A2 :mEX-Z o[ 43,

2 MHE 2R & o83 Qs HFH R F
FAHE ddse F2E 7

83t g 2EE 9J3] OBU AX|¢] Brige REZ AFS-
8= APE 718, AA] 7<) B Alof Al259] B2
EE 3 AT O [a 15 2k

g{%%‘ A
SITCH [
802

|
ZAH3 %ﬁ/fng
t §

\_‘ TPRSE 2
o Wireless AP

23 e
#4 384

%’MH{I
\

L JHMRSEL
* Wireless AP

8023
2 AH 4

\_ A TFARSE4
;' Wireless AP

i :
> THSRSES
r

“ Wireless AP

Wil 34

T e + o
.......... =
| 714 0BU G
| \ BRIDGE 222 /
N . Wireless AP .

N
\—,, H21ta 24

HFOITE NS Y

38 1. QIR AlAH”H =2
Fig. 1. Unmanned vehicle control system Architecture

7P OBU =] 9] Ao A] ZHA] 7Ndet A 0w Al
A A 2O E o]-838te 4019] 2AMM S} T
A ete] FAlo] 7hsdteE AAs| ok 3tw, OBUZL
F7Fle 33%E 98l 71 OBU =ER A Z2o
HE 23RS F7HE = Slojor gk

Zt WA A Ao E dHole Hi F712 20ms
&9 dloJg Frlo] Thsdte g dA gt B3 7
ZAMH S} FAM ] 27|28 o] g8l (A&
I £A5L 98 By} 91, o] Wiresharks}
JperfE o] &3t ALET F49 1hzE BAY
a7}

AA FRAFAAN 29 7F5A A 75 811317] 9
HAE A=, Al7hE, A4 AAFJA U E

A2 45 Aolg BAsloR g,

_12_



IEEE 80211a& 0| &% <lxg-abF @zt Aojddrle 44 & a1

A 28 FAE ~
o N
= ‘-5_ e
w AN v [
— " wf e i fn / é}

]

I —_—
m—
N U I'\'

(R il A58 e
&g hdosu
e g

a3 2, FAE Txet R oz Y
Fig. 2. Parking lot structure and vehicle movement

2 A3 A Ao) 37 wAA A5 HAE
£ 2957] FAAE YA 34 JFA 0] Ho)
Bass, Aol wAA 27, WAR 27, 2 A
o e 9% A E TRad AAd ek Bk ohe
age AolEY delHe) A% Zzad 9%E
ol

1
e -

a8 3 Moy ool M&
Fig. 3. Control Command data transmission

IV. IEEE 802.11a= 0|23} Bl AE ZT} U 24

AAE AodEE HAA AF Zads
Wireshark, Jperf, Ping ] ~E& o] &8 Z-1F3A] 2
o 8738 A3 ol U 7e A 9EE A T
A% AR A HEEFO R FAFAA 28 9] 7}
A 9EE FRAGT. FRAFAA 2 A
AAT dloly AFS M e e 2 874}
ol U | 2EF B a st

41 =

7V =R FAR UFE EF AN 3
olof str, &L AW A Y Z& A= E
FYgct mehx J=0H By tig A3 &
o] dgsm, A2 uf AFPviet 22 A7 o AA
2 AHE Aol Fh Ao AA Hojof gt AA)
SR A= APY 93], AP, F9 874
uet 7] d2A SR, e 2L 23 &
o] &5

E 2 HEQHA| M& &£ HW

Table 2. Hand-over transmission rate comparative

OBU: On—Board Equipment, T : Mbits/sec
7t
OBU ™13 T23% [ 4% | 5%
1 13.4 8.11 9.64 2.31
3 6.66 7.33 2.86 1.49
5 10.01 6.94 9.18 1.85

42 2uE

AT F2o B JAPYH = A FE AFL AA
FAZNM FAREH R ALY 5 e 7MY
g ed] ek £4o] BQsith mebx & HEEANA
£ OBUS| S7}] mt Ao ® wAIA] A& o
2L Y Jon, e 22 2 4N
=3

_13_



HENREHEME S WiGE

A5A A1E 20103 2¥

7} gl Xl EHEL BT 000305%2H w2

$AES VIS

¥ 3. 7k OBU Z237|8 24
Table 3. OBU Log analysis

54 N
3] 2= A=
OBU | 2= g | 2T =25
- (lient AE 22388 0.00447%
27 2l o 1 ' 7
) dE 22197
(lient 1 e . 0.00451%
) T 22518
3t) | Client 2 nE . 0.00444%
) dE 18677
Client 3 S 0 0%
) A 35495
Client 1 e . 0.00281%
S
Client 2 551 31?9 0.00319%
=
) T 27191
5t | Client 3 nE . 0.00368%
S
Client 4 551 23186 0.00431%
=
) - 19216
Client 5 B 0 0%
o Ty 0.00305%
43 M&E

Ao H WA NE J4 20ms B2 AL A
AZELZ S Aofstr] Hejxe ME AE &=
7} 875¢] At [EEE 80211a8] EA44 AHu)
54Mbpse] Hlo]8 M40 7Hs3A g A 2k o]
A4S 18 AEE H2ES 798 vt Yok
1AM H e} 714 OBURA| 2t A48 H2EE Jperf
& o]&3td] FPsrt. Tl R A ojH A
A% z2 3o Felo|AE 2 13L& 170, 370, 57)
2 Z7kld OBUY Z7F 23S F3JeH,
Wireshark 2 23 97 & 43t} 2425 OBU
o Z7tel W} Bt #A$E-2 137 Mbps, 12Mbps,
114Mbps®] AEES 7150, ol A 57t

of meh Aol Qe FAT AYF o9 A%
z8a7)dE 227 98 Aole wed. (18 4
= A% 0|54 3 WY 2T A 4TS
BRI

.
i o

Pl

1

.

i Cn

| x& & y& dzz |
a8l 4 Wireshark 22 = 24
Fig. 4 Wireshark graph analysis

44 X|oig

AGE-2 /I AlofiiA] [ 29 Fejo|dE
oA AN R] HlofEf e} HiQx oA 4413 2171E
S B8 T <E 3 2L A gho| EEFRE ol
[2™2]9) A o)F 77 15 S T A E VeRitk

E 4 7 7 x[g
Table 4. Section delay ratio

([8 2]9) & 7t Ha A&
@ 3+ 19.2 ms
© T3+ 20.3 ms
© T%t 44.5 ms

Hat A A& 28.0 ms

Hole o] £45 i3 A% HAEND 2 A G
2715& BAF0H, X-msec ©9)9] ERJ2vIZ
#3} ulo| B8} 7], ol ¢] F77} gt o] 7]
EFAct Aoy WA A AEF7E 0.0229) F

_14_



IEEE 80211a& 0| &% <lxg-abF @zt Aojddrle 44 & a1

< F718 71537 g d, A%E 217158 99
A 9] AQES AU S A A3
AR A A& MEHZE T2fs) 2aPE 9 R
23 o] E2HULH, oje AFFATA H&
7he @ Axe] sAlEa gdd

e

V.28

TEEE 802.11a 71%&-< At 54Mbps & A4& =9}
FS A= oW B, 9z 789 A T F
e 70 B 43 A A A o] 54 o
Fe AA FAF fAN A 1& Fo) BadpA &
7] W& 20Km/h o]ste] £xoljx A=l on,
Z3A% FAFRAANNY AL FE8] 7HE A
S 2 paEo)nt. B AP 7 d=on A Al A
FE°] gAY FAlo] FHHA G, ot
H HAFE T AF AojHE wAAE AE3
o £A7} HA] k& ALE AdE. v <E 5>
ZyV2A B4 719 Hlae)t.

E.5V2 84 7= v
Table. 5 The compare of V2! communications technology

WiBro | WAVE | DSRC f:rogjll,;l
ASLTZEF
IEEE IEEE | IRDSRC, | IEEE
802.16e | 80211p | REDSRC | 8021la
F95U9E (GHy)
875 | 75 | 5 | 24,
EA £% (Mbps)
Doan: 74
6 ~ 54 1 100
Up: 10.08
54 A
1Km o | 1 Km o | 100m o) | 100m oy
e
120 Kmy/h | 160 Knyh - 10km/h

v | | L
dcom oy
e | s | B | bs
@3
b=t B8t | A= A
TR HRE | oE S | 7 BVl B

Y IEEE 80211a= F4071e9] 54478 18
o] e, Aol E 5 $44 Y 2l vztsHA v
37] o AA FEE 8730 A =HFA o o
AL Bosit. B g 84 58 B}
7] S8hA e ASA| 27 thE =9jo] a3,
OEo] 22 Aofsie M S FAdE gral]
3l dojele] st B A7 Ee 8 Aol

o2

k=t

(1] L8A, " AF FAVEAA 7|E T, AAEIEFE
4, 234 #1535, 2008.

2] €S, “EoFE A BA 7129 &8 A7, TTA
Jornal, No.117.

(3] 28X “AF §A7E T, LRl #2H]=E% 54
13155, 2007.

[4] "Portable internet WiBroTM Wireless broadband",
http:/ /www.wibro.or.kt/

[5] “23GHz FuiIEY £F - £ A% 2 WA A
AlZ", TTA, TTASKO-06.0082/R1, 2005.12.21.

[6] "23GHz F QB YU (WiBroTV) AH1= R YIES)T 8 F
AR}, TTA, TTAR-0017/R3, 2008.2.22.

[7] o144, “5.8GHz 9 =W 7] X534} A ©d7]3F 27
7] A& L HEA(TTASKO-06.0025/R1)”, TTA Journal
No.110.

8] FAAEAATY, '5.8GHz T & A ) DSRCE 14
2utg OFDM % RF MMIC 34175 el 83 ¢4
7, 2003.

[9] £54, “¥]=-2] 5.9GHz 1At DSRC(IEEE 802.11TGp)
71& A7, OSIA Standards & Technology Review.

[10] ¥, “IEEE 80211a ¥4 LANejx CSMA/CA

_15_



B2E WG

BRI Bl

£ A5A A1z 20109 2¢

MAC DCF =2 EZ9} 4% 3,
2], A8H A1E, pp.65-72, 2004

[11] F&ol, “OSGi ERFNA HATE AAHE A 27 <)
AA”, AN YR e =84 A4l AlE,
Ppp-35-41, 2009.

gy =

i

20023~ @ A SulFAE A TS}

Z|AF=2(Sang-Wook Choi)

2008'd &

Qoo AHE FS o}

el P ARE B
Rob: QM H S, Ho]EEA

= LN

s FFE FEIHHALA)
751 BRET, do]gEAl

g FFE FEHE A1)
ABR3, HoJgEA

AA
oF:

_16_

Z$tZI(Han-Jin Cho))

1999 Sl st A% 3

=] 2=
5 ul

* Aok FRET, HolHEA

0|} 2HJae-Kwang Lee))

198613 &) sk A A 2He
(el 3raAp

- ﬁ 19934 B8k AAA 25
(o) 3hbAY

1993~ @) St BEE B ws

% TRk PHE T, Hlo]E|FAl



