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Abstract This paper presents implementation details of car communications system
based on VZ2I2V model over broadband wireless networks including WCDMA, HSDPA and
WiBro. Also, we measures the major performance metrics such as Round Trip Time,
end-to-end latency and others between in-vehicle client and location management system
by driving across urban areas in Daegu city. Analysis of experimental results would be
helpful to consider the applicability of traffic safety services using VZ2I2V-based car
communications over various broadband wireless networks.
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<) @ WiBro(Wide Broadband)9} #& 494
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2.1 V212V T8 &

n]= DOT(Department of Transportation)oA+=
VII Z2AEE F3lsto] w7kabde] g gHn el Ak
FAMHAE AFsHL sk EUs  2000Wd5-H
12020 “Intelligent Car Initiative’#t= £271 shol] H
tF qbdeta AwstEm nFEH] o]FdE Alwstal
U= HdE Alrstn gtk dEex= DSRC
(Dedicated Short Range Communication) &A1& ©]
43 25 274 (ETC : Electronic Toll Collection)
Mu|27h AxA o Gakso] gloem®s DSRCEAI
Azets 7wto R wWEFHSE AFPAMHAE A
A3k A5 289G DSRC 541 5947t
Agtelo] glovz Age] FHAT AFEo] Ak
A JIEYl Au|2~E AlFsh= Internet ITS 7S 7
kit
T A= ETRIE $AHS=Z e 2007d%4
VMC(Vehicle Multi-hop Communication) 7]%<
Tata o1l VMC 712 WAVE 48 +
A A QlEd TS AL
AN7E FHE BRE ga gtk F2 AV
3742 OFDM (Orthogonal Frequency
Division Multiplexing) ®217]&3 & 2] A(latency)
of W A8 $HE AYs= CSMA(Carrier

)

sense  multiple  access)/TDMA(Time  Division
Multiple Access) Hybrid #3384 o] (MAC

Medium Access Control) 7]<, 2 7F HEES A
dat= HHF 98 T, A 9 FHET)E, A
P Aul2eh AW AE|A Vs EFeta

SAeH1-2].
2.2 WCDMA/HSDPA/WiBro

A AARCR 3G olEEAEe] Hio
of wekA, UMTS % HSDPA °]&54]
AFEAe] AT o] Fo A 57l Egt
= 2006 69 AlAl HAx2 FAeE Y Wibro?

St FEE R AW A Ao A A

- 41 o

HSDPAE= SKT9 ‘T-Login’, KTF9 ‘iPlug’gt= ©|&

o7 Mu|A Fo|t}. T-Loginolt iPlugs d&nd

S o] &3t FUES ALE AFEE e FaolA

A GFAAH U] HE etk HSDPAE WiBrool H]

HlaA dlolE] Aggo] vtal o]k =AW A
ig ]

= ozaz AlgsER V2RV
AR =g S8l AFgshes AL Fid] ag e wheith

S5 AHlzsta givh AR SR ETE vtel &
BAAAE S & wf ARzIvto 2 gghs] wdo]
2 95 F Atk dg(Daum) A= +2 ARt
ANETt =2 AGARE At EEA 9 54X
5 YEstH o A8AES AT algqhu7]
S AF3th dol¥(Naver) AEsE A =AM we
2 #Z7] A A, TAEWS AFsti, mhe
(Paran) A=ve AX AA ae HJA 54 Ak, §F

A A g ARRLS AlEsi, oF$(Yahoo) A%
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3. A & 4 Hio|~Z T GPS 417 19} oAA3sta, HSDPA &2
gl S Afrate] QlEMle] A4

S o]&3te] HSDPA %
3.1 V212V EAl7|Hle] SRAZTEY 0 = d xRt TCP/IP 2& g,
oA FAE V2RV 7IHke] AbF 1F Sl A V21 7]ute] XjEk Al A =M
2" FAEE <a9 1>o eI g e FEA Client peer-to-peer| SETVEr
BN 53 ol5AF Y FeloldE: F/)How Tor = —
Axe) xS ARl LAtk o) F AT ) 2 T -
a—01 ?jEv“:—:_ GPS ‘/—}:J v__ OH X]—EkO] vquH HX] g :\j—]- Device driver Devi driver Device drive
obsla F9 GPS ARES gy xHo] AlFdle &
Bluetooth ‘ GPS HSDPA Ethernet
Z APIE o] &3] 94 A Lol ulz ¥A|S) xde /WIBRO
ALE Au2Rk7] 9jate] FUJAE Y-S AL A <O 2> AJFEAA 2B ZZES AH
i FEA S 8] Wit V2RVE AlEstr] ¢
& AR AR FARE deA gk A oleAY 32 Fe 7|5 =E
S ANZEE WE ARE AFHr] A& A v A
Z3 Ad-Hoc $41& A8k Ao] ofve}, 9z <a¥ > FHIES FQ Vs EEEY T
AW E Fste] FUIAMFIIA R S5H 7E A A 9 golg 2252 yehig
BHE At ojsade 28 F AA Y= ALt
F ERALY, AR, AR S FEloldE W
y H:ll' , © ]':rL s J_?X]'O:IL E‘Ij/]' ] GPS Display we[:,igsrolgser Log Display |-
L) 5 S8 SESH oY JRES AT AW play
A2 20 EARL, oHF AZE 17 WE Au 9 1 T
Agel g Eakol Y TS Foehe AFEOIA Conpsctlon, |, | | dmvsSerlat | | Tealfiz Infe.
}\1}\21—_9_ 5'_3‘1,—1_.0‘371:]_}\ M Al7]e Z_]_ X T
:1 i_ﬂlo D}H_l Eiﬂ%ﬂ 3719 T e 5 l
E8 558t BE o)gagE 44 A L e Encoding | | nmeagrs |®
3 wE ARE BEA3CH3). Module | 3| Parser [ | Log:Manager
I @ T
Jo o i
HSDPA Modem GPS Modem SQlite
Manager Manager Database
>
GPS 914 ~J \‘
G _ <Y 3> FPo|AE 2ZEGC] BE
\,G /L snmlwmn%
DB Server N\\ \MI'J-EE/"'S-AHJ’.Q = 0]?_1594 %% _/}_25211017]' ?—%E/]E’i ‘ﬂZﬂ
Lt WAk} S 728 DEYRE P . A2 glols
N Gl Memmnns  GPS® 4% AuaiE osAdel 94% sty
e e PlEaDe 7 949 w d&ad oA 94 5w
PEHRIEleny PRE AFHT FeldEE FATAEUR] o
AL F§S5Le = 9] &] = o)==z
<39 1> FYITAEAT 7]uke] VIRV 18 d$ B:‘ga o]7] $lste] Hlo] 1;-3 =5t
FFEAIA] 22 AFe. £ AN skt AgFozn A

e A7 wEHO Ao HdE = AS WA
Mol ZRE stoh, Ao YAE ASEE fAHIEAME
Session ID, Sequence No. TAYX|, olsLHx olE
Weks dlolE Mol o] 71EstaL A A MM 3}

<ad 2> FEoldES H'l
F TEelt. FeoldE= USB ®

rlr SE

Bluetooth 91
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3.3 NMEA =2 EZ ulM(Parser)

A% 20200kmAIA 6719 A=A 247 9l
e Fa AR SxduE Akeke GPSe AR
o] wjd sste] AT oHAE 7] o] A
& #3 Atk A elA WALeE Sxdue 9
A, /\];hﬂr S 13 FA7IRE ARl S0 AR E
= E(pseudo code)E TAEL. FAIVE A
ol g 92 B ARG AN A ARE
THA AL AR e QA (x, v, 2% A0S AR e &
g ol FAF ARE wEoR Py o)F

GPS ]7]94 HolHAES 93 ¥F ZEEZE
+ NMEA(National Marine Electronics Association)
0183¢] QUr}. o] ZREZFE AIZH 91X, 49 T A
BE AFsr] A 4otk NMEA 01832 H]=¢]
The National Marine Electronics Association®lA] “d
o] E=Utt o] HoJHELS F& gyrocompass, GPS,
L w3 E g A o] AR T

NMEA 01832 ASCH¢H A& W2e] s ARE

3t} o] ASCI =2 FAEY, $7155 A&
2 ARgshaL, FAFE(EA| oFo H224-GP,
3Ah, BEF AR FUH), AR A, T8
FACR/ALFE Ao €l L3 GPS ©d7|7F %4
g = ¢ B=+= A empty field) 3}
<O 4> GPSFAIVIE S8 PCE ASH 994
T2 dolHE Yehfia glom, 7t H=9 &

<HE1>Y 28l

$GPGGA,105351.000,3551.9175,N,12836.1784,E1,51.80,98.2M,24.1,M,*6B
$GPGSA A,3,19,03,08,20,32,,,,,2.03,1.80,0.9506
$GPGSV,3,1,11,11,74,032,28,52,314,32,37,115,25,20,35,149,18*74
$GPGSV,3,2,11,08,35,243,16,19,26,075,25,17,23,288,07,19,205,*70
$GPGSV,3,3,11,25,05,192,03,05,094,24, 40,78
$GPRMC,105351.000,A,3551.9175,N,12836.1784,E,1.47,68.46,100809,,A*5F
$GPVTG,68.46,T,M,1.47,N,2.71 KA*07

<19 4> NMEAZZEF

<3 1> NMEA Z=EZ Q°F

Field Comment
GGA A%, $1A], Fix Type

FA7] 2 R=, Abof] ALE-H
GSA ;\g]ﬂi] ]ojopgk 1A ALkl AR 4
GSV  9JAdeotelt], &2 #9217, SNR
RMC Azt g5, 9A], A2, §5
VTG 7A=Z, £ Z(relative to the ground)

3.4 ClolE{Hlo] &

<39 5> fAHYA F Feo]AEA o] &
Eis H]O]EMH T25 Yepdth AlAA R H ol S
A sessid = TFe] Sefo|AETL J&sh= ol A
sYg HolEd AFHE dHelHE "1i T3]
A3 g2 ARRHEL seqt FEOIUERZRH AS
HE g7l deHEE AFsh

runtime o] | o]

o

EgfE RS Fle

HE Agstal oA FHoRER SHUAAE B
= dege ARRE AZEr o] #Es & R
(Round Trip Time), Delay, Throughput 5% At&d
T Ut gpsdata Elo]E& 5 oy £AA] A}
a7 st GPSFAl7|A ol dHeolHE 92
atfE Aete] dHolHiEA Y o7& HAs] 95

o] Abgl,

3:9

o

do
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[SERVER DATABASE| | [CLIENT DATABASE| |
Run_time
Sessid varchar(40) Sessid varchar(40)
gps_data Seq int, Seq int,
gps text | AUserid varchar(20) ready int
Ctime varchar(17) before varchar(17)
Stime varchar(17) after varchar(17)

User_log
Status varchar(6)

Run_time

readFromCint int
writeToClint int

Alert_log parseReceiveData int
Mode varchar(10) Total_run int
Lat double Session_start varchar(17)
Lng double Session_exit varchar(17)

<7 5> Hlo[EHo] A 2

<E 2> 7|EAR HolE

Field Type Comment
sessid varchar(40) A4 o}o|t]
seq.no int dHAAN T
userid varchar(20) A}-8&%} o}o]t]
ctime varchar(17) Zgto]AES] AAA 2 A7t
stime  varchar(17) AW AAA 2 A7}
<* 3> runtime Ho|E
Field Type Comment
sessid varchar(40) A4 o}o]t]
seq.no. int deEds
gps_data text GPSel| Al =413+ Holy

ROy
A%_?g
o =
ZEr\l
rloo[o"d
/\‘*‘)Oirn
‘E‘\il‘:lglro
e
D do
\/1)'1“47
&ri%
N
o
iz b
o fr &

o::—QOIOFUN
=R

re
[
o
o
ﬁ,

o
FR_I

Zho] A E ol A Hxlﬂrﬂ/ﬂ‘ﬂi Ty =
SEQUENCET &% AAelA dAEEe &
b A YA et Faks HAA Y dEW S
Wi, sessidi= HEAIM AREAL ofoltE
AAololt] 2 ALg-stth 21 o] E H|o] 2o A]

RO

O of rr =

g

°
;1

EZ (tuple) & sessid®} seqnoZ A o]&sto] A
Tl useride AREAFS] ofoltE A 7St

2R A% og e pob Al
:IOL_”
_>.:

o
2
1

i

8 THEA ctimes Fdlo|dEdA AMuz
AR E AEetr] A AlZES oulgit) wWAA]
galo] A Bl DATAE BHo wa gz
ARg-gth,. COMMANDZF GPSLOGY 7%~ DATAS
= GPSell” 4418 NMEA ZREZ ©HolElE& A%

atal, ALERTY 49+ b (traffic safety) %

BAYE A% wEARI FRG A Aws F=
2 YR @A o5 X ARE S}

[ commann |
[€e]VIV/N\NIsll LOGIN

ME{0] F<% 8l Mool S5
LOGOUT Z10t2
GPSLOG GPSHH T&

ALERT

HAIX] LH#HS

uEYE HE
SEQUENCE
SESS ID M HOLO|C|(E£A|ZH+ AFE X002 14)
w1 ol
CTIME OAIR|E §&6he 2he| 22t0|HE Az
Sl elelo] e che
GPSLOG GPSH|0|E (GGA, GSA, GSV, RMC g! VTG)
ALERT  ACCIDENTI|LAT|LNG @ SAt %‘gllﬂ

CONSTRUCTILATILNG ZAF7ZH

CONGESTION|LAT|LNG SREN 72

OUTOFORDER|LAT|LNG DN T2
<Y 6> SRITEZ] vAA I
4. M5 5% 2 EA
41 A8 &4
B AFofA= olsat(EEelAdE) 37t FAll
SHE o, 10 A AHMHE ARsted & o
o satF R FAAAS T F IEFE HIEWEE
FHAAY. AReDL BA A9 ANE 24
B o, 3|9 o] satg Zt7a A HE et FAl
A5 AAHRTT, latency, server processing time)E 2]
24 A9AE 2 AolE wolx ol Relel 1y
o clgAgse 49 Z4AE gEE ANsd,
<E e B oA ARSE B AN, Fetol
AE 2 FUAA sslole] e welEth
<E 4> AFBAA Y Fa A
@5 Fa Al 31
OS : Windows XP
professional
Desktop PC CPU : Intel Core2duo S
2.66GHz A
Memory : RAM 1GByte
OS : Windows XP Home NES
UMPC(Fuyjitsu CPU : Intel A110 800MHz j};;
U1010) Memory : RAM 1GByte ( lieot)
Bluetooth 20+EDR, 82.11g | "
Eul 1\—]1=._/\] L_\;J_
;’].WCBU b - | USBLL ol
s }ak
(WCDMA/HSDPA z\]JEDMA/HSDPA/WlBro (th_}e;t)
/WiBro 7-&) -
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MT3329314-66channel °|E
GPST31 NMEAO183 v3.04] ¢l A

Bluetooth v2.0 SPP, USB
HSDPA, WCDMA, WIBro
(% 37K4)

Infrastructure 35

1A ol BAE UMPCE & A9E Slahal 2
ol AZEolE Tl YA Hojglon,

e

olF A Yol &8e 4= e FEo|dE FAXEHN o}
e Fog olF 7I7|(dE B9, 2ntEE U] A o]
A 2 2 NetBook I RNk B e B A

UMPCHTH 3Ab)e] B8-S AT 9o, g
B ENS AT AEAAEY FHAE 2 Aol F 2ol
A ga gons, FeoldE G AE Fhi
2 AReIN FFE FE 2% ohd Aoz B
<Y T>E B EROA TAR VIRV FA A2Y
Adshd % A% AA B % H2E B welF

4

Mobile Router for [aaUMPC for running
| HSDPA and WiFi Client App. [ g

B V22V 7|Hke] ekt BAl Alade] AEH A
T EF4S Yot dFFYgA e uaEHER9) o
T =R A &8 HAEES A 2 =i
A= oAb &d webx FefoldES} A|H
AW Abolo] T ALAAAZE RTT 2 AW
TR kel 8 AR A AT AN
AP A7k FetoldERYEH HAYd GPS ARE 4
olgHo] 2ol 7| Ea= d dlFE 288S & 5 3
own, olFAe &Ee} Tt AW Fafo|mE
UG e FAGSL dAZ AL 389 =AA

HUpbs 314 39 oI XoA] o] sl $ x|
AW Atole] HrAde] mE RTT 2 Aol ozt
S7VehE A MRS E]lEkth

<adg &, <ad 9> %W <ay 1002 44 A
olx4xo] w2 HSDPAY, WCDMAY % WiBro

lo b

=

oz A YA HYAMIE RTT 2 AAS
} Asjoltt dubd o g WiBrowo| HolE HE
7} WCDMA/ HSDPAW Bt} $-Falmz Huby
WiBro 49 7427} vlul% WCDMA/HSDPA

-

T o 2 oft
o

o b

gelAel  SAAETY ¢tk WiBrod B
WCDMA/ HSDPA #ellA 9] RTT % Ad2 ol&at
o) Hwrh Srhgel mekA oy k. md
Ax B o] A AR olsatd 1Ud Bt
AOms=EH Ao A FFEolrt
7000

6000 ol

m Delay

5000 B Svrop
4000

3000

2000 —1 — |
1000 +—

i e

CHNAeRCREBINNIABNESIANAANRRE
(a) HSDPA W =253 4534 velH
(x5 @9 wAA M3, yE T ms)
7000
6000 it —
H Latency
5000 m ServerOp.

(b) A&EER Vs, B9 L2y A 554

(37, MIN, MAX, Std. Dev.)

<29 8> HSDPA®S| =253 497t



5000
4500 A —t—Average
4000 \ —&—5td. Dev \
3500 \\\ = VIAX /
3000 \ e P TN / \
\ AL )
2500 \
2000 \
1500 — — + —— §
* G 2 g + =
1000 7 —
500 + [~ =l
o T T T T T T

<10Km <20Km <30Km <40Km <50Km <60Km <70Km

(a) =AA F8 Al RTT(¥H9] : Km, ms)

2500
—s—Average

3000 -\ —@i—5td. Dev /z“

\ —ae—MAX /
1500 \‘ mamill \\

oo |\

500 :}

<10Km <20Km <=30Km <40Km <50Km <60Km <70Km

(b) =AA 38 A] Latency(¥+$] : Km, ms)
<% 9> WCDMAWe] =253 A5%7}

6000
—f=AVErage
5000 7| —m~std.Dev ;
= WAK
4000 +— s TN /\ /
3000
2000
1000
0 T T T T T 1
<10Km <20Km «30Km  <40Km <50Km <60Km
(@) =AA 3 Al RTT(E$] @ Km, ms)
3000
—4—Average
2500 |—{ =@=Std.Dev -
i MAX /
2000 +— ===—MIN

, - 7
e N7

F 3 —
500 ’W——‘—ii
= i i — d
0 T T T T T |
<10Km  <20Km <30Km  <40Km <50Km  <60Km

(b) =AA F=3 A] Latency(¥+9] : Km, ms)
<% 10> WiBrode =253 4537}t

BomRo e olFatEke & ulgld Feloldl
Eot oA #gAMH Atole] RTT, Tzt HEAdA]
AL %‘1%?4/\13%«1 F& A 3 AR —% =74
8t , A B = oA EZNH
=, dlo] Ef o] 20 ]—vO]'T: dl o
s iﬁ‘%% ﬁs‘fg 9tk =3, WCDMA #

k= uEEge] Ay =
27} WiBro % 7]¥te] ZAIA|o| o] $-ask 799
RTT 3 T4zt xd%‘xl?if\lﬂld_ﬂ} B z;%% 3t

3

=

=&
SR

(1] 294, dgd, “AF B2 HE=
% #1234

, 9 7&

AAEAATJETRD AR 54,
A 5%, 2008 10¥

[2] Jos¢ Santaa, Antonio F. Goémez-Skarmetaa,
Marc  Sanchez-Artigasb  "Architecture  and
evaluation of a unified V2V and VZI

system based on cellular

Vol. 31,

communication
networks,” Computer Communications,
No. 12, July 30. 2008

(3] Weld, 75+, “HSDPA/WCDMAE A 3}= o]
$ b Jlnel A% B4 ALY FE 2 A
S, Y= FeE FAGETE, 2000
| o11¥ 20¢

[4] Moez Jerhi, Sidi M. Senouci, Mahmoud Al Haj,
“Extensive  experimental characterization  of

communications in vehicular ad hoc networks

within different environments,” 2007 Vehicular

_29_



Technology Conference(VTC2007), Dublin, 2007
[6] Aun Haider, Richard Harris, Harsha Sirisena,

A % F (Kim Dong-Joo)

“Simulation-based  performance  analysis  of « sHA 3] 9]
HSDPA for UMTS networks,” Australian « AE g E8g o] gat
Telecommunication Networks and Application cdtEYUsta HFHARS
Conference, Melbourne, 2006 AF8ta ALy
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- - 43
= - Auustn AFE T Tt
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