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Design and Implementation of Car Navigation and
Cockpit Infotainment Embedded System on

Open Service Gateway initiative

Chi-Chou Kao*

Department of Computer Science and Information Engineering, National University of Tainan, Taiwan

Abstract — When wireless broadband technology is advanced increasingly in
communication environment, the intelligent traffic information system research has been paid
much attention. The purpose of this paper is to provide real-time vehicle location information
and network communication services by building an open platform for embedded automotive
information services and integrating the embedded technology, satellite positioning, and 3G
mobile communications with wireless local area network. In this paper, the vehicle information
system platform will be constructed on the Open Service Gateway initiative (0SGi). Using the
OSGi platform, the vehicle information system can be intelligent vehicle systems. The main
Sfeature of our system not only provides general common traffic navigation system but also gives

the forward-looking cockpit of multimedia services'.

Index Terms — OSGi, Multimedia, Car System, Global Positioning System, and Embedded System.

 *Corresponding author: cckao@mail.nutn.edu.tw



26 International Journal of Science and Engineering

&
T ARAERTHULUARE D F =g
A’ﬁﬁwﬁﬁﬁ PEZTIER  Mih~ 2 P chhizfp

DR S

fﬁ"i"—ﬂv] r,

Byt gt r U8 JUURAET o
SHEMRFEE T CE G AR AR ERT SRR U
[ ]
Sk Bl B AT PR AR 4 B 15 2 (OSGi, Open Service Gateway
¢ o % OSGi *
AT L S EAI Sk sp e

EIPFAES LT NERERENIRTE - AH 2

initiative) # 3 & % T30k SLenpRAR T
LoR@AfTR
i R T Sy ¥ LT d Hank
S LARBIE g R4 5 SR

N cER
PRA% o
MAEF | BRI M ER 0 S B kR R

LR R A

HH

T

# T”ﬁﬁ?ﬁﬁ&iiﬁﬁ il I'F'Ej’iﬁ%ﬁ[pfjm A

A ] PR (R fiﬁi?‘ﬂ Vip T e FURiEH
= ﬁ[ ?Z[ Ty 5 QF/ 77J EJ ﬁ[ RS S=L A (Vehicle
Information System, VIS):Z #ri[r| {f[ e [~ FF' &=

BEF AR U R

ik (Intelligent Transportation Systems, ITS)Aff 5
%EW%HSﬁﬁﬁ%%@%i’nsmﬁﬂﬂw
T RO E RASE UG - L
e LAy GE R %"F[afﬁ,ubﬁ[fﬁ&ﬁ/‘? THI PRy
A PRY— {5k MI ngyﬁ‘iff I o %@ﬁ_HIJFI\J
FIEV AR P [1-2] » PR e | = PRl
1?&4 [ e %ZF,FIJ@ AR ﬁripukig&,, B

AR R L R AR ISR

Al 7 S S S e T
I 1 o 5y £ o Ry
o R R P O
fi J%ﬁ%ﬂﬂ% Yt—r;u?l/ | B g F’, OSGi(Open
Service Gateway initiative)[3-4] {51 4 HI #le Y7 =5k
IEIU’%E/%‘?: 71 OSGi 7= 7Ry Hr— JofufuF = ] H
W*WPWdﬂﬁﬁ*ﬁ AP 7 -
= RURLER SRS (home network) ﬁF’F’HEﬁJ%‘T
ET ﬂ ERUFHHTEHY (Residential Gateway, RG)
PRYERIET - [ I )RS 'ﬁi{ﬂ [i7 OSGi = | HFH
(B i e et A e beRr iy (lEN
I &kﬁﬁﬁ » BRIV R AR e T
F“, o BT ﬁl_ﬁgﬂﬂﬁ'ljr, » OSGi Y55 IE ER F b ey

FRRFlIpY= ’ﬁ‘ﬁ‘ HIAEHI | n\[ﬁ‘-“%‘,(m—vehlcle network)

¥t

) FIVRSARE < SRR - T
FH M (service provider) ™ #l ﬁ FET R J‘Tﬁ'ﬁmg}a%

5o FIE SRR PGS - - BLRT OSGE
APV IR AR S AR I/F[pjgm%ﬁgﬁl ° Q%IF[I@—T
%W@wiéiﬁwi%ﬁi BE AEET
s Ul ﬁj;ﬁt[ o gf; /E,fﬂf ﬁf&' OSGi
]E[JF HIELS f o |§|rﬁﬁﬁlguﬁm&?¥§*+nﬁp r E’“#\

A AR B TV ARTTFRLAH pm B

afo



OSGi H1 Fl i e ey FUstgs b a7 S0 25

Service Creators Mobile cellular

ot satellite link
Internet - 3, e o

A
Appliance Control H DLz w
Lighting Control I;t‘;;‘ii‘: f |\Two;k .@-
Irrigation Control E B TS

TBD... 1 !

Moy Somors R

Source * OSG

w OSGi % H ML AT I %R [3-4)

G PVENRYF R B IR RS B AL
Ef‘éﬁ@“““% [BEE S B BELE ﬁ‘ﬁ%ﬁ“%‘ i
E R R P YR AR xiﬁfﬁgl}‘ B RS
H[ , ]ﬁ:IFL“‘Z%IIH“1ﬁJ'EIE Ud = [ﬂ:]&lﬂfég’;\ l—ip » Bl T
A ZAUHET %égﬁ[l I %éﬁa FURRL 7
(B E SR et ﬁpﬂ;@&#ﬂgl V-
el *ﬁﬁ%@mﬂn”ﬁ&%m%’ﬁwwmﬁéw
B BREIREPI  TIB  FTH  F9TR
IF”HA ) [NH—— pfr q——l‘fﬁl]]%?] T EY ',I%rrepjuﬂ
i (R RS Al B R P A U
R o IR, 2 LR PR S R - B
fé‘%;[?]g%%l‘ﬁlﬁi“f“ﬁﬁlﬁ%? : iﬁﬁf@ E'Jﬂﬂﬁjﬂﬁ’éﬁf%
Eﬂlﬁ&?ﬁﬁéﬁzﬁ’?’j e Elﬁfj[ggzlrkjiﬂ E,sjfrjrz,ﬁgﬁ b 4%
T E'J?—‘ﬁf’, iﬁ FP (RIS (Voice  Activity Detector,
VAD) e FETRIF= TR > 7 S Pz ™ > Ry
Eﬁfﬁﬁl ?ﬁ?ﬁ L ARSI @gpfj I [5-9] St

FIPR B P VAD > 4 =i i ?‘FFF”[ AR
f VAD 555 & =l = .

g 0 SRR TP
AR EIJ?F* (- )s‘&?ﬁéﬁé (EHEE 3 BRIy
I I T T R 5 Fé:
FREVEL PSR U I #iE AM/FM "~ MP3
ETE ~ CD/DVD 513y ~ MPEG-4 - {§f OK =
iy o 21 ﬁﬁ%ﬂ%ﬁpg (et e B s
AR 1 e e I - (S s
7w Il eVB & Javaf 15 = USSR - TIE S
AL % MY s T B -

F%—Fzﬁ* (e 27

R YT A R R A
PO T SRR Y (S U T Y
Fi{’fi ;ﬁ‘w“lgﬁ]‘r—t[ 11:LF|:| J o

B M ARSI U R
*F & jﬁ}{ﬁ’ FE OSGi Hidlab s ey i
N ﬁl%ﬁ SSRGS - 5Y
R R Fif g 5T ffﬁm}ﬁﬁx i 5
Eéj%im@M§%ﬁW$$ﬁﬁﬁf(ﬁGmﬁﬁ
L PHRACEEL S b Al S s - T e

PR -

- ﬁ’ﬂ@’fﬁﬁ[ﬁ&ﬁ@«—%ﬁj fi
o TR £ [UUER - WITE OSGi v
fﬁiﬁ[jﬁ?&'ﬂ— |[4%1L% Y API Bundle ! b
T %‘bﬁ“ﬁf‘ ELFF*’[ st oﬂ*—rﬁ%'ﬁj:%ﬁi@ API Bundle
ﬁﬁ[ﬁﬂ?”%’ﬁ e o

&=

-ﬁ%#ﬁmﬁﬁ:@ﬁgﬁ%%mﬁ%gﬁ,m
ﬁ%ﬁﬁ@ﬂaﬁﬁ$W@%M°
[ ) rlFlJ’\%;;E[ - = &&WHPI’I&IH

MBS ST }erf:J &%gqbajj .

F IR F' I'] 32 i XScale th * =V ZF1 88
Wﬁj’ﬁ@ﬂWW%“ﬁﬁ@%W?ﬁ?%

m’ﬁagmﬂpaﬂww*mﬁ’ﬁﬁ;ﬁﬂp
o3 RR= et L RRe s R s R e
® Mg
o B L B

R A R SRR -
b 2 BRI oo YR R S o
7, FE*L]E”F%“{‘ & f'[ K et R YR
(drivers) ~ 8¢ 7 = (B3 23 (embedded linux)mﬁ%
(R [ﬁ‘ﬂﬁéﬁ [2i(Embedded Qt)ﬁIJF#“ RS

F |(JVM)73’[;I’Sj F |H1??L(OSG1)«}$ PFI ° E@?ﬁiﬂf—&
iYL T RO SRR - [
E 4 Tﬁnﬁ%‘@@}{i’j’,f J Linux kernel 2.6.22 457 s #24 - ﬁ%ﬁ[
7)1 [i(Embedded QU » BAFHSHT {1 (IVMELYI
7+ Linux Kernel -



28 International Journal of Science and Engineering

faﬁ%%iﬁm“ sanmpian | 52 | 02 Jin
B IS TLIEE %(IMTS)
0SGi
# VM [ Embedded Qt
%, Embedded Linux
R =
1/0|CAN « RS232 ~ UUSB ~ ifi 3.} 3G * Bluetooth +
TFT Panel.... 802.11g » GSM/GPRS
;’é Xscale PXA 272 (520 MHz)
B
B S T R
® ket

R T L B
(drivers) BT SRR 2 (embedded linux)ﬁ,@\%
ﬁ?ﬁ”@ /7 T*I(Embedded Qt)ft J’F"JKJ[“ TS
= F[(JVM)bDJSj [%U?‘i(OSGI)«ﬁ PF' Eﬁéﬁ*ﬁ**
PR T AR MEGE ¢ AR VO BIGE R RRVEGE o
A% 1/O M5 F) CAN Eﬁgﬁﬁﬂ ﬁ ¥55 ‘:°§ﬁ%‘ﬂf}[¥
USB FREPFHZCET I @ VeLas fff € Wi OB EREA
T AT ARERAAE Y - 802.11 Eﬁéﬁﬁﬂ 3G M R
‘*ﬁfzj“‘* S0 ZH MR %ﬁ%?ﬁﬁiﬁyéﬁ?ﬁgﬁﬁé' ”EJ [’:fg{*ﬂs’/
%Wﬁ’ﬁU“ﬁ9ﬁfﬁn s YRR L))
RIS T 1§:\]E‘“l§?(802 11abg) ~ 3G |7
W E ﬁﬁﬁg[u PRI A TR0 7 I RL RS232 17
VB USB /110 3G pjFMVEAE W gkl_a“lgj? o
q%‘[[* ’}H*f 71"} PC £} Server ¥ .JP %ZI%FE‘EIE]&T1£
£% Client ¥ ,F.J FRE ﬁl%%ﬁt ;‘Eﬁzﬁﬁl’@ Y[

| L
| /  Server i

Eipug

e TR R
o

=] ARMI10 X FIFH“E[ r[ EM P Intel
PXA270 KZEIES (BEL = BiZE %= - Intel PXA270 %
RIS i S20MHz, b3 IHA T AR o

AWM 0 LCD 5 VGA fUgE T i fT L A £
1280x1024/16bit FY 1024x768/24bit » ¥ W fiffiy %
BRI -

- ﬁ@@i#ﬁ%b%%aﬁwmﬁﬁz
iﬁ‘ﬂl PR R H i E R

Eii'*g”{ﬁ“‘@gﬁli GPS =* GSM/GPRS ﬁ[%\%ﬂ

F AR AARRY i R -

L E N RIS

Z5 1P} SMS ] GPS i [l L
TS+ SMS AR GPS U b
Eﬁy LR LT o%ﬁmﬁﬁwéﬁﬁ

AR IR 2GR TR R R
[EIE' > SMS ﬁlﬁlj PRSI IRERLE S [R5 SR
e E R T T e T i L
PRIV i -

E A F ISPV W RCE o SRR GSM AR
Y5 CSD 9F > PI9H 5 GPRS fiu= 5 - BSC 2
7 0 I GPRS fOIE RIPT RIS SRR
321 GPRS = BSFRZIL] » AIH (o[t /v it by
FPRIZIE il GPRS o 7 BSC
e
e [T F\I;I/k_?i-i

5 L] Windows Automotive 4.2 £ [E5 T
F » [X£} Windows Automotive 4.2 iﬁ! ELHIH ﬁ'l'[

%ﬁpula@’ Ak o RLET Windows CE [~ pﬂ»
]E[J Windows Automotive 4.2 3 ﬁ HE B AR

s IR

Sy It R A J BRI Ry b
= % pﬁj =R ;@_%[iﬁ
i Eﬁel?‘ﬁ%. wE
PP R ’1:[}% B SQL server 2000 CEf%

TR R F} 2 ["Jﬁt’g?t T (= F 1A %«FIJIE”SQL
server 2000 > TEJJ B Elﬁ};i:[?fl'f][lPDA?ATﬁ’?F%?f » Ay
Remote Data Access(RDA)F: P& I'| S G6LHY F 76419
ﬂj?“ﬁ‘?‘/iifﬁ}ﬁ@?ﬂ% ’ El’?I?FJ[FWRDAf/Uﬁﬁ'P“'E[”T? ’
FI"[Pocket PC F3HEE (Y 28G5 - @fﬁbﬁ_@ﬂ
SQL Server 2000 iU ¥R JF*, C YN R Y



OSGi {1 EVEse g ey iisge 1 ot & 0

T HASAVEA [ > [l[[Pocket PC B”jtﬁ“}lﬂ’ﬂ’r%lg*
FUEYF > IESQL Server 2000 [[1#E * Z[[Pocket PC
{1 R BT | e IO Pocket PC fy
(&4 B e ?lﬁlazﬂl > SQL server 2000 CE [*]
ADOCE 3.1%{% » |’ fﬁ%g;h‘l%?r * gﬁﬁE'ﬁeVB .
Active Server Page(ASP)Z 1 &> B A =114 7 SQL
Eﬁ*ﬁ]?lﬁ?ﬁ“f[ TR o E'IE?{E_I’E'J*H?“‘E‘@Fdf’ﬁ_‘EIUSQL

server 2000(1VADO 1 AI[F] > [i* &7 7K = ] EﬁEJJ:F
SQL server SQL server
2 AT 2000 CE client 2000 CE
agent database
;ﬁﬁﬁm
SQL server
PR — i SQL server
% 3% 43) AR 3 2000 CE server 2000 database
agent

[ﬁ'DLI Remote Data Access Model

o i i

BRIV B A > 1) Mircrosoft fiY
eMbedded Visual Tools([*] %3 il eVB I eVC++) ¥
WinCE platform SDK(for Handheld PC)£5 " £ 42
e it f}ifffrr eﬁﬁif, #1'] OSGi Bundle
RTE c[J—fLé@'r' ﬁ[g&-ﬁﬁ o

ETINE (== He

7 SEARFRE | EZ-Scan 5 ﬁ,["ﬁ&l[ RS F?J'}
Hi TR Y | EML327 FEF[' A USB fifrs 4
¥ 1S015765-4 (CAN) ~ ISO14230-4 (KWP2000) ~
I1SO9141-2 ~ J1850 VPW -~ J1850 PWM =L » KTEI
fﬁ' Scantool gﬁ'rﬁfrﬁﬁvﬁli[ﬁﬁﬁﬁﬁ‘ﬁg ’ fﬁ[ﬁ’ﬁﬁ’ﬁ[iﬁf@
HRYFUFIVL o {MUSAGLES B 5 MPEG-4
GPS ]ﬁ’%‘ﬁ% i %ZF’?, e fﬁ“{ggﬂﬁf?f HEH =8 - $ 5
AR R F[E[:p“ ;
® o [tFiHii (Engine RPM)
® i % (Vehicle Speed)
° ‘{ﬁ 'F}H “}<1E 3 (Coolant Temperature)
® G ETE1#U(ffi(Calculated Load Value)

AR (e 29

o ;ESJE’F%’E*(System Voltage)

RAREA T © RO S T
FYk] %”ﬁfﬂ 3G A fic! 4‘, Huawei E220 HSDPA
USB it i = l{ﬁmﬁﬂ%ﬁlﬁﬁj =94 Al
TR0 - T AR R IR A
° El%ﬁﬂ 7 + ITU H.263 -~ ISO MPEG-4 Simple

Profile -

o P
® il

Codec °
® LfiHis3 : JPEG - GIF -
o 3"?2[{5 735 + XHTML- Encoded - Formatted Text °
&;ﬁﬂf, BB (e H SRR S
&@;I[[‘J%ii?ﬂ/%% o B T R e Vbaﬁ?l@%
PESERRS - SR 2 Bt Py
o > 2 FERLIT R (Additve)i g > bl L]
FLEAR(Convoluted )k - FiH ﬂﬁj EL (B >
PSR o (R R AL R
[ T2 T I S [l » A ERA,
iﬁ%ﬁ*%ﬁé% ﬁﬁﬁ%ﬁﬁ%fﬁmﬁliﬁd s A
R H r‘@ﬁ@aﬁ%ﬁ EJRETR] xﬁﬁf‘ﬂﬁé%
R S N s
fOvEfirt, » i S [ 4 B ?Q’Eﬁﬁ[ﬂ IR 2l
e 2 N RN EIN & -U A R (e
Bl h SRR T AR dp up?l ]fl
B~ P O P S RO
T A ST U SR A N e T
%mwaW% LRSI BB S
B #W%ﬁfwuuﬂjﬁ 'ﬁ%iﬂ'ﬁﬁﬁﬁlﬁ%?‘?@?‘%j

* MPEG-4 AAC-LC (Low Complexity) °
: Adaptive Multi-Rate (AMR) Speech

BEFE ?ﬁ R R ;EII IR R S
[ ¢vﬁnﬁ%}uwﬁﬂj‘ e .74iﬁr SRS AV

MR B i PR

(K :FJ%?F IFJFE’TFﬂw .QEH .
+ Rk w%ﬂw“*%ﬁﬁmﬁ%w

TEOI0 712

B ?ﬁ[ﬁ Ef_ ﬂﬁﬁl ’ IEI 5| Windows |‘ﬁfﬂﬂﬁ ﬂj e

~ TS ) PR B 1

FL;J [-gl—}



30 International Journal of Science and Engineering

= 1 RE I o = AR AR Fﬁf'“ﬂ%‘ ErRh AR Y
PaPaGo E‘Tﬁf«ﬁg ) |EUF' Hp [ﬂ W U P
Fﬁlﬁlﬁfﬁ‘fﬁﬁﬁﬂ ~ I PIRIERE FE S T
RSB R e s
BT RS BPTR e - A DRI R R S
%@W“Hj%’f“b%‘$$%’5%ﬁ%ﬂ

ORI - 5]l (Streaming) 932 5 15 1 e

jfzt’FIIIL\j; %@qéﬂfj ,?;“@vbﬁué%ga?, ?"}':{ﬁj’ﬂ EJlaijvTL[r
MPEG-4 /745 21 ~ GPS b 4k - fli -8k
%J%SVﬁWf@%‘WW~%%~¢i@vﬁ
PRI AL - PESBPTRL B (R RV S i
B i ﬂﬁ¢ =56, TR
“ﬁﬁu ﬁ“mm A [ ER RS I H R

)

(b)
= ()RR (A © (b) Akt

FUHURL AR 3 5 Y fﬁ‘ﬂ?@i ?ir'ﬁ.fd““
%°E‘#®Wﬁi@wwﬁ LRt is
g5 Wllﬁb@Wmf w$Wﬁ%ﬁﬁ+@
AR IfE= T v &ﬁ°¢¢ w%ﬁwyﬁw
EﬁwﬁﬁE'JOSGl F' T F' S F“ s ,{ﬁ
[ E'g,f%‘*'ﬂ%ﬂ ﬁf’g I—FU&~M TR }H BT [y Lﬁl
TRV - IF‘A’7+ Pl g R
AR RGO R Ld‘f*%@
G T gﬁﬂﬁﬁtiﬁlﬁ??}?f@%’ﬁﬂf}
o AR A SRR R R e A

SUNE SR Y =iy

[1]  S. Shin, M. Kang, J.-S. Jin, S.-U. Kim, H.-L. Kim, and S. Moh,

“Vehicle-to-Vehicle Emergency Message Dissemination through

the WiBro Network,” Proceedings of the 6™ International
Conference on Networked Computing INC, May 2010, pp. 1-6.

[2]  A.-R. Huang, Z.-T. Xiang, W.-R. Jiang, and Y.-F. Chen, “Vehicle
Auxiliary Anti-Collision Warning System Based on Positioning in
Electronic Map,” Proceedings of the International Conference on
Information Engineering and Computer Science, 2009 ICIECS
2009, Dec. 2009, pp. 1-4.

[3] Bang-Cheng Chen, "OSGi Based Embedded LINUX Network
Service Gateway Implementation and Design, "Master Thesis of
National Chiao Tung University, June 2001.

[4]  OSGi Alliance official website, http://www.osgi.org/

[5] L R Rabiner and M. R. Sambur, “Voiced-unvoiced-silence
detection using the Itakura LPC distance measure,” in Proc.
ICASSP’ 77, pp. 323-326, May 1977.

[6] R. Tucker, “Voice activity detection using a periodicity measure,”
IEE Proc. Communications, Speech and Vision, Vol. 139, No. 4, pp.
377-380, Aug. 1992.

[71 J. A. Haigh and J. S. Mason, “Robust voice activity detection using
cepstral features,” in Proc. IEEE TENCON, pp. 321-324, 1993.

[8] Jongseo Sohn and Wonyong Sung, “A voice activity detector
employing soft decision based noise spectrum adaptation,” in Proc.
ICASSP’ 98, Vol. 1, pp. 365-368, May 1998.

[9]1 Dong Enqging, Liu Guizhong, Zhou Yatong, and Cai Yu, “Voice
activity detection based on short-time energy and noise spectrum
adaptation,” 2002 International Conference on Signal Processing,
Vol. 1, pp. 464-467, Aug. 2002.

PR
(0 W (151 oA
Jli]y”F’E"' NSC 100-2221-E-024-010 -

e
—L_\

BIOGRAPHIES

Chi-Chou Kao received a BS in engineering
science from National Cheng-Kung University,
Taiwan, in 1990, and MS and PhD degrees in
electrical engineering from National Cheng-Kung
University, Taiwan, in 1996 and 2002,
respectively. Dr. Kao received the Long-Term
Distinguished Paper Award, Acer Foundation, in
2003, and appears in the 23rd 2006 and 24rd 2007
edition of Who's Who in the World. His research interests include graph
algorithms, combinatorial optimization, and circuit design. He is currently
an Associate Professor in the Department of Computer Science and
Information Engineering, National University of Tainan, Taiwan.






