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Ubiquitous Car Maintenance Services Using Augmented
Reality and Context Awareness

Gue Won Rhee*, Dong Woo Seo** and Jae Yeol Lee***

ABSTRACT

Ubiquitous computing is a vision of our future computing lifestyle in which computer systems seam-
lessly integratc into our everyday lives, providing services and information in anywhere and anytime
fashion. Augmented reality (AR} can naturafly complement ubiquitous computing by providing an intui-
tive and collaborative visualization and simulation inlerface to a threc-dimensional information space
embedded within physical reality. This paper presents a service framework and its applications for pro-
viding context-aware u-car maintenance scrvices using augmented reality, which can support a rich set
of ubiquitous services and coltaboration. Tt reatizes bi-augmentation between physical and virtual spaces
using augmented reality. Tt also oifers a context processing module to acquire, interpret and dissemi-
nale context information. In particular, the context processing module considers uscr's preferences and
securtty profile for providing private and customer-oriented scrvices, The prototype system has been
implemented to support 3D animation, TTS {Text-to-Speech), augmented manual, annotation, and pre-
and post-augmentation services in ubiquitous car service environments.

Key words: U-car maintenance services, Augmented reality, Ubiquitous computing, Context awareness,
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<frowl:head>

Service</rdfslabel>

rdfabout="&¢ontexi;#Post-

<rowl:body rdf:parscType="Coltection™>
<loal:Person rd(:about="& variable ¥person™>
<context:hasDevice rdFaboul="&coniex;#PDAOR >
<context:husQoSParameters-
<cepp:Profile rdf:about—"&vontex(#QoSOI "7
<frenfexthasQoSParametcr>
</contexthasDevice:>
<contextwaniSeTvice>
<context:Servive rdlabout="&contexI;#AR-Service>

2 xt:supported RyQoSP
<cepp:Profile rdCabout="& contex;# QuS001 ">
<context dByQoSP:

</eoniext: Servige>
</context:wantScrvice>
<foal:Person>
<frowl:body>
<frowl:Rule>

{(a) Preference Rule

<sowl:ReudAceessRule
<rdfs:label>Member only AR-service </rdfs:tabel>
<sowltarget>
<{oaf:Person rd-about="& variable.fowner™>
<contextrecommend WithService>
<context:Service rdi*about="&canlext;#Post-augmeniation”/>
<feonexkrecommend WithService>
<floaf: Person>
<fsowltarget>

<sowl:.check>
<rowl; And>
<rowl; ¢ondition>
<qowl-Query  rdlzahout="&variable;#query >
<gowlisender  rdfresource="&variable:#owner"/-
</qowh:Query>
<frowl.condition>
<rowl:condition>
<context:ServiceProvider
rd(:about~ " &conext#AR-Scrvice-Provider'>
<context:hasMember>
<foaf:Person df:about="&variabte: #owner™>
“JcontexChasMemboers
<JcomtextServicel’rovider>
</rowl.oondition:
<frowl:And>
</sowl:check™
<fsowl:ReadAccessRule>

{b} Security Rule
Fig. 6. ROWL rules.

FECAD/CAME =83 A28 3%

% 20073 62

\O

] 2 ALY W) 3D MRS 244 FHEA
2R AT 47 gl A A T &
PDAZ A435k= Post-augmentationS: 4-&3h= AE]
28 Mzt A A5stke d3olth Fig. 6(byellA 23
o AlF2lE A2 () Content(T-20] 488 2%
22| W), 2) Check(Conten’} = 8-57] $)3t =7),
3) Revision(Z-7-oll @] agh #3lo g b
3L Ast7] fskd AR8-E)2) AIZEA R o] FoR
t}. 58], AHE Al ZeloH A= Revision Fg ¥
A8A Aokl A9 5 Aok Fig. 6(b)ellAl @)
H 74 559 AR B A8 A FRE
vhe 202 Aelsta ), gk AR-abr) o 23t 4l%
& #AH AelE d3 & o)lgste] Mui FRE
F&31) YelMe Lowallet 7)14ke] A2 S Aoajol
sheu| o|2$ ZoARE A Asiaie} HARoR
s&23la3 3= )2 }@HE +AEC ROWLE

ool gk A HE-2 FTEY 95 Fst] v
et

fife

33EZHNE M2 Y
227490 AT g Rz} Zo] Mul22 A Fatr] 2
g #lojole 27 47172 e} B e ol
F 37 @4 MUl 2E AlFElr] 918 Mulae AR
#lelojol Al AulEA Er} eli= Fig. 77 22 4
22 o]Re]A] i}, QEjFe] 2 Heojole] P L A
M ARES g Blolojolr Tl 48 2 PR
¢} @7 AR BEZ Byl "l S8 E =
5171 fldte] Sl He)d FARELS Yoy v5
Image Overlay X 55 53l 5784 ofv|A2 W
Eolx]A] HaL, vv)e FiF AR} S XA, T
€ UEHYIE Folo S0 PR &8 Fv A
12 B}Q1%(Service Binding) 252 &3l A|v)~

]0101—’ ke A "ok

inledace Layer ) ( Conlexl Layar

1_'-1

! AR Layer
i [ U-inierface Banding Module J [ U-Conent Bindng Module ]/'- .

AR Module

Tracking Module
:
3D image Overlay Module {im— -

Y
{ Service Binding Madute

LY

[ Service Layer ]

Fig. 7. AR Module 74.



AL BEE VA7 PAG AR ) A2 177

S48 L ARToolkit'1e] E|7 elo) R ejz]olA
o) A2 L MZA B Fig. 8lA =AM A
2ol ALgAR) sh=slo] i) PCY 2B S S
HIE e A FollA S0l 1 dloleldlA] A
Ztie) o7 g B Ao ARE ez Q)
212l otA 2] R|lA 22t Yug o] fsted zbzh
o) W (Transformation) A LS %314 At £
ZE A e o] FARE FollA Al=gE olv] A
2l v} ARE 2 &5, ol5 FoAlM FAlsleka
b olr{e] W W E o] &3le] 3z vMAA|
o) FAE A s €k

Search for makers

The imags is converted
o binary image and
black marker frame is
identified

o

|
_

Makers

Vided §lraam from

Positions and Find marker 3D
camera orlentations of markers ositi d
relatively to the camera position an o~
are calculated orlentation

To= PR}

Positions and
Ocientatl

of marks
The symbol inside of the
marker is matched with

Identify markers
templates in memory

J4

Using T, transform 30 " .
virtual objects o align Position and orient

thern with markers. objects

1Ds of marks

il

Virtual objects are
rendered in video frame

i Virtwat
) Render 3D objects objects
D e saesensl TN

Video stream (o the <t

user KMD

Fig. 8. AR g A,

: ~ o AR Image @
. TR — -
: o Image P <——
: % o Voice
: ) « Video image
. PC User o Message .

oo @
1. image VNS .
: @‘x g . Overlaid Image
: KL - Voice
: - Video image
. PC User o Message

..............................

...............................

34 HYI|UR| HIEY I ME|& X

FAHAe} B Akt 32p9) 20 o3 2}
o] AgAA #7le] glol BAAA &7 98 &
AL ks AFEe A gl AL
A 5, 3449 dojy T g AWe| HashA =
ch. w2bA @Al o] Mu|AE o]437] S 27t
o] kE R0} PCE A3t o} skt o] A e el
FUIRE 22 qui 2] Ao BEsEA] ). o] F ¥
A AA ot} o|= tlEle| AE EdldME
2 MHIAE 2 3k A28 A Rz da
3t o]l Al =jle] B4 2 9fste] Y EY D 97
TZE F 7K WA oe= AlFdG o] T AL
Pre-augmentation 4] 2} Post-augmentation 4] 2.2
Aastd = Fig 99 22 £x& =Ho| o} Pre-
augmentation P42 7AA%50] AFEHE ARE3= A}
S5 A F2EZ A2 A olmAE Bzl A
of F748 Y AMu| A8 FEg F A oln)AE thE
ALEAL A Bl Al o), A8 S oA S -8}
o & AR FHE 8 5 Al 9o

Post-augmentation BH4-& ¥he AJ 5o AFEE ¢
g T2 ARzl AR} A

B 7 oA g MMeld S4EAZ PHsI o)
2 A8 A%} OE ABAIA Ageie Yoz
A, 3749 AP e Aol o]FoiN)7] whEl A
M) e Alol AR} AHFES] Falrt W) o
A 9t e ge) Bew Y= oluA 2
MAA) B B 5 S e delr A4 ol
ol shenl § - 4 QEdlon} Lo 83

............

Pre—~augmentation

::o AR lmagem
- \

- Message [E55sE

Expert /
Gther User

............

Fig. 9. IES 2 ¥ 2.

FFCAD/CAMER] =83 #1233 A3 E 20072 6



178 ol M, oA E

€ Wi-Bro A¥129) RAL o3k 7F5g Ro)g)
A},

4. M2 P

B oM e Ad) g2 M2 3 A9
t}. £ A2Ee ARToolkit VS S7484 78 v8
2 343513 oy, My C+E 3oy, 4
A4 ZEL E-wallerd #-83H Java2 THH
o}, o] E7He] FAlZ YPMHIEE FHSHG, E3,
PDACA} 8] )& 252} FH| )28 2| d3}7]
3l PDAE Java 7FFHAIL] CrEme™U'E& AL
A=

£ Q7oA AlFdhe AH|lie gl wel £
EJ'E-HI A Aol e Azt el il e
2 F Ut} AR Al Adate) B AH)
28 AT A3 A, L g vAE =
ERo} PDAY o2 A3l Mu| 28 )T
2=

4.1 H[of B2 HAIX) A2

A)2Ho] 2EEH Fig. 107 Zo] AR Mv]29} 4
EfZ 924 & Aojshke #idol vERA "o, o] 9
g4 EFo] 42 dEyd £ FHANTNZ WES
A AEE T8 vlAlA U3 4, MS-AgentE §
& elAIR 9] TTS AE|E=, 5974 Mu 28 AlFd.

A& 324 JHAE HAsA) wiA sl AAAES B
v %8 =2 & Atk Fig. 11904 B § 9%0)
3249} 7HF T2 arav) Al = oukA 4 7
HAc} o] 2HE F2 dka ) e =29 7
g0l €L ofymo| Az ¢l Bt AREAA &
o Ft}, o] ejyrojido] APE|HA F Ao Aloj 7
Y2& HAA7 2924 Hed ol MS-Agentd)
TTS MU)2E FAJ0 A F8Fe] FHHHY oviv|
old d8 delet Fr1skg Au| 27} shEket

ARR-E SR A 71ee] vl Q12 7o) 7] wfE-
o ¢ @79 W) AT ws-g BY F Uk 2
A olAE U we =9 A QA9 2E7) E
73S nAE 48 ¢ gle EAE vEld 4 e
o) Threshold Z+S W3l 2T 4 AU}, 78
g A 2Reie ek 23 ge g 4o gl
™ ol ol g3t ) FE AL 1509 7k w3k
o2, 9 A 500 JMHE B pes HEj
Threshold ZH& 2&H TKS3 uhgl 2329 gito] &)
= 7bsEhd.

£ Al&"A e EdR S 931 ARTookitS: At
£33 o v} ¢HgE EdF € dE-S A
of Apege] of ] ¥ iol mlAE Ratsid FlvjE}e] A
o] shte] vlF & Hojur & wlHeA QA
+ e T o) P 4EaAc AHgrhe Qe
2o ¥iA] HojE vlAE F 3t 0|9 viFE o]
4319 37 3L AEY & Aok A2 epA e
MEFHo2 93] HE7}F d&s o] o} EFE 3}
o Gojx) v FRE F AYY & /MY YA}
7V 7Wh vpAelM g X E Lol § o] Al
H o olgshe 2eE B} kFAJ] ErfjFo] 7}
S3th AldR| 2o E EHEAT0) Aol Ryl
oA 7123 02 Agk) AlgEo] ATHE 7HEES
O}, Mu)20] g2 RolshA 517 sl vl E

Fig. 10. Al o] sid 413,

4.2 A0IMe STHA MH|2

AHAZE ST BEIME A A 2RE Y
&8 ALgAke] Aol A} olg a7 ofv)A)e] wlH 9
AE o8] A7} Aol Gl M g 33+
AAE A olm)A] Aol SFAAET. ol Al vt
A7t ol AL B+ ARAS A7 i As

FICAD,/CAME ] =54 A 128 A3E 20072 64

Fig. 11, A3 9) 37840 49,



Z7rE AL

HHS BE3 FRAA7 W] HAYE RpFaf AdH] AufL 179

olietel A dlol 2t & QR Fol nhr| Wl
AZRT} 012 Fato] AgARs BRF AU 2 9
A oe)ML} EHGA AT Qi)

g, B Al2gol A 7hak Asfe) 40 A uo) 2}
PEe] 74 ARE Qeske 2 Ay ESel st
o 4 JBE Fig 129 20) Feke|¥ ¢f 1o}
A ABE FAET $= glo] BE AR E o)3)s}7)
o) golatwg sairk,

2wl x| A H Annotation.

Fig. 12. 7 & 74

43 0 ROA Q] STHA Ml

A7} sk ol dalA el S E A ARG Akl
AFo] 7hs i, ol sl e} 1R HAES B
£33k | £ Kol Foga AMg217} AN
WE-S ¢ 5 QA ks Rolth ARRAE Aol g)
F7 43 oR7IA 2 Y AA o] Aoz o
wWirdels Fig. 133 2] 7 534
RAvITh Zhze] slA R ARgE 2”e] Slof Ay
o ol E N AF AP FIEE v §

A Al FRATA Dok HA TS A A
o= Fig. 1337 & 94 3% zel % AHE- 2
AlFakA "k

2ol o S73 FUSHA slwolM A3 F
&g B oUuo)dE 7153 o] 2L s ol
oA E MRSl o] F ol§3b AE §A) & AL
SR Zlout o] R & A 2L Fig. 149} 2ol
LR T}, Fig. 133 vii7HA2 ARg-Ato)7) o ysio)
A vl AA, TTS A Hl2E 2Fsiet. 2ut 2hego)
Ao A2 FeE ol SR E 7 A
Q) i) RY hsE), ol AaFe) 33t 2dS 3
SR yiola]l oul ek 2] ofirdells 231914
2l v gko] =lof Q7o) Fig. 149} 7te) of7he] 913
Folel k. A, o]2i7l Fo] v RHlAef F

9

AL HFH,

7 MBlae 7)) PDF 33 59| 47k n)7Ye
AMgsle Aol HjEld Ho o ALERE 402 &
EAHIZE AZH F 5 vk

1 80 By
AT AR,

s L ma0 o

Fig. 14, vl 7ol e} 2F 37

44PDAR O| B8 S MH|2
*}R*RHZ' Al 25 AAHeR I4NED 5 e
5] FFEE AHE T 22t wel WelM e &
_]xﬂ"‘\’_‘ "‘é'L—_E"E 33 st /\1t’V‘E e
S Aol At dg F Utk Sof PDAY
A7k R B F-& |83l AMB|=E ‘ﬂ‘d At 34
oA A nhe} -2 3Ek1A] WES #Esld
Post-augmentation?] AB]2& 24 5 v}, UFH
@ MRS TR 2 e A FISA AL
&7e) AFHE WU o ARk B2 g dhe
M 2E SAsted BANI|A =2 BAE Ml
tlo]El= Al PDAE 31550 ARERPNAl A7)
Hv}, Post-augmentation®] B2 JPEGH RTP &
ZEHZ o|23lo] 10kbyted] 272 YE3l 2
20 2] GAg Adst MUl g HF s
Fig. 152} Fig. 16904 PDAS] G4 o] 83l
7% A=E 82 e, PDAS] 4L YL 3
2 e o2 AFEY MU A A g AFER

2

J.'
153t

F}ZLCAD/CAMER] =2 Al 12y 35 20079 69



180 o), 415, °lAE

ALH Y JEd F2E F99] L oldsid
AR DR E B F2 AR WE F7 FEE
UhA] PDAR HEF22H LR} AHlLg AlF et
© 02 AREAE AAC] E92 U 4 2l

ol2)@ A& zPolM LA He Mujie] F
Fole 42780 AL A 7o) g AR Lot
7R F Aoy AR A 28310 Yl A 9] A
2 A%, sids, 71et /28 AR 35 uet F
g MY AE ATE ¢ AT 308 T4 2L
BEJA A= g HE2E A9 + AE
& 74 3.

Fig. 16. PDAE <18 & T2 418 R)shel 4.

5. W2 N FEHP

2 =29 e FulFEE @AM I I
o FElFHE L AHEAp AP Mpl=g YA RS
AF3E7] A3l S AHAA 7eE FE3}
q g Hge MEAE AFE T e THE A
A3}Rct. T M EYAR 9Z NEFE 75381 o
2] ARg2bete) Y AARE FHEIE AZEd 3
2 48 71 oo izl AgH e B
F BE(TTS, Wi 5A, §978)8 A3 F2
2 AMgAte EaEl A EHY F9E s
B3t}

FZCAD /CAME S =23 A 124 A 33 20079 6%

w7l TAHE FTBid A, oitME Ui 5
FAL MHIAE AT F UES SKGTh £3 4]
A EP o) B S e 7)vte) ER)
710 E A3 N o= AR 28 F UYL},

7189 A} W) FL L PC 7|gheE o)) 1R Y B
717 332 Hsked 23] B501A AL ol
285 48 Aozt A ZH7] el AEA
Z4e] M| aehe Az ok, ol Blsjed 2 A2
B2 AREAOA) AFshe ABlEE ARERE 71FE
Fd R AEALE T AN E PAEHA H
™, PC7} oFdR|ZE PDA 32 I=FE 5 449
A R AFol 7153 7171 0|83 RE = ¥
o}, SRR, AR} v FEE R AHE Y2
7] ) IR IHQ 8L FHY 4 Sk

Wk ol Atgl LEEAE Bl fu|HE
2 2PE2} Y] qulx LEZAE Fesilon A
7] MEE, AFEE 52 ALY F QoM ek
g Fefo] AEY MuAE AP £ e 2L o
dapo

gy A A2Re gekd Aay AR $
fo] Mg 74 Pout o 7o v E
BRo] Ut} G4& qHZE AFdtd Al 77 A7)
7I0E AA) AlAade] o] B3 Aot wpelA
A7 PDAYV 2 4359 717]X Y ARE-<lle ")
2ME $AHe] ok, =g F g 2x o] W
o BlA 7)ute) ZRAHo] AFRLT A &3} 2t
T34 R AT dAs)of & EAG. miA e R
AHREe) BE 2F) tisld Alzdoze] Ay T
=9g Hestedl Agale] Bz £ B Apla
28 59 ol digh why £ Aol gt

#Ale| 2

£ A7 FTTH 718k AIAEl Wk 7] W e-
Learning A2 704 #A1¢} BK21 Z23 30 93
A ALY L

1.Kim, K. Y, Lee, W. W. and Woo, W. T., “cPost-
it Application with Augmented Reality”, KHCI2004,
Vol. 1, No. 1, pp. 514-519, 2004.

2. Doil, F., Schreiber, W., Alt, T. and Patron, C,, “Aug-
mented Reality for Manufacturing Planning”, ACAM
International Conference Proceeding Series: Work-
shop on Virtual Environments, Vol. 39, pp. 71-76, 2003,



TFALE E FHRAA ] BAF ARS8 ]2 181

3. Balcisoy, S., Kallmann, M., Fua, P. and Thalmann,
D., “A Framework for Rapid Evaluation of Prototypes
with Augmented Reality”, Proc. the ACM Symposium
on VIRTUAL REALITY SOFTWare and Technology,
Session: Augmented Reality / 3D Modeling, pp. 61-
66, 2000.

4. Billinghurst, M. and Kato, H., “Collaborative Aug-
mented Reality”, Communications of the ACM, Vol.
45, No. 7, 2002,

AL ARUACIAGE), hitptiwww.ar-vision.com/,
2005.

6. Gausemeier, J., Fruend, J. and Matysczok, C., “AR
planning Tool - Designing Flexible Manufacturing
Systems with Augmented Reality”, 4ACM Interna-
tional Conference Proceeding Series: Workshuop on
Virtual Environments, Vol. 23, pp. 19-25, 2002,

. Rohs, M. and Zweifcl, P, “A Conceptual Framework
for Camera Phone-based Interaction ‘lechniques™,
Pervasive 2005, pp. 175, 2005..

8. Lece, J. Y, Rhee, G W, Kim, H., Lee, K-W., Suh,
Y.-l. and Kim, K., “Convergence of Context-aware-
ness and Augmented Reality for Ubiguitous Services
and Immersive Interactions”, ZNCS, Vol. 3983, pp.
466-474, 2006.

9. Gandon, F. L. and Sadch, N. M., “Semantic Web
Technologies to Rcconcile Privacy and Context
Awareness”, Journal of Web Semantics, Vol. 1, No.
3, pp- 241-260, 2004,

10. Kato, I1. Billinghurst, M. Poupyrey, 1. Imamoto, K.
and Tachibana, K., “Virtual Object Manipulation on

o

-J

a Table-top AR Environmemt”, Augmented Reality,
2000. (ISAR 2000). Proceedings. IEEE and ACM
International Symposium, pp. 111-119, 2000,

- HITLabNZ ARToolkit, http:/fartoolkit.sourceforge.

net/, 2005,

12,01, AES, AL, AR, VT ME2E
A& FulFEL 2 A FHY Zadzy,
FCADICAME}S] =73, A 10%, Al6Z, pp. 402-
411, 200s.

13. OWL, http://'www.w3.org/TR/owl-guide/, 2004.

14, Wang, X. H., Zhang, D., Gu, T. and Pung, H. K,
“Ontology-based Context Modcling and Reasoning
Using OWL”, Proc. 2 IEEE Annual Conf. on Per-
vasive Computing and Communications Workshops,
pp. 18-22, 2004.

[5. CC/PP(Composite Capabilities/Preference Profiles),
hetp://www.w3.org/ TR/CCPP-struct-vocab/, 2004.
16.Kim, H., Cho, Y. ). and Oh, S. R, “CAMUS: A
Middleware Supporting Context-aware Services for
Neiwork-based Robots”, [EEE Advanced Robotics

and its Social Impacts, pp. 237-242, 2005.

17. CrEme, http:/fwww.nsicom.com/

18. Eric, R., David, B., Klaus, H. A., Chris, C., Mihran,
T.. Ross, W. and Douglas, G, “Annotating Real
World Objects Using Augmented Reality”, Computer
Graphics: Developmenis in Virtual Environments,
pp. 357-370, 1995.

19. Steven, F., Blair, M. and Doree, S., “Knowledge-
based Augmented Reality”, Communications of the
ACM, Vol. 36, No. 7, pp. §3-62, 1993.

g ol W o

| 1992 EDTRONSLT A1 Bk B
1994 FahFoyaly A2 skat Aat
1998 T3RgfclatE AT alt vt
19988 d-2003 3 I AANEANQATY

AgaAzd
20033~ A Aol g Akl eta)
ARy R

FHdwek: Collaborative Virtual Lingincering, Ubiguitous
Computing, Context-aware Computing, Augmented
and Virtual Reality, Human Computer Interaction

of o &

2006 Aol it 4hed 3 ot Bt

2006'3-30 A1 A ki by st
2 Ab}A

4] §ok: Augmented Reality, Human
Computer Intcraction, Computer
Simulations

M E 2

20049 Aot r g3 Ay

20063 Al 85 g -F a4}

20079-J A Aol st Ak -8t
wrAb=4

R0k Information System Modeling,
Software Archilcciure, Context-
Aware Computing

S CAD/CAMEES] w54 A 1238 A3 % 20074 69


http://www.ar-vision.com/
http://artoolkit.sourcefbrge
http://www.w3.org/TR/owl-guide/
http://www.w3.org/TR/CCPP-struct-vocab/
http://www.nsicom.com/

