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( CAMAR: Context-Aware Mobile AR System for Personalized Smart
Object Control and Media Contents Provision in Ubiquitous Computing
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Abstract

Researchers in mobile AR systems have so far put the value on the technical challenges involved in the limitations
imposed from mobility. Bevond such immediate technical questions, however, are questions regarding the possible contents
that are to be used for the user’s interaction in ubiquitous computing environment. Various aspects of context of user and
environment can be utilized easily as well as effectively. Moreover, the environment will be equipped with lots of
pervasive but invisible computing resources. However, it is difficult for users to have access to those computing resources.
At the same time, as the smart appliances get to have more features, their user interfaces tend to become harder to use.
Thus, in this paper, we propose Context-Aware Mobile Augmented Reality (CAMAR) system. In our system, users only
need to take a picture of smart appliances with a built-in camera in a mobile device when they intend to control the
appliances. It lets users interact with the smart appliances through personalized control interfaces on their mobile devices.
Also, it supports enabling contents to be not only personalized but also shared selectively and interactively among user
communities.
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Table 1. System platform specification.

HW/SW
UMPC

05

Specification
SONY VAIO VGN-UX-17L.P
Microsoft Windows XP Professional

Microsoft Windows Visual Studio
2005
OpenCV beta 5

ARToolkit Plus 2.1.0
Glut 3.7.6

Intel® Authoring Tools for UPnP
Technologies (Build1825)

Intel® Tools for UPnP
Technologies (Build 1768)

Software Development
IDE

Camera Library

) 18
Image Processing (i8]

Library

UPnP SDK™




60 FHIFHE L EHM THOISHE

l'OIJ

H HW/SW BAE BEoF1 g}

st

1. 2HIY A E 0
2EHE Ho
NYstd 2rlE 9B AE AR FAEEH
st s 2utd X o] Alse Ao gF
Sﬂl°l’*§ °1Ulﬂml *}%XVP
o 28
s4e mikd Mﬂ ERESp deistel
A golsttie A AT d2 S, 3
Yol moY BT ASAT %A Aed St
s CICEE DE RS IOE DR
BRI AT A BOFUAS Aasq
$UE A8A7 ASsHE Aol AHoILE Fajol
7o) EAsE Ao & e
AIshe 20k 9B AE Aol/1E tAls THg
Ak ol AHgATL 2vkE QHAES Aojstnz} &
o, AHgAbe A makd Ao o)
Ao 9= Fhulgt= gﬂul 2UlE oV AEZE o)
71ek e Aloj7k Abs Rk A geh g Aot
ouAES Dw}@ 479 Fhizkz B9sta ALE

T

)-u].E OHX—H’E _‘3_

-

w7t 9lg

=

— A=

UMPC 3 PDA H{Fe| AR Z2EEB{E o|83t
A0tE 2HHE XM (a-¢) UMPC AR HEE
2 (d-f) PDA AR ZHEZ7]

Fig. 3. Smart object control with AR Controller

embedded in UMPC and PDA respectively,
(a-c) UMPC AR Controller, (d-fi PDA AR
Controller.

AOIE 224 Fof 2 ool 2= X3S

Slet 9zt

o] 2oty A g AnE SHAERRE 7 o
BAE7}L AF 7Hsd 71559 B ARE x5
HEE TobA ARl A HEE Ao lEH o]
AR Wed &43d.

AstE ~vlE QBAE AR AEEHE Y 71X
Asgeh AA, ARl AEEE Hhdd Alg
A Qe H ol 28 A 2 AF3
3 Zlsolth. B4, AR $1A% E UEYA A
A AdE FRe} Mu|2g BHste] AR A 4F

ol 2+
=13

P
—

X=ig

o=

A

TE AHE 7HeE Mula 4 7)5eld AR, 29 3
AdM & F %ol e TV, A5, MRWindow 2

ARTable 53 2 ofe] %3] 2 Aulx Aoj2 7%
gl 3he FUMA gBE 750t} npx|uto 2 Alg
stnxl s MHlAE U2 AR Algsta gle
A, Al 23 2 Aol ol% 2 952 AbsaA o
A= 3 2 Aod 85 750,
olE Y3 sjelsty AvlE oa:qg AR #A
2THE S BAES AgALE AANY 3}

ddHast AES +8 A (AR Controller) 2
TARD I8 4e Aulx gasde), quls A g
Mu| 2 A3A4 2L FAoE A
A4 7z2& Hepda 9
Tt AA o
ubi-UCAM  (Unified Context-aware  Application
Model for Ubiquitous Computing Environment)"%-2-
Zldko 2 & thokgh wWgk <14 Mu|avl mREc A

e oH MH|2E AHERL

rlr

G

E =z
—=
2= 0] %‘6

it
TM‘-

il

Iiil FIF

/-ul.E foR =1

AE

b2l =

_1ﬁ01] /}i;‘qg]‘— uﬂa]—c];d

LT
L O )] = ol oala)= o) %
s T3 o8 BF, A4 2 FAE AA A
T 2
- ./

Ul Personalization |
Ul Gt:nemtiﬁn vl

Adaptive Menu Tree
(‘cneraunn e A

/J Camera- bascd ]ntemcnon o
=2 il

Pal(ern List

Database

Camera [mage
Acqu]sltlon
Smart Object

__Recognition

| mpue |

J8 4 AOlE 22HE AR HEER AlA™ Zx
Fig. 4 A base framework for smart object AR
controller,



20079 538 HXS33E

2&H¢] 2 21
ANZE B4, 93, £ 5 A

o] AT,
71 wow Agate] A @

SIS % Az
e A8 7 gAY
1@0&% oma

A2z
ubiLight—”— 3 '1

sen, 5 48
HEE 9 HHI 3,
. oA A

oS5l e 0}
TE=

A3

¥ g ol Nlﬂl 010

g ]75}5}@1 8319t TV, MRWindow, ARTahled]
A AFEA7E TP HAA S dalE el A rfA R
ik
Y&
2

238 Aol Fejoltt. AT 2R AL

A2 QA FAle wiAe] H&E FYseE H
HEZ LSt

AR AEZYE PDAS UMPC F 714 S8 & +

@tk PDAE UMPCH ®la] &¥elax, 7ol AH

st Foiid o] Hold vk, ofmlA Mi*ﬂ i]%i 2e

s

odabe] Fask 2 tEds Al Y
. ¥, UMPCE =EX3} EH%MW SR

A: YA 744, 37 A= PDART &
A T 7R ZYEo| BT H8slo] zZbzbe]

=
A3tk 29 55 &4 S9Fd 7E€E AR

oo e
RN
i o N
AL Mo £ =
i

|m

= [
B

i

>,

BAES A
(Announcement) WA Z
[191_/] A RS QH oz dg
H|~ DBel| A3ttt Ap&z7t A
E5dA AgsiAt @4 Ant
A G e FHEE #GE 3t A
2 F U o W A= #99 At

Wol ¥ Z2E9 Hlwdte] & FALE

o}

=
A=

QB2
qlEf=
Ei8

i e

==& H 44 # Cl H

(249)

M3z

61

% 5 (a) PDA Z81E2] AR HEER, (b) UMPC 2
BiZe AR HEER
Fig. 5. Smart object AR Controller in (a) UMPC

platiorm and (b) PDA platform, respectively.

| Start AR Controller ]

[

UPnP discovery
(available davwascmcc list)

[ o

| [ Available device/service list
Image analy sis through temp ]ate] [

acquisition in the environment
matching

IR T |

[ Control interface augmentation with personalized menu ]
1

{ Service contro | (ubiTV, ubiLight, MRW indow, A RTable) 1

{

Discovered service list-based U]

Camera-based Ul acquisition
acquisition

Image acquisition throug
cap[urmg embeddad mark Wlﬂl
a buili-in camera in UMPC

Conversmn discovered
device/service list into menu
nems

Devicefservice user interface

A acquisition from selection of
acquisition

menu

Dewuefsemce user interface }

== ===

% 6. AOIE 2HHE AR HEEE & 1Y 58
b

Fig. 6. A procedural diagram for smart object AR
Controller.

An]_E oaxﬂgi o]Alb—].E} }\]._g_;gpv]_ ‘_ 5 TT}E

onAES AU Belo] FY, AR JEE, g

= "o w} Zad Ax o] AgAl e AE A
olglat). o] 2 s AlgA Z2uel ARE B85
AHEARIZE AF ALgshE W 7EAE Hoke Al
At A3 by EflE A4S olHE w4 #

A& I 69A BHojFa gt

2. M= HE Jdh Oty Zel=9 =27t 2l

MENE 27

THlY AR 72 2 WEAgR ox] 7L 243l u
Ho] Eelz9 27 42 IFF 7leS B9 F7] 95
2= AHERLEC] £33 FAANA AL ARNES F
Aetn T F Jd= e dFEHIHE A2HS
FaAT ALY FDo Az TYPEL FH
G835t S Sl A4 FA 849 FHAE
EABLEY olede £ d4E vAE fAdsin




62 FHHEHL BE0A el

UMPC

Personalized
contents
augmentation

-
Selective sharing
based on group
context

T3 70 e MY T|gk ojojof 2Hxe 52 3 M4H
H SR AAE s
Fig. 7. A system overview of context-based media
contents augmentation and selective sharing
system.
:
User list acquisition
Sensing User access detection
Marker tracking
ag 8 et MY vjdh ol 2HE 52 2 MEH
ST AlAEH 7=
Fig. 8. A base framework for context-based media
contents augmentation and selective sharing
system.
zAslel 87 Zdag FAAAT. 3Y 7L
ARTableg F402 AbgAel w2t Aue| 7]usld
Aoizty denitio] =g FAsa AYHog ¥

r>~a

l
[
et

2o,

5tEl AOIE 22HE Hof 4 0|ojo] ZHE HEE ?Aet U=t

2 EY AL AZE o

L0 Sl ==
Photos and media data
P,.::fsgiﬁ;%h;geﬂ virtual map of cultural sites
information

User A

Wet M (gt ojclof 26
N 2§ AA" les

Fig. 9. A system overview of context-based media
contents augmentation and selective sharing
system.

# 2 Axdol ZgE M yw

Table 2. Context Information used in the system.

gﬁﬁiﬁ Meaning Description
Who g:h?lstglre I%ser Father, mother, child, etc.
i this The time the picture is taken of.
When | interaction _ ) .
takes place The time the user interacts with
contents in ARTable.
Spatial context when taking the
picture in the real Unju-Temple.
Wh where the A .

CIC | Lser is Spatial context when exploring
the virtual Unju-Temple in the
virtual world displayed on the
ARTable.

what the . Service 1D
What | interaction is
about Contents D
what the X e :
Why e 5 Preferences: mathematics,
AR s photography, history, etc.
how much
the user
How wants to Not vet used
reveal his
private nfo.
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