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CAMAR Companion : Context—aware Mobile AR System for supporting the
Personalization of Augmented Content in Smart Space
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Abstract In this paper, we describe CAMAR Companoin, a context—aware mobile AR system that provides
a user—adaptive assistance with an augmented picture according to the user's context in smart space, It
recognizes physical objects and tracks the movement of those objects with a camera embodied to a mobile
device, CAMAR Companion observes a mobile user's context, which is sensed by various kinds of sensors
in environments, and infers user preference for the content in the situation, It recommends multimedia
content relevant to the user's context, It overlays selected content over associated physical objects and
enables the user to experience the content in a user—centric manner, Furthermore, we have developed the
prototype to illustrate how our system could be used for a mobile user's well-being care applications in
smart home environments, In this application, we found that our system could perceive a user preference
even though a user's context is changed dynamically, and then adapt the multimedia content with respect
to the user's context effectively, As such, the proposed user—adaptive system has the potential to play an
important role in developing customized user interfaces in mobile devices,

J

8 4]o]: user—adaptive assistant, personalization, context—awareness, mobile AR system

2\gaTAg IS AT AT S,
FAFZHY e—mail: sejinoh@gist, ac kr

NARL o BFasly| &Y AR 7| AEeHE A REALS 14 e—mail: wwoo@gist ac kr

673

AODIE SN 52 2H=0| JH2UeS Izt Yet 214



1. M2

el 7]7]9) whla e wgol] et er Fel
el AHl27k A H3 gk olet the] AgAE
ofF 91Xol that A%k glo] e/ A W Felx
2 AT 5 Y= sH BilY 27 @A ALdo] W
S AL Siek [, ol e Eeld exasol
MY 2AEE A WA 33

—r—= 2

SR ol *}Rx}f’ﬂﬂl *FQXH aeko] et iﬂ% ol

x
FfF
__\TL’
PN
N
o
<
lﬂ
3:9
—l

Alsedthes Aok 77 Ao, 1R AR
7<H Bt el oek AlgEs ARag Heleshe WE
A4 AR 7le (2] o] HES Fote] ARARA AR
Ao} wigto] Aeet S ZH2E AT & 4 dofoF T
tH3-5].
oA HHtd 7171E ol 8sto] ARgARe W A
HE AAROR QAL AREAR Wz AR wt el
she FR2E SAIE WE Q4 2kl 33 dd A
= ARkt o= ARgARe] wutdd 7)7]E Fote] ofe
WASERE gAY wE YRS 95% & gk 2
~EZ 2)E3itH6], S5E YuE
2 AAzte g &3t 9 A3
) 7oA BelE ARgae] wek Ame] g
3]i5ﬂ% Flro R Bjg st digh AbgAre] MB s
Eilé zo gad Felxo YEt ARE sl Zav)
o 223 Wik o vopt 223 W Zeojdl o gst
A}ﬂxu welo] Aghel BUl2E F QHAEC F7}
omu Wik 7718 kol AgA} B e
S8 AU 4 9 ol

> 2 m{z ri
[N oN
TN

& = e Zo] A" 28oA= CAMAR
Companion & g3k W4 HEAE dfs) 243 4
3t 3R o A= Aokt A|AES ARlE & §]—ﬁoﬂ/\1 PN
slo] AMEAe] S FAAZ 5 ow rL S8 A
2de 7H‘“’6 PERERC T

poll ool ol 4

AEN= B

—ua=

2. CAMAR Companion

AJerst CAMAR Companion & 7J¢13tE A Z=Qu]2 A
mHll AgA7E A 700 melel ARgAe] wel
Hgd 228 14508 AT A% BHoR U,
oz, 17 194 B vig} Zol, A mukel wEt oy
9E, Aol wE 1eln 34 wEE A
W ol mES A W ZE Qs ol
2 o] Zeslals 2EE Ten Adls BES B
Bl AR Bl ek Ao ABEE 2AAE

Melskeitt, 54 2E2 U4 QEAES QAsta @
HAES AfH FH2E AALHA FHAH,

Augmentation -

§ %

glE CAMAR | P-context CAMAR _.g

E Tracker " Renderer 4

&

Control pamme!eﬁT
Y

C-context

) £ <
H £ g
£ CAMAR |§ | CAMAR CAMAR |5 8| camar
A CAMAR Y Context |© | Context Content |5 §
Communicator =l ! £ Content
g Integrator Manager [~ Filter |i& § el
0 s Customization
£
Theset of | P pser %
heontexty | profie Personalization
CAMAR
User Prafile
Context awareness Learner

| *P-cantext - Preliminary context  * F-context : Final context
*1-context : Integrated cantext  * C-context : Conditional context

12l 1, CAMAR Companion 2 £ HZHE

z
ol BAmelsle ot Mdze H5E AwE 5Y
W Estel muldl A8 B ARE AAZEOR Q4]
ST}, ol ol MARRE ANE 2 WY ANE F 5
D I B LESREEEE L E e
*s;% S22 EHHE WY N IFS /|E0R B

| I ol Hle] 2 BRE Fate] ALY 1A 3
3 % A gl et A dwg stk o tot
7h muped ARgARe) wE Auo igh 3lakEE VNeR
g et i AgArY Zand, & AL AEs
A S dEte] 583 2] dg gug 2k
olo] utet AMgAA EA ZdzE FUAT o Yol
28 Zelzel g AgAe) ssue] wet AHgALe] =
suted e AR I8 2k Wk A4 mE oA A

1
l

-

H
o2 AgAe] wet YRS sk Slek] Wt Ba,
v ST 20
ek we)y), aela Zrukl kg7 Y| doly 554
Hojt,
CAMAR Context Integrator CAMAR Context Manager | 5
RlE 11:—7-§5
Voting-based 5 5¥ (5] 13
s, lnte%mtor e 5 é"g gg - S8
gk 82 | [F9 | Context =8 Final 55
o B8 1 530 Matcher = Context L 22
£gs Context X Generator || =3
= Inferencer [ T & R A— N
ntegrate
1 cgontext profile
v

Profile [Rules|  Rul
Infer£1cer t Murl:aeger

User Iser Profile
selection

CAMAR User Profile
Learner

ur

User

—

28 2, ug 531,
of Holef 35

e paly| Y SR D20 87| 2

7NQ18HPersonalization) HEL HHFY AREx}o]
W maselg en AgAe A THzol
f 9 448 YU, ol mul ALgte] we Huo

content



AL g et that AbgAe] AEshe el
o ARE ez FHxe Yys HE@E}. SEER
g70] we Ano] Wl ZHzo] AR &£4g mAd
T3 3ol B ek gol, A AlLTe|AE AHgAe]
A A BAZE mER )70 aBeolH Mg
A clgslolash AHgASt Hago] Hsat 574 ool
£ ST 2B gl xeske 9 e 4w
o whet AFEL Qeisolse] Ful, 44, WA S ¥
AL 57 ololHEe] wheg 2T} Tom 2
o S4e oSt muld A4S B ZH2E 7

ssb7] 91t gefulEE S REo] ARt

' ,?' Update
CAMAR | ‘ 7 e S
Final " Appraisal esponse | Responst Comman
Chitent CO‘HIGHC Filtered | Appraisql ‘ ‘ Generation Generation
Filter content

T,

AR Agent

Parameters for
Augmentation

Approisal | Response | Generation
Factor | Adaptation Factor

User Profile

Qe

adeptation Ul Manager

\\\z// Factor
.| Mapping ur ul Command
Ul Mapping List Generation |Component Generation

a3 3. Qs 2E MR HEHE

ul
Adaptation

Parameters for Ul

o

}(Augmentation) TE2 HHIY 7]7]o] F&-
olgstel ol EAHe £ 2BAES ¢
ARl EAE Y o5AE 44
g8 Adeizne UsE Gomve oudsg
ta FheetERE QAE 35&1594 e R Y

ﬁ olN

{4

of

O v

£

U o le w2
ol
k1

o M
>
N
)
b
=
sl
HE
)
)
L
Am
Z’l
:L
A
r
)
[N

CAMAR Renderer

(Context fG Modjier -G model
s ‘r Ui Modiier )T _UT >

CAMAR Tracker ‘
{ " Smart Tag(20) ‘ |
\ Recognizer & Tracker /| P-context
‘."_ST'FIHOI’:}E_HE'U)_".

Tracker

Image

Camera

Control
parameters

2EY MR HEHE

AEHE[glo] Agsto] mutd ARgARe] W
sk %
B wpuE St

AeFet CAMAR Companions AULE —;5,1 37
2]
]

ZH2E AFol= Wl Q14 Eu} =7 84
ol AREAE B 71715 &

675

sto] ARE dazt ks 294 LEAEES AEAL H|
AE HE Yo ZAkE o] Sl AAS2RE ARgARe] wiEt
I} A9E JHE AU 39k o2 7|ute R A8x)
o] Wl ARE 223 W 5 Y= slgirh T2 AR
o] wigto] whet ofw]z], 42, Igjal 3D ®Y § HEn|t
o] Zelx5 ApHFsle] A, O 5= AR
e AAEE ol gsto] HAEHE EXeks ARt
ool dish 7l . TholEellE W olE HolE
ok

‘Tufjmented view,
- .

.\

I3 5. W 1N BHY 52 HA B =20

THE 2R o2 7 AAE Ble] A8
wet JRg Y53 4 QS St 19 6 @4 Bi

ujo} o], UMPCO] R 7hsat o] A A5 ANE
olgalo] ANZEOR A8 AL, Wk & HE ARk
=9 3Eslgct a1 8ol CEAEE 0] W =7

317] Ystel 1 6 (02 (o) oA EE Hie} o], Q=&

Fehel TASES UAIsh 0|2 BelH oHAEd
SHSich (o). el Al Beel ASHE 42 B4
sto] oHAES] that 1D ¥ Avjekzie Arigel 9%
e fssilnh olgA BSE ARS olgse] 48R

AE 5 AR Mslhs ule 4uE MAZEOR QA
sholet. dela s ekl e AMgAe) LEulelg 2E
stete,

UMPCE

sofel,

. 28 E AlFsAd 3D



83 3D mYg
Jo] QHAE =7}
AE9] ool d
s Agstect o2
= A mEs
Fade) #HxE AR
olgstel M2 T2
A9 gAY xE
salo] whet EHze e &40] Zpsteo] A
T o Bojzt ome;, Zﬂ%; Axde A
zanel 9 v ARE Aes AdlslE TUxE 24
A7ozA A AHgA QlEslol2zAe] S8
& Azstug sk

Al

7|

1:11

=

-

=

ru[m

T %
ox

of 7HOI3} (a) ALRXIZ} 10LH0[B HAQ! of!
1217} s0tHo|nf mEe EXIOl A4S

>- I)II

|Ke

B Bl AnkE BN Aok
CAMAR Companion 9| 58 7}s4< 4= Q19T
ok L VIS olgaiel 0= 1 ) A o A
EE e 5 9 HolHE
olg3tel A8
ujekel 4usg o

lof 2

HES

A=

]_

Ol’J
r\l

et

i

1
E > it m{m

o M
ful

%0 o?rl
mlm

52
&
i

O:

=}

o

g1
[N
it

%
Of
kY

&
(2

o

m

_[ \
=3
sk
4>
30,
52
£

4

SHAIE AlQket el QlA) )
3 f8Ee Ukl Aside T
2 9l A b aE $
Aa" Hel Aol et H7h 9 wawr) SeyE|ojof sict

=

ru
o
>

rlﬂ olN

=S
T

[ et

>
-

=2 |»
=2 o gt

=2

-

oo =
ol ol &

_]

T

ok
o
0,

p

2

rO

29T ot MARAES TR 98 Axde] HE
A8 WA olgolAek sl AAE AW F AR
ARG Ao RA, AT Alwlel diak AAHel 54
o] Wasict
5. 28

2 =RolAi AvtE F7olA mukel ApgAje] wet
Bo] weh jelshE ZEEE F4A7lE CAMAR

676

Companiong ARSI}, ol olg] 71 AASEE 3
Eg ARZ 23tsto] mulel AFgApe] wel Hr2 A7k
o2 st 2el7 o Wete] ojg AR sl
= LEﬂz 5o weto] olgh Zelzo] g YR 2E
sfoitt. el ALgAe] wige] HAs PR Ru=E @
Hlel 7]7)o) aZaolst Beld onAEe F7447
omp AFgAlA g0l Felo) BuE ATSAA 5%
o © Yol AR AL sjtoR Ante F 7o
A AR AQdsiE BHAE 27 AARE A £

ulE ST ol Fstol mutd 7)7|olA AijlskE At

84 Qlejslo| 25 At H glo] Aokt W oy &
vt 37 A4 A2E S8 FSAE SR & ot
L

[1] G. Papagiannakis, G, Singh, and N, M, Thalmann,
"A survey of mobile and wireless technologies for
augmented reality systems', Computer Animation
and Virtual Worlds, vol, 19, no.1, pp.3—22, 2008,

A K. Dey,
Personal and Ubiquitous Computing Journal,
5, no.1, pp. 4-7. 2001,

"Understanding and Using Context",
Vol,

[3] T. Hollerer, S, Feiner, D, Hallaway, B, Bella, M,
Lanzagortab, D, Brown, S, Julier, Y, Baillot, and
L. Rosenblum, "User interface management
techniques for collaborative mobile augmented
reality”, IEEE Computer Graphics and Applications,
vol, 25, issue 5, pp.799-810, 2001,

J. Doswell, "Augmented Learning: Context—Aware
Mobile  Augmented Reality = Architecture
Learning", Sixth International Conference on
Advanced Learning Technologies, pp.1182-1183,
2006,

for

J. lee, D.Seo, and G, Rhee, "Visualization and
interaction of pervasive

context—aware augmented reality’, Expert Systems

)

services using

with Applications, vol, 35, no, 4, pp. 1873-1882,
2008,
(6] B5E, 928, "Wt 4 ofZeAolde T AHgH

Z20 wet md SRR Aesls] S skeE

3 =82 A 149, A 13, pp. 810-813, 2007.
2R/, X974, +84, IFE, 24,
"UCAM2.0: U-City 84 +5& {3t Wg 914 &4

A4,

me' gk dEudeedx], Al 1l Al 3%, pp.
39-56, 2007,

[8] Seiie Jang, Choonsung Shin, Yoosoo Oh, and
Woontack Woo, ‘'Introduction of  “UbiHome”

Testbed", ubiCNS 2005, 2005,

[9] #3d, & “Simple Frame Marker for Image
and Character Recognition” , ISUVR 2008, pp.
4346, 2008,



