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User Context—aware based Interactive Display Service for Smart Collaborative
Environment
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Abstract Intelligence of collaborative environments starts from a trial to provide optimal
services to with users based on real—-time information about participants and environments of
the collaboration itself, Up to now, we can collect information such as temperature, light,
time, each participant's gestures, faces, voices, and locations by adopting ubiquitous computing
technologies, However, since social relationship is intrinsic to collaborative activities, the
relationships and roles among participants should be fully considered to provide optimal
services, To do so, we have to integrate collected data from various sensors and extracted
data about relationships and roles among participants as unified ome context, Thus, this paper
designs collaborative services filtered, by using the integrated data as a context, and
introduces an implemented example, context—aware based interactive display service, called as
smart meeting system (SMeet system).

& 4]0]: user context—aware based service, social relationship, collaborative environment, interactive
display service, smart meeting System

B eR0 g1y] ZReo] ALY Ao FasT o
=] Sl =12 2

*FEAA L 7Y ARFAFSH e—mail: sjko@nm, gist.ac kr

**—J—EZ{Z} B2 AEEAEE T} e—mail: hyshin@gist ac kr

FEDEAAL - I JEFAIS W e—mail: wwoon@gist. ac kr

FEEEF QAR BRI Y AEFAISH W e—mail: jongwon@nm, gist, ac kr

rlr

2o fulTE s BFY 2 YEAD AA/IE AL

286



FA9] @< (Collaboration) TAlL UEHIL} &4
el AR 719 AHez oz 74K FE Au|art
7FealAlth &, 712des 94 FYol AAEL, 13Hd
HT| /0] e8] g, A= o|mR|e] 7HAE A =
A=R{es) H]O]EVEH/\EL/] ofolZ1gold, thekRt EHo]A
o] Alsd o Atk 53] fHlAES HEE 71se W
92 Qs AR s, 27, B2, 93] T Eq'al' A
At AuA8] 8o 7hsstA Hol AeAd dY 23
T8E 4= Qi

. kel Ble HolAs A8 of
of uhet GEHoR BgEs Aol thd|, Hax 2
) A3 Ul ARE AT ARE A5 T

ARSI A IS B 4 G e el Al
gickin se] AHEA] ofato] FAsA A3

W osle) 6o BES Weshe vaed agloz Aest
A =i,

ol PelA] HE WYl B AUsHe sle] W
Q3] 15 Auo] ot Wrae] golshA Bel wet o
Moz a5 el molel e & 4 g, ol g
AFgAS] AFB)A BAL ofdo] FRTH Auls felow A
gulol 7Y W2 UeY B 4Y At AzEs 2
o WasieHl], o oz, We TEe Ao et thyp
o EAS Uehid, oE Sof FaKel Jug 2719

3t 220 zejAlgold e, MRS 2Hste] o U
274 el 9 e B9 FH, 4 T ojdS 3
=

/) g 229 W S dY A PHolt T4
ke AHIZTE 2] 234 chen A%, A%
ARIAE AFst7] fleiA= ol2idt W' H2olu g
i3t HAEAE(Context) o] 1& %= £Q3F = 29| sy}
Hrt.,

o|¢} #edsto], Berkeley o4 ZIg)d ICSI Z2AE [2]
U CMU 9] SMaRT (Smart Meeting Room Task at ISL
at CMU) Z2AE[3]50] ulg A0 izt ndglS ¢st
tfaElel Atetal & 4= qlok o oyt vlg 2ol -
AU ookt 4 8o FA aaEs Ul Wy

2 st 49 Adeks vg mdgel gigh Atk
FYejo] eh4l, ng 2ol ARSAF AEAE 24
@i UCSD o Mikic So o)A =% "Activity

M 10

Monitoring" I} X]
JHe] AES o
olg3l ®& uE A oWIEES Iy FeHl= ez
T A% 3TH5]. CMU ©] SMaRT ZRAEGAE 247}
HUg Bat ug o) BES R4Skl AgAe WAY
A 2% golE YBAeR WY BES AU A7
85l TH6], EgF University of Colorado 9] Neem X
EAE[T]E tgEt A5F ololHAEE FolA Y EEe
Ageke 78 AP 7 e i sl A1y
9] oe|ldEFo| vy HEXE] we} ngE 24d Aofst
A AQFelESE skl Qlt}. Aware Office 9 9= tii
el AR AEAEQD X HHE o]gsto] o] S
AAgt AHIAE AFiTHe), olgt ¥ dFE EE F
e} Wl & 13} 2o,

B 1 2 37 Hlw

Institute Context Year
ICSI Project  UC, Berkely Audio 2001
Intelligent 1jnqp, Audio, Video 2000
Room
AVIARY UCSB Audio, Video 2000
SMaRT ISL at CMU _ Audio, Video 2003
Neem University o Audio, Video, etc 2003
Colorado

AwareOffice  TeCo Location 2003

Location,

Interaction devices,
SMeet GIST Meeting 2007

Context(social
context 3}

oA BAM Y AABE Slat ole] AdAES]

Fol glof AT, oSS fRE ol AT, A
Aol 9% AHe BEstel gk el St LA
B AAH Mg AR o] AAREY A8lE
o dae Eshe aaéz 75k Aol ot AT
Hrjoz xS B A7E M, 94X guet
o B4 AUAE Byl oel, A el Asiel 2 v
%

A HEAES Po| mestole), ol TRt A5 E 4
g B Aol A

>

> J
iy
2
-
oft
i)
.
=)

[e)

o

Hz
i

Rl
i
rSL‘

o AR QlEf g
AEH B 2 o B AnEg Bgell v AL
E2u slo] Qg 45l 54@94 Aplag Qe 4
QUES M7 9 1 $4Y Wolw stk AR ThAt 7|
=5 ¥¢ A|AHQl GIST 94 SMeet (Smart Meeting
Space)[9] 9] JIEHE|E tjAaEH o] AH|Lo] 285t bl
B HEAE HJE7}F 7)Hbo] Eo] XPHIFE AJu]A] AFo]
7Festes FEgith

287



2. ZHAE 7] QIE3E|E C|AS2|0] MH|A &

o R A%5Y BY B AYAE S]uF Aul2
2 A S8 AEAH HulSThe clesolAS H
she 7l BES Afshn g AEAE s b 9l
of AHGElE APAE YuE Huste ohxjgom s A
M7} PR WE e AREE Auls 218 A

Kis

21 RisE B HPOMO QIEAM KUY BS
S AEsTt A8EE A5Y WY P Augos
ofe) 7] orjo/Hltle, e/ ] W LD/ZR
A s g azdo] £ u} o TiaEdol AaYE
2 P4, o] So 7] gl chesst 7% w
o] EAfsh= Ao
WY B P Yl BE B0 AAg gE
AuEiE AR sk Adis
M2 AFFE 98 s

Fole} skt 74 AEAEL 1

application application

Interaction \/

Ma”aQ‘Ef Interaction

Service
Interpreter

I

Data
Aggregator

—

Data Context Context
Collector Manager Pool

Device 1 * Device n

e 1 =

33 1. QBN iUN 20| AXHE Y,

SlE A mUAL thorst olg|dA A W HAES E3
AREA HRE =35= Data Collector, 3% FH F A}
42 AYrE B AJHE & BEBHE Context
Manager, Context Manager ©f ]3] 2|E& Context
Pool, 445 Holeje TelSe AHE TUSHS Data
Aggregator, 38 AR] 97 2 AeAH AuAZ
tSl= Interaction Service Interpreter & AT A=
e wiyAe] g2 RE HHE o|gsto] dElx

EZ AL o|F o834 AEALY oot u]E e
s FAe] AEAH AuAg e, AR F Rl

ha - A= )

22 0|Y ZHHAE FHd

e} TS 2 nle HEAE Aus 37 £
2 olTow oict B9 v)g B4 TAsH: Ane)
AbgAjoL pE ARAE Ausk 2golt of FolA A
A Am Ew el ofs) 475l AHgALS] gRe} /)8
Aoz AsliE Fof ofaf el A8AY R L]
L] oS8 27t AgA) FHQ AHAE Amel A2
ZAEAE AHZ o)Re) 17 2k o) uehfa it

Meeting Context

Physical Meeting Context User Context

Ao ofs] 48 Amis 8] $13) AuLt A
o} go] AXZEoR HldEhs §22 doleel W
gaE o] oa s AMgAe] AuE Al
olg, N, d% 5 Aujxon gl dolgetn & 4

AT

2.3 AF8X} ZHIAE J[Ht MH|A

AollA AE vg AYAEE 7|Rte R ARgAolA Y
Q) AEAE AT ) QA T e wA A
2 WEY TS ANES o

A, JdEEA UAE SaA AT 5 e F A
2 s vga} 2ol T4,

S={s, 11=1,28, ..n}
o]u] physical meeting context ARE HIEOR MH|AE
2+ oA HE A 4 Q= AuA § = ot ¢
=3

;Sl'p:{Sj|j:17 2, 3, m}, LngS

I

Context Pool 2 o]-&d|A ARgx}e] Al AHE 383

T e A Al TR AL S = vt 22
S=1sc k=123 .1, S&eS eb

ohAEh AN AR BAel RS BET & Y
T AE 7Fed AHlL & 2 v At

Se={st1t=123 . ,d, SseSecSHel

288



S A oMIESL A 49 Th) ]
A w18 2AE Sl |43t %
Aol ofstel yiEEr BoHe) vy AUAETL WA
o[flE WAE A9 M B WA AR Bobha ke
A Aok} olelet Aula Be AT HE Ay
0] Ae A TgoR ek a9 83t 2o

S S P S s S o
S1 S1 S1 S1
S2

Sz Sz

am T  m
Ss Ss Ss
g : §

St Sin-1 Swz Sw-z
Sn

User Static
Context event

Physical Meeting
Context event

User Dynamic
Context event

33 3. EAE Md|A ZEfE pY,

o £9], physical meeting context TAOA w9
Z2]0] presentation =2 A QL FHR}] =71
A ol gkl s ARE 4 Qe AHlRE S, S,
S5, Su-1 TAL SFAE o] W, T WA GA A ARARY Al
o] ﬁ}uﬂgq Al AHAEES TR3TF = Q)= AlSlo| &

20 2 T MR

L A% A uEelAY Ee] wek AFE 4
NSIZh o el e A8 WAl e
2 O AYENT 2 RS Waste] SN g

£ AU ARE S QAR T AR B9t o
FoA S, o) AElask AR S, 85 Al R AR
Sl 748 4 ok Tl AASAe] $A AEAES B
&Y 4 9t oMES WA HE AUAE Mol
st 49, ol S0l A B A2HE AsAL 9
AS oSS B0 A8 S0l S Aul2 el
$AE AU 4 Y= Y Aol Wh oA,

3, ZEIAE 7|t OIE{BE|E C|AZH(0| AHIA 3

3.1 78 &

AEAE 7]9h FY Mulao] HA 9 F82 GIST 9
SMeetZ 7¥ko g o]FojAt} SMeet = THAZE QIE|HE]
B AntE PARdE HJsl] 9fFh ZREEY AJARC

et
B
ri\s
i)
£
iz
=2

it
£
QL
XL
_>4‘

o
1o
v
P

juta)
~
_>ﬁ
e

N XP‘”‘*EP 0151%”.*3
5 )=o) A2|(Smart Wall)

A, ol5 &g3lo] 35 S vty

Yok = = Aeq 3 A Ao Aol

-

ne
_?1_5
okt
()
=2
o)
sl
)
of
ol
rr
N

=

lo mu mo ol tu

it

fEE S AW F
physical meeting context = ©|® Zoj configuration A
R AR o ARe A A 75E 5
Ale]| context pool o A& FejEct ARl Aol A
HIAE ART o)g 3LA3} $7 context poolel AAHETH
o TRl AEAS] FHEl FEAE Aue olgu
BEe AR QIEEA IS o] §ste] B4 AXAE
Ho A9 T AEE WEelo] SUSAL ABA 9
A ARG Bstel AHol: olefal 715 S
Sloh AMEEI QlEa AUIS e cheat gk

Egh NQIME EA ERIEL PEER 2QIE 9] "4‘1}01
2 ARE o] gsto] AREALY oto|t)E wHE 4= itk 9]
A AR= BEA FAtoA 9] 32k 7|Wke] #x ARz Al
=, AR g Foll EolgheA] obd A9 AE= Al
A JRE] 55 ol & wtho] Thssitt 1% 4 (o)7F Ko
FE Aol YA AEE RS WA FEE =
2] EdF A kEoltt, §A AlFElE AREALY] ofolt]
A= AEHA WfUA ] context pooloflA] Akl Sl
ARt AHH o AY WAE 7R T AR HR
E FEY = 9t 19 4 (b= oE TR 48 X2

SEe 3 AR Hod xAE ZRe} I o
2 AR 29| A3he eygit

3.2 O|E! HEHIAE M7

A TN A B oY FEAES 8w ol
AR Al 7HA] FHoR o]RojAlE HE HHAE
HA Physical meeting contextt= 0¥ =& 0]y Fo
2], BHAL) S8 o|SHEE AT, A4S e
AAE gnEs AgAdA B Ue A D,
T R R TR R T

289



=

o A9 oS Tt AMgAle] FH A
L AR8AY 917 ARl "aAl e
Hohe A2AE A4Sl THRES Bt 2

2ol weh AREE Auls Al ) o Aw

)

/\E;S]

],

ol

ofr

2

A

"l A
=~

[m

I
M fo

o2 I8 5o #7|Ho] A A S0, WY H42 =9
Ago]Ad &3 Multi-meeting 2.8 FEEo] Aelx]m

YA ol L2 MeE]o]z]
A= "follow—me AH|A") "avoid—me AJH|A' "F7]
g AEA, TolE AuAT TPl "ERIY AJH]A" oft)
U2 Multi—meeting 802 AHEO]Z] AL Au|A= "
72 AHIA" TolE AR|A" gl "ERIY AJH]A

2 H7E A=A Eo

o AgE 4 9 A

=

BN

B Physical Meeting Context+
» OE =285 =

— ——% Avoid-me MH|2 .,
- ZYHHOM = -

=

Follow-ma A H|,

I,l"

- Multi-meetingss——~ ‘
g = AfO|= Eﬁf{;“*’“ 015 At~
> 0lg g Afolze S,
- A ol S LET

- AR 0[5k
0| FARe| =
B MET} Static Contexts
> AFSR DY
> OjglofMel gze
- =2Hgold 0jgel He .
StEAF , TEES IS MHIZH E AT RS

e ARy BUE MHA,
Unknowne———————» #& 2=,

Multi-meeting @ Z 2+

RS, HSE= TS MHANOHUHUS,

EEre E T HOE A,
Unknowne—— ZFGS,
P ZEU ML AZe
- President/ Supervisor/ leaders e————

T
- Managerdy ——m1o_

- Engineer+
- Unknowne —— 5 HIZE,
B AFE X Dynamic Contexte
» OMEA HAFHEY
- Ex vy zr 2| 3AE HE
G INTE ML,
> NBT H A ———— S—

- mAY HARe |
- oI5 HAHe
- A7\E=H HAKe

38 5. 0jg HYASS H MHIA A7 of,

QlollA AgE upet o], A4 AlFEE ARlAe
Z 5719 AMulAR ZZFS follow—me service, avoid—me
service, 7] ZA service, % service, Z2¥ service
7t BRele). 7 AEAL BE QEaEE oAzl Akl
s2A 34 DaEdolst dslo] emeolRs S
St} Follow—me AHIAL AH8A7} #gHo] Sl A9 o)

o AMgAR] $IA7E WARE AAgAe $INe] e tlaz

o] He= F A7 YA|7} HAEL Avoid—me service
follow-me A2} §Asit ]E B9} Aolz7t 28
5 A ol dsjM "aEF ot He F A=7t 7t
A He A57F et weh Hut rhelA] ofal i
do] HES AEow ZAHHE Aulzol, ofgol} 2
N2 AElzel AL AL RS AR AS
Yolg 2ok AoE, faBdo] i NS WA
AelH= ols AHIAE, Ale|z2E 28] fsiAe 27
24 MB|AE ARESHES jith 29T AfH|AE ANEE
cazde] Aol 54 e olelN QY HI gs
AR L AR} ARE YEhl = Aoz ZR1Y 9
A% s A YR ARE Waslel ofaaol
s Seo] Wasi,

N mlm _E ox rlr

3.3 HAE AlL}Z|2

presentation E29] u]g 344 follow—me service:
o]g H2o] presentation ©]iL, B FO| Ate]=7} YA
o[l A WEE HWsh= t‘e‘iiz}ﬂ ArEAl ols ot
I Sl Aolth WEAE SRl A 3-8 taEY ]
Ape) Az} RS 7 SR, A} o A4
b oo A dasdol Aol At $Holx| gojol
3}]—,} 18 69 (a)= Pdlo] Q= AR} ool B
L A9 A8AE web daSdolss sl ¢ 24
on 98 Holdu, (i Aol i A8 S0

© A5 HaEelsEe 3ol oA ¢ Ko
o

(b)
12 6. HAE A|LI2|2: follow—me service.

presentation =2 9] u|g 3Ho)A avoid—me service:
ulg o] presentation ©]1L, W|g F&] Ato]=7} °‘741X]
olstel A% WEE A BIAT A4EEA o|5L 5
I Sl Aolh WEAE SRl A 3-8 taEY ]

290



Ao Az} WEAS AN 20 WEA} obd B4
A7t ol A9 taZdo] Aol At S8l glol
of gtk I 72 Wl S AMAPE FAole B¢
avoid—me service 7} $8E= AMSRS UERALTEH

a8l 7. HIAE A|L2|2: avoid—me service,

AREAL] 271273 service: MH oA Ao} xAq]
A9 N9 5F FHste], 271274 serviceg: Y 4= QL
= ddol 3= AR AS AR Amo HE7F ta
Zdlo] Aol Qlela Bf/EA F 4 QEE AH|ATL A
SH I8 8olA= Fdto] = ARSIl QsfiA] 2EUE
WA A2E o|gsto] tAZdo] I Fjr} o]Fof

[ [#7

3 8. HAE AU2|Q: 37|2F Mu|A(HE0| U= D).

Hhz, mglofA o] odolu} 22|42 29| 5ol 37]
ZA service & Y& 4 9= Fdho] = ALEALO] A
AT Aol P AEAo] Sl Sl Ee B
By Xﬂ?ﬂo}Ei gtk a9 9L AL Q%OJ?% F Qe A

A ) gt disj Hx Eﬂ | & spuo
o|=7h WAEA gt

4. 48

B R v AUAE AR olgslel %Y I
o BN ofmA A2} A AgE & YeAE
AAs 2E W At AgEE vy Agas

L aurAQl o)y go] dhak Au, ARGl HH, B2l
YHE Y g FEAE e olgsiel AR B
A AuAE AT PHS As,

ol (L8 AARE 492 O T A
2 2k o vgolA e o HEIE F e ok of2gt
AgAte] Ame] Wb ofgs WY AMAs ATd =
T Al digt AA Wes HolFi follow—me
service" U "avoid—me service" 9} T-& t]AZdo] TH

Aul o] AEH oS HofEglt

T, AHAE FRke] Aulak AR AMYEE Y
st gk slold Algelofok shel, ol Sis) ez

s1gsks ARo) WIS THelA olgaopt dith 53] Al
B2 BESHe TG FHESO T2 AuAs AT £
5 =S YT A7k AW Aol

An2H

[1] U. Shardanaand and P, Maes, "Social information
filtering: Algorithms for Automating Word of
Mouth,” Proc, of ACM CHI' 95,

[2] http://www.icsi, berkeley, edu/Speech/mr/.
[3] http://www.is.cs,cmu, edu/meeting room/,

[4] A. Nijholt and et al,, "Meetings and meeting
modeling in smart surroundings," Proc. of third
international workshop, vol, 02, CTIT, Enschede,
pp. 145158, ISBN 90-75296—-12—6,

[5] I. Mikic, K, Huang and M, Trivedi, "Activity
Monitoring and Summarization for an Intelligent
Meeting Room," IEEE Workshop on Human Motion,
Austin, Texas, December 2000,

[6] A, Waibel and et al,, "SMaRT:the Smart Meeting
Room Task at ISL," Proc, of IEEE ICASSP 2003,
vol, 4, pp. 752755, 2003,

[7] C. Ellis and et al,, "The neem dream," Proc. of the
2003 conference on Diversity in computing, pp.
23—-29, 2003, Atlanta, USA,

[8] http://www,teco.edu/awareoffice/.

[9] S. Han and et al,, "Design of multi—party meeting
" Proc. IEEE
Int, Conf, On Communication System and Software
and Middleware (IEEE COMSWARE 2007), Jan,
2007,

system for interactive collaboration,’

291





