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Implementation of Context aware Learning System by
Designing Ubiquitous Learning Space and OWL Context
Model
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Abstract

Ubiquitous computing technology makes an impact on the appearance of u-leaming and presents an advanced
direction of futuristic school education. In ubiquitous learning environments, various embedded computational
devices will be pervasive and interoperable across the network for supporting the learning, so users may utilize
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these devices anytime anywhere. An important next step for ubiquitous learning is the introduction of

context-aware learning service that employing knowledge and reasoning to understand the local context and

share this information in support of intelligent learning services. However, the existing studies on design and

application of ontology context model to support context-aware service in actual school environments are

incomplete state. This paper, therefore, suggests a scheme of constructing ubiquitous learing space for existing

school network by introducing USN to support context-aware ubiquitous learning services. This paper, also,

designs an ontology based context model for ubiquitous school environments which describes context information

through OWL. To determine the suitability of proposed ubiquitous learning space and ontology context model, we

implement some of context-aware learning services in the ubiquitous learmning environments.

» Keyword : Ubiquitous Learning, Context aware, Ontology
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Fig. 1. Design view of Ubiquitous Leaming Space

RFID A|28e 1S015693 133MHz RFID ®&F Z&
EZS AYshk= RFID @Y 253 1356MHz RFID 8122
ARSI Bl s w4ee) SHAEe] Axlsk, Buvleke] Bl
9124) AgE 10cme]t) RFID 87)Ee 32E9 RS232C <
25 B3 Agd Balshet), RS232C) ZigBee $4 RES
Fasle] B4 548 AT = ok 438S 98 RFID
297 RFID ojo]HEZ} 3= PC RS232CE B3 942
311, | E1E 1152 Kbps, 8 Data bit 2 1 Stop bit2 2%
3kl ISO15693 B EolE ARE-gt.

AX =EE CC2420 RF 2E5S AME-3slo] 24GHz ZigBee
BAE Adata, dHolE AHE A3 MCUE ATmegal28L
ZZANE AFEE TinyOS 102 g3 2 7w 4l
= PHY= Alo|E0]9] ZigBee 25T SIS}, AN
o} ex/5% AMe 27t HamamatsuAbe]  S10873%
SensirionAte] SHT11& ARE-31=d], YHiti= Alo)Ego] B
ol A Fasie RS ATk

a9 29] IMH= Ac|Eglole SHE FHIFAES S
TN FA iR oz sk 48 W gl AE
AGA717] 3l AA] AR Re2H, A 3 AAE 5
of AA e 3 Sl volEle] Z2EF HE gl 5~
Eolo] BAIS Fagit] o] HEs vlo]ARZ2A|X 9} HE
g, TR 9 AXMER PR vlo|azZ2AA e W)
BE)E vlofEe] YEHS Aofsla dlojee] T2 EZ HE
& g@dsh=t], UDP $413} Ethernet #|o}7] 988 s
RJ459} ENC8J60S AM83la, Tiny0S, TCP/IP ZZE
F 29 3l Ao $&5 BAst] Y3 ATmegal 28L& A
LalTi1l]. FHAAEA RS22CE ZgBee ZES o
Asll F1, D o)(Relay)= PC, ¥ Z2AE, ZYH, TV,
A5 9 & M AR T AAAEEY A AZdsh,
LAN ZE= #4 LANo| d2AZIth duti= Alo|Edo]
T I IPE 78 LANS 53] AlA ojo]HEY F4 #e
do]HMES} FAlsHA sHch

212 2BC|= AP|ERo| E=
Fig. 2. Embedded Gateway Board

. EusHoll et 2EEX| At HE

g2 AjA 9] AeE ERREE AME e FRE

B AN AL e B AU
AREL AA7E D 4 QIH12] o] A A 3-8
AAE T AREALS) &8 7t JE gl B 1
2 Rolt}. w3, 4L 5§ 4 879 9RE §8o] ¢
Ag 5 g RS TIIC3] 43 94 AFES AL
A T AR A FHl wel A-gAelH, FAldl
Azke] AFBIAA ol2idt ubde] WEA] 488 4 e
AsxEdofgla Schilite] o3 A= AcH14]. FHdl
© ARk A A gle AR HH Te AHIAE AL
SR A A3k BN S AT A9E 48 2
2 Mul2g Qs ek B =Rl thie AAdlE AN
A7y &3 FHAE2 Sl Fe) AR 94X, 25, AF



102 R BRI A G RE(2011. 6)

B 2 27 tule]x 55 oy, o]
I 12 ARES WsE 4
g3o] dofx= el wet A 48 JHet T4
B FEE 5 ok A7 4% ARe AR AL &1
A B AFE At 1 &4 ks vE Ao R
22X dE 59, ofd 719 olF, Az, oW F4 &
€ PCY 914, IP T4, AW 55 Tt 54 4% 3
RE A7l w2} wsshe of| 3ol oish AR EA, B4
AXERE Qo £5 Fwo] We} ghelu RFID 2]H7]
ZRE dojzl ARgAIe} 119 913 AE F& Tt
2EEAE I Jidstel tigh FEskE 1 HAF)
AZA5], HAFE7E A 7Fssles FAHeE RT3y
22 Aol 7kt gt Zdolel A 4 Utk wEbA
LEEAE fHIFEE AFE AlZEo A 8 24
Frét AARE-S 7FsEHl 3] s 4aE S ATE
ATHIE] & =2 W3CY 2&2A dol’l OWL-DL(Web
Ontology  LanguageDescription Logic)S o83 819
B2 85 S]] digt 2527 48 Bds AAEia o8
“‘QULA-ONT(Context ~ aware  Ubiquitous  Leaming  Architecture
ONTdogy)g} et Algtet 438 Zdle owlThing ©lefiol
ez 4670, A &9 2670, vlofe] &4 247) B 74
BNE P ok 13 3& CULA-ONT &2 4
3 mdo] opFozA W3CY XML, RDF/RDFS %
OWL EF$ w2 ks W8-S AYg F-Eolth

o
T
o
o
o W
o
o 4
ox
ot
o
I

o
2
ox
o

RS U [N

2 of

P ok

<xml version="1.0"7?>
<DOCTYPErdfRDE[ . . . 1>
<rdf ROF xmins="http//www.semanticweb,org/ontologies/ 201 1/2/cula-ont oni#”"

xminsxsd= "http.www. w3 org/2001/ XMLSchema#"
xmins:rdfs="http./www.w3.0rg/2000/01/rdf-schema#"
xumilns rdf="hitp.//www. w3.org/1999/02/22-rdf~syntax-ns#"
xmins-owl="http.//www. w3.0rg/2002/07/owi#">
<owl:Ontology rdf-about=""7>
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Fig. 3. A Partial CULA-ONT Context Model
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<owl-Class rdf.about="#Person">
<rdfsisubClassOP
<owl-Restriction>
<owl-onProperty rdf.resource="#personName />
Sowl:someValuesFrom rdf-resource="€xsd string’/>

<owl.Restriction>
<owl-onProperty rdf-resource="#isPresenceln’/>
<owl-onClass rdf-resource="#Flace’/>
<owl‘qualifiedCardinality rdf-datatype
="@xsd:nonNegativelnteger"> I</owl:qualifiedCardinality>

<owl-Restriction>

rdfssubClassOf
Sowl-Class>
T2 5 ZefA Person| Ho| B2

Fig. 5. A Partia Definition of Class Person
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Table

Place Activity [ isEventln
OftH Z20f] ofH &F=0] QICE
Person ComObject | isHoloBy
OfiH A2k ofiH ZFE! ZiHIE HISICL
Pace | ComObect | isLocationin
o Ztof| ofid ZFE! P UCE
Adtivity Person [ isParticipantin
o E52 ofiH Aj2io] ZlojE ZSISICE
Place Person [ isPresenceln
O ZiA= Of Al2do] ZXHE FIRICE

hasEvent

hasHold

hasLocation

hasParticipant

hasPresence
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Table 2. Domain and Range for Data Properties

HoE =4 | =Hel x| o[o|
activityEndTime | Activity | &xsditime = F2 ARt

comObjectD | ComObject | 8xsakinteger ZATFE! 2| AR}
deviceNetworkng | Device | 8xsdistring | EH[0[A29] HIEIZ TS 05
personRFIDTagNr|  Person | &xsdistring | AlZI0| AX[Et RFID Ef1 #&
placeDoorStatus | Place | 8xsdistring 20 HH| AEf

3 248 Hel
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Table 3. Some of Individuals for Top-level Class
et T of|
Adtivity QuizOiComO8-1 ﬂzﬁfo |
ComObject DeviceOfComBlecAppliance-Projector-422 8] ZZAE
Person StudentOfCom-001 S
ZFEEm
Place ClassroomOfCom-422 Tl
4. CULA-ONT Atsh melo] Ax|M ZAL
OWL-DLE AME3l 71€¥ CULA-ONT 43 mde 3
E710] o3 H2d & o} B =woMe % 2ds A
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9] YZ Y2017 HIAE F1=d] AFLHTh o= So] 18 5
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<ProfessorOfCom rdf-about="#FrofessorOfComt12">
<rdftype rdf-resource="Gowl; Thing'/>
<isPresenceln rdf-resource="#Classroom423'/>
<isPresenceln rdf-resource="#Classroom422'/>
<ProfessorOfCom>
J2 6 Al ZRjof| Chst AREl 2=

Fig. 6. Wrong Expression of Ontology for Person Presence
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A e AEEE FoE AR A3l EAIES A
43ty A8 W= (subject, predicate, value)e] &S

7, Zolug AR S zh=th o7 subjects AFE,

Ak, AFE A, Ex 5 5 A FAE vE,
predicate™ personName, isLocationIn, isHoldBy,

hasEvent 5 A3+ —?21]7]— zt= EA4L YEY, values
predicates F3) & g 3] =AY 7K F Sle
&S oJugit) @li (ProfessorOfCom-11,  isPresenceln,
LabProfOfCom-11-408)2  ¥3® A3 AHRe
ProfessorOfCom-11¢] 3P} A4 LabProfOfCom-11-408
o ARl IS sk Aelek o]dt 48 HHo| F3
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<owlThing rdf-about="#FrofessorOfCom-11">
<dftype rdfresource="#ProfessorOfCom’/>
<isPresenceln rdf-resource="#LabFProfOfCom=11-408"/>
<owl:Thing>
J2l 8 A MHof| chist 2EZX| &3 of
Fig. 8. Ontology Expression for Context Information
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import com.hp.hpl.jena.ontology. #;
import com.hp.hpl.jena.rdf- model ModelMaker:
public class Main {

public static final String ONTI1 = "CULA-ONT";

ModelMaker maker=po.getRDBMaker( s_dbURL,s_dbUser,
s dbPw, s_dbType, false )
po.listClasses( maker, s_source )
/
private static void processArgs( String/] args ) { . . .}
private static String getDefaultSource() {
OntDocumentManager.getnstance().addAltEntr(
ONT, 'file-../ontologres/cula=ont/cula~ont.owl" );
return ONT: }
/
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Fig. 9. A Partial Code for Loading CULA-ONT OWL File
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Table 4. Structure of Protocal and Command

e ol 2x | Command [ DATA l
= | Command [ Return l
o clloled Return My

FIND_IP_ 192.168.0.1 P 72
SET_GATE 192.168.0.1 = HoIE={o] 1P ME!
RELAY_ON 1 = 121 2i2jo] ON
GET_TEMP 2 25 TNZ
GET_LIGH 500 == oS =

d, 3% 118 AN olelET} 43 Q14 S Aol 4
2 4 ES) A2 B A9 AAE AEHE =9
21370l

Private Sub cmdConnect Click()
If Winsock.State = sckClosed Then
Label J.Caption = "
Winsock.Frotocol = sckTCPProtocol
Winsock.Connect txtHOSTIP Text, "1234"
Label JCaption = "TAVASIS 9 Zo] §&F A5/
End If
Fnd Sub
T2 11, MM ofo[ME F=9| 2F
Fig. 11. A Partia Code of Sensor Agent
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( ClassroomOfCom=423, hasPresence,
ProfessorOfCom=46)
LEZA
= <ol Thing rdt-about="#ClassroomOfCom-423">
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-1 gcienl 959 39 30 we ="#ProfessorOfCom=46"/>
Sowl:Thing?
212 AR ERHe| Akt oA Iiynt 2ESK| 5
Fig. 12. Process of Context aware for Person Presence
and Ontology Expression
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¥ subClassOF (7A rdfs:subClassOf 7B), (7B rdfs.subClassOf 2C)
= (24 rdfs:subClassOf 2C)

¥ inverseOr: (7P owl:imverseOf ), (?A 7P 7B) = (7B 70 74)

¥ FunctionalProperty: (PP rdf:type owl-FunctionalProperty), (A 7P 7B),
(PAPP2C)= (?B=7C)

Tt N RS LERA F2d o8 2 4 gt 3
B2 vle] B 2 7wt ol A 33 AR
N2 3B FESNE Aolth, F& e ofe) 74 3%
S Qi o welol Wl 2T A PO ¥ 5

e, o] 7L B U] ¥ JRE & UgE &
o 2 At FR1 AL AEL A FRE st Aol
a9 138 3 7|F FE29] 24, 999 g ARl Q1]
o] AFR AAE ARgska o, 2 AFR AATE 499
a2 Slohd, 2 AR S O A oAl s A
olt}. £A hasHoldOfStaticDevicer= hasHold®] 319 <
AHozx Fel2 Persond 3 14YS ZE2 ComObject
9] & Yoz YINT|eY, EYAS B8 94 HE
o] ofe} A AR FUE ulste Aotk FE T
A, 715 =9] % e F Y 48 HEe 47 LEZ
A 13} 28] EZA P thEHH, 7|5 =] 2EZ
UE F ARE 2EZA 37 glgHTh

o
)

FE 774
(PPerson, hasHoldOfStaticDevice, 2ComObject), (?ComObyect.
isLocationln, 2Place) = (?Person, isPresenceln, 7Flace)
2EZA |
<owl-Thing rdf-about="#StudentOfArt-002">
<hasHoldOrStaticDevice rdf-resource="#DeviceOfArtPC-1'7>
<Sowl: Thing>
CEZA 2
<owl-Thing rdf-about="#DeviceOArtPC-1">
<isLocationln rdf-resource="#lleetingroom-25"/>
<owl. Thing>
LEZX 3
<owl-Thing rdf-about="#StudentOfArt-002">
<hasHoldOfStaticDevice rdf-resource="#DeviceOtArtPC-1"/>
<isPresenceln rdf-resource="#Meetingroom=25"/>
<owl. Thing>
O 13 ] 73 =20 o
Fig. 13. Exanple of Rule-based Reasoning
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Table 5. Process—1 of Service Coordination Module

MEl~ = BE

A (1) M= 2 FE

sy [ (ClassroomOiCom-422, hasPresence, StudentOfCom-001)

A @ & 37|

ojEl 2 ClassroomOfCom-422, hasPresence, StudentOfCom-001)

(
( Place, hasPresence,  ?Person )
(?Place, hasPresence, ?Person) A

(

?Place, hasEvent, ?Activity) A

2 74 y
(?Activity, ?Property, ?Person)
= onlight(?Place), onGate(?Place)
| Q) AlEh MHE F|
T21 |Z1 | (ClassroomOfCom-422, hasPresence, StudentOiCom-001)
= | (?Place, hasEvent, ?Activity)
250 | =0 (ClassroomOfCom-422, hasEvent, ?Activity)
ClassroomOiCom-4220]| Sl= &E2 Aloj2)
Ao} | (ClassroomOiCom-422, hasEvent, LessonOfComOS-1)
= | (?Activity, ?Property, ?Person)
(LessonOfComOS-1, ?Property, StudentOfCom-001)
=3 |&el [ LessonOIComOS-10] StudentOiCom-0012. 2i3sl= S
o2t
Z1} | (LessonOfComOS-1, hasLeamer, StudentOfCom-001)
| (0 ME HE xE

(ClassroomOfCom-422, hasPresence, StudentOfCom-001) A
(ClassroomOfCom-422, hasEvent, LessonOfComOS-1) A
(LessonOfComOS-1, hasLeamer, StudentOfCom-001)

CH| (6 ZOIH, AMHIA 2F
Mo A onLight(ClassroomOfCom-422),
— onGate(ClassroomOfCom-422)
A QoM A3 A2 wo]xzel HoE Jenad
RDQL(RDF Data Query Language)S AF8-3h=tl, 18 149]
a7 2] j8 RDQLE] Ae] o], () Al 2

X—] L= .‘é—oﬂ }\«] ;dv,]

Fste mE) ol

SELECT ?Activity WHERE
/C/z]ssroom@f&)m 422, haskEvent, ?Activity)
B 97| A2 TEle| 72 20]| Chst RDQL Aol 7
String (]um_s[nng] =
"PREFIX rdf: <bttp./www.w3.0rg/199902/22-rdf-syntax-ns#> "+
"PREFIX Ontology22:
<'htip.y/eit wst.ac.kr/ontologies/2009/9/Ontology22.owi#> '+
"PREFIX rdfs. <http.//www. w3.0rg/2000/01/rdf-schema#> "+

"SELECT ?Activity " +
"WHERE{Ontology22.ClassroomOfCom=422,
Ontology22:haskvent, 2Actvity /-
Query query = QuervlFactory.create(query. stringl):
QueryExecution ge = QueryExecutionfactory.create(query, infmodel);
ResultSet results = qe.execSelect();
(b) Jena?t X|sk= RDQLE O
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T8 14 Mgt MY Aol Rynt 2 I=
Fig. 14. Context Query Type and Related Code
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Private Sub Cmd Outputl_Click()
Dim Str_SendBuf As String
If Cmd Start.Enabled = False Then
Winsockl. RemoteHost = Txt IF. Text
Winsockl. KemotePort = 50001

Str_SendBuf = "RELAY ON/1]"
Winsockl.SendData Str SendBuf
Fnd If
End Sub

O 15 MSE7E I=
Fig. 15. A Partial Code for Tum-on the Light
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Fig. 16. Control View of Sensor and Place
Management Agent
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SJHEE SIS0 e A=l Gere APal, A An

_8_ 6_1]—/%] ol EE /\Lﬂ- _/':zt]l DEZ 14_,_5].

]
o A3 3 2 S A% 4R (QuizOfComOS-1,
hasQuizParticipant, StudentOfCom-002)& AH]A~z% &
52 RUt HElA 24 BB A= dEo gaH sk
RS A, 7 AR SR tale]xe] [P FAE A=
o] HE A it

H6 AMylA =N 2Eo| Azl nfy-2

Table 6. Process—2 of Service Coordination Module

AHIA =Y BF

B (1) M22 Alg He Al

AEAE [(QuizOICom0S-, hasQuizParticipant, StudentCfCom-002)
| @ =l 35|

opxITs (QuizOComOS-1, hasQuizParticipant, StudentOfCom-002)
ST ?Adivity,  hasQuizParticipant, ?Persont )
(?Activity, hasQuizParticipant, ?Persont) A (?Activity,
hasSupporter, ?Person?) A (?Person2, hasHold, ?Device) A
(?Device, deviceNetworking, "Enable”) A (?Device, devicelP,
Nalue) = sendMeessage(QuizAgent, Vvalue)

CH (3 &g ME E
721 | Z8} | (QuizOfComOS-1, hasQuizParticipant, StudentOfCom002)
& |(?Activity, hasSupporter, ?Person?)
250 | A0 (QuizOfComOS-1, hasSupporter, ?Person2)
F= QUizOComOS-12] 3k =0IE &0zt
241} | (QuizOfComOS-1, hasSupporter, StudentOfCom-201)
T2 | (?Persor?, hasHold, ?Device)
253 |zlo| (StudentOfCom-201, hasHold, ?Device)
SiudertOICom-2010] AR =9l Device= Z0f2},
241} | (StudentOfCom-201, hasHold, DeviceOfComPC-021)
= | (?Device, deviceNetworking, "Enable”)
S5y | A (DeviceOfComPC-021, deviceNetworking, :’Enable”)
DeviceOIComPC-0210| WIEQZI0| 7I581?
241} | (DeviceOfComPC-021, deviceNetworking, "Enable”)
7= | (?Device, devicelP, Nalue)
=5 |zlo| (DeviceOfComPC-021, devicelP, ?v&i]ue)
° DeviceOfComPC-0212] IP FAE ol
Zi1} | (DeviceOIComPC-R1, devicelP, “168.1926854")

B (4 &2 FE =
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(t

(QuizOComOS-1, hasSupporter, StudentOfCom-201) A
(StudentOfCom-201, hasHold, DeviceOfComPC-021) A
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(

DeviceOfComPC-(21, deviceNetworking, “Enable”) A
DeviceOfComPC-021, devicelP, “163.192.6354")
B0l (5 EOIH, Mu|A 2F

Al [senaviessagelQuizAgent, "168.1926854)
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Fig. 17. View of Application for Quiz and Chatting

V. 8

rhu

733 Q1A 7uke] fHIFEIL Sl AHIAE A
3], 71& LAN 27394 o]Fox= gl vE
2 USNE 283 e 8 3hs
S ARSE fHIFE2 S B tigt 2E=2A] 7Nk
CULA-ONT 3% Rd& 733tk X5 o5 7oz
S g3 Q12 ey Al2ELS FEl] g3 Q12 Aul o] A
HES Ao zH AN FHIFAE A Sy I 2RER
2 4% 2do] AFAE AXsATh

B \_594 7‘]'@_9& N;q] t‘ihjy_f—'_ ;H/\l—gg —Q—EEZ] /\1—:6:1-
A5 olg3l 43 <14 B HHI*E AlFehe Al2E
b A7 A fle AN, 4 LAN ﬂﬁ«l 71

TS U E S, &4 7 Ade AlA9
Y frHIAE 2 71718 883 USN 71&}4 yEY

90 2 FHIFE 2 Sl W PRl FAFH) H
AT g A A2t JHtiE Aol Edo)S
Xé  gol WAshe Aol wijx|ste] W e] USN 3
TEFOEA A MES A Hele] A84S AnY &
AdE WS AN 53] 48 RdS 753 3o,

A37] 9
928 o
Ag¥sk, OWL

r1

o 2 (g
g o

3

o U
e
I'UIO o

)3

oX,

ot r

on
tlo

A ADE F Y AR TS B LERAE =
Hatozr, IAE: 9739 sl o715 B 7171
2 ANISE o) 48 TR 9T FE F 43 299 4
A s @ & Urke ARSI, g B e
o) AT LERA 4 wdlo] Sue) g ZE AAEH

o] 7hssielet A 4% Q4
Au)20] Algol e TRl 7]7]9] AYS o}F] FEsA|
23 Ao g geke] A3 YRE 835 13 AH 9] Hlo ]
BWlo)l~E PEeA] B8 A G5 AL Resla o
&fo} & HAjolct.



FHIAE 2 sty OWL A3 Rd AAE 53 A48 94 & Alzd 138 109

m
ot

=

[1] ihcho, "Research on Developing a Next Generation
Leaming Model in a Ubiquitous Computing
Environment,” KERIS, CR 2006-4, 2006.

[2] jhseo, "Development of teaching and leaming model

in ubiquitous Leaming Environment,” KERIS, CR
2006-12, 2006.
[3] shkwuan, "Research on u-leaming Korea Road

Map,” KERIS, CR 2006-11, 2006.
"Configuration Plan of Future Classroom
KERIS, CR

(4] iwpark,
for  Ubiquitous
2006-14, 2006.

[6] yjlee, "A Study on Development of Ubiquitous
Learning Device,” KERIS, CR 2006-19, 2006.

[6] knkim Research on u-Learmning Supporting System
(u-LSS) and Development of Prototype, KERIS,
KR 2007-14, 2007.

[71 jhlim, Construction of u-Campus for University,
KERIS, RM 2006-63, 2006.

[8] KERIS, Evolutionof School Network in Ubiquitous
Learning Environment, RM 2006-99, 2006.

Environment,”

[91 S. Yang, "Context Aware Ubiquitous Learning
Environments ~ for ~ Peer-to-Peer  Collaborative
Learning,” Educational Technology & Society, 9

(1), pp. 183-201, 2006.

[10] jhpark and jhkang, "An Intelligent Service Mddeware
Using Ontology and Rule in Ubiquitous Sensor Network
Brvironments,” Journal of KSCL Vol. 15, No. 10, 2010,

[11] jhbaek, "The Design and Implementation of
Intelligent  Internet  Outlet  for  Real-Time
Scheduling Control,” Journal of KSCI, Vol. 15,
No. 10, 2010.

(121 A. Dey, G Abowd, and D. Salber, "A Context—Based
Infrastructure for Smart Environments,”
Proceedings of the 1st Intemational Workshop on
Managing  Interactions in  Smart  Environments
(MANSE '9), pp. 14-128, 199.

[13] A Dey and G Abowd, "Towards Better Understanding
of Context and Context- Awareness,” Proceedings of
the CHI 2000 Workshop, The Hague, April 1-6, 2000.

(14 B Shilit, D Hibat, and ] Trevor, "Context-Aware
Communication,” IEEE Wireless Commumication, 2002.

[15] T. Gruber, "Toward Principals for the Design of
Ontologies Used for Knowledge Sharing,” Journal
of Human-Computer Studies, Vol. 43, 19%.

[16] E  Chrstopouloy, C. Goumopoulos, and A
Kameas, "An Ontology- Based Context Manage
ment and Reasoning Process for  UbiComp

Applications,”  Joint sOc-EUSAI  conference, pp.
206-270, Grenoble, October 2006.
[17] Jena, Attp.//jena.sourcerge.net/ indexhtml

IR |

sy

1998 1 ik BRESE 7
sl

19% @ FEoste AFEEEt ¥
AL

010 : Uik HErHolEelt
T}

d A SR AFEERALD
A

AR} ABJoIAAEE] anZE|x

o7 VT o, T

Bmail : mwhong@wst.ac kr

o] & &t

1986 @ FEiEkal ARFEARE ol
S

1990 ek AN B
QR

199 @ AT ARl F
Shapat

A SR IR
e

BRoE Pl B 9, fu1)

1SS

BEmail © ywlee@wsi.ackr



WWwWWw.KcCi.go.kr



