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Abstract

Today, it is difficult to re-use and share spatial information, because of the explosive growth of heterogeneous
information and specific characters of spatial information accumulated by diverse local agency. A spatial analysis
of subsurface spatial informa-tion, one of the National Spatial Data Infrastructure, needs related spatial information
such as, topographical map, geologic map, underground facility map, etc. However, current methods using standard
format or spatial datawarehouse cannot consider a se-mantic hetergenity. In this paper, the layered ontology model
which consists of generic concept, measuremnt scale, spatial model, and subsurface spatial information has developed.
Also, the current ontology building method pertained to human experts is a expensive and time-consuming process.
We have developed the MDA-based metamodel(UML Profile) of ontology that can be a easy under-standing and
flexiblity of environment change. The semantic quality of devleoped ontology model has evaluated by reasoning
engine, Pellet. We expect to improve a semantic sharing, and strengthen capacities for developing GIS experts system
using knowledge representation ability of ontology.

Keywords : Semantic Sharing, Ontology Development, Model-Driven Architecture, Subsurface Spatial Information,
Semantic GIS
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HA, FFof o7t -2 SAIF, SDTSE weziie] 7
dh ISO/TC2119] #3285, 0GCel GML, WMS, WFS
Nk Fol St} Egh, Ft oJE ook 5 =
o] 727 R A A, u]=+e] NSDI(National Spatial
Data Infrastructure), 7Jutthe] CGDI(Canadian Geospatial
Data In-frastructure) 5-o] itk F7rd|o| g Yojoh-2of
= ‘HolEY HoleP 2 o= wEH o]H(FGDC,
1998)% ol §3te] FUARE Lrstn Bl A4 A
Falt}. olE Bo) AR Yokt AHE 21 o
4 Sl

A1 o] o]AA]L FEH(syntactic), -2 (structure), A
El(semantic) 2] Al QA= JLEEF 4= It Stuckenschmidt,
2000). SHA At I HlolE o sk ok H
He AR FA, 24 oA 4T o= AN
AREAL gt Ajtstes AlHE &, WAE QJuiztA]
AMsto] T = qlok 2 dite A7 EA
A9l skl Reha1 g H el Al o] d/dE S53}7]
913l === (ontology) H'HES &85ttt 2527
= AWMEE F/ete 8% YHEY SR, JRE
ek ohuz), AREAY, o ET Aol W HFEQ; At

& FAE AYsto] A|AR) SEES AL 4
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GIS &opollA] A|dlE] F/E 218 2E=A] 7ol
gk ofy] A7F UAAANE 1 282 AghHo|glnk o=
GIS7} thekgt ulo] EEo] e AlAgo)7] wi&
of LE AMBAE WA= 2E2A] o] Y7
ufZolc}.
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EEAE R

E3h 729 25824 /i E A2 =49
o] 9]&35}kal QIth(Nicola, 2009). o]+= -2 A7} H]-&-
o] 2849 Myt opel, w=HQl HEVFe AR} 2o
)&= Foj & (heuristic) 3 HHES 4
7t whet A/do] dojd 4= Stk £ 4= MDA
(Model-Driven Architecture)®] HEMZ A Z-25}0], &
A 2mEgo] AR HEOR QlAEE UML
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2ERA= 549 E49F I AIE A= FE
QF Zofol|x] Este HEA|AHo] AgE o] g At
7h oA AL Qlek FA okt 2E=A] 47t A,
3291 A 2]:= “An ontology is a formal, explicit specifi-
cation of a shared conceptualization of a domain of
interest”©]CHGruber, 1992). &E2X|= T4 =H|Qlo]
et A stels SHelA 7129 Holerd gt fA
shek. Z1eu, HlofE mEFo] HiolE o] A4, Al
AE Aoste] dlojE e F4 2S HAo=m iy,
2ERA = Aol A7 F& el g4 HlolE 9]
oln] Wk} F&E 1 BA O 2 3tk (Meersman, 2002).

ERL 2EEAE S =HlelA olet dE(ES
Qu)E HARIC =M, =H%19] R|4ls #HT 4= Sl

29 13} o] W3CoA AN 253 Yoz A|obst
T Qe AEgAs 252 9lo]2 OWL(Web
Ontology Language)2 A|¢Hs}al ItHW3C,2004). OWL
< oA 2ERAE 7edte £F Ay dojz &
A gl 220]al Qli= RDF 22 RDFS Xt} 34
(expressiveness)©] Fojuth ESE st A EHF 0|9
o] Al<&=](description logic)E A €3} F==(reasoning)
= 71538t OWLE ®3%5do| wel OWL-Lite,
OWL-DL, OWL-Fulle] A74] B4to] glom, 1 el
A G ARBHA AHE F20] 7153 OWLDLE
7% <ol Heerol.

L2 EZX] 7ijgtoll&= Uschold & King Method, Toronto
Virtual Enterprise Method, Methontology, KACTUS

User Interface & Applications l
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Proof
Unifying Logic |
Ontology:
Query: OwL Rule: o
SPARQL RIF a
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Data interchange:
RDF

URI/IRI

IF 1. A" #o]o|(W3C, 2007)
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£o] 9JtiBreitman, 2007). o]#3t HFHELS dtA o g
HE77} Holet 4ele R ol WA, A
tence question)S Z3f SEZ X9 QFAYS &34,
ZuR1e] Hlolg +3& &3l 8 §olof tEt g0l
(glossary)a ZHdgtel. Aol gigt S Bafu]e}
ol 42 Aok, g Aole] TS AT
Fol2 Taelo] AAEAS A, HAST, AR
TR WEBES 9] HHS WEsie] HEHo
AN HIAS BHet LEZZS ek}

¥ 2ERA AE5E AT slekA e R S
Stk A B4 F2 o8 EE Yo w B §o)
Aolu A7t e oA MdE FEdt] 2E2AE
ZL51EL o] WP ARNIEE WS 23T 4 QlA|uk

= T
egRAe] RA4T Aol AV 2T 5 glom,
clke ARV} efala] Eabw Awgol Aol £

A7} wrAEcK Teller, 2007). 31F4] WS 7] 13w
DB z___ Etﬂo”}\—] ;qgm oz _QE.EX]% i%—a—]_% 1:101—
Ho|o} s}kl HPHe RAXLS 711 LEZX] AJAo
HiL AR AR 2] 4lchs Aol A, B
ea% N2g] 2o wmelo] oju] s ofof Fr).
AL 7] L FEANPYRDBILE AR A
LL IHBEALES 7Hto g LE2XE EE5He 3]
e 2 aslgch o2 &3 3 31/\510};_’ Hpx
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2.2 MDA7[{t 2E2X| HUYHE

UML 2.00] #5h= MDA 2Eg]o] 7ol
R 2d gAo 24 F i ES R ATE
gole] Tt WAl PAE TRAoR Helele] AE
G4 YAREA, SAle] AHE 7PAhMiller 2003).
ﬁﬁl MDAZ|4F W2 & UMLEES @754, Al

AA|, 5O AARG AT A e gh
= AlFstal A4 7:'?4%9 io@i T Q= THES
Alggtch @A AA9AS &

3l A|lA"EL AFA 9= /\] oz 3:17}?:}37_
(OMG, 2001).

MDA= 1% 29} o] Y] 7FA] #o]o]e] wet g
FZZ 7 H, MOF(Meta-Object Facility), UML, XMI
(XML Metadata Interchange) 522 FLAE T MDA=
g ¢lojel le], e ar mEf dzke] migS &
o Ao HsRte 24 2% SY A oln, 8 olEe
Aozt 7|eHste] aatyog tf-3st 4= lck

2 uﬂ
r&
_{>~
Jﬂ
%
mlo
30 T
oot

SEzx m s 123

- A
p
/ /
MOF
- =]
== UML UML Custom M2 Layer
x metamodel| | Profile | | | metamodel metamodel
ALl m— M1 Layer
Models based on model
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/ MO Layer
/ Instances (Java, C#, XML, Database...) instance

M3 Layer
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a7 2. MDAS] FZ(0OMG, 2003)

UMLZ &-&2olm, A3t 7hs3t 7id wd=
Hog 2282 kdly] oji o]§3 4= ¢UrH(Crane-
field et al., 1999). 7|2 d7to|A UMLEE-S ODM(Onto-
logy Definition Model)2] XMIZ- o]-835}o] OWL Rdl &2
W35} 0 (Duric et al., 2003), UMLE 22 DAML &
E2X HdZ H35}Y K Baclawski, et al., 2001). ©]&]
3k Hbo UMLY] 2l e T8 o] 85l uf
ol AR A 2E2XE 29T 4= glom, #gh
2 XMI w3z MOFol|A Ao IEjgo]Ag 2}
Tx o7 o|F At ESt MAX|TF mEle]l UMLe HE
Al g0z <o) 54 A Wbk e AT o

2.3 GIS 2EZX|
o| A& el GISA|AH 7l AH 3RS 9|3le] #|2]H

H O 2EZX9 daddo]l A7EUTKSmith & Mark,
1998). 184, tf= ;GE;\]/\EN LEZ 29 gde] 274
B TS BEANTA So| EAfsto] 2paspr)
I 9 3} K Smith, 1995). GIS 2EZX]9] dGLHok= GIS
SERA A 9 EY, GISAHILY] W 8l 74, GIS
AR FAet #igk 5o] Stk @AM AT E A, &
FEL Ue GIS 2E2A] JfUIAFel= MUSIL,
OntoGeo, OntoSpace, SEEK, SWEET, USGS-ONT, W3C
Geospatial Incubator Group % Th £A||3ich
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2.4 =] X|SISZHYE A|AH

SESH G Aotz N B WS 915t
ARAp Z7AA R EAA 71 2AZ A A|E - 2] - 2}
o] AlFAE, A-E, AldAIR, A5k, FEAk, 4
A 5o EE AR R ST g
,2000). ERF, FEARPIEDBAS ARjlE FAI8kL,
AEEAA] 5O 2 ANRARIRE 535 5}
o] @A A=A o2 109ko] AlFga 50l A[&4 L
2 37H o olti(== sl 2008). AJohsiHg =
Ao B A A, Asr s Al 2ast e &
o] &5 545 AA =t @7 GIS-DBR 4=t
olefet HH= YGISE F3fl A=Al AlF52] $1A]
AT GAE ZRke] PR JEE AU
ATHARPY EDBEYE, 2009).

T A=, AAE, EAolgAREe; Z2 ofEe)]
GISAr= e} F-R8lAY, AHFANA 7] 2 B AJshx
= AAA B8l tiet 87F S7HE I Ty, ARg
A7E doh= A EE A7) flsiAl= DB B
Al2gof| Tigt ofslzt W ek #k ofy2h GIS &7k
AHbgel A7t 5o JusjAo] asith &, AR
7h O] AEE | vhered 4= gl7] wiZo] M
A27re] AEsfao] dagt Aolrk webA, A5kt
B AILE 2EEA] AEE ARAP ] YRS
SHA] oFale AJlE mhefo] 7hsste] sl HHo 4
A FfE Eokerh
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3.XEISZFEE 2=2X| gojo] EA

3.1 2E82X| glojof 7

ZERAE BT 4 22 WA oA
(level of dependence)S E2|5tH, olo uwg} AY
(top-level), =1 21(domain), F(task), -5-8{application)
2EEAR S 4 Ut(Guarino, 1997). & A= A
S 2ER X9 AHE Ff ofE Aol L 1
BAZ17] SJste] LERAE AlEstste] Holol® 414
shelth. 53] Alshad R EQloflA ©7] ofge
g, oAby, SAAY, st de] Hgt 2E=
A& 29 33 go] Fojoj= sk

3.11 491282

HYILERAL AREY Ql4jo] F)Z5te] LEEAY
Adst BAE BRE Ao Hsl, a4el Hejst So
ofa) 712 257} oIk Mika, 2004). ]2} Euelo]
A BUsA AFE 5 Ut DNE G HASH,
Vg e el A FRE SRR Gk @A) A
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Top-level Ontology
*Wordnet_Nouns- *Wordnet_Hyponyms-
20010201.rdf 20010201.rdf
*BasicFormalOntology-1.1
owl
*Wordnet_Glossary- *Wordnet_Similar-
20010201.rdf 20010201.rdf

Ontology of Measurement Theory

MeasurementScale.ow MeasurementUnit.owl

Ontology of Geospatial Model

*geoCoordinationSystems

*geoFeatures.owl *geoRelations.owl o

Ontology of Subsurface Spatial Information

BoreHole.owl in-SituTestData.owl LabTestData.owl

a9 3. 2EEA Flojof mdl

= A9 eE 7 2|of|= Cyc, BFO(Basic Formal Ontology),
DOLCE, GFO, IDEAS, Wordnet, SUMO S| Qlt} &
Aol M= Rskeite BARH] fiL X%, A &
A S EH7HsTE BFOSF AFddof Aoz o] g7}
5% Wordnet 28519t}

BFO'= SNAPT} SPAN®] % 74| Tk #ilo] A &
22 A0 SNAPS d4le] 2812 olafel] 9]
a1, 2, 33 ¢leR AHES RAS}H, SPANS Fojdl 4]
1t HA oA Ak ZREAAS HARITH BFO=
AE 2Z2X] Alolo] ABAIE Fosto] A4 2
A, T Z2 A AAE 2 dERd 5 Qo
Wordnet> Q141HA|5to]| 7|23t AMIE Y ER AR &3
sto] @Al Ao R O 99 SIS HiEE
AvkAQl 7S ok A9RE2A2A] “isKindOf
(hypernym/hyponym)”, “isPartOf (holonym/meronym)”
5 THRE A HAIE E2dtste] FA Ab¢do] At
de] o qlck

3.1.2 ERH2EEA

A Ee AlFs & B2 H AEEANE B
AR olEfdt Kol £4L o]F(nominal), A
(ordinal), 7}Z(interval), H|E{(ratio)® F+E& 4= It
(Chrisman, 1995). |§FEL2, USCSTLEe} 7¥o] o] 23}
SA TSI AAHe) SR Qla) Sohy ek B
G G A NgH 22 T g AR 4
o2 qltto] Rgaleh uge] Z9eli herint Fat
% qlovk AL EsAL W 5 vl giek AR &
e gem's} o] 2Aerelo] et el wAL 7}
Sopm, B ATl AsFErg R Eee] Bash 27
491E “MeasurementUnit.owl” ol 4] E&3}IT]



o2l 27 Tl gkl her Fe AR
Apgie el AR ERA R
Q= AgA, YA oz JLESIa
A7= BFO2] “Quality”7i'd- & B-45te] 247153t 4
¥} H(measurable quantity)@} SA7Fs3t AAARR
(measurable quality)E 3715} “MeasurementScale.owl”
2 A,

3.1.3 ZHeERZ

B LERAE TS| L AR HolE =
THolo] P, 712, W 9 A TS B
of gtk WA, ZA|9] Hol= 0GCe] A HERAI AT
OGM(Open Geodata Model)¥} GML-S #-8-51%t}. GML
2 FAAE XMLE ZEFHSPHA] ZA2] Geometry,
Properties, Reference System E3Fsich 37F A=
AR PAAFS ATRE F LeA BAR wH e
Q(e.g. face, line, point, location, dimension)} $J4} A
(e.g. disjoint, equal, contains, overlaps, touches)7} 1t}

2 Aol gEE 2EE2A= GMLY| 7|23t
OWL 2E==2x2|2 2% GeoOntologies(2004)5 2=35}
o] ALE3FATE GeoOntologies= EQIEQ} HE| &2 2}
e Z7F f 23 e (“geoCoordinateSystems.owl”) 2},
LA, A3} e FIHu) A (geoFeatures.owl”), 37t
e Alo]o]] A (“geoRealtions.owl”) A 7FA| & LA
k.

3.2 XsI37t8eo| 714
ASKELE ol =il S S St et

NEES 21 q 02
PEEW %&tﬂa A=, T,
S claket AhRs} ol gEa gtk

AN % AR U BRI 1 ol g

e Anet AR U, dadel e
$O0 0 HFS AN, o]ele] A AxAL, elg

AL @AY SOl FoETF Era RAE I
(PEER, 2004). o]= & ¢17toflA] 7 RER o]-87k =
TR R A Q] “HE X R A A8 0 AVE)
2 7o) Aehgrgus 19 49 A5y BEgn
2 AT AR site) = AlEE B2 MEQHE
o3l 2|99 FIAA, AFE SO A Zof AlZELHE
HABI} A|ZE(hole)L AR RARS 93 A3
(boring) 2] Atolr, 2|Z(layer)> A|HEe] £4 zlo]
Ao 2] "lAH(texture)Q} B2 AHAZHL BASH
th R|EAl(component)2> R|WHo] E4 Zlo|o] x| &
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Site

Layer

Component

Laboratory Test

-~ —» o/

Specimen

Core

23m S—

In-Situ Test 4—— *%

39 4. 45T BRgRe] 74

WSl BREL 2elFel Pejolt AFTAE
o), ohots, el $E S5k Aol ke A
& UEhE, AUl EAsh o=
%g % 9lth Zol(corepis AFFomRE FER
HOlo] X MZo|w, A|F(specimen)> 3 X7
et BAlel AAES BHoR Folox] Bejw
o]l:]__ duirR o g ARE 7|EZAHQ EAle] BEAo7
), A==7), dagAle SRR ol A%
AR AYAEOE AshErns] S4S e,

u°*‘ W2 m H N Mo rlo
ox, ool _1>*‘

3.3 MDA7|Ht X[5IEZFEE OWLEH 3=

MDA7|4Fe] 2522 AAIS fleiil= UMLS] S
2 tholo]a#E welrdlel UML Profile® E-3]of
gtk & AtollA= UMLE ouE gste] A= &
7ol e aas At AEEHE 2EHEL BYS
o] g3t3irh AH|H L BYS F8 UML HElZHAE
7Hdel AEZH LR FoJatal, SHL, A, oEA
e HHAQl AwEe gyt

UML Profile 2912 XMIEA| 2 BI3HE| 17, XMLIFA 2
XSLT(eXtensible Stylesheet Language Transformations)
E AX owLRd 2 H3sI T E oA UML &
gz E2= UML XMI 145 A|Y3l= Poseidon for
UML v4.02 283191, XSLT ZZAA 2= Xalan
Java v2.7.12 o] &5}o] XMIZA 2 UMLEE-S H3lA]
Aok B3 FEE 22X 2HO] HA2 Protege v3.4
£ o] &35tk
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S tolol1gie) sip|Afe e E] "<<ontology>>"
o HABIG o, ZF S|4 “<<OntClass>>"% #A|S}
QAck o]elof 2ERZX|oA EAJ5H= Enumeration, Union,
Intersection, Complement, Restriction, AllDifferent 52
2 A e er Aosigict 7hgt HiolE
EFY Q] A £44L2 “<<DatatypeProperty>>" 2.2 A
sl e Afolo] Hx3at Hlole Ee] & wAle} B
3t £44L8 “<<ObjectProperty>>"2 EA|SITE o]
gt 5t&of| we} Poseidon for UMLS o]-8-61o] 1% 59}
ZHOJUML Profile R 22 A3t 2Hd % UMLEY
= Xalan XSLT Z2A|AE Fall Hekateio] o] fA]H,
oA AR 2EEA gojojet A HTHo=m
OWL-DL® 22 7iElstch 13 6-2 Protege-OntoViz
2 olgalo] 2HdE OWLRH O] SZeAS s Ao|c)

)

4.2EEX|S| REd I3 U &8
4.1 REATIS S5t 2E2X| US
SR 4AS e SR Fhe 2e A

.

Geospatial Model
Component Diagram

A8

(Burton-Jones, 2005). &% Z22 Ay FHoR
AN Bt AE EAe mew sl
ZAl=AE ZHole] LAY TA4S AR}

AgH AL AEAE Sl LERA 584
ShaL, Abe)4 B it A vt
51%119} AAAD 5 J=vE AEST
2 Aol ofEfet RERA] F4E FolA AWY
A& A nsidich =4 a4 UML ProﬁlesOﬂ
A XMIZ 53] OWLRER Wgshe 24o) 4] oju] 8
=, ASA 9 AEA FAL 2E52X] olojol A
9 2EREAY HEAGOR sl DA 4= Ut AHE
F4 9] H7h= FEAX (reasoner) & Fol FA4 HS0l
olFxltt. & A= 17l 71} o] Mindswapol| A Al
SH= OWL 22479l Pellet v1.5.1S 283510 2|3}%
R 2E2 R Hdo Jgat S Aol LFqlol
DAL 713S Eelst tConsistent : Yes).
st
1 EEFAe B HES) A
AR, Akeljalg B3t AAIRY, e A|SHAA

2EEX| oY #2

<< OniClass >>
Measurement_Unit

<€ unionOF »>

Measurement Theory
Component Diagram

<< equivalentClass >>'
s

<<OmClass >>

4 omcl BFOQuality.
Joi
<<OnClass >>
e Tt SEOmiEe 2 e tsratons Vot syste
= o1y Measurable Quantity| +Locationchar | A8 Ot =00
.. 4 = & Meas urable. Qualiy
— X7 .9
....... P P
“OmCin > O <OmCian > T
i veriaps Con Equa /< < equivalentClass >
G surtac | << equivalentClass »>
ragon << enumention>>
R << erumeration >
<<Oniass >> ananymaus << OniClass >>
7 T I Ratio  Measurable Quantity Nominal : Measursble Quality
..... 1 o S
“oee = — T . Cinstance0f >> < Pltince0r>>
AL finstancef > 1
T I < L << OniCiass >>
uch Intenval - Measurable Quansity
—
<< OntClass = > << OniClass >
Project Data Site
+Name char
+Range_Geocodeint << OniClass »>
+Admin . - Fro s Restrictio uscs | << instance@fooinstan 20f > >
< Tnge s> & v
<<OmClass>> << fnge Anonymous
Tap, Codo << enumeration >> Loavel USCS
PO L4 +investigation_Comparry char g A s e e eguivalentClass b> anonymous
+Start_Date Date << ObjectProperty > » cewmpenyss ] ————— LTI o
+End_Date Date Locatedin << irtancef > >
%2 OnWh=s s <<instanceOf>>

alues Fram

Subsurlace Spatlal Infe

+Description:char

<< domain >

:\,,_ Component Diagram

Layer
~Depth_Fromfloat
Depth_End float

rmation

Clay : USCS < InstanceOf ; T

-~ <<OmClass »> ~Caler_Class:char << OntClass »>
<< OntClass >> EBoreHole _Soll_Type:char << OntClass > i << OntClass >
RQD/TCR Data +Mame'char Description.char Core = Atterberg
<< OmClass >> » SR
+Depth float +Purpose char ~Depthfloat “Depth float
+ROD:char b ) +Toual_Depthfloar ~Method char
+TCRchar +Water_Level-float
L 1 ~Gsifloat 1
+Date.Date ~Description.char << OmClass >>
& ~ | o et . e OnClass s -Shapechar Molisture
- <] + Administrater char << OnIClass >> & ildaBon Fest B
[z Outass 55 | +Baring Type:char Triaxial Compr Test Data
+Boring_Machine:char t
SPT Data ey = )
= Onicliss +Lecation:Point Y
Depth Float Component +Description.char
_SPT N Vale:int o R <<OniClass >> << OnClass >>
5 LabTestData Shear_Test Data

-SPT_Depth-float Depth,

-Descriptionchar

a9 5. A5t RE glojo] UML Profile 2d &
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