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Abstract  Recently, it has been actively Semantic Web studies for 2-dimensional data of the spatial data. 2
-dimensional Semantic Web, are fused existing Geospatial Web and the Semantic Web, and integrate with the
efficient cooperation of the vast non-spatial information on a variety of geospatial information and general Web, it
is possible to provide it is a Web services technology of intelligent geographic information. However, in the
research for multi-dimensional data processing, and in those who are missing overall, relevant standards also not
been enacted. Therefore, in this paper, by applying a variety of base of the theory and technology related to this
to take place the Ontology processing technology, multi-dimensional data processing is possible ontology, question,
and suggested the contents of the reasoning. Also, we tried to apply what you have proposed respectively to the
multi-dimensional query virtual scenario necessary.
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1. Geo SPARQL
SPARQLS 2008 W3ColA  AAIE  Query

Language® #2F=o] 1= Semantic Web2] H]o]E o
FH o Hstal gty $18] AlbE ek

o]0 GeoSPARQLS 2010 OGCollA A|A|3H ¥
Geometry BF13} o] 2 Ag]d7] 93 #E &7k Aibat
o] th3W3Coll A A1 Semantic Web o}7| €14 8] %
T 29 9199l SPARQLS &dsl= Weks AAS

s
&

Spatial Predicate® A| 93t} 12]3 231 A AR}
Agole 71

% 39l relate®t &7 A A4kt =
SPARQL®| Filter Functiong &-7ste] x|k},

th2 Table 12 GeoSPARQLOIA Ak AAkxte]
spatial Predicate®} Filter Functiong H.o]<=t}.

H 1. GeoSPARQLOIA X|Hsts AR}
Table 1. Operators of GeoSPARQL

Spatial Predicate

Filter Function

ogc-equals ogc:relate
ogc-disjoint ogc-distance
ogcintersects ogc:buffer

ogc:touches ogc:convexHull

ogcintersection
ogciunion
ogc:difference

0gCicrosses
ogc:within
ogc:contains
ogc:overlaps

¥ 19X Spatial Predicatecll= 8702] &3t A A4t
A5 A e, A32H TRUE, FALSES wHheh
Filter Function& 1719} &3F #HA] A4kate} 679] 33t
A AAE A et

=& Overlap AMHAHE AFH8-8E GeoSPARQLA €]
& HojFEth

-

SELECT ?Blockl ?Block2

WHERE{

?Blockl rdfitype my:CommercialParcel
?Block2 rdfitype my:Street

?Blockl rdfioverlap ?Block2}

Blockl9] BF1 44 790, Block29] B}l &=
29 o blockl 7} block2el T3l Overlap )& ste] 4
QP B2 QAL A5 ol whE 229 gy T
5 £28 washs Aot bseh

2. Spatial SWRL

AR Spatial SWRL ## %5 AL gle Aol
oy 2011 Zekeola d¥ International
Conference on Geospatial Semantics®] Integration of
Spatial processing and knowledge Processing through
the Semantic Web Stack ol 4] Spatial SWRL ¥ &
< A9 B g 9ok o] =l A AR Spatial SWRL
2 87l1¢] Spatial SWRL built-ing #|¢H3FSI . o] 87
built-in& 47§¢] geoprocessing 7153 WA 4749
georelationship 7% 2.2 o] Fo]ZIth o] huilt-in8 4=
toeo] 2ol A AR 4= A 7] 918 SQLES
ARE-3HT} 1 Fof] SQLES Translation engine®l ©]3)
2] g 5 Translated Built-insS 94 "k F Az 7}
4 5 &2t diolgulo] o] HeJstr] 9l SQL &
= AHgE.

2.1 Geoprocessing Built—ins

Geoprocessing Built-ins& F+ 7H4] 7|5 71t} A
HA) 71502 geometry 7]%5S WHEketa FHA 7
52 featFeature, sa-hasSpatialRelations, sa:sptialOperation

sequences F SEZAS 243}
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¥ 2 XXz YEQI H 4. X2
Table 2. GeoProcessing built—ins Table 4. Georelationship built—ins
Functions Class Object Property Data Property Built-ins Functions Class Object Property Built-ins
sasp_Buffer sa‘hasBuffer sa:hasBufferDistance Disjoint - sa-hasDisjoint Disjoint(?x, %)
sa:sp Union . Sﬂ‘h“Um\‘{ﬂ - Touches - sahasTouches Touches(?x,%)
sa:sp_Intersection sahaslntersection - . -
sa:sp Difference sa:hasDifference Within ) sehasWithin Within(?s, 2y)
Overlaps sa-hasOverlaps Overlaps(™x,7y)

Spatial built-ing 7]+ SWRL 7-#2.2 7] 93
Bge e gk

[ featFeature(?x) ~ Buffer(?x, b, ?%y) ——(1) |

Spatial built-ing 7] SWRL -+ 2.2 ul47] $)3k
e vhet 2,

| featFeature(?x " featFeature(?y) ~ Touch(?x, %) ——4) ]

[ SELECTBuffer(geom: Feature, bufferDistance ——(2) ]

tlo]efuo] 2o A built-in 84S 227] 918 SQLES
ARSI ()04 2481 geomS featFeature®] geometry
objecto]t}. geometry= 543+ bufferDistances 71
Z} object?] bufferE 71271t}

Y| Spatial built-in ==
translationgt A& th&3} 2}

SWRLE2.

feat'Feature(?x)"sa:hasbuffer(?x,
?y) sa:sp_buffer(?y)"sachasBufferDistance(?y, ?b) ——(3)

sasp_Buffer classt= AAE Qa¥lxdl Al7]a
bufferDistance$} bufferGeometry & A3t} waha
Spatial built-inS feat:Feature, sa:hasSpatialRelations,
sa:spatial Operation sequence@ Eje] SWRLE O =
translation®| 31tk

¥ 3. X|2X2|E fI5t sqQL 2 A
Table 3. SQL statements executions of geoprocessing
built—ins for the spatial enrichment

Built-ins SQL statements
SELECT

Buffer(geom:Feature,

bufferDistance)

Result: Populated in

the knowledge base as

individuals of class

sa:sp_Buffer.

Select saisp_Unien (7%)

Union(geom: Featurel, sahasUnion(7x, 2y1) *

geom::Feature2) sahasUnion(?x, 22

Swrlbspatial:Union(?s, ?y1, %v2)  Result: Populated in

the knowledge base as

individuals of class

sa:sp_Union.

Select sa:sp_Intersection(?x) ©
Intersection(geom:Fea sa-hasIntersection(?x, 7y1) "

turel, geom:-Feature2) sa-haslntersection(%x, %2}

Result: Populated in

the knowledge base as

individuals of class

saisp_lIntersection.)

Select sa:sp_Difference(?x) *

Difference(geom:Feat sa-hasDifference(%s, 2y1) *

urel, geom: Feature2) sahasDifference(7x, 7y2)

Result: Populated in

the knowledge base as

individuals of class

sa.sp_Difference.

Translated Built-ins

sa-hasBuffer(?x, 7y)
“sap_Buffer(?y)

sa‘hasBufferDistance(?y, b)

Swilbspatial: Buffer(?x. b, 7y)

Swribspatial Tntersection(?x,

Swrlbspatial:Difference(?x,
¥, 7%2)

2.2 Georelationship Built—ins
Georelationship built-ins+= object property°ll 7+ 2]&
3}7] Wil Geoprocessing built-ins® .t} 4 7heksic),

Touch@ttAh= xWgel yi7h 39 A9&
Boolean FEj 2 ks J%‘rﬁﬁft‘r ey SQLES AR
stof sp2hi g e AREskE | ARl Ak

o)
A

l SELECT Touch(geom::Featurel, geom::Feature2) ——(5) l

O]SQLIE-S featurel geometry<} feature2 geometry
7t A e A RE ture #F false FHo2 REEHEIET

select Feature2
From spTable
WHERE Touch(geom::Featurel, geom:Feature2) - (6)

spTableZ%-E featurelol
feature2 & RHSHSICL

7] spTable®] ¥ geometry S
dof| AAsla E7HHoz2 FAE AL

kL

glojEjwlo] 2 Al
B

[ feat:Feature(?x) ~ hasTouch(?x, ?y) ~ feat:Feature(?y) ———(7) ]

A2 GA E Touch(?x, 7y)AAMAE SWRLES o
7] 93] feat:Feature, sathasSpatialRelations, feat:feature
sequence FEIZ LHHT)

¥ 5 X[e#AE
Table 5. SQL statements executions of georelationship
built—ins for the spatial enrichment

Built-ins SQL statements
swilbspatial Disjoint(?x, 7y) SELECT Feature2 FROM spTable
‘WHERE Disjoint(geom:-Featurel,

geom: Feature)
SELECT Feature2 FROM spTable
WHERE Touch(geom Featurel
geom: Feature2)
SELECT Feature2 FROM spTable
‘WHERE Within(geom: Featurel,
geom: Feature)
SELECT Feature2 FROM spTable
‘WHERE Overlap(geom Featurel

geom: Feature)

2lst sQL 2% Al

To

Translated Built-ins
sahasDisjoint(?x. 7y)

swrlbspatial Touches(?x.7y) sahasTouch(?x, ?y)

swilbspatial- Within(?s, %) sahasWithin(?x, 7y)

swrlbspatial Overlaps(?x.7y) sa:hasOverlaps(?x, 7y)
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Table 6. Relation Operators

ST_Relation Operators
ST_Equlas(ST_Geometry A,
ST_Geometry B)

Explanation
Zb ARF whe] vhth AR ASE B7E A o]

22
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ST Disjoint(ST Geometry A, 2 A1Z+ &9 uhch 24 A9} B7F shpA] =]
ST_Geometry B) ol e
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ST_Geometry B) uhgk

ST_Touches(ST_Geometry A, 7k A1k &) itk 244 Ast Bo] A7} Wb
ST_Geometry B) A o5 wkg

ST Crosses(ST_Geometry A, w9 viek AA] A9 B7} aAbskEA] of
ST_Geometry B)
ST_Within(ST_Geometry A,

ST_Geometry B)

)
z >
22
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A
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| mheh A B7F A EEh=A) o

ST_Contains(ST_Geometry A, 2z A1zt &9 itk 244 A7} BE E£§eh=A] o
ST_Geometry B) sk

ST_Overlaps(ST_Geometry A, 2} A1+ &9 whth A4 As} B7} A=A of -
ST Geometry B) kg

E 6914 A AR E Equals, Disjoint, Intersects,
Touches, Crosses, Within, Contains, Overlaps & 8715
g elatsitt

oje} e PA SA4tAHE E3 ST FILTERS] 482
2 &3 "ot 7hsetth the & AlaEdA A ¢
= syntaxE Mol

5

SELECT

WHERE

{ST_Geometry A rdfs:type ST _Geometry

ST_Geometry B rdfs:itype  ST_Geometry

ST_FILTER [ST_Relation  Operator (ST _Geometry A,
ST_Geometry B) ]}

[ATTRIBUTE]

& ST _Relation Operator®] Within®4H<}2 o]-&
3 Aol oAajolt},

SELECT *

WHERE

{vin:CoteDOrRegion rdfs:type vin:Region

vin:ClosDeVougeot rdfs:type vin:Winery

ST_FILTER [ST_Within (vin:CoteDOrRegion, vin:ClosDeVougeot)]}

o] ofJ#)= vin:CoteDOrRegion A%1¥} vin:ClosDeVougeot
o] #AE YF3sH7] 98] ST Relation Operator?]
Within&dAH2S AR&-3Ht) viniCoteDOrRegion A<l

vin:ClosDeVougeot ~ winery7} X8=&=4  AEE
ST FILTERE AR&-dte] 2t ARt ©9] wit}h 21 Axks
result® ®HgE 7}55)c)
B 7. ANZH AU}
Table 7. Time Operators
ST_Analysis Operators Explanation
ST_Intersection(ST_Geometry A, 2 A1ZF 9] vheh A7) As} Be] wxl g
ST_Geometry B =
ST_Union(ST_Geometry A, A AR ES) v AR A9 B R
ST_Geometry B) &= Nk
ST_Difference(ST_Geometry A, A AR ] e 2 A B AR
ST_Geometry B) &
ST_Distance(ST_Geometry A, ZHARE ) b AF Ast Be| Al
ST_Geometry B) b

¥ 7 2] A7F AakAl2 = Intersection, Union, Difference,
Distance & 4715 A 2JsA
2 2 A|2=EloA] 2| Yhsl= syntaxE HolFr)

SELECT [ATTRIBUTE]

WHERE

{ST_Geometry A rdfs:type

ST_Geometry B rdfs:type

ST FILTER  [ST_Analysis
ST_Geometry B) ]}

ST_Geometry
ST_Geometry
Operator  (ST_Geometry A,

22 ST_ Analysis Operator?] intersection12F2}
£ o] 83 Ao o Ao},

SELECT ?region

WHERE

{vin:CoteDOrRegion rdfs:type vin:Region

region rdfs:type vin:Region

ST_FILTER [intersection (vin:CoteDOrRegion, ?region)]}

o] o2& vin:CoteDOrRegion *| 93} th& %] 9 7ke]
AAE  Ud=Fsr7] Ys) ST Analysis  Operator?]

intersection I4EAFE A8t} vin:CoteDOrRegion A
o3} vhe A9 e] wRFHS ST_FILTERE AH8-8te] 24
Azt 2 A3E resultZ W 74sEic)

2. Inference Rule

7o) =97 1&01 ohd A 2L ele)
Atk wey B =RoAE oael B F2 9

OpenGIS “Simple Features Specification for SQL” | *
PABHE 37 A4S 33 vk ArReES 7hz
#HEAT Geoprocessing Built-ins®}  Georelationship
Built-ins F2¢ag]Fol 4-83to] o 53 At

O
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Table 8. Multi—dimensional Operator

ST_Relationship Built-ins SQL statements

Translated Built-ins

SELECT Feature 2 FROM stTable
WHERE
Disjoint(ST_Geometry:Featurel,
ST Geometry:Feature2)
SELECT Feature 2 FROM stTable
WHERE

Touches(ST_Geometry: Featurel,
ST_Geometry:Feature2)
SELECT Feature 2 FROM stTable
WHERE
Within(ST_Geometry:Featurel,
ST_Geometry:Feature2)
SELECT Feature 2 FROM stTable
WHERE
Overlaps(ST_Geometry:-Featurel,
ST_Geometry:Feature2)
SELECT Feature 2 FROM stTable
WHERE
Intersects(ST_Geometry-Featurel.
ST Geometry:Feature2)

ST_Disjoint(2ST_GeometryA,?ST_Geometry &)

ST_Touches(?ST_GeometryA 5T_Geometry B)

ST_Within(25T_ GeometryA, 75T Geometry B)

ST_Overlaps(2ST_GeometryA ?ST_Geometry B)

ST Intersects(7ST_GeometryA 75T Geomery &)

sthasDigjoint(?ST_GeometryA, 7ST_GeometryB)

sthasTouch(?ST_GeometryA, 25T GeometryB)

sthasWithin{?5T GeometryA, 75T GeometryB)

sthasOverlap(2ST_GeometryA, 75T GeometryB)

stthas Intersects(?ST_GeometryA, 7ST_Geometry8)

E 88L& E E=RA Aglele diAE
Georelationship Built-ins =%
2 U AXAE Aok Aol 7]E ¥

M= 409 B3 BA AAAE
A= ST Intersect AAHAS
= Attty

3. Scenario

=l A Ak gk HlolH AEE S8
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has ST-Point

has ST-Linestring

a8 1, Xz 2EEX]
Fig. 1. Earthquake Ontology

1% 14 29 ontology Elo]E
2 YEI 21 Region®]

= AXE 2EZA

= :é"ﬂﬁi?loﬂ AZL delf A

kel

9] Regionl, Region?, Region3 & I|3jx] < 3717}

B0l 9= A2 & + ok A dohd A9e B

S Ao] Qo A7 A
O Huse agde AS B ST-poit,

ST-linestring, ST-polygon 37H4] E}l& o]-&-5of HEk

A

<owl:Ontology rdf:about="">
<rdfsicomment>
Earthquake OWL
</rdfsicomment>
</owl:Ontology>

Ontology

<owl:Class rdf:ID="Earthquake”>
<rdfs:subClass( rdf:resource="#Region"/>
<rdfs:subClassOf>
<owlRestriction>
<owl:onProperty rdf:resource="#occur”/>
<owl:allValuesFrom rdf:resource="#Regionl"/>
</owlRestriction>
</rdfssubClassOf>
</owl:Class>

<owl:ObjectProperty rdf:ID="occur">

<rdfs'subPropertyOf  rdf:resource: #pdrt”/>
< main  rdf:resource="#Earthquake”/>
<rdfsrrange  rdfiresource="#Region”/>
</owl:ObjectProperty>
<owl:Dataty pLProme rdfi
<rdi main 1 Earthquake”/>
<rdfsrange  rdfresource="&xsd;Integer”/>

</owl:DatatypeProperty>

<owl:DatatypeProperty — rdfID="time">
<rdfs:domain  rdf:resource="#Earthquake”/>
<rdfsrange  rdf:resource="&xsd;datetime”/>
</owl:DatatypeProperty>

<owl:Class rdf:-ID="Regionl">
<geometry>
<ST_point>
<time>
<instant>
2011-12-20 11:20:12
</instant>
Q’tlme>

37 497(\47 127.027621
</point>
</ST_point>
</geometry>
</owl:Class>

<owl:Class rdf:ID="Region2">
<geometry>
<ST_Linestring>
<time>
<instant>
2011-12-20 11:28112
/instant>
</time>
< tri

37412041 127.254981

/ST_ Linestring >
</geometry>
</owl:Class>

<owl:Class rdf:-ID="Region3">
<geometry>
<ST_polygon>
<time>
<instant>
2011-12-20 11:30:15
</instant>
</time>
<polygon>
37.394253 126.956821,
37478488 126.864289
</polygon>
</ST_polygon>
</geometry>
</owl:Class>

37424707 126908569

$19] o= ST-OWL2] A7 ontology 2] H-E221 o
A& HojFEt)h ST-OWLS ST-Geometry types 48
sle] EEsi o A7k TS S| Edske] A7kt

TS S5 OWLel2F & 4= 9tk ST-OWLe| o=
+ Regionl< 2011 12€ 20 11:20:120] A5 4]
7ol A Lot XA 9 S point geometryE 483}
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o 9%, AE2 YERATE Region2+ 2011d 12€ 20
A 11:2812¢0 A7) AAFAe} FFAle A dojit A3
9% linestring  geometryE 443k 9%, A= U
ERISTE Region3< 2011 12€ 209 11:30:1500] 7]
T QAL AL AEAlA dojd XA 9s
polygon geometry & A-§-3to] Y&, AEZ Yehd A&
Bt

Hospital

subclassOf "
Region_Hos

subclassOf

subclassOf Hospital4

Hospitall .
Hospital3

has ST-Point
has ST-Point

_
-n ng

a3 2, HE 2EEX
Fig 2. Hospital Ontology

y

Al

% 25 B ontology Bl EE = WYL E UER
%12 Region_Hos#h= E229tel] W9 2.2 Hospitall,
Hospital2, Hospital3, Hospitald = 4717 }E%E]Cﬁ =
Ag & T urk B AAE 7 Erd o R A4 we
o] AE AIRFE AIZE el o2 AAste] AlE3E Byl
ST-pointBF4& ©]-&-3te] e

H Q]
o

—l;(cq)y

<owl:Ontology rdf:about="">
<rdfs:comment>
Hospital OWL Ontology
</rdfs:comment>
<Jowl:Ontology>

<owl:Class rdf:ID="Hospital">
<rdfs:subClassOf  rdf:resource="#Region_Hos"/>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty  rdfiresource="#location"/>
<owl:allValuesFrom  rdfiresource="#Region1"/>
</owl:Restriction>
</rdfs:subClassOf>
<fowl:Class>

<owl:ObjectProperty  rd£ID="location">
<rdfs:subPropertyOf rdf:resource=" #pan >
<rdfs:domain rdf:resource="#Hospital"/>
<rdfs:range rdfiresource="#Region_Hos"/>
<fowl:ObjectProperty>

<owl:DatatypeProperty  rdfID="point">

<rdfs:domain rdf:resource="#Hospital"/>

<rdfs:range rdfiresource="&xsd;Integer"/>
<fowl:DatatypeProperty>

<owl:DatatypeProperty  rdfID="time">

<rdfs:domain  rdfiresource="#Hospital"/>

<rdfs:range rdfiresource="&xsd;datetime"/>
<fowl:DatatypeProperty>

<owl:Class rdf:ID="Hospital1">
<geometry>
<ST_point>
<time>
<period>
2000-12-11 09:00:00, now
<Iperiod>
</time>
<point>
37.35277 127.123264
</point>
</ST_point>
</geometry>
<fowl:Class>

$19] dl= ST-OWLe] ®<9 ontology 2] HE421 o
A& HoFrh ST-OWL Hospitall 2000 12 114
09:00:000 7HL8ke] EA7A] & | nowzE HAFE A
st on $A= A7 e /‘é%’\] Ftol 1] A
SHEY O R point geometryE A&kl Yx HAER

Jepd AS welz,

SELECT  ?Hospital
WHERE

{

?Region rdfs:type Earthquake:Region

?Region Earthquake:Region ?Regionl

?Region_Hos rdfs:type Hospital:Region_Hos

ST_FILTER [ST_intersection (Regionl ,  Hospital:Region_Hos)]

}

99} o] AlFZ SPARQLeIA Earthquake:Region
9] Typeg Regionolghs W2 YERAAS™ Region
Qtl A Regionls M= W2 A4k w3t
Hospital:Region_Hos 2] Type< Region_Hosgl= ¥4~
A3k E Regionl #HRegion_Hose] nx}ehes WS
7] 9jste] ST_FILTER®] #4441 intersection
< AHESFA S YERATE SHAI R A7t SPARQLA]
o] ARG 3} o] wAtetE A9 s g

e FES] 8t & =il A AbE Al
€Y AAAE o3t ATt %EX]QJ 2]

Lt E9
e FTHEH & ¢ slon A Qo Fed R

do

\:l

QU
KeN
i

110('

?x = ST_1(2011,2013, 37.449021 127.147006)

2y = ST 220112013, 37412041 127.254981)
27 = ST _3(2000,2013, 37.35277, 127.123264)
2 = sthasTouch(ST_I,ST 2T 3)

9} yHE %72 ST-OWLel Region2ZE AH&-31S)
Region2 20114 12€ 209 11:281291 A7]1% AgA <}
HFA A dol
A g3te] 9%,
ST-OWL9] "9  ontologye 22l
ST-OWL Hospital & AH&-at31th o] W¢le 2000 12
4 1Y o At AA= % ]E Al Bl
AAZ MEH AR point geometry S 2-g5ke]
%, AEZ Yehidh rdels B =Rl Aloket
Al B3 B3 A A4k & 81k sthasTouchS AR
3t xy TR eI

A A GE linestring  geometry =
Ae2 Yehd Zolty. zdigse ¥
oAl

S O

Region(?x) ~ Region(?y) “Hospital(?%z)
hospital

sthasTouch(x, y, 7) — available_

AT E gl o

o] Fi 2 Byor A
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