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The Problem

The ability of end-users to retrieve, combine and
Integrate geospatial data is limited.

- Different data structure

- Different information for the same entity

+ Different geospatial data values (such as latitude, longitude, etc)
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<name>Lyon Recreational Center</name> 1
v<url> I
http://wikimapia.org/108462 /en/Lyon_Recreational_Center:
</url>
v<location>
<lon>-118.28833715</lon>
<lat>34.0243829</lat>
<north>34.0246941</north>
<south>34.0240717</south>
<east>-118B.287853</east>
<west>-118.2888213</west> ..
</location> =
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The Same Entity

------

<point x="-118.2886389" y="34.0246941"/> lyser="amillar" uid="28145" visible="true" version="1"
<point x="-118.2888213" y="34.0244007"/> | changeset="17182" timestamp="2009-04-01T07:19:47Z">

<point x="-118.288014" y="34.0240717"/> |7 I0Z7 o5, . noynepn

<point x="-118.287963" y="34.0240784"/> <tag k_"ggi_g_[_.s_taltle v= Cﬁ />

<point x="-118.2879227" y="34.0241518"/> <tag k="building" v="yes"/>

<point x="-118.2879281" y="34.0242051"/> <tag k="ele" v="55"/>

<point x="-118.287853" y="34.0243096"/> <tag k="gnis:county_name" v="Los Angeles"/>
<point x="-118.2880193" y="34.0243874"/> <tag k="gnis:feature_id" v="1657500"/>

<point x="-118.2880327" y="34.024374"/> <tag k="gnis:import_uuid" v="57871b70-0100-4405-

<point x="-118.2881132" y="34.024414"/> _ "/
<point x="-118.2880917" y="34.0244585"/> bb39-88b2e001a944"/

<point x="-118.2880917" y="34.0244585"/> <tag k="gnis:reviewed" v="no"/> _ )
</polygon> <tag k="name" v="General William Lyon University Center"/=>
L o< RlBGEE e e e e e e e e e ——m—— = <tag k="source" v="USGS Geonames'/>

</node>

From : Wikimapia

From : OpenStreetMap



Motivation Example

» Different sources have different information for
the related entities
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Overview
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D'Extract geospatial information

Kama: Geospatial Data Retrieval Web Service

J{Align and model the

extracted geospatial data

Step 1: Model

Kama: RDF generation geospatial data

in repository
Repository

Run the matching algorithms

to link d
— o TR Teeors Step 2: Record
Linkage

Kama: Linking Algorithms

esults to Repository
| Repository |

N2

Karma: Integration Algorithms

Show the results
with Karma

Step 3:

Karma: Display the Integration Results Integration




Karma

Interactive tool for rapidly extracting, cleaning,
transforming, integrating and publishing data
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[Knoblock, Szekely, et al. Semi-automatically mapping
structured sources into the semantic web. ISWC 2012]
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Model the Geospatial Data

Extract the geospatial data
Encapsulate the retrieval algorithms as Web services
Embed all the inputs in a URL

Service name. bounding bo ‘

- openStreetMapbuildingQuery.csv
URL

http://localhost:80804 tractSpatlaIInformatlon’P 116353 39.9029 116.427

geospatlal data type

minLongitude=116.

bounding box
‘lon min lat min ilon maxilat max:

_116.353.39.9029 116.427: 39.943,

Service name

- wikimapiaQuery.csv
URL

http://localhost:8080/] tracthlmaplaInformatlon‘?

lon_min=116.353&lat |




Model the Geospatial Data

Map the extracted geospatial data to RDF

* Build a generic geospatial ontology for aligning the extracted

data
subClassOf hasBoundaryBox
hasFeatures \(

RoadLayer SUbCIE\ESDf (BoundingBox)

Contains
(BuildingLayer )
hasPolylineFeature
v n Building

~.subClassO

(PolylineFeature,— hasPointFeature
|

hasGeocoordinates su{CIasst ~( PointFeature
-+ hasPolygon Feature

(PolylineGeocoordinates) ~subClassOf

hasGeocoordinates

F*--.:ul;v.q;p:anI;e:aaltunﬂ.-jh

hasSRID @nlntGaocnordinataﬁ hasGeocoordinates
/ (PolygonGedtoordinates)
hasSRID /
d ——
SpatialReferenceSystem)¢—hasSRID

D -------p Class..

——3 --—-P Object Property




Model the Geospatial Data

Map the extracted geospatial data to RDF

Model the extracted geospatial data by mapping them
to RDF data with Karma

( Building )
haseoint hasPelygon
( PointFeature )( PolygonFeature ]
buildingName hasGeoceordlnates hasGeoceordlnates
( PointGeocoordinates )(PolygonGeocoordinatesJ
:velElevationinMeters J InDecimal X{iRgsimalLongtude geometry geometry
3 4 k3 4 o 3 3

b Elevation: Building Latitude : Longitude :Coordinate System: Point
5 United ' ‘ '

ke R POINT(-118.2843721
55 Unversiy 340200552-1182843721  WeSS4 "o toaninl

:  Methodist : :
. Episcopal 5

56  University 34.0232514-118.2843209  WGS84 gpong(ogg.szf:)szog;
i Church :

................................................................................................................................................................................................................................................................................................




Model the Geospatial Data

Map the extracted geospatial data to
RDF

The generated N3 file

® OO ™ building_wikimapia.n3 ~

Gprefix BuildingOntology: <http://www.semanticweb.org/ontologies/2012/9/BuildingOntology.owl#> .
@prefix s: <http://localhost:8080/source/wikimapia_building/> .

s:Building 1352239135666r1 @ a BuildingOntology:Building .
siPoint_1352239135666r1_1 a BuildingOntology:Point .

ssciesbescisenensnssiebesienasssvsionsnaese - - - - GMIT R RGN 8 i Tessteuisiincntesaisnssbosstas

s:Building_1352239135666r1_@ BuildingOntology:buildingName "New North Residential College"
s:Building_1352239135666r1_@ BuildingOntology:hasPoint s:Point_1352239135666r1_1 .

'"0103000020E61000000100000007000000A7052FFAGA925DC055DD239BAB024140BB438A0112925DC0B7D268BB381024140355EBA490C925DCAFBC
F7915DCO6FF25B74B2024140910E0F61FC915DCODBOES912A0024140910E0F61FC915DCOD89ES912A0024140A7052FFAQA925DC0O55DD239BAB0241

s:Building 1352239135666r2 @ a BuildingOntology:Building .
s:Point_1352239135666r2_1 a BuildingOntology:Point .
s:PointGeocoordinates_1352239135666r2_2 a BuildingOntology:PointGeocoordinates .

................................. it Ay £t B A LI P B P T e

~riDATwviAAn 1ARDIINIIEEEE YT 2 A RDuilAdinaNn+alanmeiDalivrann




Model the Geospatial Data

Map the extracted geospatial data to RDF

» Building scenario visualized on Google Earth

- OpenStreetMap.csv Spatial Data : C

bene w7 WS

GEOM: POINT (-118.2928525 34.0169574)
building_name: German-American Seventh Day Adventist Church

ele: 53

. ; ~ a0ty , ¥ ‘
/ ¥. - 3 . \
; - - - : h | .z i

; .- 4 ’ Cv F o el Googlcears
,' 5 /| ’_ ‘.6 A i eyé . - —1

Show: 10 20 50 records Previous Next
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Geospatial Data Linking

Linking by the specific geospatial relationships
« Geospatial relationships are very useful for linking

- Relationships often cannot be determined by just comparing
the values such as name

Distance € executeQuery(“Select ST_Distance(ST_Geography
FromText(SRID=4326,s,.getLocation),ST_GeographyFromText(SRI
D=4326,s,.getLocation))”)

iIsContained € executeQuery(“Select ST_Contains (ST _
GeographyFromText(s;.getLocation),ST_GeographyFromText(s,.ge
tLocation))”)

iIsOverlap € executeQuery(“Select ST Overlaps(ST_Geography

FromText (s;.getLocation), ST_GeographyFromText
(s,.getLocation))”)




Geospatial Data Linking

Polygon-to-Polygon:

« if (isContained=true){ similarity € 1.0; }

. else if((isOverlap=true)) { similarity € ‘1—
. else { similarity € ¢; }
Polygon-to-Point/Point-to-Point:

- {similarity€ |1 distance).
threshold

distance
threshold

)

Linking Result:
* if (similarity>threshold){
. linkedPair.add(s,,S,);

: }




Geospatial Data Linking
Linking results illustration

8 00 | | sameAs.n3

@prefix dc: <http://purl.org/dc/elements/1.1/>.
@prefix owl: <http://www.w3.0rq/2002/07/owl#>. Resource2
<http://localhost:B8@8@/source/Building_136186 ?EQBrIBG _B>/0wl:sameAs
<http://localhost:8080/source/Building 136174B13234ar30_ > —
<http://localhost:8088/source/Building_1361864137298r187_@> owl:sameAs
<http:IIchalhust:BﬁBBIsuurcelBuilding_1351?48132344r53_9>.

<http://localhost:8088@8/source/Building_1361864137298r109_0@> owl:sameAs
<http://localhost:88808/source/Building_1361748132344r41_@>.

Resource1

Generate record linkages with
DF format

Dataset EX-

€ Download verified matched results)

Matching Results

1 F 7 77 4. 50 of 199 (97 matched, 108 not matched, 0 unsure ) Sarted bry: [ER———

Types BUILDING_MNAME POINT POLYGON Comment Operation
Exact match (1.0);
Distance is: 0;
POLYGOM((-118.28132 IsOverlaps is |
Point( ) 34,022667... FALSE :

E Building

Al Malaikah Temple& Shrine
Auditorium

Point(-118.2814075,34.023538)

POLYGON((-118.282735

isContained is :

TRUE:

@ Mot Match Unsura

34.02322...

[2015-05-05 20:56:43]
Histary

Exact match (1.0);
Distance is: 0;

Wallis Annenberg Building

POLYGOM({-118.284386

for Science Learning and Point() 24.01676... ?g&gaﬁ- 15
E Building Innovation 'annt;ainsd is @ Mot Match | Unsure
' I H
Scie ter School Point(-118.2837975,34.017478) POLYGON((-118.284447 FALSE -

34.01714...

[2015-05-05 20:56:43]

et
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Geospatial Data Integration

Based on the record linkages, use SPARQL queries
to eliminate data redundancy and combine
complementary properties for integration

sparqlS; : general query
Select discinct ?uri
Where{
?uri owl:sameAs ?u.
?uri a BuildingOntology:Building

* )




Geospatial Data Integration
oo |

....hasCounty __

....hasCity

....hasState __
?Address | | BuildingOntology: _
buildingName

BuildingOntology: BuildingOntology:
hasAddress owl:samoAs buildingName
Source 1:Entity_A 4 >| Source 2:Entity_B
BuildingOntology:hasPoint BuildingOntology:
w hasPolygon
P ?p
BuildingOntology: BuildingOntology:
hasGeocoordinate -+ hasGeocoordinate
BuildingOntology: ” BuildinaOntoloav: 79
. . g uildingOntology:
xInDecimallL atitude xInDecimalLongitude BuildingOntology:
polygonGeometry




Geospatial Data Integration

Display integration results

- union Source1: Wikimapia & -
buildingName countyName stateName hasPoint sridValue Polygon
buildingNameValues /countyNameValues stateNameValues yinDecimallLatitude xInDecimallLongitude sridValueValues PolygonValues

yinDecimalLatitudeValues| xInDecimalLongitudeValues

________ : POLYGON(( :
:General William: ______ I jmemmmms [ emeemms R | -118.2886389 1
; Lyon University 1 iLos Angeles, I'C : 134.0244572 : -118 2884081, L432B 1 I34.U246941.-118.2888215‘|
1 Center ! | ======< - i meemee== ] TE====s=- TTT ]34.0244007 -118.288014,
SoooIIITr ' bnn 340240717 .. _ 1
1Cyon Recreational ! e \ 7115 58833715 !
O et L AR 1182883715 )

Source2:0penStreetMap

IR HaRCock ! | s g v mgEmEART | mIessens === ||| 34.01967,-118.28466
. Auditorium | | meo e —- (B T (| o=t I (| B S Lo L L [ 1 34.019882,-118.28445
"""" 134.01979,-118.2846 3 ...

i POLYGON(~ !

""""" | 1182851252 |
| fovan Hancock | 14,0194966,-118.28525931
R & 34.0195545,-118. 2851?08:

L 34.019698 .. 1
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Conclusion

We were able to empower end-users to rapidly
extract, link and integrate geospatial data by
means of both semantic techniques and spatial
characteristics

- Encapsulate the retrieval algorithms as Web services

- Align the extracted geospatial data by mapping them to
a generic geospatial ontology

* Link similar entities from different sources based on
the matched similarity

* Use SPARQL queries to eliminate data redundancy and
combine complementary properties




Future Work

- Experimental comparison with other
approaches

- Using additional attributes to optimize
the geospatial data linking and
Integration process to improve the
Integration results




Thank you!




