Geosemantics : a case study
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* A major university and scientific center in Europe

— 6 higher education establishments, 59 000 students, 7 200
foreign students



Laboratoire d'Informatique de
L 1 ¢ Grenoble

Brings together almost 500 researchers,
professors and associate professors,
doctoral students, and research support
personnel.

five research areas explored by the 23 teams LIG:
— Software and Information System Engineering,
— Formal Methods, Models, and Languages,
— Interactive and Cognitive Systems,
— Distributed Systems, Parallel Computing, and Networks,
— Data and Knowledge Processing at Large Scale.




STeamer Group

* Research Axis: Data and Knowledge Processing (at Large Scale)
— leads research on Spatial and Temporal Information Systems

— objective: models, methods and tools for collecting, modelling,
guerying, reasoning and visualizing spatial and temporal information

* Team composition
— currently 22 persons:
e 8 faculty members
* 5 engineers
e 8 PhD students
e 1 post-doctoral student



STeamer Group

e Research Themes
— STeamer's scientific motivation:

 representing and reasoning with spatial and temporal
information

— Our research is organized along 3 complementary axes:
 Spatial and Temporal Semantic Web
* Mobility and Context-Awareness
 Spatial and Temporal Analysis and Visualization

— Two major application domains provide us with concrete
problems tackled in the three axes.

 Territorial Planning
e Natural Hazards Prevention



Scientific Presentation
Axis: Spatial and Temporal Semantic Web

e Scientific Context

— The move from the Web of Documents to the Web of Data
—> resources to be shared must be represented in a way
comprehensible by humans and software agents

— The Semantic Web = the scientific effort to attach semantics
to resources available on the Web

—> categorizing, indexing and linking resources and formally
expressing knowledge so that software agents be able to
extract, combine and deduce information from published
datasets

— Ontologies (formal and explicit specifications of a shared

application domain conceptualization) as a building block of
the Semantic Web.
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Summary

* Application overview and objectives

 Sample application : MAP-EON
— Architecture
— Data and application ontology
— Domain Ontology
— Linking to LOD cloud

— Semantic queries



MAP-EON

Marianne V. Douglas CCI- UofA — Queen’s U

Examine the environmental drivers of distribution of lotic (running water) diatoms over a
latitudinal gradient of the lower Western Arctic (Alaska, Yukon and the Northwest
Territories), with a particular interest in the nuisance species Didymosphenia geminata
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Common characteristics

What is the ecosystem evolution (water,
soil) against global warming ? Search into

existing data
What are the natural resources
(water) I can allocate for a mining
or a gas and oil project ? /
Web

Summ 4\ Collect new data

//L/
Heterogeneous Spatial and temporal data
— Multi-sites with multi-actors

— Multi-models
— Multi-formats



Objectives

e data integration through knowledge representation
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Spreadsheet Relational Graph Web
files data bases data bases services

Heterogeneous Data Sources
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Summary

e Application overview and objectives

 Sample application : MAP-EON
— Architecture
— Data and application ontology
— Domain Ontology
— Linking to LOD cloud

— Semantic queries



Architecture

Query Processor (SPARQL)
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Raw Data
e tabular data (excel file)

Measure
s Region Descriptor

AA| AB "t_"l.C AD AE AF AG
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Data model : Application Ontology

e few classes and relations to model concepts involved in the

application

<<jnterface=>

+5tring getId()

T

IdentifiedEntity <<|

<<interface>>
HamedEntity

+5tring getMame()()

Region

this model has been

AbstractldentifiedEntity

+String id

L7

AbstractNamedEntity

+5tring name

T

Site 0=
+double lat e |
+double long

A

MeasureSet

=

Measure

<<enumeration=>
SiteType

+HLAKE
+POND

+double value

expressed in OWL - application ontology

MeasureDescriptor

+5tring unit
+5tring symbol
+5tring name
+5tring cuahsild

5
-y

<<enumeration= =
MeasureOp

+T
+EQ
+GT

14



RDF graph

the data is transformed in a RDF graph using the vocabulary defined by the

application ontology. o
Reminder RDF Resource Description Framework (W3C standard)
em!
: subject predicate object
individual % object property » 4 individual
(resource data property — .
identified by an UR]S\ rdf:type N | 2 ECCEL VLG
"~ P sie Owl class defining the
RDFS and OWL add semantic to RDF rdf: type of the individual
Banks Isl |
04 470 12,10 0.170 00061 0304 000fi 79 650 40 137 732079N 1164623W 1L
+ ) 1—.. Site
. ibEDE rdftype rdftype

& BKAI

W&.- -116.7705

m 73.3465

l+ # MeasureSet |

= © MeasureDescript

) Lo
rdf:type

.~contains —/—_> .‘. Calcium
tor
"' " lﬂﬂl descnp ©

C / \Wt;ol
:unit
:Va‘ue - " Ca "

= "mg/L" 15

rdf:type & MS04

m12.1f




Summary

* Application overview and objectives
 Sample application : MAP-EON

— Architecture

— Data and application ontology
— Domain Ontology

— Linking to LOD cloud

— Semantic queries
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Domain ontology

* the graph can be enriched by exploiting some domain ontology
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Hydrologic Ontology for Discovery (http://his.cuahsi.org/ontologyfiles.html)

The purpose of this ontology is to support the discovery of time-series data
collected at a fixed point, including physical, chemical, and biological

measurements.
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http://his.cuahsi.org/ontologyfiles.html

Application ontology + Domain ontology

the graph can be enriched by exploiting some domain ontology

+
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Summary

* Application overview and objectives
 Sample application : MAP-EON

— Architecture

— Data and application ontology
— Domain Ontology

— Linking to LOD cloud

— Semantic queries
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Linking to LOD cloud

* few classes and relations to model concepts involved in the application

* link with domain ontology
* links to Linked Open Datasets

V.

") GeoNames _ JE—
& BKAI
mlon -116.7705

mlat 73.3465

corresponding
geonames resource

" Hydrosphere

- “Biclogical - domain ontology

¥ @ Chemical

¥-- @ Inorganic
- B 0 'Dissolved Gas'
b @ 'Dissolved Solids'
¥ @ Major
- B0 'Major, bulk properties’

¥v-- @ 'Major, metals' e
F | rdfs:seeAlso > mlla
D

apphcatlon MeasureDescript Calcium
or
. ipt b
OﬂtOlOgy :descriptor ® Calci corresponding
alcium DBpedia resource

®symbol "Ca”

# M1881 ®mmeasurelnit "mg/L"

mmValue 12.1f

legend —
L Individual resion,, Object Property
*® sie Owl class defining the rdf: type of the individual mmvalue 12.1f Data Property
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Linking to LOD cloud

* links to geonames rdf descriptions

resource URI

http://sws.geonames.org/5892587/ —

corresponding
geonames resource

GeoNames

application
ontology

RDF description

@ ‘Banks Island’
\—/ﬂlun -116.7705 \ 6
| ®lat 73.3465 Lt

<rdf:RDF=

—<gn:Feature rdf:about="http://sws.geonames.org/5892587/"=
<rdfs:isDefinedBy rdf:resource="http://sws.geonames.org/5892587/about.rdf"/>
<gn:name>Banks Island</gn:name=
<gn:featureClass rdf:resource="http://www.geonames.org/ontology#T"/>
<gn:featureCode rdf:resource="http://www.geonames.org/ontology#T.ISL"/>
<gn:countryCode>CA</gn:countryCode>
<wgs84 pos:lat=72.75096</wgs84 pos:lat>
<wgs84 pos:long=-121.50569</wgs84 pos:long=
<gn:parentFeature rdf:resource="http://sws.geonames.org/6091069/"/>
<gn:parentCountry rdf:resource="http://sws.geonames.org/6251999/"/>
<gn:parentADM]1 rdf:resource="http://sws.geonames.org/6091069/"/>
<gn:nearbyFeatures rdf:resource="http://sws.geonames.org/5892587/nearby.rdf"/=
<gn:locationMap rdf:resource="http://www.geonames.org/5892587/banks-island.html"/=
<gn:wikipediaArticle rdf:resource="http://en. wikipedia.org/wiki/Banks _Island"/>
<rdfs:seeAlso rdf:resource="http://dbpedia.org/resource/Banks Island"/>
</gn:Feature>
— =foaf:Document rdf:about="http://sws.geonames.org/5892587/about.rdf">=
<foaf:primaryTopic rdf:resource="http://sws.geonames.org/5892587/"/=
<cc:license rdf:resource="http://creativecommons.org/licenses/by/3.0/"/>
<cc:attributionURL rdf:resource="http://sws.geonames.org/5892587/"/=
<cc:attributionName rdf:datatype="http://www.w3.0rg/200 /XML Schema#string">GeoNames=/cc:attributionName>
<dcterms:created rdf:datatype="http://www.w3.0rg/2001/XMLSchema#date">2006-01-18</dcterms:created>
<dcterms:modified rdf:datatype="http://www.w3.org/2001/XMLSchema#date"=2014-04-03</dcterms:modified>
</foaf:Document=

</rdf:RDF>

W

’. Measure

M1881
mvalue 12.1f

L — >

v Hydrosphere
»- @ Biological
v @ Chemical
v Inorganic

domain.ontology

@ Sko »- @ Dissolved Gas'
# BKAI > @ 'Dissolved Solids’

Major
‘Major, bulk | 2 )perties’
v-- @ 'Major, metals’
*® MeasureDescript
L x
sdescriptor
# Calcium
msymbol "Ca”

<N
Y
rdfs:seeAlso M
L

*'@ Calgum | ——=SeAlso
e}
corresponding
DEpedia resource

® measureUnit "mg/L"

geonames resource
describing Northwest Territories

<rdf:RDF>
— <gn:Feature rdf:about="http://sws_geonames.org/6091069/">
<rdfs:isDefinedBy rdf:resource="http://sws.geonames.org/6091069/about.rdf"/>
<gn:name>Northwest Territories</gn:name>
<gn:officialName xml:lang="en">Northwest Territories</gn:officialName>
<gn:officialName>Northwest Territories</gn:officialName>
<gn:officialName xml:lang="fr">Territoires du Nord-Ouest</gn:officialName>
<gn:featureClass rdf:resource="http://www.geonames.org/ontology#A"/>
<gn:featureCode rdf:resource="http://www.geonames.org/ontology#A. ADM1"/>
g yCode>CA</g yCode>
gn:population>31247</gn lati
<wgs84_pos:lat=69.50061</wgs84_pos:lat>
<wgs84_pos:long>-121.50445</wgs84_pos:long>
<gn:parentFeature rdf:resource="http://sws.geonames.org/6251999/"/>
<gn:parentCountry r ce="http://sws.g mes.org/6251999/"/=
<gn:childrenFeatures rdf:resource="http://sws.geonames.org/6091069/contains.rdf"/>
:locationVap rdf:resource="http://www.geonames.org/6091069/northwest-territories.html"/=
:wikipediaArticle rdf:resource="http://en wikipedia.org/wiki/Northwest_Territories"/>
<rdfs:seeAlso rdf:resource="http://dbpedia.org/resource/Northwest_Territories"/>
</gn:Feature>
— <foaf:Di rdf:ab 'http://sws.geonames.org/6091069/about.rdf">
=foaf:primaryTopic rdf:resource="http://sws.geonames.org/6091069/"/>
<cc:license rdf:resource="http://creativecommons.org/licenses/by/3.0/"/>
<cc:attributionURL rdf:resource="http:/sws.geonames.org/6091069/"/>
<cc:attributionName rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">GeoNames</cc::
<dcterms:created rdf:datatype="http://www.w3.0rg/2001/XMLSchema#date">2006-01-18</d cterm:
<dcterms:modified rdf:datatype="http://www.w3.0re/2001/XMLSchema#date">2010-08-16</dctern
</foaf:Document>

</rdf:RDF>
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Summary

* Application overview and objectives
 Sample application : MAP-EON

— Architecture

— Data and application ontology
— Domain Ontology

— Linking to LOD cloud

— Semantic queries
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Semantic queries

e access to information inferred from the domain ontology
e access to extra information through linked data

user can access the measure setofa
selected site

latitude (73 3465
longitude: -116 7705
reglon : Banks island

a9
Ba 0
COND

a0

mg/L

mg/L

Abstract: A chemical compound 1s a pure chemical substance consisting of two or more
aifferent chemical elements Ihat can DE SEparaled N0 Smpier SUDSLANCES Dy chemical
reachons. Chemical compounds have a unique and defined chemical structure, they
consist of a fixed rabio of aoms that are hedd together in 3 defined spatial arrangement by
chemical bonds. Chemical Compoundas ¢an be molecuiar compounds held 1ogether by

-
covalent bonds, salts held together by lonk bonds, Intermetaliic compounds held together -
Dy metalic DOnds, or complexes heid together by coordinate covalent bonds. Pure fa " o
“

chemical elements are not considerad chemical compounds, even if they consist of
molecuies that contain only multipie atoms of a singie element (Such as M2, S8 el )

Chemical compound
which are calad Clatomic molecules of polyalomic molecules [

Wageta B boe w clapeds

\!‘}NIN DIA

through the Hydrology ontology
4 andlinks to Dbpedia the usercan ey
acces to extra information ‘e

=
k!

LOL whem i B Sop Smge, 4




Semantic query

querying data with inferred knowledge (SPARQL)

SELECT DISTINCT
?site ?lat ?lon ?label ?type ?region 2?regionName
WHERE {

Select all lakes of Banks Island ?site ccionto:region waterchem2012:R3;
(region R3) that have a value >
15.2 for a major metal measure.

rdf :type 2?type;
rdfs:label ?label;
ccionto:lon ?lon;
ccionto:lat ?lat;
ccionto:region ?region.
?region rdfs:label ?regionName.
?site ccionto:measureSet ?ms.
’ms ccionto:measure 2m.
?m ccionto:mDescriptor ?md.
’md rdf:type cuahsionto:MajorMetal.
’m ccionto:mValue ?val.
FILTER (2val >=15.2)
FILTER regex(str(?type), "ST_LAKE")

Execute
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Semantic queries

Application ontology
+ Domain ontology

+ Observations ontology with meta-data information

OM_Observation

GF_PropertyType

GFI_Feature

+ phenomenonTime
+ resultTime

+ validTime [0..1]
+ resultQuality [0..*]
+ parameter [0.7%]

-

+obrserved Property

An observation is an action
. whose result is an estimate of
the value of some property of
' the feature-of-interest using
a specified procedure

other specifications:

fo-
1 +z4cedure

OM_Process

R o I SO 19109 : Feature

ISO 19107 : Geometry
ISO 19108 : Temporal

ISO 19115
ISO 19103

: Metadata
:Basic datatypes
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Semantic geospatial query (GeoSPARQL)

e find all the pairs of sites in Northwest Territories that
are that are at a distance of less than 15 km

SELECT DISTINCT ?sl ?s2
WHERE {
?sl rdf:type ccionto:Site;
rdf:type ccionto:Region ?r;
geo:hasGeometry ?2gl.
?s2 rdf:type ccionto:Site;
rdf:type ccionto:Region ?r;
geo:hasGeometry ?2gl.
?r rdfs:seeAlso ?geoNameregion;
?geoNameRegion gn:parentADMl <http://sws.geonames.org/6091069>
?gl geo:asWKT ?slGeom.
?g2 geo:asWKT 7?s2Geom.
FILTER (geof:distance (?slGeom, ?s2Geom,uom:metre) < 15000)

26



Semantic query interface

* Query formulation is a key aspect of these
projects
— Define key patterns from queries

— Graphical tool for semantic query construction

— Spatial operators (GeoSPARQL)
— Temporal operators

27



Summary

* Application overview and objectives
 Sample application : MAP-EON

— Architecture

— Data and application ontology
— Domain Ontology

— Linking to LOD cloud

— Semantic queries

e Back to COIN
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Semantics queries
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Summary

Application overview and objectives
Related work
Sample application : MAP-EON

— Architecture

— Data and application ontology
— Domain Ontology

— Linking to LOD cloud

— Semantic queries

Future work

30



Future work

e Better modularization and reuse of ontologies:

Application ontology
Application specific ontology + Domain ontology
+ Domain ontology + Observations ontology with meta-data information

| + Spatial and Temporal ontology
¥-- @ Hydrosphere

B @ Biological - p— —_—
y.. i = L GF_PropertyType
v : Chemical . GFI_Feature ‘_::"eatureo-'lﬂe'es: L — 1
' : IFICIIFQIEIFIIC . . TT————— |+ resulfTime ="
¢ P 'Dissolved Gas — 0-* |+ validTime [0.1] +obssrvedPropeny
b @ 'Dissolved Solids' * resultQuality [0.7]
' Majar ‘ . ‘ + parameter [0..*]
P A o An observation is an action /
. Major, bulk properties . . 0. ge
¥ ® Major, metals’ whose result is an estimate of
: H : B ¢ s +pfocedure
CUAHSI - Calcium the value of some property of e
H I S i the feature-of-interest using OM Process =
‘ i aspecified procedure
vsto:hasDateTimelnterval
~ ISO 19156 : Observations and Measurement
time:hasEnd o .
Hmeshasgeginning ;. other specifications:
™ S SO 19109 : Feature
ime:year time:hour
(2594000 ) memontn S ¥ mesminute—» C22) * 1SO 19107 : Geometry
_tlme:lnstant
4/_‘twmenﬁav’ ~ -t'wrne:secovlﬂ_‘A * |SO 19108 : Temporal
I:irne:|.|nn:Ty[;J;m-“a:mxsnﬁﬁme b ISO 19115 : Metadata

* |1SO 19103 :Basic datatypes 31



Future work

* Query formulation is a key aspect of these
projects
— Define key patterns from queries

— Graphical tool for semantic query construction

— Spatial operators (GeoSPARQL)
— Temporal operators
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COIN : Coordinated Online Information Network

natural resource (water) licensing and allocation procedures for O&G
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Architecture

Query Processor (SPARQL)
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