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Abstract— Spatial Data Infrastructures (SDI) have become an
important solution for easing the interoperability of
geographic data offered by different organizations. An
important challenge that must be overcome by such
infrastructures consists in allowing their users to easily
locating the available data. Presently, this tasksiimplemented
by means of catalog services, which still have impant
limitations that prevent effective data retrieval. Due to those
limitations, many research works have been develodeto
improve information retrieval in SDIs. One of suchworks is
Semantically Enabled Spatial Data Infrastructures SESDI),
which is a framework that uses a model-based on iofmation
at feature type level and ontologies. The first redts obtained
during the experimental evaluationof SESDI showed that it
improved the quality of several kinds of queries coacerning
geographic data. Nevertheless, a deeper evaluatidresides the
comparison to catalog services provided by other
infrastructures, was still necessary. Aiming at meing this
need, this paper describes an experiment carried dun order
to deepen that evaluation. In this experiment, th@erformance
of SESDI was compared with catalog services offereuy other
two infrastructures. The results obtained from the new
experiments showed the viability of the solution sl to
implement the framework.
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represents a layer present in the dataset offereda b
provider. Since their proposal, the OGC web sesvitave
played a key role for the development of spatiatada
structures, being used in the implementation of yrafthe
current infrastructures.

Besides interoperability, an important challengeiciwh
must be overcome by SDIs consists in allowing thents to
easily locating the available data and servicessétly, this
problem is usually solved by the implementatiorcafalog
services. In a catalog service, geographic dateiges must
supply a metadata containing detailed informatidroua
their dataset. On the other hand, clients of ar8®} use this
service in order to find out the geographic dataytlare
interested in.

Although having led to important advances, the gmes
catalog services still have some limitations. Ofethese
limitations is that they solve their queries soleésed on the
information contained in the metadata records eckhy the
geographic data providers. Since these records aillyrm
describe the datasets offered by a service as d&ewmey
usually bring little or even no information conce the
spatial, thematic and temporal characteristicsagheeature
type, which constrains the information retrievabgass.
Another important limitation is that most of theepent
catalogs solve queries with thematic constraintsethaon
keywords only. This characteristic causes the aogtdab
discard, during the information retrieval processgvant

[. INTRODUCTION resources that are described with terms relatébetdheme
Recently, Spatial Data Infrastructures (SDI) hasedme ~ defined in the query, which reduces the recall ése
popular as an important solution for allowing thedueries.

interoperability of geographic data supplied byfetignt
organizations. In order to achieve this interopiitgbthese
infrastructures are created based on a set of namads
standards that must be adopted by all of their corepts.

In this standardization scenario, the standardsifiged
by the Open Geospatial Consortium (OGC) [1] haeged a
key role. Important examples of these standardsidecthe
services that give support for accessing geograghie,

Throughout the years, many research works have been
proposed with the objective of overcoming thesatéitions.
One such work is Semantically Enabled Spatial Data
Infrastructures (SESDI) [4]. SESDI is a framewdnkttuses
a model-based on metadata at feature type level and
ontologies to improve the retrieval of geographiatad
offered by an SDI. During the evaluation of thianfrework,
the results achieved by its search engine were amedpwith

Service (WFS) [3]. These services allow the clignthave
access to geographic data offered by a given peovising a
standard interface, with no need to be aware ofdétails

catalog service offered by a present SDI. Thisdadion,
which used the North-American SDI (NSDI) [5] as eas
study, showed that SESDI improved the quality ofesal

about its storage. Each instance of these sergives access Kinds of queries. Nevertheless, a deeper evaluabesides

to a set of feature types. On the other hand, sathre type
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the comparison to other available catalog serviees, still
necessary.

Aiming at meeting this need, this paper describes a

experiment carried out to deepen the evaluatic®BESDI. In
this experiment, the performance of SESDI was coatpa
with the catalog services offered by other twoasfructures,
namely the Canadian Spatial Data Infrastructureaf@] the
Global Earth Observation System of Systems (GEQES)
During the experiment, each solution was evalubtestd on
four query types: spatial, thematic, temporal arobd.
Besides allowing a deeper evaluation of SESDI, flaper
offers as contribution an analysis of the perforogaaf the
studied catalog services, evaluating their quaditysolving
several kinds of queries involving spatial data.

The remaining of this paper is organized as follokus
Section Il, we approach related works. Sectiongiles an

do not approach the resolution of temporal quevigich are
important for many queries involving geographicadat

Finally, some proposed works deal with the retiiefa
geographic metadata, and do not focus on a spédaifit of
resource. Smits and Friis-Christensen [18] devealope
solution which uses a multilingual thesaurus tocdbe the
information offered in the catalog of an infrasture.
Athanasis et al. [19], in turn, developed a sohutitnat
describes the resources offered by an SDI by meéns
metadata based on a series of ontologies. Cheh EO&
used OWL-S to describe the semantics of data affere
through geographic web services. Despite their mapce
and relevance, these works cannot solve queriesdbas
information at feature type level. Also, these tiohs do not
support the resolution of temporal queries.

overview of the two approaches studied in this w&ection ll.  CATALOG SEVICES VERSUSSESDI

IV focuses on the experiment design, describing the This section provides an overview of the two appnes
dependent variables, the response variables, frerienental  that were compared during the experiment. First,stvew
units, the research hypotheses and the data doflect oy the queries are solved by the current catatwgices.
process. Section V describes the results achievdbdthe  afor that, we show the approach used in the implemtion

experiment. Finally, Section VI concludes the papard
discusses further work to be undertaken.

1. RELATED WORKS

of SESDI.

A. Catalog Service
Currently, geographic data providers use the ogtalo

Recently, many works have been proposed with theervice to advertise their resources. For thisy ireate a

objective of improving the retrieval of geograpldiata and
services from spatial data infrastructures and ggaic
portals. Some of these works are concerned withetinieval
of services. Stock et al. [8] developed a soluiiowhich the
services are retrieved from information definedaifieature
type catalog that defines the structure and thatioglships
among the feature types offered by the SDI. Lutalef9]
associated the output parameters of each servicenepts
defined in application ontologies to improve infatmn
retrieval in disaster management applications. totteer
work, Lutz [10] used first order logic to generatsignature
which describes the semantic of the services afféne an
SDI. In the approach developed by Lemmens et dl], [1
services were classified and retrieved according ato
geospatial web services ontology. Other proposédisos
[12][13] described the available services as takk®t al.
[14] proposed a solution which expands the ternfisie in
the query of a client in order to improve the watal of
geographic web services that offer data about theticA
region. The disadvantage of all these works is thay do
not take into account the information offered attfiee type
level during the resolution of queries.

new metadata record into the catalog service. Qutinis
process, they supply metadata that describe tltatasdts,
according to the geographic metadata standard edidpt
the SDI. Some examples of these metadata incluglditté
of the dataset, the coordinate systems and theqtia) used
in the production of data, and the URL from whidfe t
service can be invoked. The metadata provided lmh ea
metadata record are used by the catalog servigagdtire
query resolution process. Since geographic dat&igers
normally use a single metadata record to desciiitsgr t
datasets as a whole, current catalog servicesl|imaitations
to solve spatial, thematic, temporal and globarigse
Regarding spatial queries, the main limitatiorhiat tdata
providers normally define a single bounding-boxdpresent
their datasets. Then, during the searching protiessatalog
selects all the records whose bounding-box intésséar
contains) the geographic region defined in the yuer
Nevertheless, it is possible to notice that somedinthe
feature types provided in a dataset cover differegtons,
which causes some limitations to the searchingga®cTo
understand these limitations, suppose the casectddpin
Figure 1, which describes a dataset about floodimghat

Some of the developed works manage to solve querigRyure, the feature types present in the datasetegresented

based on information at feature type level. Janpvet al.
[15] developed a solution which used a semantidlasiity
measure based on ontologies to retrieve geograjat In
another work, Zhang et al. [16] proposed a solutioat
resolves queries for feature types using specifitblogies
related to four types of dimension: location, thegeometry
and properties. Li et al. [17], in turn, implemenhte solution
that resolves thematic queries at feature typel lesimg a
keyword-based approach, which constrains the gualithis
kind of query. A disadvantage of all these stuiiebat they
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as green rectangles, while the blue rectangle septe the
spatial, thematic and temporal information providedhe
metadata record that describes the dataset. Alppose Bl
and B2 are two bounding-boxes covering two differen
regions that do not overlap each other. In Figurehg
geographic extent provided in the record is B1, civhi
represents the region that is covered by most effehture
types of the dataset. Then, if a user poses a doeking for
maps about the region B2, the catalog service iiscte
record depicted in that figure, even its dataset dndeature
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type that satisfies the search criteria. Moreoveg user
poses a query for maps about the region B1, thalogat
returns the record. After that, the user needsctess the
service to identify, among the entire feature typéshe
dataset, just the ones that are relevant to higfbery. This
process can be quite tedious and tiring for the, isiBCe a
query may return a large volume of records and sacVice,
in turn, may offer a large number of feature typ€he
limitations regarding spatial queries can be exendo
temporal queries. Moreover, in temporal queriessehe
limitations are even bigger, since many providecs nibt
provided the metadata about the temporal extenthef
dataset.

Title: Flooding (2010)
Bounding Box: B1

Title: Flooding (2011)
Bounding Box: B1

Title: Flooding (2012)
Bounding Box: B1

Title: Flooding (2010-
2012)
Bounding Box: B2

Figure 1. Example of a metadata record.

Regarding thematic queries, the main limitatiorthiat
catalog normally solves queries based on keywdddsing
the searching process, the catalog selects thedsedbat
contain in their description the keyword used ia tjuery.
Then, relevant records that contain in their desiom
keywords that are related to the theme requestdteiquery
can be discarded during this process. For exarsplgpose
the case depicted in Figure 1 again. If a usergasquery
for maps aboutlisasters, the record showed in the figure is
not selected by the catalog service, even its dataffers
several feature types that are relevant to the. dSeally,
global queries are even more difficult to solveusing the
current catalogs, since they present the
concerning all the dimensions used in the query.

B. SESDI

retrieval models. Another important characteristficSESDI
is that it uses ontologies to describe the semaottithe
feature types offered by the service, in ordemiprove the
quality of the queries with thematic constraintmally, the
framework proposes a search engine that exploesspttial,
thematic and temporal relationships among the feaypes
offered by a service in order to generate the tesatrieved
in their queries.

In order to implement its model, the SESDI ideasfthe
spatial, thematic and temporal characteristicsashdeature
type present in the dataset offered by the serviegistered
in the catalog service of the infrastructure. Tofqren this
task, it processes the information of each metadsiard in
order to retrieve information concerning the sasioffered
by the SDI. After that, it invokes thé&etCapabilities
operation of each identified service in order ttiege its
capabilities document. The objective of this stageto
retrieve more detailed information about its featiypes.

At the end of these stages, the framework procdabses
information contained in the metadata record andhia
capabilities document to identify the spatial, tla¢io and
temporal characteristics of each feature type. Hriire
process is called tagging and is split into thtages: spatial
tagging, thematic tagging and temporal tagging.isit
important to take in mind that the tagging prodessxecuted
for each feature type identified by the framewoihe
following paragraphs describe the tagging proddssvever,
more detailed information about this process cafobed in
[4].

In the spatial tagging, the SESDI identifies the
geographic region covered by the feature type. That
information, which is represented as a bounding, iex
obtained from the feature type description in thpabilities
document retrieved from the service.

In the thematic tagging, the framework tries tontifg
the semantics of the data provided by the featype.tlt
accomplishes that task by relating the feature sype
concepts defined in ontologies. In the current iversthe
SESDI uses a set of ontologies about several apiolic
domains. During the thematic tagging, the framework
processes the keywords list provided for the featype in
the capabilities document of the service. If novkends are
provided for the feature type, its title is usedtssinput for
that process. Then, the SESDI matches each keywotte

limitationtitle of the feature type) to the names of the epts used in

its ontologies. Whenever a match is identified, the
framework generates a tag associating the matcbecept
to the feature type. When a matching cannot betiftkh

the SESDI poses a query in the Wikipedia and ttes

SESDI is a framework proposed with the objective ofretrieve a page related to the keyword. If more thiae page

easing the retrieval of geographic data offerecsbys, and
aims to overcome some of the limitations of thespnt
catalog services. In order to achieve this goasplves the
queries of the clients based on a model that addassic
Information Retrieval (IR) techniques to the domaih
geographic data. In this model, the services tffat access
to geographic data, such as WMS and WFS, are teslcas
a set of feature types, in the same way as thengets are
described as a set of keywords in the classic rmdition
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is retrieved, a ranking for each page is generhtedsing
technigues of classic information retrieval, anel page with
the highest ranking value is selected. After theite
framework matches the title of the selected pageyell the
name of each category used in the page descrifitiothe
concepts used in its ontologies. The thematic tmyerated
during this process are associated to the featype t
description and stored in a database. If no matares
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identified during the tagging process, the framdwdoes
not generate any tag to the feature type.

Finally, the temporal tagging consists of identifyithe
time period of the feature type. Since the captidsli
document does not provided metadata specific toritbes
temporal information, the SESDI processes the &itld the
text description of the feature type in order twdftemporal
expressions that provides that information. Wher on

more temporal expressions are found, their values a

converted into a time interval. On the other haifidhe

framework cannot identify any temporal expressidn,
assumes that the time interval of the feature typgbe same
defined in the metadata record. Furthermore, ifvalue is
provided for temporal extent in the metadata recohne

value null is used as the time interval of the deattype.
After the tagging process, the metadata generate®BSDI

are stored in a local database, along with somerigésn

about the feature type and its respective senkagure 2
shows the metadata generated by SESDI for theréegtpes
depicted in Figure 1 after the tagging process.

A key difference between SESDI and the presentarpta
services is that SESDI solves queries based omé#tadata
identified for each feature type during the taggprgcess.
Another important difference is that SESDI retutnsthe
users only the feature types that satisfy the beaiteria, so
clients do not need to access the service to igettte
feature types of his/her interest. For example, ifser poses
a spatial query for maps about the region B2, thméwork
is able to identify that the feature typ&l6oding (2010-
2012)" is relevant for the query. Moreover, if a useses a
query for maps about the region B1, the framewetkirns
only the feature types that satisfy the constrdefined in
the query. Another important difference is that 8ESDI

level, recall and precision were evaluated withidoas the
number of retrieved services.

Title:  Titler
Fooding (2010) Flooding (2011}
BoundingBox: ‘BoundingBox:

 BL Bl

Theme:

Title:
Flooding{2012)

Title:
Flooding (2010-2012)
BoundingBox:

Figure 2. Example of feature type metadata generate by SESDI.

The kinds of queries used in the research areifitasas
purely spatial, purely semantic, purely temporal giobal.
The purely spatial queries are intended to seaschmiaps
that intersect, partially or entirely, a certaincdtion of
interest to the user (e.g., which cities are crbssethe Sao
Francisco river?). The purely semantic queriesum, are
intended to retrieve maps that describe geogragiic about
a certain theme (subject) (e.g., which maps refer t
beaches?). The purely temporal queries have tleztbg of
retrieving the maps that refer to a certain timerwal (e.g.,
which maps refer to the decade of 19507?). Finally, the global
queries retrieve maps that deal with a certain théma
certain location and in a time interval, that lsege queries

uses thematic tags associated to concepts defihed tmeet more than one constraint type (ayich maps refer to

ontologies. Then, when a user poses a query faeaifec
theme, the framework is able to return as the featypes
that are tagged exactly with the theme used ingtiery as
the ones that are tagged with a concept relatid to

So, the study described in this paper was interided
carry out a deeper evaluation of the performandhesfe two
kinds of approach. This approach was based on alrieat
experiment, where we defined the controlled vaespl
which are the variables subject to adjustments rbethe
execution of the experiment, and the dependentibias,
which result from the experiment. Besides, with sthe
variables, we elaborated the hypotheses to beiagriThe
next sections describe, respectively, the expeitirdesign
and the evaluation of the results.

IV. EXPERIMENTDESIGN

beachesin Brazl in the decade of 19507).

The controlled variables used in the experimentewer
kind of query used (purely spatial, purely tempolrely
semantic or global) and the used tools (SESDI drel t
catalog services of the Canadian SDI and of the &E00n
the other hand, the dependent variables used tpamenthe
performance of SESDI with respect to the studietcSiere
recall and precision. These are the main metrics fo
evaluation of the performance of the informatiotriesal
system. The recall is measured as the ratio betvileen
number of relevant resources retrieved and the eurob
relevant resources that exist in the system. Tkeigion is
measured as the ratio between the number of rdlevan
resources retrieved and the total number of ressurc
retrieved.

The experimental units were composed by the
comparisons of SESDI with the Canadian SDI and the

The experiment followed the same strategy of theéGEOSS. For each of them, twenty queries of each tygre

evaluation used in [4], which employed recall amelcfsion
metrics to evaluate the performance of SESDI vatpect to
catalog services of the Canadian SDI and of the &&E®or
each kind of query (spatial, temporal, semantic giothal),

the performance was measured according to thelrecal

(number of relevant results) and precision (quatifythe
relevance) of the results. On the other hand, etstrvice

Copyright (c) IARIA, 2014.  ISBN: 978-1-61208-326-1

performed [21]. For each round of testing, the guleat was
held in the SESDI was held too in the SDIs studied.
Moreover, during the comparison between the SESil a
the SDIs, the queries were held on the same saetHdata.
Before the formulation of the hypotheses, the cptwef
independent variables and response variables were
formalized, in order to provide a better visuaiizatof the
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presented information. The independent variableetygu
type" was formalized by the symbadss, t andg, for the
spatial, semantic, temporal and global levels, eetyely,
while the independent variable "used tool" was falired
by the symbolssd, ¢ and g, representing SESDI,
Canadian SDI and the GEOSS SDI, respectively. dieroto
represent the response variables "precision" aschllf, the
following functions were formalized:

e PFT: represents the precision at feature type level,
which evaluates the quality of the feature types

retrieved from each approach;

« PS represents the precision at service level, which
evaluates the quality of the services retrievedanfro

each approach;

« CF: represents the recall at feature type level, Wwhic
evaluates the quantity of relevant feature types

retrieved from each approach; and

« CS represents the recall at service level,
evaluates quantity of relevant services retrievethf
each approach.

The objective of this study was to evaluate the

performance of SESDI with respect to the catalagises

provided by some existing SDIs. The null hypotheses

formalized to describe the comparisons between $BE8D
the SDIs used as case studies are depicted in Tablee
first column describes if the hypothesis represequery at
level of service or feature type. The second andd th
columns represents, respectively, the null hypabhassed

during the comparison between SESDI and the catalog

service provided by the Canadian SDI and GEOSSabie
I, each hypothesis represents a comparison between
performance of SESDI and the catalog service peuviay a
SDI. These hypotheses were formulated based ométrécs
presented abovePET, PS, CF and CS). For example, the

hypothesisHplassumes that the precision at feature type

level in the spatial queries held in SESDI is kessqual than
the precision at feature types level in the spafisdries held
in Canadian SDI. For each hypothesis defined inerglwe
performed statistical tests to try to refute it.eTiesults of
statistical tests are showed in Tables Il and IlI.

The process of collecting the research data oatunre
semi-automatic and individual manner for each ofithe
gueries.

The first step was the generation of the baselm¢his
stage, the relevant results to be retrieved inafrtbe query
types were obtained. For this, the records whiasukkhbe
returned by a query were previously selected, geiner a
baseline that was used to compare the resultsneotdiom
each approach. Once generated, the baseline wasl gtoa
file. Next, we present the criteria used for getienaof the
baseline for each query type:

* Purely spatial query: the baseline for the feature
type level was composed of all the layers whos
bounding-box intersected the geographic regio
defined in the query. On the other hand, for the
service level, the baseline was composed of all the

Copyright (c) IARIA, 2014.  ISBN: 978-1-61208-326-1

the

which

services that offered at least one layer presetftein
baseline for the feature type level;

TABLE | - TABLE OFFORMALIZED NULL HYPOTHESES
Level Canadian SDI GEOQSS sDI
o H)l PFTe) <PFT(e) o HylT:PFT o) <PFT()
« HQ2.PFT ) <PFL.() o Hy8:PFT ) <PFT,(
o Hp PFT5) s PFT.(5) o HI9:PFT {s) SPFT,5)
. HD-1 PFT (g < PFT.@9) o HQ0:PFT () <PFT,(9)
Featureypes | | yis.cF io < CF.@ o HQL:CF (o) < CF 0
o H:CF 1) £CF.{) o HD:CF () <CF,()
o HT:CF(s) £ CE(5) o H3:CF (5) £ CFy00)
o HS:CF (o) SCFL@ o H24:CF (@) $CFyle)
o HO:PS () <PSLe) o H25:PS (o) € PSie)
o H0:PS (0 <PS.) o H26:PS 1) < PS,0)
o H1:PS[5) <PS(s) o HT:PSf5) <PS,0)
Service o H12:PS[(5) <PS.(2) o H28:PS (o) <PS,(0)
o H13:C5,00) $CSie) o H29:CS (o) £CSela)
o H4:CS 0 €50 o HJ0:CS f1) 5CS.0
o H15:C50) <C5.0) o HBL1:CS f) $CS.0)
o Hl6:CS, ) <CS.(2) o H32:CS f7) < C5,(z)
» Purely temporal query: for the feature type level,

the baseline was composed of all the layers whose
temporal extension intersected the time interval
defined in the query. On the other hand, for the
service level, the baseline was composed of all the

services that offered at least one layer presettign
baseline for the feature type level;
» Purely semantic query: for the feature type level,

offered data about the theme used in the request, o
theme related to it. On the other hand, for theiser
level, the baseline was composed of all the sesvice
that offered at least one layer present in thelipase
for the feature type level;

Global query: for the feature type level, we
considered all the layers that met the three caimssr
(spatial, temporal, and semantic) defined in the
request. On the other hand, for the service letel,
baseline was composed of all the services thateaffe

at least one layer present in the baseline for the

feature type level.

The second step was the execution of the quengbid
stage, the query was formulated according to iter@ and
performed both in SESDI and in the catalog sereicéhe
SDI.

Finally, in the last step, we compared the resabitained
from the two approaches. During this stage, we ig¢eé an
output file containing information about the expeent. This
file stored information about the number of sersiand
feature types in each baseline. Moreover, for eggroach,
the file stored the number of services retrievied, number
of feature types retrieved, the number of relevasices

Getrieved and the number of relevant feature typtteved.
Prhen, we used the information stored in that fite the

computation of the precision and recall metrics.
In order to make the analysis of results easiémpbwas
developed to compute the data concerning the depénd
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variables (precision and recall) of this reseaccmsolidating
them into a single file. This way, the consolidatiata can
be observed in the files related to the comparisetwveen
SESDI and the Canadian SDI [22] and between SE&DI a
the GEOSS SDI [23].

V. RESULTS OF THEEXPERIMENTAL EVALUATION

After collecting the data, it was necessary to @yphe
hypotheses tests to infer about the hypothesesl dite
previous section. To accomplish this task, we used
methodology proposed by Wohlin [24]. According tost
method, we firstly verified the normality, aiming theck
whether the data come from a normal distributioaxtiNwe
collected the homoscedasticity of the data in ortdetell
whether there is variance or not in the data. Battmality
and homoscedasticity allow one to decide aboutute of
parametric or non-parametric tests. Since evetisgtal test
needs a null hypothesis to infer about it, thestested here
result in a p-value (probability value) that, degieg on its
value, may deny or not the hypothesis of the tesbraing to
the significance level adopted.

In order to verify the normality, we used the Shapi
Wilk, Anderson-Darling, Skewness and Kurtosis t¢2t,
with significance level of five percent, besides QQ-plot
graphics. Moreover, in the comparison of SESDI with
Canadian SDI and the GEOSS, the data are not from
normal distribution. Since most tests point thag tthata
involving controlled variables with the dependeatiables
are not normal, a few data were pointed as normabme
tests, but the QQ-plot graphic concerning themwadid us to
see their non-normality. The results of the tests the QQ-
plot graphics can be seen in [25].

Since the collected data are not normal, the Levese
[24] was used to perform the verification of the
homoscedasticity aspects with a significance |efefive
percent. The results of the tests related to thie dathe
comparisons between the SESDI and the catalogcesraf
the Canadian SDI and of the GEOSS can be seeBjin [2

As we mentioned before, the data were not retrieve
from a normal population. So, we used a non-panécriest
to infer about the experiment hypotheses. Sincelde were
collected in a dependent manner, we needed to usm-a

hypothese#10-5 andHO-13 were not refuted, which means
that we cannot state that SESDI improves the refcall
spatial queries at service and feature type levels.

TABLE Il - RESULTSOF THE MANN-WHITNEY TESTSAPPLIEDTO
THE COMPARISONOFSESDIWITH THE CANADIAN SDI

RESPONSE VARIABLE HYPOTHESIS RESULT
HO-1 p-value = 6.77e-05
Precision at feature H0-2 p-value = 3.585e-09
types level HO-3 p-value = 0.0001568
HO-4 p-value = 0.0004186

HO-5 p-value = 1
Coverage at feature H0-6 p-value = 0.0003208
types level HO-7 p-value = 2.6458-05
HO-8 p-value = 0.001244
H0-9 p-value = 0.0002134
Precision at service HO-10 p-value = 3.585e-09
level HO-11 p-value = 0.009584
HO-12 p-value = 0.0005406

HO-13 p-value = 1
Coverage at service HO-14 p-value = 2.645¢-05
level HO-15 p-value = 9.947e-05
HO-16 p-value = 0.0005439

The results of the test for each hypothesis ligtetiable
Iarelated to the performance comparison betweerStSDI
and the GEOSS SDI, are presented in Table Illlh#t table,
it is possible to notice also that most of the Hhipees
related to the performance comparison between EeDE
and the GEOSS SDI were refuted, which allows us to
conclude that the performance of the SESDI wasrgupe
that of the GEOSS SDI for most cases. The only thgsis
that was not refutedH0-22) shows that there is no statistical
significance to state that SESDI improved recallenfiporal
queries at feature type level.

To better illustrate the results presented abobe, t
returns a semantic query used in the experimenslzoen
below. The consultation aimed to find maps for "tdaries"

nd obtained a precision level of feature type 100%he
ESDI, i.e., all relevant services were recovevetile the
IDE obtained at a precision level of 11% of featiyye.

TABLE Il - RESULTSOFTHE MANN-WHITNEY TESTSAPPLIEDTO

parametric test of the paired samples. Besides, the THE COMPARISONBETWEENSESDIAND GEOSS
hypotheses of the experiment compared to data grdtgr
this reason, we chose the Mann-Whitney with sigaifce RESPONSE VARIABLE HYPOTHESIS RESULT
level of five percent. HO-17 p-value = 2.726¢-05
The results of the test for each hypothesis listeBable Precision at feature HO-18 A
, related to the performance comparison betweedBEnd types level :8;8 Mf:lfe'zﬂgoggi%f
the Canadian SDI, are presented in Table Il. Sestlts are R021 ;[:valuezg_éseeos
coded in two colors: green, when the null hypothess not Coverage at feature HO-22 pvalue = 01072
refuted (p-value is above the significance levebpadd - types level HO-23 p-value = 1.576e-05
5%) and red, when the null hypothesis was refupeda{ue HO-24 p-value = 0.001668
is smaller than the significance level adopted ).5Fable II B _ HO-25 prvalue = 2 543605
shows that most of the hypotheses related to cdsupar P’°°'s"::v‘;tlse”'°° :ggg p:;'ﬂ:ggggzgg
between SESDI and the Canadian SDI were refuteds@h H028 gvalue:0:0001146
results lead us to conclude that SESDI had better HO-29 p-value = 3.0182-05
performance for most cases, since the null hypethes Coverage at service HO-30 p-value = 1.576e-05
presented assume the inferiority or equality of bsponse level HO-31 p-value = 0.001187
variables for all query types. The table shows ttrat H0-32 Doili=lilil
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This

VI. CONCLUSION AND FUTURE WORKS [4]

research was intended to perform a deeper

evaluation of the performance of the SESDI framéwor [s]
during the retrieval of geographic data offeredSiyis. In (g
order to perform this evaluation, the performant&BSDI 7]
was compared with the performance of two catalogices (8]
presently offered by two infrastructures: The CéaadDI
and the GEOSS SDI. Faced with the results preseaftede,
one can conclude, with a significance level of fpercent,

that: [9]

1) For all types of queries, SESDI had better prenisio
than the Canadian SDI for most of the queries
executed at the feature type level; [10]

2) For the global, purely temporal and purely semantic
query types, SESDI had a better recall at featurg;
type level, compared to the Canadian SDI. As for
the purely spatial queries, there was not stadistic
significance to state which approach had bettef12]
performance;

3) For all types of query, SESDI had better precision
in the service level than the Canadian SDI; [13]

4)  For the global, purely temporal and purely semantic
query types, SESDI had a better recall at servic:taM]
level than the Canadian SDI. As for the purely
spatial queries, there was not statistical sigaifoe
to assert which approach had better performance; [15]

5) For all types of query, SESDI had better precisibn
the feature type level than the GEOSS SDI;

6) For the purely spatial, purely semantic and global
query types, SESDI had a better recall at the featu [16]
type level than the GEOSS SDI. As for the purely
spatial queries, there was not statistical sigaifoe
to state which approach had better performance;

7) For all types of query, SESDI had better precisibn [17]
service level than the GEOSS SDI;

8) For all types of query, SESDI had better recall at
service level than the GEOSS SDI. (18]

Based on the results, we could conclude that theico

used to implement SESDI is viable, since it impobvecall  [1g]
and precision for most queries used during experiate
evaluation. As a suggestion for future work, SE8&Id be
compared with other catalog services. The resulgesed  [20]
with such experiments could add still more valuethe
object of study of this research. 21]

Another suggestion for future works would be the
implementation of the universalization of the laage used

[22]

by SESDI. With this, it would be possible to comp&Dls [gj]
with languages other than English. [24]
[25]
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