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1. Introduction

Nowadays, several different actors are involveddquiring, distributing and updating spatial d&ach a situation naturally leads to
a multiplication of heterogeneous data of differgmtes, formats, abstraction levels and qualitBdgd integration of this data can
undermine the consistency of the database anddiegha dataset’s quality.

Within this broad issue, we limit our scope to thmsating of geographic data by different actorgagrout over a communications
network — with some data liable to change whiledbtor is disconnected from the network. Data jdicated on different sites and
there is no server holding centralized informatigioreover, updating is conducted simultaneouslyheydifferent actors, sometimes
in disconnected mode. The evolutions are therefiotenecessarily relevant to a particular user, siones contain errors, can be
conflicting and consistency issues can arise dutieg integration into different datasets.

In this context, our objective is to propose solnsi to allow coherent integration, as far as péssltomatically, of spatial-data
updates in a multi-master and asynchronous optomisplication environment.

To achieve this, we propose a global integratioatsgy, based on standardized metadata, to preeidéions to improve the quality
of a dataset during updates by multi-source ewvahsti We will have to, on the one hand, deal with thievance of the proposed
evolutions and, on the other, ensure dataset daensiscommensurate with the final user’s requiremsien

This strategy depends on the prior establishmeatsgfatial data infrastructure in which a commuiics network has been defined,
the users and their different roles are known, @apdiates can be exchanged using a common strategkdPet al., 2006]. In this
infrastructure, a metadata model that allows fonraltionships between data, actors and the ewvolsittan be set up.

This paper is structured as follows: We start bijniteg consistency and quality in spatial databa3degen, we present the different
parts of the metadata model which we have definatié infrastructure and we cover in some detailghality metadata relating to
the evolutions. Subsequently, we present the iategr strategy and, in particular, the modules vferifying the relevance and
consistency. Then, we analyze the results obtaioedhe consistency-checking process. Finally, wactude and provide some
perspectives for this work.

2. Quality and consistency of spatial databases

In the domain of geographic information, the conagfpconsistency is tightly linked to the datasaetlity and can be impacted by
numerous sources of errors. In the context of upgdatt is the capacity to satisfy a set of crigeduring the integration and/or the
propagation of new data and evolutions.

[David and Fasquel, 1997] distinguish between tiypees of spatial-data quality:

« Internal quality is the set of properties and chemastics of a product or service which confergtahe ability to satisfy the
specifications of the content of this product avie. It is measured by the difference betweenddua which should have
been produced and the data which has actually pextuced. It is linked to specifications (and, artfcular, to errors that
can be committed during data production) and isuated in terms of the producer.

» External quality is defined as the suitability bétspecifications to the user’s requirements. théasured by the difference
between data wished for by the user and the dasaljcproduced. It is linked to the users’ needd thus varies from one
user to the next.

Quality evaluation thus comes down to verifying tmnformity between data of the database and ttee atmsidered correct (from
the producer’s or user’s point of view).

[Bel-Hadj-Ali, 2001] emphasizes that geographicadatiality is so complex that it is impossible t@ assingle global measurement;
one has to rely on several components for detengiiti Consequently, several criteria have beeinddfto be able to define a
spatial dataset’s internal quality such as thealjge the geometric accuracy, the semantic accucacypleteness, actuality, logical
consistency and semantic consistency [Moellerirgg7], [Clarke and Clark, 1995], [Drummond, 199%8koodchild et al., 1992],
[Bicking, 1994], [Brassel et al., 1995], [Guptill995], [Salgé, 1995]. All these criteria have beedely tested and are nowadays
used in several standardization works [CEN, 19@8kDC, 1998], [ISO19115, 2003]. They form a basisdvaluating a geographic
dataset’s quality.



Data relevance is a concept that we can link tactmeept of fitness for use and, in particularthi® external quality [Dassonville et
al., 2002]. In these last few years, a lot of redeavork has been done for an improved taking atoount of the external quality
[Bruin et al., 2001], [ReV !Gis, 2004] [Vasseur,@, [Devillers, 2004], [Devillers and Jeansou®®05].

Two broad approaches have been proposed, onedad basthe evaluation of the risk incurred by usinguitable data [Agumya and
Hunter, 1998], [Bruin et al., 2001], the other be use of metadata to analyze the similarity betvesga produced and users’ needs
[Frank, 1998], [Hunter, 2001], [Devillers, 2004R¢V !Gis, 2004], [Vasseur, 2004]. These method&ediin the way they are
developed but both lead to the appraisal of tha daality with respect to the use that it will be . They thus allow better targeted
interpretations and less risky decision making.

Evaluating the quality of a geographic datasewisantask to be undertaken lightly; a databaseoof puality can lead to numerous
errors that can imperil data consistency. Furtheemdifferent work on geographic-data quality ([h&nd Fasquel, 1997], [Vasseur
et al., 2005], [Devillers and Jeansoulin, 2005]Jafting, 2005]) has repeatedly shown the necesskitprsidering the user’s point of

view so that the data is fit for his use. Thisliglee more true in a context of decision makingubrere the data will serve as basis for
the actions of various actors.

In our context, a user could integrate several segévolutions originating from multiple sourceid implies that the updates are not
necessarily all relevant and that these updatesl &@uin conflict or lead to inconsistencies wiik Hata.

For proper integration of these updates, theiritjuabs to be evaluated taking the user’'s needsaotount. Nevertheless, to the best
of our knowledge, no study has been conducted emtfality of evolutions; all research into updates always assumed that the
evolutions are relevant to the user. Our study tlasto answer this question — which has so faaimed unasked in the literature:
How to evaluate the quality of updates so as @ineainly those that are consistent and relevatitaaiser?

3. Metadata model

One solution to evaluate data quality is to useaneh. In fact, from the numerous pieces of infdiwnathat we can find in
metadata, there are those that relate to the sswguality. However, the quality metadata gergiiatlicates the products’ internal
quality. In fact, metadata has been developed ftwarproducer’s point of view and contains littléoirmation for the user to judge
the uses it can be put to [Bucher, 2002]. Thigarticular, poses the problem of the relevanceatd for the final user, especially as
far as fitness for use is concerned.

Yet, in our study, metadata has to, on the one hitetr out irrelevant evolutions and, on the athensure the consistency of the
dataset, all the while taking the user’'s expecatatimto account. We thus have to consider bothstygfequality and have to add
criteria to metadata to be able to define the bility of the evolutions to the user’s requirements

It also seems relevant to us to define the qualitgifferent granularities, i.e., not only for thatire evolution set but also for the
evolutions themselves. In fact, quality evaluatxirihe level of the entire set allows us to quididtgr out the collections which are
irrelevant to the user, whereas quality evaluagibtine level of the evolutions helps in reconciling conflicting evolutions.

3.1.1S0O 19115: Metadata for data

To supply shared and consistent knowledge of datwden different communities, we have to standardie metadata [Luzet,
1998], [Gunther and Voisard, 1997], [Spéry and Lited, 1998]. Standards for describing metadata lha@es developed and provide
a common base to the users [CEN, 1998], [FGDC, 1988019115, 2003]. The use of normalized metadiatthe infrastructure
thus promotes interoperability between differeribecand systems.

The standard that draws the most attention nowaigay$019115, 2003]. The ISO 19115 standard defemdarge set of metadata
elements so that it can be used by several difféyges of users. However, a community of a givenaf geographic-data users
normally uses only a part of the different metadd¢ements defined in the standard and, in spite@fvide variety of elements, often
needs to add elements not specified in the stantB@ 19115 allows this thanks to the possibilitylefining community profiles. A
profile thus allows use of the standard restridted subset of mandatory elements and also extelgdtle addition of missing
sections, entities and elements.

3.2.MUMSDI: Metadata for evolutions

ISO 19115 has been designed to provide informaiiothe use and exchange of datasets. The evolug&iasand basic evolutions
(creation, deletion or modification) are not inabddin the standard. It is therefore not currentggible to provide metadata relating
to a set of evolutions that we would want to previd a user who already possesses the refererasetiat

Consequently, metadata elements have to be addidkdothese new requirements into account. We phogose to extend 1SO
19115 to encompass evolutions. Towards this endhawe created a metadata profile which we call MIM$Metadata for
Updating a Military Spatial Data Infrastructure)id specifically designed to manage the evolutioihmilitary data.

1 Our study’s specific context is that of a militanyssion wherein the actors are spread out ovéerdiit sites, use spatial data and
exchange update information. MUMSDI was thus sjettifor the military community.
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Quality metadatain the MUM SDI profile

Quality metadata defined by ISO 19115 are usecsuribe the data quality from the producer’s pofntiew, which is not sufficient
for our context. We therefore propose to add guaiements to take the user’s point of view inteaamt. We also restrict some
elements of the standard which are not useful to us

Figure 1 gives an overview of quality informatiom @ur MUMSDI profile. The first modification we havmade concerns the
cardinality of thedataQualitylnforole which we have restricted because we think tthva@valuate the evolutions correctly, quality
information has to be made mandatory. In the samg we have modified the cardinalities of tireeageroles and the report of the
dataQualityInfosection to make them also mandatory in the profile

We have also modified the scope of the quality elets (attributdevel of theDQ_Scopeclass). This information is provided in the
standard in a listM[D_ScopeCodewhich contains some elements that allow the detson of the level to which the information will
apply. We have modified this list in the MUMSDI fite to take into account only those elements tiedhte to the quality
information of the evolutions.

We have also deleted a certain number of attribiltaiswe did not consider useful in an updatingtesin Our reason for doing so
derives from the observation that the main diffigith the use of metadata comes from the very latgaber of metadata elements to
fill in. We therefore think that fewer the unneaasselements in the MUMSID profile, easier will Heeir entry and better their
interpretation.

MD_Metadata
(from hstadata entity set information)

==DataType==

dataQualityinfocard=1.* [y DQ_Scope
level - MD_ScopeCode
; - b extent]D. 1] : EX_Extent
+dataQualitylnfo o MiEE R 1 levelDescription[0.* : MD_ScopeDescription

DQ_Datacuality

Stope | DO_Soopa K> ;
0.1 \r+ineage extenteard=0 N
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evolutionSet
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dateTime[0.”] : DateTime
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dateTime card =10

Figure 1: Quality information in the MUM SDI profile

All the information on the quality is available this to a set of quality measurements accessibléheiBQElementclass of which
only the name (attributaameOfMeasuleand the result (attributeesul) of quality measurements are specified in the MUMS
profile (see figure 2).

We have deactivated the sub-classeB@Elementhat are not relevant to our context (shown witfiterbackgrounds in the figure).
We have then added a sub-cldfis Usability to be able to judge the evolutions’ ability toisigtthe usage the user may put them to
(shown with orange backgrounds in figure 4). THesrent indicates the degree of the evolutions’ eonity with the usage that a
given user type may put them to. This class hasattributes to indicate the type of user concerbgdhe quality measurement
(attributefinalUserRol¢ and the site where the user is located (attriimgdUserLocatior).
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Figure 2: Quality elementsin the MUM SDI profile
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Finally, the expression of the result of the qualit MUMSDI is shown in figure 3. The results awdile in the standard
(DQ_QuantitativeResulaindDQ_ConformanceResiiltan be easily supplied by a producer but witliialifty, or not at all, by the
other users. In fact, some users do not even Heaveethnical means to evaluate the evolutions atelyrand have to judge by
themselves the quality of the updates they haveema#kt therefore think that the quantitative resaittsnot sufficient to describe the
information on the evolutions’ quality and we hates added qualitative elements to be able to jubdgeevolutions’ quality in a
more flexible manner. To this end, a cldS_QualitativeResultlass has been created. It allows us, on the and, o quickly see
whether non-spatial information attached to thédagolutions has been correctly documented (attteidocumentatiopand, on the
other, to see what are the types of errors thatipidates may contain (attribigerorTypeof typeMUerror).
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explanation : CharacterString I Snelc\ﬂc?tlon.caét{_uo1
bass : Boolean explanation.card = 0.,

==Abstract==
DG_Result
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walugUnit: UnitOMeasure — —
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MU_Error walue[1.7] : Record
geometricError[0.¥ : CharacterString

attributeError[0..%] : CharacterString
topologicError[0..%] : CharacterString
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documentation[0..1] : MU_DocumentationTypeCode
<<Enurneration== errorType[..3] : MU_Erraor

MLU_DocumentationType Code
- hoDocurnetted
- hadDocumented
- halDocurm ented
- goodDocurme nte d
- allDocumented

Figure 3: Expression of the quality result in the MUM SDI profile

3.3.Metadata for actors

Infrastructure users do not all have the same reménts as far as evolutions are concerned. Tlegggrements depend on several
factors such as the user’s role, the site wheiis lueated, etc.



Indeed, a certain number of consistency constrdinked to the dataset used and to the technicahads available have to be
defined for each actor. In fact, an infrastructactor has a dataset that is, admittedly, derivechfa unique reference set, but which
may have been transformed so that it can be uséuehyser’s system.

This entire information (needs and constraintsstites the actors’ metadata. The needs are xext ind can change over time. On
the other hand, the constraints are imposed digbimning and cannot be changed.

We have specified several criteria defining theretyt of user needs, such as the maximum spatiah&xthe minimum occurrence
date, the different thematic layers and the typesailutions required. Also specified are the minimgeometric and semantic
accuracies, as well as the reliability.

The list of consistency constraints has, on its, fien defined by spatial constraints (geometiatigacy, minimum resolution, etc.),
semantic constraints (quantitative and qualitadeeuracy) and context constraints (type of soustlesved, occurrence date and
maximum extent of the dataset, etc.).

4. Integration strategy for multi-source updates

4.1.General approach

Figure 4 shows the general approach for the ewnluititegration strategy. The integration strategpsists of three stages and
applies to the dataset of an infrastructure usewfemm evolution sets originating from multiple sces are destined. The execution
of the three stages of the integration strategydea the updating of the user’s dataset.

Evolutions

Sets Integration Strategy

&
Associated
Metadata

Evaluation of relevance
" User Dataset
Check Consistency updated
Update Session

User Dataset,
User Needs
&
Associated
Metadata

Figure 4: Strategy of integrating updatesinto a user dataset

The first stage consists of the evaluation of #levance of the evolutions. Here, we filter outsth@volutions that are not useful to
the user. To do this, we use metadata associatibdewnlutions and metadata associated with thesuseeds. At the end of this
stage, the evolution set proposed for the integmatbntains only those evolutions that are suitéri¢he usage the user wants to put
them to.

The second stage concerns the checking of theatensy. Its aim is to detect and process any plessdnflicts that can arise from
the fact that the evolution sets originate from tiplé sources. This stage which executes in a t@p-process consists, firstly, of
consistency verification followed by a phase tooregile conflicting data. We use here the struchfrthe evolutions and geometric
processing to detect possible conflicts. We thenmstadata associated with the evolutions, witlddta and with the user’s needs to
define the reconciliation methods. At the end a$ tftage, we obtain a set of relevant and non-otinflj evolutions that we can
integrate into the user’s dataset.

The third and final stage of the strategy is clpdieked to the second and permits the integratibthe evolutions already processed
into the user’s dataset.

4.2.Relevance of the evolutions

The sources used in the infrastructure originatenfthe same reference dataset but have evolveditep@nd transformations)
depending on the specific requirements of the usedsthe technical methods they have at their dimpdn addition, the evolutions
could have been entered in different ways, undferdnt conditions and at different locations. Thag thus heterogeneous, of
varying qualities and do not necessarily relatthéosame geographical coverage zone.

For all these reasons, an evolution set originatiog an infrastructure actor does not, all bylfisilfil the final user's needs. In
fact, for a given particular requirement, an eviolutset usually contains more information thanlyeateded by the user. Finally, an
infrastructure actor has to retrieve several evmtusets originating from different sources to ctetgly satisfy his requirements but
has to exclude evolutions which are definitely rd¢vant to the usage he wants to put them to.

The goal of a consistency checking process is thereo filter out, from all the evolution sets pased, the evolutions that are not
relevant to the user and which would needlessk disteriorating his dataset’s external quality. Boéution we advance to do this
filtering is based on the metadata associated eitblutions and to the users’ needs. The idea iprtmeed by analysis and
comparison of metadata to determine if the evohgtiare relevant or not to the user. To do thisuseethe work by [Jeansoulin and
Wilson, 2002] and [Vasseur, 2004] as a basis. Hvajyuated a dataset’s external quality as a funaifahe use it could be done by a
user community. We provide here the general metfiaibing so without going into each module’s detail



Three stages are necessary to evaluate the extgralitly:
e Creation of problem and product ontologies in a cmm reference base [Jeansoulin and Wilson, 2002]
» Definition of expected and internal quality matéd®asseur, 2004]
« Evaluation of suitability to needs using utilitylealations [Vasseur, 2004]

Product and problem ontologies provide a real waiédv from the points of view, respectively, of dgiroducers and of the final
user, by formalizing the data characteristics dred user needs. In our study, the product ontolaggpiecified by the evolutions
proposed for integration and the problem ontologyHe user's needs. The metadata associated willateans and to user needs is
used to define these ontologies.

From the problem and product ontologies, matrideisternal quality and expected quality are credted common reference base.
In our study, the matrix of internal quality conpesds to the evolutions’ quality and the matribegpected quality to the user needs.
Since the metadata associated with evolutions aitid actors is normalized, they can be used withmablems in the different
matrices.

The utility calculation then evaluates the datteiins of user expectations and therefore providesstimate of the data adequacy to
different needs. In our study, the utility caldida informs us if the evolutions’ quality is suile for the user’s needs. If not, the
evolution is excluded from the evolution set.

4.3.Consistency checking

We restrict ourselves to studying the data consisteand not that of models or schemas which aranasd handled within the
infrastructure.

Different consistency levels are required dependimghe needs and roles of the actors in the iméretsire. In fact, heavy producers
who have to provide reference information and prefiature datasets have access to system resdaragzdating and sharing their
data. These actors’ objective is therefore toee&riquality information to be able to obtain aakle and accurate dataset. This means
that care has to be taken to limit as far as ptess$iie inconsistencies that can be produced whtlegrating evolutions into their
datasets. The consistency level should thereforbidpe because we focus on the quality and congigtef data rather than the
guantity of information.

Users, on the other hand, use data for purposdeas$ion making. Their primary objective is to ipireact and take initiatives as
soon as required. The goal is here to retrieve xarman amount of information as fulfilling a specifineedirrespective of its quality.
We therefore accept that inconsistencies will awben evolutions are integrated into the datade¢. donsistency level desired can
therefore be considered weak because we prefelathequantity over data quality and consistency.

Light producers have to supply evolutions to thersiand also transmit upstream the informatiorienetd to the heavy producers.
The light producers have simplified system resasimgkich nevertheless allow them to update theia dad to then share it with the
other actors. The goal for these actors is toaetria maximum amount of information and to trandmithe other actors (heavy
producers and the users), based on their needde wheserving a certain quality level. We try tonili but accept some
inconsistencies during the integration of evolusionto the dataset. The consistency level desiezd Is intermediate between the
other two cases.

We therefore propose a consistency checking prbtwehah, on the one hand, allows the detection aiflicts that could lead to
inconsistencies in the dataset during integratiwdy an the other, offers reconciliation routinesdonflicting evolutions as a function
of the desired consistency level.

We handle concurrency by dividing the conflictoiBtdistinct types (update conflicts, topologicahfiicts and conflicts of creation).
We then apply methods to detect the conflicts (s#imaand geometric matching, tests on the spaékdtionships between the
objects).

The reconciliation protocol starts when one or muaflicts are detected during the stage of comtuny checking. This process’s
goal is to offer the most suitable solution foralesg the conflict(s). The result depends on tlesickd consistency level and the
desired balance between quality and quantity.

The reconciliation protocol we propose is origimalits use of available metadata to offer a resalnmensurate with the actor’s
expectations.

In fact, the metadata included with the evoluti@m data provides information such as on its qualit on its origin. This
information allows the process to compare the iteiitis the actor’'s expectations (constraints or s¢ed

The reconciliation process consists of severalestag

» First, a comparison of metadata associated withtémes in conflict is made with the actors’ metadahd a calculation for
measuring the quality of each of the items’ chanastics (geometry, attributes, reliability, etis)made. This part is based
on the work done on the utility calculation by [Gr@and Vasseur, 2004] and [Frank et al., 2004].

* Then, we calculate a measurement of overall quiditgach item in conflict to be able to obtaireault that is a function of
the final user’s expectations and of the desiratsistency level.

« Finally, a comparison of the overall quality mea&suents of the items in conflict is made and thmifeund to be the most
relevant is selected for future integration. Thastgan be executed automatically, semi-automéyicalinteractively.



Comparison of metadata and computation of quality measur ements

The first action in the reconciliation processtisrefore to compare metadata. A comparison is po$gible if the two metadata are
standardized and if correspondences are expliesigblished. Metadata sets that we have specifiitbiinfrastructure are in formats
that are very close because they have been sgecdigorming to the requirements of the ISO 191tabdard. We can thus establish
correspondences between the different items of eethdata set.

In addition, we classify the metadata items acemydio the type of information they carry. We digtirsh five principal
characteristics for measuring the quality of a vese with respect to a user’'s expectations: gedenelraracteristics (accuracy and
resolution), semantic characteristics (quantitatigeuracy and qualitative accuracy), lineage cheariatics (sources and processes of
the construction of resources), reliability chagsistics (error type and the trust accorded toateers) and other, more general,
characteristics such as timeliness, completenedseatent of the set containing the resources. W tbalculate the quality
measurements for each characteristic taken indiiglu

We calculate the quality measurement of each ctexistic using a distance calculation which measthe difference between the
quality that the actor desires and the actual tyuali the resource. This calculation is possible tfee majority of characteristics
because quality values are numeric values or ptrges. For other types of values, we have to craatetric associated with the
items.

Computation of the measurement of overall quality

At the end of this second stage, we wish to otaaimeasurement of the overall quality which corresisao the quality measurement
of the resource in conflict with respect to the eotations of the user who will use it. This measm@ant depends on the desired
consistency level and will, therefore, differ frautor to actor (even if every item’s quality me&sunents are identical). This stage is
divided into three phases:

e First, we normalize the quality measurements ofheclsaracteristic obtained from the previous stagethat all the
measurements are in the same unit and are, thampacable. The normalization should lead to valete/ben -1 and 1.

* Then, we allocate a weight to each of these indafidjuality measurements so as to take into acdbentonsistency level
and expectations of the user who will use the dEta. value of the weight depends on the desiredistamcy level and the
actor’s requirements. It is thus contextual in natu

» Finally, we aggregate the quality measurementsach €haracteristic to obtain an overall measurenentlo this, we take
the mean value. This provides us with an overaiidf the resource’s external quality with respet¢he user’s needs and to
the expected consistency level.

Selection of therelevant item

The third and final stage of the reconciliationgess allows an item to be chosen from conflictings
The final selection can take one of three forms:

* The evolution corresponds best to the actor’s emgpieos; it is selected.

» The data corresponds best to the actor's expeegatibis retained and the evolution is deleted.

* Neither of the two resources, considered globaihtjrely satisfies the actor’'s expectations but saharacteristics taken
separately may be relevant. In such a case, a melut®n can be built with these characteristickisThappens when one
part of the evolution and one part of the otheowese provide a better solution if they are combirgher than if either is
taken individually.

This third stage can be executed automatically,i-setomatically or interactively depending on thesults obtained. It is always
preferable to automate as far as possible the cd@iion protocol so that the results obtained rbayharmonized. This is possible
when there is sufficient information (in quantitnda of quality) available with the evolutions andetllata for the quality
measurements to be calculated accurately. Howewem a new evolution is proposed by aggregatiothefrelevant characteristics
of two resources, it is sometimes difficult to ckedetween several solutions, all of which may appeceptable. In such cases, the
protocol proposes a list of choices to the userhferselection. As a last recourse, when no satigfgolution has been found, the
process defers to the user’s choice of a solut®ddems best. No doubt this situation has to belegt@s far as possible because the
actors, even if they are handling a dataset wigntidal constraints, have different viewpoints leé teal world and their analyses of
the same situation can lead to diverging interpiata, which is obviously not desirable.

5. Implementation and evaluation

The simulation context we have selected is thatrofctor with a dataset derived from a referentésewhich he has changed to
suit his environment and his requirements. Evohgioriginating from other infrastructure actors preposed to our reference actor
for possible integration.

We have focused on the consistency checking patteointegration strategy. In particular, we hawnted to show that the case is
convincing for the use of metadata for the recaamttdn of conflicting data.

We have considered the situation where some dataaarevolution have been declared as conflicting) lasve to be processed.
Several metadata elements describing the qualitthe@fevolutions and of the data (geometric accyraoynpleteness, reliability,
actuality date, etc.) are supplied with the dathtéue evolution.
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To be as close as possible to our study’s contexéadity and to estimate as best as possible ¢henciliation results, we have
simulated the following two cases: in the firsg tleference actor has requirements that can clamgedime. In the second case, the
reference actor is a producer whose requirements fiseed and cannot change. Proceeding in this m@nme can illustrate the
reconciliation process as a function of each astown constraints and as a function of the consigtéevel inherent to their roles
within the infrastructure.

The first stage in the reconciliation process cstnsof retrieving the information contained in timetadata, then of calculating a
quality measurement for each item of informatiohe uality measurement is calculated as a funcfdhe reference actor’'s needs
and of the desired consistency level.

For each characteristic, the process calculatesadity] measurement, and then normalizes this measemt to obtain a result
between -1 and 1. Closer the quality measuremeat-i, better is the external quality.

The table below shows the result of the normaligedlity measurement calculation that we have obthiior a few characteristics
attached to the evolutions (geometric accuracyasgéimaccuracy, reliability, etc.).

Characteristic Actual value Desired Value Normaliggiality measurement
Geometric accuracy 150m < x <200m <500m -0.43
Semantic accuracy 50% >50% 0
Reliability 50% > 40% -0.1
Completeness 42% >10% -0.32
Actuality 15/03/08 >01/02/08 -0.4

Tab 1: normalized quality measurement for characteristics attached to the evolution

The process then calculates the overall qualityssneanent for each conflicting data.

For this simulation, we have considered two typerseference actors: a heavy producer and a lighdycer. The heavy producer’s
consistency level is higher than that of the lighdducer. In addition, the heavy producer prefdsgioing reliable data with a
geometric accuracy close to his requirements rather voluminous data which is of suspect qualiye weight allocated to the
geometric accuracy and to the reliability will bighrer than to the completeness. On the other hidwedlight producer prefers to
obtain recent information rapidly irrespective &f guality. The weight allocated to completenegs tanactuality will be higher than
that to reliability or geometric and semantic aecigs.

Finally, the process calculates the weighted meabtain an overall quality measurement for eacthefconflicting data. With the
values assumed for our simulation, we obtain tleviang results:

Heavy Producef Light Produc
Evolution -0.2246 -0.3118
Data -0.437 -0.17
Tab 2 : Overall qualities measurements

The analysis of results shows that we obtain oleyahlity measurements which differ depending oa #ttor’s role in the
infrastructure and therefore depending on the arpeconsistency level. In fact, we see in particthiat the evolution will be better
for the light producer whereas the data will mouitable for the heavy producer. The process willréfiore have a different
preference for conflicting data depending on therawho will finally use the data after integration

This result proves that it is possible to develaeonciliation process which uses information enésn metadata to offer a choice
between conflicting data by considering, on the twaed, the needs and constraints of the actor edbas his role in the
infrastructure — and, on the other, the desiredistency level for the different datasets whicH bé used.

1%
-

6. Conclusions and perspectives

The solution we have proposed in this paper isrtxgss evolutions originating from multiple sourcees on a spatial data
infrastructure and an integration strategy for etiohs using normalized metadata. The main benefitsis method are:

» The formalization of a metadata model for managjaglity evolutions, normalized and thus favourintgroperability.

* The taking of user needs into account to evalusestitability of the evolutions for the use thel e put to.

» The elimination of conflicts thanks to a reconcita protocol using the information contained ie thetadata.

» The integration of evolutions that are relevant ahthose that will not lead to inconsistencies.

» Atthe end, we obtain an updated dataset whosétyjhak been preserved.

The improvements we could bring to this work relateseveral aspects of the integration strategy bdlieve that automatization of
the filling in of metadata during the data-entryesfolutions could lead to an optimal number of infation items usable by the
reconciliation process. We could study the worl{ldbourel, 2003] and, especially, the thesis of f@= 2005] which rely on a
RDBMS to control the entry of certain metadata elats.

The development of an interface to manage thedatiity also seems to us to be worth considerorgiproving the integration
strategy. We could, for example, draw inspiraticonf the work of [Devillers, 2004] and use qualitglicators. This would help the
actor in making the best choice when the recottighieof conflicting data cannot be done automalycal

Finally, there are many general perspectives t® Work since so many possibilities remain to bela®g regarding the quality
during the updating of distributed geographic dasals. In fact, substantial work remains to be domehe fulfilling of user
requirements; it would allow us to improve our fesuegarding the filtering of irrelevant evolut®rand the reconciliation of
conflicting data.
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