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ABSTRACT:

The “Design for All” (DfA, 2010) strategy proposasgeneral framework for accessibility to Culturalritbge able to integrate 3D
Documentation, Information and Management (3DIM¥t8gns in monitored environments. Interoperabiliggween information
systems requires a common reference framework cigsdl as a semantic layer based on an ontology. drfiiogy integrates
concepts and relations involving a formalizationkabwledge on physical domain, user profiles argkgao be developed. The
developed ontology provides support for identifyprgblems, selecting the most appropriate techsigue solving troubles along
interventions by technicians. In this work, we déntuce a Web Service in the Semantic Web framewapkarted by the ontology
formalized in OWL (Ontology Web Language) and inmpémted with Jena framework. This solution is cuiyeineing applied in the
Maritime Museum of Barcelona and a small urban idistf the historic city of Segovia (Spain).

1. INTRODUCTION

The functional approach to Cultural Heritage is f&emitowards
to understand and provide a support for the intEnacof
citizens with the environment. The interaction ilwes both the
physical domain and digital issues. It must be qreréd not
only by removing physical obstacles, but also labigaps
which limit the understanding or relevance of Cudtuteritage.
In this way, we intend to improve the integratidmrough
multiple connections which are compatible with theltiplicity
of meanings involving complex cultural objects.

It is necessary to develop a common framework fooudedge
Management Systems able to integrate physical tspeeir

relationships and different meanings for citizemgh a special
regard to persons having some troubles for comrating or

understanding complex realities. This is an amb#iprogram
that implies a lot of things such as removing ptgisobstacles,
providing services or filling the digital gap rele to more
friendly visualization tools in order to solve assiility issues
in Cultural Heritage domains. This general problesnwiell

known in linguistics, where syntactic analysis pees to more
elaborated formal, structural or functional apptescinvolving
a specific thesauri (list of words to represenmterwith its

definitions or descriptions) and taxonomies (clasation

system composed by a hierarchy of categories), wlaie
integrated in a common ontology.

Iconological studies are well known from the middfesixties
of the 20" century, and provide a support for lexicon.
Nevertheless the contributions of structural apginea along
the seventies and due to the very large diversitglapes,
contexts and meanings, there is a low understarafinglations
between “components” in Cultural Heritage (CH), stihis
heterogeneity is due to multiple factors, which ac¢ easy to
formalize. So, the multiplicity of meanings is tedated in
different interpretations which coexist, givingfdiient relations
between components. It is necessary to formalizerapresent
such relations for an efficient management in teofndifferent

Systems -Documentation, Information and Managemehich
are relevant for generating new knowledge.

Following our reasoning, the integration of 3D Domntation,
Information and Management (3DIM) Systems in maeito
environments requires a common reference whicleveldped
in a GIS framework augmented by a semantic layeefabling
interoperability, including facilities for friendly data
management by non-expert users. These functicmligquire
a well-defined ontology able of interconnected smw linked
to the above three 3DIM Systems. The developed IOgidcas
been specifically designed for the PATRA@roject which
integrates concepts and relationships involvingranélization
of knowledge on physical domain, user profiles tagks to be
developed. Two important kinds of users are dishiplersons
wishing to enjoy contents and technicians whiclervene in
the physical domain. Georeferenced models arising fan
image- and range-based surveying provide an ofgecti
representation of the monitored environment whigbperts the
developed Information and Management Systems.

The semantic layer overlays all modules correspundot only

to the 3D DIM Systems, but the processes (Proggssin
Analysis) and applications (Visualization, Assessthdinked

to multimedia database and services. The design and
implementation of Web Services is the key for depilg a
universal solution, independent of technical devicand
communications systems, requiring only an Interaetess
which is performed through mobile devices. On thteepside,
context awareness is crucial for providing servifssolving
accessibility issues to disabled or dependent persdhe
developed ontology provides a support for identiyi
problems, selecting the most appropriate techniganéssolving
troubles along interventions by technicians.

There are several definitions for ontology that aceirce of
confusion or ambiguity. We accept the definitiomposed by

L In Spanish,“PATrimonio ACcesible: 1+D+i para unaltata
sin barreras” (Accessible Heritage)



Studer et Al. (Studer, 1998), based on previouiniiiefns of
Gruber and Borst (Gruber, 1993; Borst, 1997), whiakes that
"an ontology is a formal, explicit specification af shared
conceptualization”. The same authors define conedigation
as the extraction process for the abstract model part of
reality by the identification of the concepts. Thesoncepts
must be explicitly defined. The result should bechiae-
readable, so the ontology must be formalized. Kinghe
conceptualization and the formal representationulshdoe
accepted by all users of the ontology, i.e., itdicbe shared
and re-used by everyone.

The rest of the document is organized as follovextisn 2

synthesizes the previous related work in the fafldSemantic
Web for cultural heritage; section 3 describesdbeelopment
process of the ontology and taken design decisisestion 4
frames the ontology inside the global environmefittte

PATRAC project; section 5 is focused on the develepnand
the behavior of the Web Service to exploit the ey

described ontology; and finally, section 6 conchudee paper
and shows future guidelines in our research.

2. RELATED WORK

The problem of finding and relating cultural hegia
information in heterogeneous content with differdata format
creates an obstacle for end-users and a challengesearch
communities. The literature introduces several egghnes to
ease these problems. (Lynch, 2002) highlightsriportance of
digitalizing cultural heritage documentation cregtiDigital
Libraries and Digital Collections to make availatdeltural
heritage content. It raises the need for an innasire based on
a common vocabulary and vocabulary mapping, butobuhe
Semantic Web.

(Doerr, 2003) establishes the first ontology foltunal heritage
data in collaboration with the International Counaff
Museums. This high level ontology called CIDOC Conuapt
Reference Model is an annotation ontology stand&f@ since
2006. It provides an underlying schema composedviey 200
concepts and relations into which other schemas fan
transformed, but it does not contain domain onte®dor
filling in property values or to detect accesstiiissues. Other
approaches like (Benjamins, 2004) extract ontologyo#ations
automatically, integrating different repository temts, but
obviating reasoning about them or reflecting adbéig
issues.

Semantic portal{Hyvdnen, 2009) collect contents of various
publishers into a single site, based on Semantib ¥¥endards
in order to improve structure, extensibility, custpation and
usability of traditional portal designs. Althoughey provide
reasoning task for recommendations or associatiscodery,
they do not assess accessibility issues since agytaloes not
model them.

Geospatial Semantic WeKauppinen et Al, 2010) is the new
emerging approach that merges two trends of threcustate of
the art, wheréseospatialshows the important role of places in
the Web and where the Semantic Web enables to leetab
explain relationships. This proposal suggests thaitural
heritage contents were annotated with its geogcapipiosition
and processed using some kind of spatial ontolddtjrough
this approach is nearer of our work, it does nonsader
accessibility issues.

3. PATRAC ONTOLOGY

In this work, we aim to develop an ontology calRATRAC
Ontology with the goal of providing a semantic feamork for
3D georeferenced information systems. The ontotegyesents
knowledge on physical domain, user profiles andstas be
developed in cultural heritage environments. Thetainces that
populate the ontology are stored in a relationtdlolEse with an
entity-relation schema that maps the ontology. Thtlee
PATRAC Ontology defines unambiguously the conceptihivh
are referred by data repositories.

The development of the ontology is based on thénaaetiogy
Methontology(Gémez-Pérez, 2004). This methodology enables
the construction of ontologies at knowledge level ancludes:
the identification of the ontology development pmss, a life
cycle based on evolving prototypes, and technigoesirry out
each activity in the management, development-agginaaind
support activities. The figure 1 shows the entirtotogy life
cycle (Gomez-Pérez, 1998) with the tools, methogiel® and
technologies around it. The development activitiase:
specification conceptualizationformalization implementation
andmaintenance
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Figure 1.Methontologylife cycle, adapted from (GOmez-Pérez,
1998)

3.1 Specification

Along this phase of ontology development we musilyze
requirements and needs which our ontology mustoresp In
accordance to the methodology described [NeOn
Methodology(Suarez-Figueroa, 2008) this involves: explain the
main purpose, application domain, level of fornyalitisers,
uses and competency questions.

The main purposeis to provide/explain a formal knowledge
model to represent accessibility issues in culturatitage
environments in architecture and possible inteiieestto solve

or improve these issues. The PATRAC project framework
provides support for information management and seslices
related with information systems.

The application domainrefers to accessibility conditions in
outside or inside of cultural heritage environmeg(see section
3.2 for a more detailed analysis).

The level of formalityin which the ontology is expressed is
semi-formal since the formalization has been doith @WL
W3C language specification as it shows in secti@n 3.



We identify the following applicationsers

4 | @ Monument

Techniciansor professionals in charge of maintenance 4 fi;' Space
and rehabilitation interventions in monuments. 4 [ Construction Element
Visitors or people interested only in cultural value of & Pathol

athology

monument. Taking into account visitor disabilities
essential to determine the accessibility degree of
monuments. Thus, we divide disabilities between
physicsandpsychics

Service providerr professionals who schedule and
design interventions and services in order to ghbli
advertise, advance, etc. the cultural heritage.

Content creator®r users who design and publish data
and applications linked to the environment.

 Multimedia Resource
I=3 Accesibility Issue
k=3 Accesibility Issue
w9 Cultural Object
- Propietary
E Address

Figure 2. A part of the concepts of Physical Don@iriology

The possiblaisesare structured by the different user roles:

Technician which is responsible for the description of 3 3 Eormalization
monument and its environment; the management of
the information and knowledge that emerges from itsThere are different languages to formalize ontolagytents
activity, document searches, etc.; the analysis ofnside the Semantic Web Framework, such as RDF(8) an
architectural environment which is object of OWL. Next, we will summarize the main aspects aheane.
intervention; the definition of intervention prods
concerning the monument and its environment. RDF stands for Resource Description Framework (W3C,
Visitor, who has the ability to query about monument2004c). Since RDF data model does not have mecharfm
accessibility issues or about context awarenesst$oi defining vocabulary and constraints in the domaamge and
of interest for tourist. relationships between concepts, then it emerges B&fema
Service Provider which retrieves cultural heritage (W3C, 2004d). RDF(S) combines semantic networks with
information in order to design and define possibleframes but it does not provide all the primitivhattare usually
activities and services after an analysis. found in frame-based knowledge representation msste
Content creator that manages social interesting (Gémez-Pérez, 2004).
contents, especially multimedia data.

The expressivity of RDF and RDFS is deliberately \anjted:

Finally, in order to identify theompetency questionae have
to define the questions which the ontology mugpoese. They
are a first approach to the vocabulary, the ratatigps and
properties we have to explain. For instance, what kof

accessibility issues could a person in a wheelcfiniting

around the Maritime Museum of Barcelona?

3.2 Conceptualization

From the application domain analysis for PATRAC oogyl
we take into account the need to subdivide it thtee different
subdomains:

¢ The physical domain Ontologywhich contains

RDF is (roughly) limited to binary ground predicatasd RDF
Schema (roughly) is limited to a subclass hieraremg a
property hierarchy, with domain and range defimsiof these
properties. OWL (W3C, 2004b) overcomes these linoitest
since it allows defining disjoint classes, cardiyatonstraints
and inverse or transitive relationships (Antoni@004). Our
ontology contains both disjoint classes and tramsjtroperties.
For instance, a sketch resource can not be an aeslmrce at
the same time; the properigComposedByis a transitive
property of monument and space. Thus, we decidéatnealize
the ontology in OWL.

Protégé (Stanford, 2010) is the ontology editor emolwledge-

monument description including both architecturalbase framework that we choose in this stage. Thécehof
features and accessibility issues. Also, it esthbE a  Protégé was taken due to several reasons. Impfase, Protégé
relationship between the most of its concepts &d i is the most widely used editor for ontologies bg ®emantic
geographical position. Figure 2 shows a part of theVeb research community. Besides, Protégé is Operc&and
concepts of Physical Domain Ontology. This schemdtreely redistributable software, which is availabide everyone.
shows that monuments have spaces which themselveéed finally, Protégé is well documented and suppdrby a
contains construction elements, accessibility issuewide research community.

and cultural objects. Pathologies are linked to

construction elements and each concept could hav@4 |mplementation

attached multimedia resources.

The task Ontologywhich describes interventions in There are several Semantic Web frameworks to imghém
order to enhance accessibility conditions orreasoning task with Ontology, such as Sesame (opeR@F
architectural structure with properties like urgenc 2010), Mulgara (Mulgara, 2010), AllegroGraph (Fraimc,
difficulty, etc. 2010), Jena (HP Labs, 2009), etc. The first thraenéworks
The user Ontologywhich classifies and models Only allow RDF data management, but the ontologyireg
properties for users involved in intervention OWL, so we finally chose Jena.

processes, creation content and access to services ) ) ) o
Jena is a Java framework enabling Semantic Wehicagiph

development. The reasons why we chose Jena gueoviides
OWL in memory or persistence storage managemenglitdes
a rule-based engine allowing inference reasonitgias an



SPARQL query engine. Jena manages OWL ontology rmode
stored in persistent storage like in relationabbases. In order
to export the ontology model from Protégé we haseduthe
Protégé2jena (Barhatov, 2006) plug-in for Protégé.

SPARQL (W3C, 2008) is a query language and a protfucol

technician tasks and provides support to managereéédted to
new accessibility issues, pathologies or intenasgtilinked to a
monument. The second one provides services allowisitprs

to get information suited to its interest, its didity and

geographical position.

accessing RDF. As a query language, SPARQL is “dataw3C defines a WS (Web Service) as “a software system

oriented” in that it only queries the informatiomlé in the
models; there is no inference in the query langutggf. Of
course, the Jena model may be ‘smart’ in that divisies the
impression that certain triples exist by creatifgenh on-
demand, including OWL reasoning. The informatioguiesd
by the clients in a query is returned in the forfmaoset of
bindings or an RDF graph.

4. ONTOLOGY IN THE PATRAC FRAMEWORK

The PATRAC Ontology defines the semantic layer for 3D
information and management system, called GIRAPIMt pf
PATRAC project. The aim of this system is to simphfyd ease
the task of populate the ontology inside a 3D GiGrenment.

There are two ways of storing individuals and ooggl in a

relational database. First of them is Jena persistsubsystem
that stores both individuals and ontology modehwite same
database schema based on RDF triples. The seconticat®
the ontology model with the Jena database schehacenthe

other hand, the individuals are stored followingsgecific

entity-relation schema. While the first solutiorses ontology
management and reasoning tasks, the second sopreides

efficient access through traditional SQL query argiAlso, the
last solution enables to exploit the power of PLLS@nhguage

and domain-specific extensions like GIS.

The efficient access and geographical referencpastiffior the
ontology individuals are two specific requirementer
GIRAPIM as a 3D geographic information system. This
application requires a heavy storage and updateitgctn
relational databases that can not be sent throaigh td avoid a
bottleneck. For these reasons, the second solwtitm two
databases has been selected (see figure 3). Btalfitabase
stores the ontology graph managed by Jena, ansktitmd one
stores ontology individuals representing informatabout the
cultural heritage and linked multimedia resources.

ONTOLOGY DB PATRAC

This databascstore
the PATRAC ontology

Thisdatabasc store
the multimedia data

Figure 3. Database and ontology

5. ACCESSIBILITY ASSESSMENT WEB SERVICES

The Web Services are designed to offer context@awsarvices,
taking into account the user type, its positiorg #re task to be
developed. Since there are different user needsétvice logic
has been decoupled into two different services, famethe

technicians and another for the visitors. The fisstailored to

designed to support interoperable machine-to-machin
interaction over a network. It has an interfacecdbed in a
machine-processable format (specifically WSDL). Gise
interact with the WS using SOAP messages in the way
described by the WSDL, typically covered using HTWigh an
XML serialization in conjunction with other Web-atéd
standards” (W3C, 2004a). The SOAP specificationndsfithe
envelope structure, encoding rules, and conventifors
representing remote procedure calls and resporiges.WS
introduce several advantages over conventional tisokj
among which the following:

Application interoperability with independence bet
development platform, company policy, product
vendor or even legacy systems. This independence ca
be achieved thanks to the use of open standares lik
HTTP and XML over Internet.

Combination with other WS in order to provide more
complex integrated services. There are two ways of
combination: orchestration and choreography. These
services could be provided by different vendors and
located in several different places.

Maximizing system flexibility, scalability and
reusability of different components in a SOA
environment due to the encapsulation of capatslitie
For example, they could wrap complex legacy systems
in enterprise organizations.

SOAP request
Accesibility issues

- Barcelona

- Visitor in wheelchair

WEB
SERVICE

CLIENT

SOAP response
Accesibility issues bad

-l

Figure 4. Client-server interaction

5.1 Web Servicebuilding

The Web Services are built in Java, using JAX-Wd,J 2006)
specification that stands for Java API for XML W8krvices
that is part of the Java EE platform. JAX-WS iseahinology
for building web services and clients where datateansferred
by mean of XML documents. A remote procedure intioca
and response are represented by an XML-based ptatach
as SOAP and transmitted over HTTP. For exampleyrdigh
shows a common client-server interaction with SQ#étocol
in order to get religious monuments from city of §os. The
Web Services are deployed using the GlassFish Web
Application Server.

5.2 Web Service Architecture

The both services are designed with the same s@ftwa
architecture (see figure 5) that is composed byethmain
components:



1. The Controller receives requests and sends respons€air approach has been designed and implementdt ikvVeb

to clients. It coordinates the interactions betwtenother
two components.

3.0 framework for solving interoperability and reussues. Our
application provides a support for technicians afisabled

2. The SPARQL manager retrieves ontology modelpersons, but due to space limitations, in this wesk have
using Jena framework and it executes a semantic/dgoue developed only some ideas relative to Knowledge dadement
SPARQL getting semantic relevant information for theSystems for providing a support for disabled pessofhe

client in its current context.

3. Finally, the SQL manager retrieves instance datau fr

developed Ontology can be applied not only to a&#sgs
Accessibility issues, but also to interventions. la

PATRAC repository with an automatically generated SQLcomplementary paper, we develop an approach farsssg

query. The connection with the relational databhaseade
with a typical JDBC driver.

In this way, while the SPARQL manager provides raasp
through inference on top of the ontology, the SQanager
allows accessing to individuals populating the todgg. Thus,
the first returns the classes or concepts fromotitelogy with

interventions to technicians following the claskidastinction
between non-destructive and semi-destructive tectasi. In
addition, the Ontology has been validated in therifitae
Museum of Barcelona and a small urban district efhistoric
city of Segovia (Spain).

The use of Web Services allows us the developménivo

which the second creates the suited SQL query. Thislients with different technologies like J2EE ahET working

collaboration scheme between the two main compesraditws
the recovery and provision of context aware costeand
accessibility issues to clients.

Controller
1: Query information,

about the ontolegy

Queries
(SPARQL)

4 Query the data

Queries
(sat)

2: Ontology 3:Query )
model the model Z (tlubcry 6: Data
(JENA) (SPARQL) atabasc .

ONTOLOGY DB PATRAC

Figure 5. Web Service architecture

We illustrate the Web Service workflow with a pieat
example of a query about the Maritime Museum of Blaita.
The client asks the WS for the accessibility isdoewisitors in
a wheelchair (see figure 6). First, the controtieeries for all
kind of accessibility issues affecting visitors wheelchair.

under the same semantic framework. Moreover, thation of
two databases provides logic reasoning through Jamd
efficient data recovery through SQL at the same tirRhowever
this involves the execution of at least two queriese in
SPARQL and another in SQL. In the next future, agyl
could include the geographical location of its ampts,
allowing task such as geospatial reasoning.

1: Information about a
Maritime Museum of Barcelona
for a person in a wheelchair

pF@l Controller

7: Stairs, rz{f“ﬂps with
aslope greamf‘than
6% and so son, an\d',
generalinformation
of Maritime Muscum

of Barcclona o
Queries
(sav)
8: Stairs, ramps with a

slope greater than 6%
andso son, and
generalinformationin
Maritime Museum of
Barcclona

11:Data

2: Typeof

difficults of )
accessibilityfora y
personina © 6:Stdir, ramp
whenlcha\'r’/, with a slope

g greater than 6%
andso an

Queries
(SPARQL)
. 5:Stair, Ramp
3:Ontology 4:Type of with a slope
model difficults

10:Data

greater than 6% 9: Data

andso on

ONTOLOGY

Figure 6. Web Service collaboration diagram

DB PATRAC

Second, the PATRAC ontology model stored in relationa

database is recovered by Jena to execute a sencamig in
SPARQL language. Thus, this query retusteir, ramp with a

slope greater than 6%nd so on, inferred from the ontology.

Next, the controller runs a SQL query with the tesin the
database repository, through the SQL manager, deroto
retrieve well known accessibility issues. Finatlye SQL query
returns every item related with the monument thews the
accessibility issue.

6. CONCLUSIONS

A far-reaching goal for an efficient design and lempentation
in Knowledge Systems in Cultural Heritage must ideltan
integration of Documentation, Information and Masagnt
Systems for relational databases. Georreferendadrelative to
multimedia contents and corresponding metadata iggoa
physical support for superimposing additional catgeln this
work we sketch some elements of the Ontology foouledge
Management Systems applied to Cultural Heritage hvtias
been developed for solving Physical and Digital éssshility
Issues in Cultural Heritage domains in the “Design All”

framework.
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