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Abstract. Facing the difficulties of interoperability and gmration between
several urban databases, a solution is based atogi®s which can help not only
clarify the vocabulary used in urban planning, Bisio organize urban applications;
indeed multiple definitions can be given to variamban objects. So this is the scope
of the Towntology project which aims at definingtaogies for urban planning
whose design is characterized by the multiplicity definitions. After having
presented some ways of using ontologies for varamisrs in urban applications, a
definition of pre-consensus ontologies is giveggetber with some groupware tools to
collect multiple textual and multimedia definitioms sub-ontologies, to check and
consolidate the vocabulary in order to reach soomsensus. We conclude this paper
by giving some recommendations for the Towntologyjert for covering the whole
urban field by integrating various sub-ontologies.

Keywords: Urban ontologies, Towntology project, consenuse-g@nsensus
ontologies, groupware.

1 — Introduction

One of the main problems we have to face in urbdariation systems is the
problems of interoperability and cooperation betweseveral databases [8]: indeed,
each database was created independently from pfteersvith different entities and
attributes with different meanings. Usually, twodés of interoperability are defined,
the lower level called syntactic, and the uppeel@alled semantic. As the syntactic
level is solved through OpenGIiSecommendations, a general solution of the
semantic level is based on ontologies in orderet dith the meaning of vocabulary.
But in reality, the vocabulary problem is not ordydatabase problem, but more
important is the clarification of the vocabularyedsby all actors dealing with urban
databases, and especially by urban planners.

For this reason, the Towntology project was laudcime2003 at INSA Lyon in
order to create an urban ontology between urbampls and computer scientists (see
[7] or [9] for details). Then facing the difficulto cover the whole urban field, a
COST group was created and placed under the responsibiliaofjues Teller [10].
Now, it regroups more than 15 laboratories in Earop

The scope of this paper is to give an overviewrobfems we have to face in order
to define urban sub-ontologies and to integratenthto an unique domain ontology.

1 Refer tohttp://www.opengeospatial.org/standards
2 Refer tohttp://www.towntology.net/
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This paper is organized as follows. In the secoectien, we will address the
necessity of ontogies in urban applications, amdrse the organization of groupware
to create urban ontologies.

2 — Necessity of ontologies for urban applications

In this section, examples for interoperability ifban applications will be detailed
in order to show how ontologies can be used toestilase problems.

2.1 Examples of interoperability

The main examples of interoperability in urban dates can be seen in street repairs
in which different databases can be used, not belpnging to the municipality
(sewerage, traffic light control) but also belorgito different companies such as for
water supply, electricity, gas. Other examples ¢@n found in environmental
assessment (for instance dealing with pollutiontrmdrof an international river such
as the Rhine or the Danube), and for providing m&wasive services (Location-
Based Services).

Let us examine an example in the cooperation ofrsdwirban databases, linked to
physical hypermedia [2]: find the roadmap for goiingm the Da Vinci Gioconda
painting in the Paris Louvre Museum, to the Vel&mMeninas painting in Madrid
Prado Museum. The solution must be found by meékeocooperation of several
databases:

- from the Louvre database for exiting from the Giuda to the next metro

station,

- from the Paris Transportation Company to go fromribarest metro station to

Paris Airport,

- from the Airlines database to fly from Paris Airptor Madrid Airport,

- from the Madrid Transportation Company for goingnfr the airport to the

nearest metro station,

- from Prado database for going from the nearestarstition to the Meninas

painting.

2.2 Definition of ontologies

The word “ontology” comes from GreelOVzo¢’, Being and “loyia”, Discourse, so
meaning the discourse about existing things. Maezipely, ontology refers to the
theory of objects and of their relations. Grubdrd&fines an ontology asa explicit
specification of a conceptualization”, and Guarino [6] An ontology is an engineering
artifact, congtituted by a specific vocabulary used to describe a certain reality, plus a
set of explicit assumptions regarding the intended meaning of the vocabulary words”.
An important aspect is that the various actors naggee about the definition of
objects and their relations; so we speak aboutlagittal commitment between
actors.
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Pragmatically, a common ontology defines the votaluwvith which queries and
assertions are exchanged among actors. Ontologpraimitments are agreements to
use the shared vocabulary in a coherent and censistanner. From a computing
point of view, an ontology can be seen as a semastivork.

But in the case of urban planning, there exist mdiffgrent definitions of key-
objects such as “city” or “road”.

In the Wikipedid, one can find a dozen of definitions of the woedty”, but none
addresses the whole urban complexity. After Toyrlhé¢ a city can be defined as a
human habitat which cannot provide all food thegdjevhereas other defines a city
as petrified expression of power structures [3]wHo combine those definitions into
a single expression?

Let us consider another problem regarding the difits of “streets”. Let us
consider three actors in the same city, streehelesa postmen and gas men: they all
can claim e do have a street file”. In reality those files are slightly different:

- street cleaners only clean public streets, so ftfikeironly is composed of

public streets;

- in theory postmen passes in all streets, but wheul-de-sac has letter-boxes

in a main street, they do not consider those ctdatestreets

- for gas men, their file only consists only in steg@ which residents have gas.

As a conclusion, even if the concept of street resreive an acceptable definition
from urban planners, analyzing several databasasreeeal that definitions are
different. Generalizing this, we can claim thatpiractice, even if two databases are
using the same word (street), the probability ighhthat there exist some hidden
differences in the definitions.

In other words, multiplicity of definitions is oftehidden behind similar terms. To
solve this problem, one solution is to define catuttel ontologies (See [1] for detalils.

2.3 Ontology-based interoperability

To ensure interoperability, one way is to use agi@s. In the framework, each
database is assigned its own local ontology perhveqitten from its conceptual
model. Moreover a domain ontology is used as a aohlridge between both local
ontologies (i.e. linked to a database) as illusttain Figure 1. By means of those
ontologies, a mediator is generated made in twtspane for translating the initial
query to be accepted by the second database, arsktiond to transform the results
(See Figure 2).

Let us take a small example in demography, with databases, (i) DB1 with one
entityr esi dent s, and (ii) DB2 with two entitiesen andwornren. How can we get
the number ofmen and worren separately in DB1, and the total number of
resi dents in DB2? The second case can be solved by an ewradiator, so
giving: DB2. resi dents= DB2.nmen + DB2.wonen. However, for the first
case, only approximate mediators can be generfatethstance:

DBl. mren = 0. 48xDB1.resi dents

3 Refer tohttp://en.wikipedia.org/wiki/City
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DBl1. wonen = 0. 52xDB1. resi dent s.

Domain
Ontology

Blue
Ontology

Red
Ontology

Fig 1. Using domain ontology to ensure interoperability between two databases.
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Fig 2. Generation of mediator to ensure interoperability.

The previous formulae can be included into the yipart of the mediators. For the

transformation of the results, let us mention aangxle in distances with different
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units. For instance the data-part of the mediadortcansform distances in kilometers
by distances in miles.

From a language point of view, ontologies are gahemritten with languages
such as OWEwhich derives from description logics.

2.4 Specifications of pre-consensus urban ontologie

Ontologies are easy to define in applications wh#re vocabulary is well
standardized [4]. The topical example is chemistry.

As illustrated in the previous paragraphs, in urpmning, the context is totally
different especially due to the variety of defioits. So before translating some
textual definition into OWL, some consensus betwaetors must be found. Now, we
can introduce two kinds of ontologies, pre-conserestd post-consensus ontologies
as depicted Figure 3. As the majority of existimjobogies can be considered as post-
consensus, in our case, our domain ontology inrugdanning is a pre-consensus
ontology whose main characteristics is the neges$ia repository to collect existing
definitions. Then, when all definitions are accuatetl, actors can convene to look
for a consensus; and when the consensus is redcieslation into OWL can start. It
is important not to forget cultural and linguistimblems in this task.

Consensus
among
actors

|
]
]
Pre-consensus v Post-consensus

OntOIOgy ~ OntOIOgy ﬁ

Tools for Tools for

Interoperability
cooperation
mediator generation
deduction, inference

- concept identification
- attribute identification
- concept organization
- actor's points of view
- concept repository

Fig. 3. Differences between pre-consensus ontol ogy, and post-consensus ontol ogy.

So, a repository must be design to collect multggénitions and attributes. Since in
some cases multimedia definitions must be congijefer instance for noise

4 Refer tohttp://www.w3.org/TR/owl-features/
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definitions or in architecture when drawings anetskes are necessary. Another
important issue is lineage and traceability of miébns. Finally not only a repository
must be defined, but also software tools to mantge various pre-consensus
ontologies together with adapted human visual faters. Figure 4 illustrates those
visual various access methods, (i) from graphsoofcepts (semantic network), (i)
from photos illustrating various concepts. In aidditto those visual methods, a third
one was added based on the alphabetic list of ptéic&ince the ontology is
represented as a graph, a nice visual solutiom &tess directly from the graph and
to navigate from concepts to concepts. Anotherrésting access method can be
based on photos in which several zones can be atetiy especially zones
representing concepts; in other words, severalgshof cities can be used as entry
point into ontologies.

Visual Access from graphs

Visual Access from photos

—

Urban

Visual Access from concepts ontology

—

Fig 4. Various ways of accessing to the ontologies.

The access methods based on photos is very impdaans because the user is
very familiar with urban scenes as given in photes integrating a photo into the
system, one needs to find rectangular zones camnelépy to concepts. Let's take the
example of a rectangular zone surrounding a busorling to the level of
abstraction, this zone can correspond to severalegis:

- busiitself,

- bus as a mean of public transportation,

- public transportation,

- transportation of passengers,

- etc.

Finally, the main characteristics of our systemaséollows:
- Semantic network,
- Hypertext structure,

- Multiple definitions,

- Origin and lineage of definitions,
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- Possibility of updating,
- Photos and drawings
- Visual presentation.

All main objects of our pre-consensus ontology banregrouped into a conceptual
model given Figure 5.

Ontology
1-n
1-1
1-n Sub-ontology | 1-n
Photo 1-1 1 Relation Type
-n
1-n 1-n 1-n
1-1 1-n 1-1
0-n 1-n
Concept Relation
Zone 1-n p 2.9
1-n
1-1
Definition

Fig. 5. Conceptual model of a pre-consensus ontology.

3 — Groupware for pre-consensus urban ontologies

As said earlier, the scope of the Towntology prbjscto define a complete urban
ontology. For that, each laboratory interested @getbping its small sub-ontology.
The role of the groupware system will be to helpsth laboratories define pre-
consensus sub-ontologies, i.e. collect the varioudtimedia definitions including
lineage. For that, each group of actors can wodependently on the definition of
their important terms. In other words, they neeéeqgfiently to add some fresh
definitions or update them into the repository. Whaesub-ontology is ready, it will
be presented to the groupware system which wikgrdte it. Of course a sub-
ontology can refer a concept already present ith@nsub-ontology.

After having very rapidly presented the descripti@mguage, the groupware
system will be sketched.
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3.1 Language

Since OWL was not adequate to our problem, takiligtheose aspects into
consideration, a new language was created to atbneultimedia definitions into our
repository. This language is an extension of XMame excerpts of the structure of
which are given Figure 6. The main divisions BEAD and BODY. HEAD regroups
some identification and metadata regarding thislogy, wherea8ODY is really the
core of the ontology: the reader can see that angept can have various multimedia
definitions, and every update can be traceable.

<ONTOLOGY

| <CONCEPT> |
| CONCEPT-ID |
</ONTOLOGY | CONCEPT_NAME |
|l
I‘
| <RELATION_TYPE> | | TERMS |
| |
1
| RELATION_TYPE-ID, ORIGINATOR, INSERTION_DATE | | CONCEPT_DOMAIN ID |
| |«
| RELATION_NAME | | CONCEPT_DEFS |

| RELATION_DEF | MULTIMEDIA
</CONCEPT>

| RELATION_PROPERTIESI

| </RELATION_TYPE>|

Fig 6. Exerpts of the structure of the Towntol ogy Language.

3.2 Groupware system

The groupware system consists of two parts, tls¢ dine for creating sub-ontologies,
and the second one for integrating sub-ontologies.

For the creating of ontologies, based on the ptevianguage, three modules were
written:
- navigating and browsing a sub-ontology, essentiadlged on the three types
of accesses as illustrated Figure 4,
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- updating a sub-ontology, especially by adding newcepts, new definitions
and new multimedia resources,

- and preparing an image that can be used as an iatdryhe sub-ontology;
mainly this image is split into rectangular zonehkick addresses one or
several concepts.

The second system is for integrating a new sublogyo It consists in several
modules:
- validating the proposed sub-ontology, essentiallychecking the grammar
and some integrity constraints,
- and validating cross-references of concepts with mmain aspects: a relation
can refer a concept located in another sub-ontglogg new definition can be
added to a concept already stored elsewhere.

Newcoming Sub-ontology
sub-ontology yet in the repository
SUB- SUB-
ONTOLOGY 2 Inter-ontology ONTOLOGY 1
Concept A | Relation > Concept D

Bl

Intra-ontology

Relation
v

C t B

oncep Concept C

Existing

Concept C definitions
Additional > This additional

definition definition

must be added

Fig. 7.Integrating a new sub-ontology into the ontology repository.

When all those tasks are made, the new sub-ontadagyegrated into the system.

Another module must be written for the seamlessvbing of the sub-ontologies.
Until now, when a sub-ontology refers to a conceybiich is located in another
ontology, the system only show it; indeed, it coblel of interest to continue the
browsing without taking those divisions into accbun

Several examples of sub-ontologies will be foundthis book, together with
examples of the navigating system.
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4 — Final remarks

To conclude this paper, let me remind that the Ttolaigy project was initiated
with two scopes, (i) interoperability of urban dsdaes, and (ii) clarification of the
vocabulary used by urban planners. Presently sa doftware tool exists that can be
used to define sub-ontologies. For me the firstl go@o populate the various sub-
ontologies in order to cover the whole urban fieldd for that a first tool was created.
When all definitions are collected, the next stepoi consolidate those sub-ontologies
and check completeness. The subsequent phaseowilath to some consensus; a
special tool must be defined, and also a tool flpihg the users transform those
verbal or multimedia definitions into descriptivglcs, so as to code with OWL.

Concerning the language problems, this is not sy.e& naive way could be to
collect terms and definitions in English, and aftertranslate everything into other
languages. One of the first difficulties could lmettanslate all definitions of very
important terms such as cities, towns, urban plapnietc., terms which have
sometimes no EXACT counterparts in other languagspecially due to historical,
cultural aspects. Similarly a difficulty arises the translating of legislative terms.
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