INFORMATION AND KNOWLEDGE SYSTEMSFOR
INTEGRATED MODELSIN CULTURAL HERITAGE

J.1.SanJosé-AlongpJ.Finaf, J.D.Pérez-Moned J.J.Fernandez-MartinJ.Martinez-Rubid

& Lab of Architectural Photogrammetry, High SchobRechitecture, Univ. of Valladolid, 47014 Valladd| Spain-
(Ifa, juandi, juanjo, jmrubio)@ega.uva.es
®MoBiVA Group, Scientific Park, Campus M.Delibes, irof Valladolid, 47014 Valladolid, Spain jfinat@gauva.es

Commission V, WG 2, 34
KEY WORDS: Photogrammetry, Cultural Heritage, Laser scannirigyalization, Model, Registration, Integration, GIS

ABSTRACT:

The increasing availability of software tools fardge- and range-based surveying and visualizingl§Ects has posed some issues
relative to the need of integrating different carse(relative to data and metadata, structure anctibn) in a common Information
System. In this work, we develop an integratedtsmiufor a 3D GIS whose support is a global 3D magmerated from the fusion
of image and range information for interventionCaltural Heritage buildings. The 3D GIS integratiéféerent software tools for
Information Processing, Management and Visualinatiocluding a) the fusion of image and range imfation (UvaCad, e.g.), b)
relational DB for data and metadata management, Andavigation, inspection and reports generatiammfrthe information
contained in different layers. The interoperabiliigtween software tools is a bottleneck for tramisfg and re-using digital
information. Two key facts for solving interopetitlyiissues are a) the development of a 3D vectppert (extending the usual
methodology of planar GIS) for referring informatioontained in different layers to a common framegvand b) the development
of logical schemes for a hierarchised managementfofmation following signification levels of ineasing complexity involving
geometric, structural and functional aspects issypgearing in semantic approaches. The geomewdjetts provide a support for
specifying logic schemata connecting the aboveldeve allows a reuse of solutions, and makeseeabie accessibility from the
initial specification of contents (data and metajldbr on-line cooperative work and for remote assnt by experts, or for
consultation by customers or simply citizens. Tkeealoped solution is being applied for conservatdad restoration interventions

in some monuments of the autonomous comunity ofilGagt_eon, Spain.

1. INTRODUCTION

Information Society Technologies (IST, in the sisstee) are
contributing to improve functionalities and perfante of
traditional approaches to interventions (surveytapnservation
and restoration) in Cultural Heritage (CH). The é@asing
availability of software tools for accurate modadji three-
dimensional objects has dramatically improved thggsmance
of Cultural Heritage surveyindmage-basedapproachesare
based in a combination of Digital Photogrammetryd an
Computer Vision tools with the common denominatobwifidie
adjustment [Triggs1999] in the framework of advahce
Projective Geometry; their combination has allovedobust
method for 3D Reconstruction from multiple views, thwi
spectacular renderings resulting ircontinuous models
[Remondino et al, 2006 Range-based approachase mainly
based on laser devices following different physigehciples
(triangulation, phase shift, time of flight); th@yovide dense
clouds of 3D points with additional radiometric anfnation
(gray-level intensity function, colour) givingliscrete high
accuracy models. Resampling of clouds of pointsifferént
resolution, allows to patch together the informatwising from
different image- and range-based devices.

The need of performingmixed approacheshas been
acknowledged from several years ago (see [El-Ha&tnal,
2002], e.g.). Some important issues for mixed apghes to
Cultural Heritage surveying concern to accuracy,usbiess,
information transfer between discrete and

modelling, meaningfulness of details, etcetera. n@sdc
aspects concerning to multi-scale and semi-autemati
recognition are explained in more detail in [Fieatal 2009a].
Several mixed approaches have been applied aldarger
frameworks including archaeological sites [Fernarblartin
2005], [Godin et al, 2003], and urban environmdRtaat et al
2006], [Fuentes et al, 06] with lower accuracy isgments.
The software platform UvaCadht{p://uvacad.no-ip.oig
provides a support for the fusion of image- andgeabased
information arising from different non-calibratetbws and any
kind of scanners. It has been used for a large pumbworks
involving Cultural Heritage, Civil Engineering and Gbrnuction
activities (more details ihttp://www3.uva.es/davap/

Advanced Visualization Frameworks (AVF) provide an
interactive navigation, an on-line inspection anceatraction of
(geo)metric information. The availability of an iefént AVF is
relevant not only for architectural surveying of Qudl
Heritage, but also for monitoring and updating rnéation
(conservation or restoration) policies. Thus, fiowalities of
AVF must be extended to interactive Cultural Hestag
Information Systems (CHIS), allowing update differkimds of
data and metadata. An important aspect of CHISeiexistence
of thematic layers to different scales which angesimposed to
geometric models for making easier the referen@ngfkind of
information to vector data. Furthermore, text layemust allow
reports generation from thematic layers, with orli
simultaneous access and modification by severalrsuse

contisuou following specific protocols.



The DAVAP research cluster of the University of Mdblid

(Spain) has developed a software platform of Cultdexitage
Information Systems with several modules relative

Architecture (UvaCad), Urbanism (by referencing 2b 3D

information, cadastrial applications), Disperse @nalk Heritage
(province of Valladolid), and Industrial Heritagper@vinces of
Valladolid and Salamanca). The methodology for tlesign
and implementation of CHIS is very similar to thellvk@own

GIS technology (Geographic Information Systemsy, Wwith a
special emphasis on 3D aspects, visualization atetactive
input of information (text, hyper-links to multimedsupport,
and metadata) which can be re-used with differenpgsals
involving to professionals, firms (including SME cigsed
towards services or leisure activities), CH entitesl citizens
in general.

—

Obviously, it is not possible to give an overviewall these
applications, and we shall illustrate the perfornaggbroach
with CHIS relative to the building scale for restara
purposes. Some additional applications planning einaial
insertion of simple geometric primitives on 3D rergpsed
models have been developed, also, but not stdgnated in the
corresponding UvaCad module. In this work we patdraion
to the design and implementation of CHIS, curreniy
development, which is being applied for restorattasks in

some complex monuments of the region Castilla y Leon

(Spain). The integration of these modules follgyinsemantic
approach (under CityGML framework) is being accostuid
in another work [Finat et al, 2009a].

This paper is organized as follows: Section 2 isufed to
explain some aspects of CHIS for Architecture, folltg an
increasing complexity modelling. We have adapteel same
methodology of small scale GIS to a very restrictgd
environment (small urban zones or isolated buildiegy.).
Next section is focused towards some structurakaspof

Knowledge Systems for Conservation Tasks; a Knovdedg

System extends the ordinary functionalities of tnfation
System for Architecture (ISA) by providing a suppdor
assessment, advanced visualization and servicéedlirto
architectural surveying; such functionalities dhastrated with
some examples of our
INformation SysTem for Architecture), where
functionalities for collaborative and remote worke abeen
developed. Some remarks about the achievementshandn-
going work close this work.

2. INFORMATION SYSTEMSFOR ARCHITECTURE

2.1 GISfor architectural environments

A GIS can be seen as a system of hardware, softaade
procedures designed to support the capture, maragem
analysis, modelling and display of spatially-refered data for
solving complex planning and management problenmo80].
In particular, a GIS can be seen as 1patomated application
for generating maps or representations; 2)jraentory which
allows a direct access to existing database witliopols for
information processing and contents retrieval (fig3) a
support forspatial analysis and decision takinghich provides
search and analysis tools to users from databgse;module
for information processing and analysisincluding the
interactive generation of reports which can be tathpo the
requirements of users; 5) a module &mlvanced visualization
which allows to understand, analyse and explairdibibution

some

of objects in the environment with increasing fumealities.
Bottom-up strategy is the most commonly used foraeting
information and reprojecting on a cartographicnpteetric or
volumetric information. Usually, a GIS puts the exatcon the
management of planar representation of spatialrrimdtion,
involving raster and vector data incantinuous spacehich is
already filled, and whose components must be itiedti

In this framework, VR methods have been used foegsimg

and navigating ordinary virtual or augmented enwinents, in

order to provide a visualization of urban transfations along
last centuries. In the next example, one can seexamples
concerning to the destruction of some parts ofRkeaissance
style of the historic centre of Valladolid (Spaiajong the
sixties of the 20 century.

LA DESTRUCCION DEL PATRIMONIO
HISTORICO DE LA CIUDAD DE VALLADOLID

AW An[eo MIPH jostruccion del casco historico

piloto 1:_la plaza del Rosarillo {fase 3)

plza. dal Rosarillo

Vista 1
Vista 2
Vista 3
Vista 4

Fig.1. A virtual recovery of disappeared historic
centre in the city of Valladolid (Spain)

From historical cartography and digitised viewsh#s been
possible to recover and visualize urban zones dfatfalid

before their remodelling along the sixties of tH& Zentury.
The above Fig.1 illustrates the visualization ofuaban zone of
Valladolid; it is only navigable by means of an lexption of a

ISA called PINTA (Processingsimplified model with reprojected textures. It givan ideal

representation extracted from drawings and norbGkd
views, because it is focused only to illustrate amat for
surveying purposes. The main tool for design @GA® system;
these are applications for creating or synthesizingrawings,
analyzing it for design correctness, managing tioeage and
organization of the design data, and managing toeess of
design flow [Nakamura et al, 2003].

Nevertheless its interest for the recovery of theao tissue
memory and the understanding of functionalitiescalinfost, the
above example has strong limitations, due to adidhgraphical
character. It is necessary to incorporate inforomagystems to
the graphical representation, and perform a maliésapproach
which can be useful for different kinds of agentitizens,
administration, business, professionals) and diffelpurposes
(touristic, urban planning, commercial applicatioservices,
respectively).

2.2 A traditional top-down approach

Due to the high complexity or urban tissue, fapproaches for
incorporating urban information are restricted tetremely
simple geometric support, and follow a top-downrapph. In
other words, only a very restricted class of geoimgtrimitives



are allowed for supporting the information, and eisdare
initially extracted from planar urban cartograpfiyaditional
approach to Cadastral Applications is based on sofviGIS
tools, where some additional information relatieepiarticular
interventions in buildings. Next, we display an myde
corresponding to the restoration and conservatiterventions
of the ARI (Area of Integral Rehabilitation) “Villaglel
Renacimiento” of four small villages of Palencia é8p), which
has been developed under ArcGIS due to a constaaising
from the local administration [Fuentes et al 2006]
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Fig.2. Cadastral Applications for urban GIS for #rea of
Integral Rehabilitation in a small village of Palen(Spain)
with some buildings in Renaissance style

Each object has several links to images, localogaaphy, a
relational database for observed incidence, a fipécidget for
recommended interventions, and a schedule for gimyeand
trakcing maintenance operations. Nevertheless,irttezest of
the above example for local administration and wed
neighbors, the most important limitations concerithe lack of
simulation  tools, interoperability, automatic updgt
information, traceability and some troubles for igating in an
effective way the planned and performed intervergiolt is
necessary to improve some of them. From commerwial
business viewpoint, the most important concern &sigh,
planning and tracking intervention, and these dwi/concerns
mainly to an extension of traditional design tools.

Next step for developing Information Systems faochitecture
(ISA) is try of combining CAD and GIS methodologi@dong
the late nineties and the first years of thé' 2&ntury a first
synthesis of CAD and GIS methodologies has beenlalese
in the framework of Building Information ModellingB(M).
The BIM is a set of information generated and méaieizh
throughout the life cycle of a building (includindesign,
planning, construction and maintenance). Curreritigre are
different modules for BIM which cover design, geomet
spatial relationships, geographic information, dit@s and
properties of building components (including mamtdeer’s
details). A computer implementation of BIM in theO®
(Object-Oriented Programming) framework is devetbpsy
IFC (Industry Foundation Classes) and it has beefieabjm
very large AEC (Architecture, Engineering, Constrit}i
environments with meaningful performance in comragrc
applications.

BIM was introduced for demonstrating the entire dini life
cycle including the processes of construction aadilify
operation [BIM2008]. Thus, a BIM puts the accent db 3
design and graphical aspects involving the whdée dicle of
building in an empty spacewhich is “filled” by the
(re)construction of building. Hencégp-down strategyis the
most commonly used for the management of primitives

However, usual BIM are focused towards building ecal
interventions (it ignores small urban environmengs)d it
requires a high degree of expertise from the us#r a high
degree of human interaction. It is necessary teeldp a
strategy which can applied to (at least small) orba
environments, requiring less expertise from ustnsdadastral

or commercial applications, e.g.) and able of nzmng the
accuracy requirements for professional applicatiGnsluding
surveying, planning, and controlling interventians)These
constraints imply to solve non-trivial problems amwing to
multiscalability, the design and implementatiorirdérfaces for
interoperability between tools and remote reposifr the
insertion of metric information involving urban elojs (arising
from image and range-based information), and the
corresponding Advanced Visualization modules fovigeting,
exploring, superimposing and extracting informatigve have
developed software modules for all these topics by
subordinating every information to geometric datavisied by
range-based devices

2.3 Some interoperability issues

An important difference involves to the databassigie also.
CAD systems follow a conceptual or top-down desmnpt
(basic primitives, transformations, operations) hwibbjects
which are parametrically defined and with exactittssrelative
to defined operations, and usually they do not mana
alphanumeric data or non-spatial data. GIS systitiey a
bottom-up strategy (image processing, automatimteractive
information extraction) with raster or vector datehich are
usually defined as classes and with floating aréttien but they
manage text and non-spatial data in a very efftcieay. The
methodology for contents (different kind of destoig for
data), manipulation (operations and transformajioasd
management are quite different. Hence, the datdaexe
between conventional CAD and GIS is a some diffica#k.
Nevertheless, both of them are managed to an uppel by
means of trees with different kinds of hierarchiebyiously.
Thus, it would suffice to specify the semantic atle one for
exchanging data and functionalities. Again, we fandlifficult
problem because the semantics is never specifiegeieric
CAD systems. Formal semantics of geometric operstianme
expected from academic research [Rap03], but nealegh the
design of some tools for Geometric Linguistic, isitnot still
available.

3. OPERATIONSINVOLVING SIMPLE SHAPES

The management of database in CAD systems is venpleq;

it concerns mainly to lists of 3D geometric objestsich can be
manipulated following similarity transformations darsome
arithmetical operations for assembling; unfortulyatthey are
not described as “classes” in an OOP (Object Cetbnt
Programming) framework. On the other hand, rasternactor
information can be described as classes, but dafigra
between components or elementary transformatiase(abling
tasks, e.g.) are forbidden. Furthermore, the in&tiom
contained in views is introduced by hand in CAD &&LS,



usually. Thus, there is even a lack of interopditghmot only
for BIM and GIS, but also with Computer Vision tedunes

databases for managing semantic information aretaperate
in a remote way. It is necessary to have the pubsii of

regarding both of them. However, situation is robad as one extracting information about components in a rematzy.

could think. Several key points for connecting tigwn CAD

Hence, more advanced developments require the afevweht

and bottom-up GIS methodologies have been develaped of semi-automatic recognition tools in view- andhga-based

Computer Vision framework and they can be extende8D
environment. Two important issues for this extensiare
described in the following subsections

3.1 Volumetric segmentation

Objects living in 3D representations can be sepdratto parts
by identifying geometric elements bounding themnfdwmnt

planes or quadrics, cells, e.g; more details irafét al, 2009a)

or by grouping them by minimal volumetric eleme(itere are
several available strategies based in elementagmegic
properties, local curvatures or spherical harmonécg.). The

models.

A general roadmap for design and implementatiosaffware
tools for 3D Recognition involving the first blockas been
developed in the framework of the AIM&SHAPE NoE tbe
Sixth FP of EU [ttp://shapes.aim-at-shape.net/index)php
Some Labs participating in this NoE have obtained/\good
results in the development of recognition of comgrda for
efficient volumetric segmentation, development pé source
software tools for estimating geometric properties

applications in VR domains for entertainment ornixéalical

approaches. However, it is restricted to sma# sigjects and it
requires more advanced developments for recognitén

main problem for the first approach is the designd a complex sculptures such those appearing in Cultdesitage. It

implementation of algorithms for decomposing anchatgng
large amount of related information. The main peablfor the
second approach is to find efficient criteria fptitsand-merge
procedures, having in account a very irregularrithstion of
information (conditioned sampling, mathematical eltdg of
discrete information to be processed, 3D filteringstoration,
etc).

It is not possible to give here an overview ofadithem, and we
restrict ourselves to some comments about someilcotibns
concerning to underline some results which have lmxained
by analogy with similar techniques appearing in @ater
Vision. Indeed, in a similar way to image procegsiand
analysis, the search, identification and extractican be
performed by superimposing templates (top-down @gres)
or by implementig segmentation procedures from giragy of
mini-elements (bottom-up approach).

is necessary to develop an extension or to adapir th
methodology to CH objects. From our side and by qushre
same semantical hierarchy (geometry, structuregtiom), we
have designed methods and
estimating simple (convexity vs concavity, e.g.) orwore
advanced (local estimation of curvatures along ssladg.)
geometric properties of complex objects.

3.3 PINTA

The software platform PINTA (Processing INformati®ysTem
for Architecture) is an ISA which combines functdities of
CAD and GIS systems. As an evolving system, an ISA i
combination of a BIM and a GIS which is always refered to
the range-based 3D model. In our case, PINTA irdetal
provide an integrated solution for conservation agstoration
interventions in Cultural Heritage buildings, but dan be

First tasks concern to 3D segmentation, groupingl anextended to simpler environments such those apppdri

separability of primitives. Following the classidithotomy in

terms of top-down and bottom-up methodologies, veseh

implemented two approaches which are based oCellular

conventional AEC. The reference model is a disca®ecloud
of points, on which we superimpose different kind o
information following the usual hierarchy (geometsyructural,

decomposition It arises from the superposition of a regularsemamic) according to the AIM&SHAPE methodology .

volumetric template (arising from an octree) whidh
superimposed to the building or the urban scene. ddiree is
recursively subdivided in smaller regular cells egging on
finding some cells with the specified attributes mot. 2)

Relative to extended CAD functionalities, PINTA issbd on
range-image models to which regular
photographs) are referred. It allows the creatiérihematic

Adaptive decompositionby means of the detection of |ayers superimposed to the images, and relativelifferent

meaningful geometric primitives (dominant or quadpianes,
e.g.), and their grouping in larger entities cqumwling to a
block or a street, e.g.. More details of the sdmaxtension

sampling procedures for different resolutions, sppsition of
different kinds of PL- or PS-structures, basic ective
operations (sections and projections) for boundagidraction

for the second approach under the CityGML framewisrk and export to different graphic formats, usual sfarmations,

developed in [Finat et al, 2009b].

3.2 Symboalic respresentations

Any planar or volumetric representation of an objean be

superposition of 2D or 3D regular templates, irtBve
extraction of meaningful elements contained in weand
reprojections on 3D representations, between athers

Relative to GIS systems, and following the same dasi

distinction between raster and vector informatid?INTA

represented and managed as a tree, whose nodesempr gisposes several modules involving the treatmeniroperties

planar regions or 3D components, and whose edgeesent
adjacency restrictions which can be automaticaliifillied.
Seemingly, for the management of complex infornmatio the

lowest level it would suffice to specify the hierhies between

geometric primitives (as simplests objects), andigite and
implement software tools for interpreting such ebjeas an
XML document.

Unfortunately, things are not so easy due to thetdtions of

and risk factors involving materials properties liging
degradation estimation due to natural (moisturdt, sag.),
artificial (pollutants, graffiti, e.g.) or accident (fire,
earthquake, e.g.) risk factors.

Further aspects concerning to damages evaluatigtriicture
(misalignement, lack of planarity or meaningful feiences
with respect to elementary quadrics) are being ety
integrated as a module in UvaCad. Some aspectsveelit

semantic approaches for XML documents and relationa

implemented algorithms fo

images (digital



recognition of simple curved elements are explaind@Finat et
al 2009b].

4. A SEMANTIC FRAMEWORK FOR KNOWLEDGE
SYSTEMSFOR CONSERVATION TASKS

A knowledge system for Conservation Tasks mustifatl the
assessment, advanced visualization and provisiosenfices
linked to an Information System for Architecture Main
problems to be solved for assessing conservatidmestoration
tasks of Cultural Heritage concern the evaluatiash modelling
of critical factors influencing structural or magdr
deterioration. A semi-automated solution requites ihdexing,
retrieving and visualising interventions to be parfed on 3D
digital models for facilitate operations. Differeaggregation
levels for elements contained in basic units (fagadbuildings,
urban environments) and infrastructures suggestudilevel
approach with different levels of detail which arganised in a
hierarchical way. The support for knowledge systaost be a
knowledge space including annotated multimediawess in
formats which can be read by different applicatidrteere is no
hope for achieving a common standard; thus, then nssue
concerns to the interoperabililty (including datecleange) in
different repositories organized according to comrooteria in
the Semantic Web. Common criteria involve to thecgpation
of lexicon, thessauri and taxonomies (following reasingly
complex approaches), in order to an efficient manznt of
domain, users and tasks ontologies. This is a teng- goal,
and we expose here some general aspects relativilneto
components which are being developed by us inrdmadwork
of the PATRAC project.

Advanced visualization concerns to the design
implementation of software tools for simulatingeeffs along
the future or possible interventions. Thus, advdnce
visualization is typically linked to a Building Infmation
System. A BIM covers design, geometry, spatial iefeships,
geographic information, quantities and propertiésbwilding
components (including manufacturer’s details). &lithem are
very useful for structural aspects involving thexstouction or
maintenance interventions.

Fig.3: Vector thematic features layered over rasafe

The software platform UvaCad provides tools for#ectural
surveying, structural analysis, identification aftiologies, and
simulation of effects corresponding to intervensiomwith the
incorporation of different layers for illustratiradl of them. All
layers are managed following a geometrical hienardbr
preserving the local consistency of layers and thebal
coherence of the whole object. This methodologydeen also

applied for surveying and ideal reconstruction of

archaecological sites [Fernandez-Martin et al, 2005

However, conservation and restoration tasks reqdieatify,

annotate and track along several years some aspeutsrning
different manifestations involving properties ofteréals which
can provide a measure (porosity, permeability, dgal

attacks, mineralogical changes, etc) of risk factBurthermore,
often it is necessary to apply non-destructive napies (radar,
ultrasonic) or partially destructive techniques clinling

archaeological trials, e.g.) for evaluating criticeones or
samples which are irregularly distributed.

All of them suggest their incorporation on the mmfation
System as attributes supported by 3D mini-regiohglvmust
be geometrically refered. Intuitively, 3D miniregs they play

a role similar to raster data in 2D GIS with attitibs supported
on (families of neighbour) pixels and they are reffieed to the
vector information of range-based model. This duag been
achieved by developing a Software Oriented Asttitre
(SOA) for PINTA as a framework with three modules
corresponding to internal manager, applicationsveserand
communications. The implemented software architecliows
the services provision to entities (public or pt@&)eor citizens in
general which can be interested in the developrokservices
or simple information about the cultural goods. The
development of services is a key issue for sudtditya of
activities linked to Cultural Heritage. The develah of a
SOA for Cultural Heritage applications is an on-gpnesearch
which is being developed with applications to difet kinds of
users or entities.

and
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Fig.4: Vector thematic features layered over images

Some technical aspects that have been enabledet@ahy
versions of PINTA are the selection of regionsadding vector
marks or inserting annotations, interactive sentgaatic
segmentation of images and their re-projection ah® 3D
model as thematic layers (fig4) with the correspogdaccess
protocols, interoperability between 2D and 3D infation
supported on the range-based model. All of themeusgecific
access protocols fixed by the system’s administratcording
to the customer (usually, an official entity). Frone viewpoint
of communications, it is allowed a simultaneouseascfrom
different users, information updating in a localt@anet) and
remote way (internet), and automated generatiorrepbrts
involving thematic layers or key words used in gations.



5. CONCLUSIONS AND FUTURE WORK

In this work we explain a hierarchy of software hatectures
arising as a natural extension of hybrid methodeldor
architectural surveying. A general goal is to pdavia multi-
purpose support to experts, (public or private)itiest and
citizens interested in Cultural Heritage which cenpiiove the
sustainability of Cultural Heritage resources. Thieee it, it is
necessary to integrate different viewpoints arisifrgm
professional design,
visualization software tools. Thus, we are deveigpia
Knowledge System able of integrating some funclitea of
CAD, GIS and hybrid surveying methodologies (int¢igg

information systems and ad@nc
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