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ABSTRACT

Continuous technological advances in surveying, edimg and digital-content delivery are strongly trdsuting to a change in the
way Cultural Heritage is “perceived”: new tools andthodologies for documentation, reconstruction rsearch are being created
to assist not only scholars, but also to reach npmiential users (e.g. students and tourists) mgllio access more detailed
information about art history and archaeology. 3@nputer-simulated models, sometimes set in virtaatiscapes, offer for
example the chance to explore possible hypothetemainstructions, while on-line GIS resources celp nteractive analyses of
relationships and change over space and time. Vithiilsome research purposes a traditional 2D agprozay suffice, this is not
the case for more complex analyses concerningaspaid temporal features of architecture, like dsample the relationship of
architecture and landscape, visibility studies &twe project aims therefore at creating a toolledatQueryArch3D” tool, which
enables the web-based visualisation and querias @fteractive, multi-resolution 3D model in tharfrework of Cultural Heritage.
More specifically, a complete Maya archaeologidtd, docated in Copan (Honduras), has been chosaasss study to test and
demonstrate the platform’s capabilities. Much & #ite has been surveyed and modelled at difféegets of detail (LoD) and the
geometric model has been semantically segmentechtegtated with attribute data gathered from savexternal data sources. The
paper describes the characteristics of the reseawdk along with its implementation issues anditfigal results of the developed
prototype.

SE & S
Figure 1: Different reality-based 3D models of Maya archaeological finds and structures at Copénd) and the web-based visualisation of the
landscape and archaeological area for virtual aatéon, archaeological analyses and e-learningagins.
1. INTRODUCTION accuracy, object dimensions and location, the earfa
characteristics, the working team experience, thejept's

The continuous development and improvement of revea&'s,  budget, the final goal, etc. More and more oftea different

data capture methodologies, multi-resolution 3Dr@spntations
can contribute significantly to the documentaticonservation,
presentation and fruition of archaeological infotima and to
the growth of research in the Cultural Heritagedfifilhis is met
by increasing requests and needs for digital doatatien of
archaeological sites at different scales and résois.

Nowadays the generation of 3D models of large amdpiex

sites is performed using methodologies based omyéndata
(e.g. photogrammetry) (Remondino and El-Hakim, 20€)ge
data (e.g. laser scanners) (Blais, 2004; VosselnaagnMaas,
2010), classical surveying (e.g. total stationsGRS), maps
(Yin et al. 2009) or graphical and procedural mtdgl The

choice depends on several factors like for exartterequired

methodologies are also combined and integrateckpioie the
intrinsic potentials and advantages of each teclnignd to
derive multi-resolution data and different level§ detail
(LoDs), both in geometry and texture, useful, fgaraple, for
interactive visualisation (El-Hakim et al., 2004ri@ et al.,
2005; Guidi et al., 2009; Remondino et al., 200%kake et al.,
2009).

Multi-resolution data are nowadays the base of ediffit
geospatial databases, visualisation repositoried gintual
reality (VR) platforms. Probably the best and mé&sbwn
examples are given by Google Earth or Microsoft Bigps
(previously known as Microsoft Virtual Earth). Datpan from
10 m resolution (or more) — both in geometry andue —



down to some decimetres — in texture only. The aaerbrowse
through the low-resolution geospatial data and geben
necessary, high-resolution and detailed imagetgndfnked to
other 2D/3D information (text, images, city modeds;.). It is
therefore clear that the 3D digital world is prawigl
opportunities to change the way we can access =atlibrge
knowledge and information. Moreover, a faithful &delling
approach of Cultural Heritages helps to simulatdityem a
more objective (and thus more reliable) way andvides the
opportunity to use digital 3D models for differeptirposes.
One of the most interesting opportunities offergd reality-
based 3D models is to use them either as visualisat
containers or as highly intuitive interfaces betwetifferent
kinds of information. Given their usual geometriznplexity
and the possibility to link them to a wide rangedaita, 3D
models can be analysed, split in their sub-compenamd
organised following proper rules in order to eaatadetrieval.
In the case of (modern) buildings, for instancee tBIM
(Building Information Models) concept aims at delsitrgy
building components with respect to their geometopology
and semantic information.

In 2009 an international and interdisciplinary @sh project
was founded to develop an online, searchable, alireality
environment and database that brings together G nhighly
detailed 3D models and collections of archaeoldgizda so
that researchers may compare and analyse buildscgipture,
and artefacts in a 3D landscape context. Directgdvdn
Schwerin, an architectural historian at the Uniitgref New
Mexico (UNM), this project is a collaboration with
archaeologists at UNM and site managers from thedidman
Institute of Anthropology and History (IHAH), alongith
experts in computer imaging, remote sensing, phiatometry,
3D modelling, GIS and Virtual Reality from the ETHuzch
(Switzerland), the University of California, Merc€dSA) and

accomplishments. Often referred to as the “Parthesfothe
Maya world” because it has over 3500 pieces of poud
housed in museum collections around the globe, Te2pwas
once three-storeys-high and covered with plastamtpand
sculpture (von Schwerin, 2011). However, only tinst fstorey
remains and its upper facades and sculptures diepsed
making it is difficult for visitors to imagine thglory of this and
other ancient temples at Copan without the aid of 3D
reconstructions.

The first 3D surveys of Copan were hand-drawn majib w
elevation information. The earliest examples aoenfthe early
1800s when explorers such as Galindo (Graham, 186d)
Stephens and Catherwood (Stephens, 1841) drew stibema
maps of the Principal Group. With the first scifati
investigations, the maps became more detailed aodioa
(1896) and later Stromsvik (1947) published mapscate of
1:1500. In the 1980s, architects (Hohmann and Viodi982)
published maps and drawings of the Principal Gratgrales of
1:100 and 1:200 and archaeologists on the Proyecto
Arqueolégico Copan (PAC 1) published maps of the eyédl
residential sites at a scale of 1:2000 (Fash amdjL©983).

Until recently, there were very few GIS maps of Gopdaca’s
(2002) GIS maps of Group 9J-5 and nearby sites s@me of
the first. In 2006-2007, Richards-Rissetto (2007,@0the GIS
Director of the 3D Copan Project, digitised and geferenced
the PAC | maps (covering 24 Knand integrated them with
more recently available large-scale maps to crad®¢S for the
entire Copan Valley. Currently, the GIS containsvétor data
of archaeological buildings and monuments, hydmplegntour
lines and (ii) raster data of a Digital Elevatiorotiél (DEM) of
the valley (generated from contours ranging from02metres)
and an Urban DEM of the valley’s with more than 300
buildings. In 2009 a field campaign acquired higbealution
3D data using terrestrial photogrammetry, UAV aeddstrial

the Bruno Kessler Foundation (FBK) in Trento (Italy) laser scanning (Remondino et al., 2009).

(Remondino et al., 2009; von Schwerin, 2010). FBke&ling
the technical development of the tool — called @asch3D.

In the following paragraphs, a brief introductioiil e given
about the Maya site at Copan and the related surgeyid 3D
modelling campaigns to date, followed by a quickreiew and
open issues concerning the web-based interactivesado 3D
geodata. Successively, the characteristics of thery@rch3D
prototype, its underlying design concepts and théial
implementation will be presented. The concludingagks will
evaluate the initial results as well as some om=muds and
future plans for the next development steps.

2. THE MAYA SITE OF COPAN, HONDURAS

The ancient Maya civilisation of Mexico and Centfaherica
lasted for almost 2000 years (600 B.C. - A.D. 15ZI)e of
their most thoroughly investigated Maya citiesie tUNESCO

3. WEB-BASED 3D-GEODATA INTERACTION

Besides the usual visualisatiper se 3D models can be used
also as “containers” for several kinds of heteregers
information that is usually organised and collecied (not
necessarily spatially enabled) databases. Thisdsane of the
most interesting needs and requirements of an i8Babata
visualisation and query tool in which the visudiisa
capabilities should be associated to query funatities for
data retrieval, possibly web-based. The lattelaateally typical
functions of current GIS packages, which, on theeothand,
very often fall short when dealing with detailedlaromplex 3D
data.

Different authors have presented possible solution8D data
management and visualisation, possibly on-line (&hial.,
2003; Calori et al.,, 2005; Khuan et al., 2007; Kabget al.,

World Heritage site of Copan, Honduras located om th2009; Conti et al., 2009; Apollonio et al., 2010; Mxdini and

southern periphery of the Maya world. Copan wasngwoitant
centre for commercial and cultural exchange an@wations in
the city’s main civic-ceremonial complex (Princip&@roup)
have uncovered layers of architecture with scuitimagery,
and hieroglyphs showing that Copan had a dynassixtéen
kings that ruled over five centuries (A.D. 427-82@ell,

Canuto, and Sharer 2004). Copan’s early kings buaittked
adobe architecture, while the city's later kingeoted stone
buildings with plaster sculpture (Sharer et. a@92; Andrews

Remondino, 2010). Despite the great research wankadays
almost no unique, reliable and flexible packageavsilable,
while, on the other hand, several approaches haen b
presented dealing with some specific and partipeets of the
topic. In the following, only some related work Mwibe
mentioned, which has served as inspiration for ghetotype
tool presented here.

When it comes to data modelling and storage, skezeamples
exist. CityGML, for example, is a common informatiorodel

and Fash, 2004). Temple 22, commissioned by Copan'®r the representation of 3D urban objects. Itriedithe classes

thirteenth ruler, King Waxaklajuun U’baah K’'awiilgjgn: A.D.

and relations for the most relevant topographi@cisjin cities

695-738), gives a sense of this kingdom's artisticand regional models with respect to their geomgtric



topological, semantic and appearance propertiealstt deals
with generalisation hierarchies between thematiassds,
aggregations, relations between objects, and $gatperties
(Kolbe, 2009). Unfortunately, even in CityGML's LoD4
currently the highest available level of detailchatectural
models are defined up to the interiors by meansthefr
constructive elements and with a maximal point eacy of 0.2
m. These specifications are of course enough fodemo
buildings, but — understandingly — are not (yetjaight
compatible for a reality-based archaeological modhghich
generally differ in terms of scale and scope.

It must be noted, however, that CityGML provides tways to
support the exchange of data not yet already eftpliefined:
by generic objects and attributes, or by Applicatibomain
Extensions (ADE), which provide a means to handbe f
example bridges, tunnels, etc.

Regarding visualisation, in the videogames domaimeso
packages and development tools exist and can beteata
within certain limits — to support 3D geodata (elnity3D,
OSG, OGRE3D, OpenSG, 3DVIA Virtools, etc.) but with
limited capabilities when it comes to loading andpthying
large and complex reality-based 3D models.

In the framework of on-line 3D contents retriev@hogle Earth
has been used as web-based solution for archigéc8D
models in Apollonio et al. (2010), while Conti et §009)
have used the NASA World Wind to deliver a web-bla8®
and OGC compliant solution capable to provide irgerable
access to geographical information and geospatiatgssing
services. In these cases, however, a trade-outebatunodel
complexity and network/client resources had tocamél.

When it comes to (3D) web services, some initigleziences
like in the Geodata Infrastructure 3D project (&g et al.,
2009) exist (i.e. the OpenStreetMap-3D and Heidgh3®
projects). A web 3D service (W3DS) is a portrayaivice for
3D geodata such as landscape models, city modeisred
building models, etc. It can handle datasets ctingisof
multiple LoDs and geodata are delivered as scenas dre
comprised of display elements, optimized for effittireal time
rendering. However, the definition of such W3DSstdl at
level of OGC discussion papers (version 0.4 as dfriay
2011).

4. THE QUERYARCH3D TOOL

Ideally, an adequate 3D analysis tool in the fraorwof
architectural and archaeological Cultural Heritagpeutd be
able to perform (at least) the following tasks:

- handle standard spatial features (e.g. 2.5D lapdsyaas
well as geometrically and topologically more conpiD
models;
support multi-resolution data, at varying levelsiefail;
support not only “passive”, predefined contentiestl, but
also an interactive one, e.g. by means of useneéfi
queries;
allow access to contents stored locally but alsb-besed
rely (possibly) on free and open-source tools.

Given that such a tool still does not exist, thespnt research
work has focussed first on identifying how the afoentioned

prerequisites could be fulfilled and then on definia

workflow/pipeline to implement a prototype.

The resulting tool, called QueryArch3D, was credtedping in

mind
archaeological site, although the basic conceptdeaextended

and generalised to other applications. Its capasli which

fulfil the points listed before, and the underlyisgucture will

be presented in the following paragraphs.

Regarding the complexity of the models, QueryArch3D

supports multiple LoDs, which are required to reffle

independent data collection processes. LoDs alsditdée

efficient visualisation and data analysis. For@uopan site, four

levels of detail have been defined for the striegur

- LoD1, in which a structure is presented as a sfiegli2.5D
prismatic buildings with flat roofs (or an aggregat of
such features), mostly obtained by extrusion of 2D
footprints. Accuracy tied to this LoD is thoughtterms of
model accuracy and is for us accepted to be wihim
LoD2, in which the exterior of a structure is mddelin
detail and allowing 3D geometries. The composing
structures (e.g. walls, roofs or external stairgh doe
identified, and the characterising accuracy is with5 m.
LoD3, in which the interior elements are added ifnep
corridors, etc.) to the structures. Some simplifieshlity-
based models can be added, both to the interiona@rite
exterior of the structures. The accuracy is withtncm.
LoD4, in which structures (or parts of them) aresanted
as high-resolution (e.g. laser-scanner-acquired)datso
High-resolution models can be further segmentea int
subparts. The accuracy is within 3 cm.

Similarly to CityGML, particular care in the desigminciples
has been given to achieve a coherent modellingeofastics
and geometry. At the semantic level, entities amasented by
features (stairs, rooms etc.) and they are destbpeattributes,
relations and aggregation hierarchies (part-oftimia) between
features. The part-of-relationship between featucas be
derived at the semantic level, without considegegmetry.
However, at spatial level, geometry objects ardgass to
features representing their spatial location antkrex So the
model consists of two hierarchies: the semantic anel
geometric ones in which the corresponding objentsliaked
by relationships (Stadler and Kolbe, 2007). If bathrarchies
exist for a specific object, they must be coherén& temple
consists of three storeys and an axial stair as¢meantic level,
then the geometry representing the temple mustidiechlso the
geometry parts for the storeys and the axial stair.

Once the conceptual schema for the LoDs and tharkldes
(i.e. the part-of-relations) are defined, the sest® steps are
organised as follows:

1) Existing and available data (spatial and non-sf)atiee
gathered and evaluated: a checked is performed for
potential incompatibilities (different formats, fifent
modelling paradigms, etc.), geometric and/or semant
inconsistencies, especially with regards to the s&p.

Data integration and homogenisation: from many cesir

to (ideally) one. Furthermore, spatial data is radidy and
geo-referenced. Features are aggregated or digmjgde
according to the LoDs and the hierarchy relatiopshi

Data publication and interactive access. On-linglipbing
possibilities, drawbacks and limitations.

2)

3)

4.1 Data description, data collection and integration

For the Copan archaeological site, consisting ofr &3£00
single structures (temples, palaces, stelae, akacs), several

the needs of researchers working at the Copadatasets exist that have been created during theseof time,



as mentioned in section 2. The following datasedsewchosen
for generating the structures at the different LoDs

For LoD1, 2D vector data digitised by Richard-Riss@tt2007
has been adopted as the source for the prismatimegec
objects. The nearly 20000 polygons representing: @#&00
structures have been checked for topology errareri@ps and
gaps); polygons belonging to the same structurehawihg the
same attributes have been merged to reduce the anuafb
geometric features down to circa 5000. At this pothe 2D
footprints have been extruded according to the hiefgeld
provided with the shapefile.

Every single structure, from LoD1 down to LoD4 classified
according to a unique code. Upwards, all structuaes
thematically aggregated into groups (containing esav
structures) and clusters (i.e. “groups of groupatgording to
the existing hierarchy used by the archaeologists.
Additional GIS data from the Richard-Rissetto dat&set been
used to generate a digital terrain model for laadec
contextualisation.

Regarding LoD2, a model of an unfinished reconsimacbf
Temple 22 (i.e. Structure 10L-22), created in Aafld 3ds
Max, has been disaggregated into its architectbrElzanents
such as basement, storeys, stairs, walls, mouldingds etc.
Every segment has been coded and organised acgdualiie
proper part-of-relationship hierarchy.

Analogously, for LoD3, some of the interior elenewmf the
temple have been added. Some architectonic delikiés the
corner masks or the interior sculpted doorframéhef Temple
22 have been added, simplifying the geometric nsodbtained
from laser scanning acquisitions (Figure 2). Thengetric
simplification (in the order of 30% of the originalodels) is
mainly due to reduce the number of polygons digaasgt the
same time and keep a fluent on-line visualisation.

Figure 2: Examples of segmentation of the Templen2@el for LoD2
(exterior architectural elements, above) and Lo&(ior spaces and
architectonic details, below). For a better vissation, some segments
are identified with different colours.

In a similar way, simplified 3D models of two steléstela A
and stela B) have been created and added to LoDSkifd of
data integration has allowed the digital “restamati objects
that are no longer at the archaeological site:aSfglsome of
Temple 22's corner masks and its carved interiarflame are
in fact now preserved at the Museo de la EsculMaga in
Copén Ruinas (Figure 3).

Figure 3: The two stelae at LoD3 in the virtual M&laza of Copan.
Stela A, in background, which is actually held he tMuseo de la
Escultura Maya in Copan Ruinas (Honduras). The L8E3a B can be
seen in the foreground.

For the LoD4 models, currently only the laser-searacquired
models of the aforementioned objects (two stelhe, dorner
mask and the interior doorframe) have been impo¢&dhe
original geometric resolution) and segmented inteeirt
subparts. Many more elements are to be added imefuAn
example is shown in Figure 4.

Figure 4: Example of manual segmentation of a Laidhitectural
element: a corner mask of Temple 22 in Copan. Fobetter
visualisation, some segments are identified wiffedént colours.

Once the geometric models have been manually seégthand
given a hierarchy order, they were aligned and rgéerenced
in order to share a unique coordinate system. Fyirall objects
were given an elevation value, taken from the DTM.

At the same time, non- spatial tabular data (mainiying from
MS Access databases, text files, FileMaker Pro)ehbeen
checked, homogenised and integrated.

Since the goal is to reduce heterogeneity of datandts,
PostgreSQL has been chosen at the target DBMS waliatata



should progressively and eventually converge. Megeo
thanks to its PostGIS extension, spatial data edsobe stored
in the same database.

So far, standard GIS formats can be imported anmbréed
from/to PostgreSQL (e.g. using ArcGIS and
Interoperability extension or, alternatively, by ane of the
open-source OGR utilities via QGIS), while the .blgj format
has been chosen to import triangulated 3D georsetrie

4.2 3D visualisation and interaction environment

After some initial tests using Quest 3D, the Unieadine SDK
and Shiva, the implementation of the
visualisation for the archaeological site of Copaas lbeen
carried out using the game engine Unity 3D, du¢h® quick
development time offered by its scripting capaieiit which
have been used to perform most of the tasks neélféty. is an
integrated authoring tool for creation of 3D vidaowes or other
interactive content such as architectural visutitisa or real-
time 3D animations. Applications can be developed 4ll
major platforms (Windows, Mac, Wii, iOS, Androidb¥x 360,
PlayStation 3) as well as for a web site. On-lippliations can
thus be accessed through a freely downloadabledatoplugin.
Unity permits scripting through JavaScript and ChHust
allowing access to numerous .NET libraries. Furtitee it has
its own library to communicate with the internepesifically

the WWW class, which has been used to access thanCop'

database. Once the geometry has been generatddaaiedl in
Unity, it contains the data properly structured, bne “layer”
for each object, and every layer name is the raterékey for
the corresponding attributes in PostgreSQL.
A frontend interface in PHP has been developedctess the
database: Unity performs a request to PHP whicllsicand
sends the data forth from PostgreSQL (Figure 5).
PostgreSQL

Sunity = @ - '

Figure 5: Schematic representation of the dataan@h between Unity
and PostgreSQL, using PHP as interface.

Different approaches have been tested to loadatéridata into
Unity. In the first one the database is queriedretane a
building is selected with the mouse in Unity, withe PHP
servlet acting between PostgreSQL and Unity. Thethod has
been discarded due to the delay in the queries.

A faster approach consists in treating each gedenalject like
a class with attributes and functions. To achiénvg, & script is
added to each object and, as soon as the appficitioun,

Unity controls whether an Internet connection exidf this

condition is fulfilled, all the remotely stored armation like
structure type, structure name, year of constroctdc. is
retrieved and assigned the respective class.

For example, when all stelae need to be select®&tpadcast
Message is sent to all the GameObjects in the Seefumction
in the class is called which performs the query &indlly

highlights the geometry if it fulfils the criterioffis this a
stela?”).

The advantage of this approach lies in the pogsikid work

also offline (once the attributes have been intiladed), thus
significantly reducing the time the user has totwdienever an
attribute query is performed.

As of today, only some initial interactions and dtians have
been defined and implemented:

its Data

interactive 3D

The first interaction step allows the user to mdreely
around in the virtual environment. To this extdmith an
aerial view (Figure 6) and a ground-based view, retttbe
user can reach and enter the structures “on fbaw/e been
implemented;

Multiple LoDs of the same models are visualisechgsan
observer-object distance function: the closer theeover,
the higher the LoD of the surrounding objects. fheraerial
view, only LoD1 objects are displayed, while suhsag
LoDs are visualised in the ground-based view. Ab#pfor
the laser-scanner-acquired architectonical detaibs,
separated view is loaded which contains the selembgect
and its subparts only (Figure 7 to Figure 11);

The user can perform queries over the whole dataset
according to some attributes (e.g. “show all strces built
by a certain ruler”; “show all altars”; “show onktelae
belonging to group X and built in year Y”) (Figut® and
Figure 13);

The user can click any selectable object and rectie
related amount of information according to its Lé®g.:
only the name of the whole temple at LoD1, the nafitbe
structural exterior parts at LoD2, and so on tib04)
(Figure 14 to Figure 16);

The user can measure distances between two olijetiie
3D world;

The user can perform line-of-sight tests betweem tw
selectable objects.

More function and capabilities will be tested antiled in the
future, as the project continues and evolves.

n.oou

Figure 6: Aerial view of the Copan site visualigbdough Unity: the
main group with the principal temples can be seetihné middle of the
image, while the remaining structures spread ad#irahe valley are
visible. Structures are visualised as LoD1.

Figure 7: View of the southern side of Copan Teniike nd the
surrounding acropolis) as LoD1 model: the geometrgenerated by
extrusion of 2D planar geometries.



Figure 8: View of Copan Temple 22 as LoD2: (only temple model Figure 11: Detail view of the interior doorframe laiD4: due to the
has a higher level of detail, the outer shell & tample contains 3D large number of triangles used in the model, visatibn of LoD4
elements. No interior rooms are loaded. The sudimgn acropolis  elements takes place separately.

remains at LoD1.

Figure 12: Example of an attribute query over thele dataset: the

Figure 9: View of the Copan Temple 22 as LoD3: yprihe temple  results are highlighted in red.
model has a higher level of detail, the outer shiethe temple contains
3D elements and the corner masks, which are siiegliiodels derived
from laser scanner acquisitions. Interior rooms lasgled and can be
seen in the following images. The surrounding asliepremains at
LoD1.

Figure 13: Example of an attribute query over thkol dataset
(“Select all stelae in Copan”): results are highteg in red.

Figure 14: Example of a query on a single buildiag LoD1:
information regarding the whole of Temple 22 iswho

Figure 10: Detail view of the Temple 22 at LoD3teirior rooms (top)

and reality-based architectural elements (the iorttedoorframe,

bottom) are loaded and visualised, and can be eeabi the observer
walking inside the 3D virtual environment.



Figure 15: Example of a query on a single buildiag LoD2:
information regarding the architectural element tfe interior
doorframe (as a whole) is shown.

Figure 16: Example of a query on a single segmeabgelct at LoD4:
information regarding the segmented architectutements of the
interior doorframe is shown.

5. CONCLUSIONS AND OUTLOOK

This paper presents the initial results of the qixgte tool
QueryArch3D. The goal is to create a web-based that
allows for interactive visualisation and queries wiulti-
resolution 3D models in the framework of Culturalritbge.
More specifically, the Maya archaeological site @dpan in
Honduras has been chosen as a test field, dus &xtiént (ca.

24 knf), its considerable number of mapped structuregr(ov '

3700) and the availability of several heterogenesatasets. In
particular, distinct surveying campaigns have agalifferent
models at different scales and at different leedldetail, such
that an integration of these (spatial and non-apatata) is
highly desirable, both for further research inwgetion but also
for data query and analysis purposes.

Currently, the visualisation front-end allows theu® navigate
interactively in a virtual environment, where ekigt structures
can be visualised and queried at different levdlsdetail.
According to the observer’s distance from the abjewodels
vary from low-resolution prismatic geometries tgdn scanner
high-resolution meshes.

Some spatial functions (like distance measuremeantsl
visibility analysis) have been implemented and toldal
functions will be created in the future.

Within the user interface, the data have been iated and
structured according to a multi-resolution modegjliparadigm,
coupled with geometric and semantic hierarchy Gate
Heterogeneous non-spatial information has beeraeli from
various sources and linked to the geometric feature
Because QueryArch3D is in a prototype phase, maswyess
remain to be solved and several new functions nert@ibe
added. Further performance tests need to be castiedvhile
the model is extended and enriched. Some of tiialipianned
improvements need to handle the following issues:

Most of the structures are neither textured noowctatically
characterised. The very first improvement of thddigs
from LoD2 upwards will take this into account, an
operation to do in close collaboration with the
archaeologists, who can assist especially with ehos
structures for which a hypothetical reconstruci®given;

It should be possible to distinguish (e.g. “switahri and
off) real structures from virtually reconstructenks;
Regarding the database storage system, some imypant{e
routines to/from PostgreSQL should be added and/or
improved. Just to name an example, converting a GIS
polygon (with holes in it) into a triangulated mesh't yet

a straightforward process with the existing to®estGIS
itself, in its present version (1.5.2) offers suppo store
3D features, but all GIS functions are still subgitdly 2D,
i.e. three-dimensional “out-of-the-box” spatial Bsés tools
are still to come. On the other hand, the comifigv2rsion,
due in spring 2011, should offer substantial imeroents
in raster data management and storage for TINsrasthes.
Besides the building structures, the modelling pgrachas
still to be applied to other entities, like for exale the
DTM. So far, only a coarse TIN is used and objeuts
simply placed on top of it leading to some georetri
inconsistencies in some places. A better integnatiohigh-
resolution models into a coarser DTM should beédfuee
taken into account. To this extent, Agugiaro (200@)s
discussed possible approaches and presented dosolut
which could be also adapted to the Copan dataset.
Integrating high-resolution models into an on-livietual
environment requires high performance hardware (gl
internet connections). Currently, the complete Capandel
consists of little more than 1 million triangles.s Ahe
number of included architectural models grows, prop
strategies will have to be adopted to test andeepkthe
user experience acceptable (e.g. in terms of fraate
during navigation). The advantage of using a gangne
environment, on the other hand, offers a certauell®f
confidence, since these are all well-known constsan the
videogame industry.

Finally, much effort has been put into data intégra
interaction and visualisation. Accessing the dataupdates
and maintenance purposes is, however, also fundaman
this stage, a user-friendly interface which guarastaccess
to privileged users (i.e. archaeologists, archibedt
historians, or Cultural Heritage managers) is yetbt®
implemented.
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