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A Web Platform for the Consultation of Spatializatt
Semantically-Enriched Iconographic Sources on Calltu
Heritage Buildings

CHIARA STEFANI, CHAWEE BUSAYARAT, JULIE LOMBARDO, LLVIO DE LUCA, MAP Laboratory, UMR
CNRS/MCC 3495, ENSA Marseille, France

PHILIPPE VERON/SIS Laboratory, UMR CNRS 6168, Arts et MétiersiSBech, Aix-en-Provence, France

This paper describes an interactive platform fergamantic annotation of oriented iconographiccsibased on an accurate 3D model structured
according to spatial and temporal features. Thasfquim, called LOCUS IMAGINIS, provides access tidtaral information about monuments by
collecting personal snapshots taken by visitorspdnticular, the platform enables to perform twdiats. Firstly, pictures are added into the
database: visitors manually align images to thé&alighodel of the monument and than, by means afraatic procedures, images are enriched
with 2D semantic annotations that are projectethftbe 3D model. Secondly, the collection of seneatifi-enriched data can be queried: when
visitors select 2D images of the database, theserénted in the 3D scene and superimposed oat8Zhmodel. In this way, this tool provides
access to textual and graphic information desagilifre photographed site (semantic, spatial, terhgeedures, etc.). Moreover, visitors can
interact both with images and the 3D-model to hgittl building parts by color. Accessible on-sitedam-line, this tool can create awareness
about conservation and is adapted to all kindsudfeance: students involved in educational workshejsitors needing to extend their visit, and
documentalists interested in the consultation efitonographic corpus.

Categories and Subject Descriptdtis2.8 [Database Management]: Database Applicationstrage Databases, Spatial databases and GIS H.3.3
[Information Storage and Retrieval]: Information Search and Retrievalrformation filtering, Query formulation, Search process, Selection
process, Online Information ServicesWeb-based services; 1.3.6 [Computer Graphics]: Methodology and Techniques —Graphic data
structures and data types, Interaction techniques; 1.4.1 [ mage Processing and Computer Vision]: Digitization and Image Capture -Gamera
calibration, Imaging geometry.

Additional Key Words and Phrases: Spatio-temporadi@ting; 3D-2D semantic annotation; Oriented imadeshitectural heritage; Information
system.
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1. INTRODUCTION

Nowadays digital tools and techniques allow prodg@D and 3D data on CH. This huge and often compiteary
amount of data contributes to describe heritagiingjs.

On one side, the spread of digitization technolpggmits experts to collect accurate 3D data obthimeactive
and passive systems, such as scanner laser arajpmometry campaigns. Such data constitutes this fmasurther
geometric treatments in order to obtain three-dsim@ral representations of the current state ofdings and to
extract 2D representations describing architecfietures specific to the analysis goal.

On the other side, the spread of digital camerayémreral public allows collecting a big amount e&gshots that
can reveal useful to describe specific detailsvenepast states of buildings.
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Finally, digitized historic iconographic sourcesi€B as ancient photographs, drawings, paintings) ate today
available to general public and to experts of ClctSdata constitute the basis for obtaining 3D Itygtical
restitutions of building previous states, and p&naxperts to understand and describe buildingsugiivout their
history.

Even if 3D representations and 2D sources are aftenplementary, few solutions today allow expems a
general public to manage this heterogeneous anofutata. 2D documents are difficult to consult hessadatabases
dedicated to their record and consultation are rgdigebased on criteria of qualitative ranking (swues the name of
the building, the type of represented items, thb@uof the source, the type of support, the regregion techniques,
etc.). On the contrary, 3D data are generally diffi to consult because information is usually siwtictured and
common graphic cards do not manage heavy 3D dataset

As a consequence, finding the way through a hetgregus corpus of information, without having a deep
knowledge of the morphology of the building, isealrdrawback.

1.1 Challenge and aims

Despite the heterogeneity of this corpus of infdiamg both iconography and 3D models relay to bodd. If
iconographic sources essentially can represent mh@iphology and visual aspect (in some casesraiusepochs),
3D models have the great advantage of providingrapcehensive and metrically correct representatibthe
morphology of buildings. For this reason, this eesh has various challenges.

The first one is to improve early research in covestton and valorization of cultural heritage builgs by
providing public with access to information related cultural sites. The second one is to exploriéections of
extended iconographic sources (photographs and ammient sources such as engravings, plans, etc.).

The third one is to provide a joint visualizatiofi 20 and 3D structured and semantically enricheth.da
Therefore, today it is essential to study how thdieensional representations and iconographic ssucen be found
within a web browser for the visual retrieval araigation that uses the morphology of the buildisginterface to
access information.

Finally, the development of tools adapted to atids of audience and suitable to the requirementiseo¥isit can
create awareness among the general public aboséa@tion.

It is from this need that the project Locus Imagiis born. Based on a previous work conducted byM®&P
laboratory on the actual state of Comtal Castl€afcassonne in 2004-2005, this project builds oagteement of
scientific cooperation between the “Centre of NagioMonuments” (CNM) and the MAP laboratory. Itsnais to
create a spatialized iconographic database industime interactive features available at any tioné public, both
displayed on-line and integrated to the exhibitioh the monument on-site. This project, structurilgnic
information in consistent way and combining it to easy and fun consulting interface, seeks to att@wpublic to
access and to contribute to the pictorial histdrghe monument.

This article has been divided into five sectionsct®n 2 gives an overview on previous approadbeghe
semantic structuring of 2D-3D data, for their digpland for the spatial referencing of images;isest3 presents the
adopted general approach and section 4 detailsitattaspects, functionalities and audience ofvirteial platform
developed in order to consult iconographic docuetéot; finally the last paragraph evaluates theéesysassesses its
limits and fixes some research perspectives.

2. PREVIOUS WORKS

The 3D-model by itself does not allow capitaliziagd managing the entire knowledge fostering theerstdnding
and analysis of cultural heritage. As a consequesame research begins, firstly, to structure 20 3B data to
extract information about the building morphologynd secondly, to link the documentation producednduthe

analysis stage, by creating interfaces for handliig data set and linking it to a morphologicginesentation of the
building.
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7

8 Regarding research focusing on data structurirfgstdistinction should be done between treatm@nimages

9 and 3D models. Concerning 3D models, some studiggest a semantic annotation process based onogwtol

10 [Attene et al. 2007], other ones extend this cohtepghe archaeological field [Manferdini et al.08) and to the

11 urban one [Grussenmeyer, Koehl, and Nour El Din9l9Relations among several temporal states arallysmore

12 difficult to process. In general, various tempovatsions of geometric reconstructions are createtl dored in

13 databases so to formulate temporal queries [Hethgem, Farrimond, and Presland 2006; R. E. Hethgasm and

14 Scott 2004; SanJosé-Alonso et al. 2009], and feidiss describe building lifecycles to stress défdrstates and

15 transformations [Stefani et al. 2008; Dudek andid8l€2008]. Concerning semantic annotation of imagssally

16 semantic concepts are annotated with manual metf@oisg et al. 1994; Shneiderman and Kang 2000wétig

17 users to associate descriptive keywords to imagesdsin a database, or with automatic methodsvailp semantic

18 scene segmentation, based on content-based imafysiartechniques [Flickner et al. 1995] or on rstue neural

19 networks [Socher et al. 2011].

20 Regarding the spatial referencing of iconograplatadcurrent research lays on manual methods basdde

21 knowledge [Kadobayashi and Tanaka 2005] and orrabistration of the position of the cameras [Waldié&and

29 Ogleby 1994], on semi-automatic methods based omgtic solutions for the calibration and orierdatiof the

3 cameras [Tsai 1986], or still on automatic methbdsed on analysis and image processing. Thesenktstods
estimate the position and orientation of the casjestarting from the automatic extraction of vaimghpoints [Lee,

24 Jung, and Nevatia 1992] or homologous points ifiedtion the image [Snavely, Seitz, and Szeliski&g0&ome

25 browsers have been implemented in order to manBg&Pdatasets laying on these automatic methodstoeloud

26 [Brivio et al. 2011] or Photo Tourism [Snavely, 8eiand Szeliski 2007] manages photographs cadlestin space,

27 while 4D Cities [Schindler, Dellaert, and Kang 2p@Ttegrate the temporal dimension by means of @staint

gg satisfaction method, by ordering chronologicallg #patialized photos and by automatically apply@adures on 3D-
models.

30 Clearly, these works have shown that the retriefahe body of knowledge fostering the comprehemsiad

31 analysis of heritage buildings can be significamfproved, on one hand, by connecting the icondgcapollection

32 to the building, and on the other hand, by semalffi@annotating the morphology of buildings nonyak a whole,

33 but also in terms of their parts and subpartsy t#iibutes and relations. However, one major [@wobremains open.

34 Today the semantic relation between the 3D-moddlthe collection of spatialized images is lackifipe use of

35 semantics could become a support for displaying someanents made on the accurate 3D-model, informatio

36 collected about analytical data, or the consemattate of the building.

37

38

39 3. MAIN APPROACH

40 This approach organizes and links iconographicectin to a semantically-enriched 3D-model. As rediin [De

41 Luca et al. 2011], the 3D-model is characterizedhi®rarchically structured elements, classifiedoading to a

42 vocabulary of terms, and having assigned qualityibates and geometric information [De Luca et 2010].

43 Therefore, the iconographic spatialized sourcesrih semantic annotation from the 3D-model.

44

45 The approach enables (Figure 1):

46 » to reference iconography in space and in time, fgwkng the geometric models of the cameras, and by

47 associating temporal attributes to sources;

48 » to structure the 3D-model according to spatial temdporal criteria, by assigning attributes (to {hispose,

49 some tools have been developed to assist theutfes structuring task);

50 » to annotate iconography from a semantic point efwiusing a semantically structured 3D-model ard th

51 projective relations existing between 2D/3D data.

gg The three following sections detail the three atpet the process: the referencing of sourcessémantically

54 structured modeling and the semantic annotatiamages.

55

56

57

58

59
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Fig. 1. System overview. Referencing of imagesafa) structuring of 3D model (b) are computed inDarBodeling environment in a specific
implemented plug-in. 2D semantic annotation andygokdata (c) are possible in a specific web wew

3.1 Data Input

In this approach, detailed in [De Luca et al. 2010 input dataset is the 3D model of the acttabsin the case of
Comtal Castle, a survey campaign (3D laser scanfipgotogrammetry) was conducted in 2004. In t@atdiense
point cloud of over 30 million points and 380 phgraphs were collected. This dataset permitted t@ioba
restitution of the actual state, by means of theridyapproach combining photogrammetry principled parametric
operations [De Luca 2006].

The adopted approach is based on the idea th&Dthmodel should be structured from a semantic poiiiew.
The semantic description consists in three maigléeglescribed in detail in [De Luca, Veron, andr&hzano 2006].
The first level concerns the decomposition, whikhe morphological organization of the buildingpielements and
sub-elements (in which geometry is associated ¢t @aitary concept). The second one is the strattawel, and
defines the relations between such parts (creiiegrchical relations between entities). Finathge last one is that
of representation, that associates a representatieach element according to the various typekatf processing.

The obtained 3D-model made up the general supporthe operations of space-time iconography refgngn
(section 3.2) like for the semantic structuringpsfsection 3.3).

3.2 Spatial and Temporal Referencing of Sources
In this first stage, sources need to be refereirtegace and time.

ACM Transactions on xxxxxxxx, Vol. xx, No. xx, Ade xx, Publication date: Month YYYY
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3.2.1 Spatial Referencing. At a spatial level, sources can be referenced dbgbishing a projective relation
between iconography and the 3D-model of the bujdinrrent state by means of a spatial resectionepiare. As
sources can follow different projection rules [Mayth 2005], various geometric models of camerasharalled
according to the types of projection of images:

e Perspective projection. In the case of photographs and drawings in petisge¢he camera geometric model
associated to the image [Hartley and Zisserman J2i80zklculated by establishing a set of correspocds
between the photograph (2D) and the current staidein(3D). This method uses the intrinsic and agtd
parameters (focal length, distortion, translatiod arientation) related to the geometric modelhef image.
For estimating the spatial resection, the methddgnates a versatile camera calibration algoritAsa{
1986] needing 11 2D/3D correspondences with thenindf providing intrinsic and extrinsic parametefs
the camera. In order to obtain good parameter atitim characteristic points are accurately setesteto
distribute homogeneously the 2D/3D correspondentesy should be chosen on the image maximal
extension and depth range of the 3D scene. A ddtdiéscription of this approach has already beesepted
in [De Luca et al. 2010].

«  Other projections. Sources can follow other projection rules. In theecof plans, elevations, cross sections,
to determine the scale of the image and the piojeceference plane, in the workspace it is necgdsaget
3 correspondences 2D/3D (2 for the scaling, 3 Hergrojection plane). Once the plane is definedait be
shifted along the projection line. As for iconodngipin perspective projection, in order to reduce th
correspondence error, it is better to choose 28@rdinates on the image maximal extension. Ofsmu
according to specificities of 3D models and imagedifficulty can consist in choosing both on tha Bodel
and on the image the 3 coordinates defining anneei@ plane. In the case of pseudo-perspectives and
pseudo-axonometries, a manual method is adoptexhnRists in manually referencing the image with th
support of existing elements. Of course for thisdkbf drawings a correct 2D/3D correspondence is no

possible.

3.2.2Temporal Referencing. At a temporal level, a procedure permits to theruo affect temporal attributes to
images. Attributes concerns the date of creatiorthef source (that can be precisely known e.g. fapshots,
otherwise it is unknown), and the period which tepresented artifact does not undergo changesenodis
described by two dates manually inserted by the (ilSenown).

3.3 Process of Semantic Structuring

This process starts from the actual structured 2ideh It requires images referenced in space aadacterized by

temporal attributes in order to structure the éxis8D model and to reconstruct missing elemerdibld in images.
In order to achieve this goal, some modeling tdwls been customized: they permit to automatizdéable of

assigning spatial and temporal attributes whilengetoy is created, modified or deleted [Stefanile@11].

- Creating. 3D modeling of entities existing in the analyzethporal state but missing in the current state ather

past ones. Geometry is created by inserting geaeimitives.

- Modifying. Identifying of the 3D geometric entities alreachgated in another state (by comparison) and isgjjtt

joining or deforming geometric entities accordinghe visual appearance in the analyzed source.

- Deleting. Hiding entities not existing in the analyzed temg state.

Particularly, in the case of Comtal Castle, the efiod) and structuring step according to time wassjisle by
using several techniques depending on the avaikabieof document and on the kind of architectedaiment.

3.3.1 3D eements belonging to the actual state. In this case, the temporal structuring was oleghiry
comparing the 3D model with actual high resolutidmtographs oriented in space. The structuringbeasd on the
projection of 2D images on the 3D morphologicalresgntation (texture extraction), and on the subidir of the
surface in various 3D elements, according to titnatifications visible on the surface of each bini¢gd Then, each

ACM Transactions on xxxxxxxx, Vol. X¥o. xx, Article xx, Publication date: Month YYYY
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3D element has been compared with oriented soutessribing past states. In this way, to each 3nefg were
affected temporal attributes inherited by sourgemanually inserted by the user (Figure 2a).

3.3.2Missing elements belonging to past states.  In this case, the modeling and structuring preceas obtained
by comparing the 3D model with old photographs andient drawings oriented in space. According t dtsual
information contained on the image (on the edificerphology), missing parts have been added or rieadiby
primitive adjustment and face extrusion, laying arordinates, straights, reference planes definetthénworking
environment. Finally, temporal attributes were etiéel, if possible, according to the ones of histsources (Figure
2b).

At last, as structuring is a complex task, validatof the 3D model is required. This is accomplishg means of
a time slider that displays the digital mock uplation in time.

[l

time list_elements

R e R I I
o W 4 -

W o
donj_window 11900 1940
donj_window?2 [1900 [ 1940
donj_crenels  [1900 [ 1940
donj_doorl  [1200 [1899
donj_wall  [1000 [1200
MODIFY | ADD |

uuuuuuuuuuuuuuuuuuuuuu

Fig. 2. Temporal stratification on the 3D-modetlné Castle, setting time attributes and using higlesolution photographs and b) other graphic
sources.

3.4 Semantic Annotation of Iconography

In contrast with the works in semantic annotatidrinmages (see paragraph 2), our approach doesenatdn the
direct annotation of semantic concepts on spediasaof each image. 3D-models annotated semaptatathe level
of the building morphology are used as medium tEgassemantic information to images [Busayaratlef@08;

Busayarat 2010]. The relation between 3D-models2ihdmages is created by means of procedures &ospiatial
referencing of images (see Section 3.2.1). By aligimages to the 3D-model, the 3D-model contor@ected on
the 2D image with the goal of superposing a serdawier on the original image. This layer is progiby projecting
the spatial extension of the 3D-model which is asged to morphological entities of semantic dgdiyn (Figure 3).
Each projection (computed through a vector rendetéchnique detailed in section 4.3) is processea 2D polygon
associated with the identifier of the related 3Dtgnt

The projective relation between 3D representatenms the spatialized iconographic sources providésnaatic
procedures for adding and updating semantic ariongatin the case of addition or change of the 3Wphological
description, the new structuring description iprejected on images (Figure 4). In the case ofigpatferencing of a
new image, the building morphological descriptiafi ae automatically projected on images.

ACM Transactions on xxxxxxxx, Vol. xx, No. xx, Ade xx, Publication date: Month YYYY
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semantic 1

semantic 2
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semantic 3

semantic 4

semantic 5

semantic 6

Fig. 3. Semantic annotation of photographs. Thiling morphology, organized according to a sped#scription structuring, is projected on the
28 oriented images as semantic layers [Busayarat 2010]

32 As described in the next session, semantic anoatatf images by projection generates structured dal-
33 adapted for searching iconographic sources relaiige architectural elements composing buildings.

47 : - S H ! e E
i description 3 ¥ ' description 4 il

49 Fig. 4. Change of semantic projection on image @tiag to the modification of the spatio-temporabsturing.

53 4. LOCUS IMAGINIS: AN INTERACTIVE AND COLLABORATIVE WEB BROWSER

55 In order to query the system, an interactive wetwser has been developed. It gathers and queneansieally
56 structured data (sections 4.1 and 4.2). The syatehitecture is composed of three main elements:
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» A database containing the iconographic sourcestatdy the institutions, the photographs inseligdhe
general public, and the 3D representations of thiglibhg related to several temporal states resulteh 3D
scanning and photogrammetry acquisition.

» An interface for the consultation of the databdsethemes, attributes, types) and for the admatistn of
the insertion and referencing of iconographic sesirgistorical photos, posters, postcards, drawingsts,
paintings, etc.) by taking into account perspectind parallel projections.

* A 3D real-time browser interface for the visualrietal of iconographic sources according to spadiad
temporal criteria.

The web application is built laying on a MySQL dzdae (containing the three-dimensional models,bikhe
dimensional images accompanied by coordinates @in $patial referencing, as well as descriptiveeaatoncerning
the architectural elements of the building and ithages). A graphic bar permits to display, scroidl ananipulate
images and to display them into a real time 3D asdeased on the 3DVIA plug-in. The platform is cotitga with
some of the common browsers (Internet ExplorerSafari) on Windows and Mac OS X platforms.

The browser interface developed for this proje@vailable on-line to general public at the follagiweb page:
http://vinci.gamsau.archi.fr/htdocs_locus2. Moragwevideo explaining the process and guiding ther is available
at http://vinci.gamsau.archi.fr/htdocs_locus2/vitdeo

4.1 Database

The database organizes four types of informatiemamntic data, historical information, iconograptdata, and 3D
representations.

* Iconographic sources inserted by cultural institosi (mainly the Centre of the National Monumenits).
images are already contained into an online datalzagRL-type link allows the connection.

» Digital photographs inserted by the general pufllese photographs are automatically filled in wébard
to the EXIF metadata relative to the digital camearad manually filled in by web users with regaodhe
information that links the photograph to its author

» Three-dimensional representation of the buildingpiganized according to different temporal states.
spatial distribution bases on a common referenee atso as geometric reference for the spatiahaent
of iconographic sources.

» The values of spatial referencing of iconograpluarees calculated using the web interface (seenéxe
paragraph), consisting in a set of coordinateshencamera position, and parameters of distortiahfacal
length.

4.2 Spatial Referencing of Sources

Iconographic sources are related with the 3D mbgleheans of a 3D interface for the real-time spaéerencing.
Spatial referencing is based on the identificabbthe types of representation (current photograplisphotographs,
drawings of survey, sketches, etc.) and the typgeajection defined in the paragraph 3.2. These parameters
(types of representation and projection) deterrttieeapproximation levels of spatial referencing.

In the modeling environment referencing is doneh®y Tsai algorithm, whilst in the web browser refeing is
done manually: firstly the user configures the pctipn type, and then interactively manipulatesabeplane of the
iconographic source in the 3D space. The user bange the position and orientation of the cameeav\of the
selected image in order to make the 3D view comevith the camera view of the selected image (Ei¢)r

At the moment, 192 photographs (belonging to thed$uof the Center of National Monuments) and 130

photographs (acquired in situ during the surveyehaeen inserted and spatially aligned to the Eastie first set of
photographs has been inserted by manual referenetnife for the second one the semi-automatic eeeas used
(section 3.2.1). Today, CNM teams (Direction oftardl development and of publics, cultural and edional sector
of Comtal Castle of Carcassonne) are contributingpé extension of the database by manual insertion
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locus imaginis insérar ure mage © | Recharcher pari |

Fig. 5. Manual spatial referencing of images. Byameof the keyboard and the buttons of the interfée user can displace and rotate the
navigation camera on which is projected the 2D @lafithe image to be positioned in space.

4.3 Semantization of Images

Compared to other methods [Shavely, Seitz, andskz@007], the most important difference consistthe use of a
3D geometric polygonal model instead of point cletmdistribute and spread semantic annotationis.dllows us to
manage projected regions that result more comperurate and readable. In particular, the taskewohastic
projection is based on the communication betweenMgSQL database and the 3D modeling software Matia.
process embeds mechanisms to collects camera pgaranf@ssociated with the aligned images) fromdhibase
and to generate the geometric models of the canmeidsya (which the polygonal representation of 8fizscene is
loaded in).

: 1 ':Trﬁage[JF‘(:J .:'-‘

SVG(iK) -
H SVG + javascript
(intaractive)

Iy calculation
: (%)

i0bjID + Semantic

o TERETTSIERRE ° B i
Msiisia DB

Fig. 6. Scheme of the semantic annotation of imaBes process consists of four steps: the compilaif data into the database, the
reconstruction of image viewpoints, the projectidrsemantic layers, the adding of additional atiids and interactive behaviors in the
semantically annotated images.
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In order to create a vector image of the 3D scarérary of rendering functions called MayaVechkas been
used. The developed MEL procedure launches an atimmendering of the 3D scene starting from each
reconstructed virtual camera (related to the viamggoof spatially referenced images). This libranables to easily
project the 3D element silhouette on the entiregienand to store it in the database. This producesir image in
SVG format, whose viewpoint corresponds to thaheforiginal image. In this image, to each projeatgion (SVG
polygon) are associated the semantic attributeedto the database. The rendering procedure grgmumed so to
calculate only the contours of the external edddbevobject in the scene (including the edgesitdrsection among
the various objects) and to ignore other polygeaulgjes.

In the projected vector image, each segment opttggon perfectly matches to the shape of 3D objeftthe
scene (according to viewpoints of images). Morepwsach 2D polygon combines all the semantic attebu
qualifying 3D elements. This completely automatiogess can be applied on images spatialized bottuatlg (in
the web interface) and semi automatically (in thedeling environment). Of course, the precision llevaries
according to the adopted calibration method: indaige of manual method, there can be 2D-3D migakgits due to
the user ability.

4.4 Locus Imaginis Functionalities

The browser interface for the visual retrieval/mgtion in the iconographic corpus relies on a wedhigecture that
integrates three parts: the database, an inteea@bvscene, and a set of dynamic pages.

This system permits to navigate in the 3D sceneahtime, to locate the viewpoint of iconograpbarces on
the 3D scene, and to display 2D iconography owtrai 3D representations of the building. Moreovegnables
various actions specific to the level of displaytba 3D scene:

< color coding: this feature enables to display the 3D-model eftitonument according to its historical
states and the current one by different color patara by affecting time attributes to the partghef
3D-model (Figure 7).

¢ graduated visualization: the 2D-3D visualization can be modified by meahthe variation parameters
concerning images (transparency), volumes and eafgbe polygonal 3D model.

Particularly, wireframe, colors and transparen@tdees permit, on one side, to better perceivestheshape of
past states behind images, and on the other oma@pt@ciate and to easily interpret temporal $itations visible on
images.

~

Fig. 7. Display of the 3D-model by colors accordinghe different temporal states.
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4.5 Visual Retrieval and Navigation in Locus Imaginis

At the functional level, this application allows giioning the images of the castle (photographgranngs,
drawings, paintings, etc.) on the 3D building reergation and looking for iconographic sourcesrieseinto the
database according to three main criteria:

locus imaginis 11 fEEE locus imaginis | eiarimimme e I

i u; y ‘grla"!!

Fig. 8a. Search by 3Dmpeint Fig. 8b. Search by seurc

4.5.1 Search by 3D viewpoint. This type of search permits the user to navigateeal time through the 3D
virtual environment of the monument and to detbet images whose frustum corresponds to the onewvitual
observation camera. This search uses informatiotagwed in the geometric representation of the mmamt and in
the geometric models of the cameras associateactoienage (determined in the phase of spatialeaténg). Based
on the continuous comparison between the projegaameters of the observation point in the scenkthose of
iconographic sources, the browser interface enabRi3-3D joint interaction by means of a doubldatjebetween a
2D thumbnail bar and a 3D scene.

» 3D to 2D synchronization: when the user navigates in the 3D scene, imagdedD bar are displayed
and adapted to the ones whose viewpoint is includdte visual piramid (frustum) of the navigation
camera of the 3D scene. Images displayed in thelleidf the 2D bar match with the ones whose
cameras are the nearest to the camera navigatistuin (Figure 8a).

» 2D to 3D synchronization: when a thumbnail is selected, the navigation caneéithe visual browser
moves in real time in the scene (positioning intlevpoint of iconographic sources on the 3D scene)
and displays 2D iconography overlaid to the 3D espntation of the building.

In order to manage image detection, 3 parameterbeanodified: the field of view of the navigatioamera (FoV),
the distance between the navigation camera andnthge views (D), and the orientation differencewsstn the
navigation camera and the image views (O). Theultefattings of the system were defined as follows:
FoV = 90.6 degrees,
D=15m,
O =90 degrees.

4.5.2Search by sourcetype.  This type of search helps identifying the imagesed in the database depending
on the type of iconographic source (photographwiirg, painting, and engraving). It depends on thebates
specified by the user at the time of insertingithage in the database. According to the kind ofs®(photograph,
engraving, drawing), at the selection of an imdlge,3D-model is displayed in conic or cylindricabction (Figure
8b).

4.5.3Search by term.  This type of request enables to find all the gemin which an architectural element,
specified by a vocabulary term, is representeds Eharch uses the semantic decomposition of thegi2sentation
of the building. This decomposition is then progetbn all the 2D images (spatially referenced) dijireg over them
a semantic layer containing the identifier and skenantic attributes associated to the represemederts (Figure
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9b). Specifically, at the selection of an annotatedge, the semantic annotation can be highlightethe 3D scene
at the mouse rolling over (Figure 9a). Then, atshkction of a specific term, the 3D-model displdy coding
colors 3D elements belonging to the selected caye@f€igure 9b). From a technical point of view, t@clayers
(SVG), stored in the database, are associatedagds) so creating temporary image files. Thess éite edited on
the fly, and vector regions of images correspondinthe selected entities are colored. This fegpemnits users to
know the position of elements in the retrieved ism@Results of the query are ranked accordinge@tea extension
of the region identified on the image.

Fig. 9a. Specific term of the 3D-model digeld by coding colors Fig. 9b. Disptd 2D and 3D elements belonging to the category

4.6 Target Users

This 3D database addresses to different user psofilefined with the CNM, for different purposes:

» Complement to the tour. Visitors can use the damlmm-line to prepare the visit of the monument amd
site, as a complementary cultural offer for theters to the Castle.

» Educational workshops Young students, within tremework of classroom activities, can explore new
modalities for understanding the morphology andeétation with the history of a monument. Particlyla
the project Locus Imaginis has been integrated th&partnership agreement between the CNM and the
Jules Fil high school of Carcassonne and will lstetéby students.

» Collection and storage of iconographic sources. ubntalists and researchers (historians, archjtects
archaeologists, etc.) can use the database to mie¢bpe knowledge on the building morphology, by
accessing on-line iconographic sources startingnfitbhe exploration of 3D representations related to
different historical periods.

5. CONCLUSIONS

This work described a system for the storage aedpatial referencing of iconographic sources en3fb space and
for their segmentation into semantic layers. Thigjgrt introduces an innovative modality of vissalarch, based
both on the positioning of a virtual observatiommeaa in the 3D scene and on content (architectietures,

semantic attributes, temporal attributes, etc.ytifemmore, for the adopted process of semanticctsiring, this

project is sustainable: firstly, 2D-3D data candasily updated, and secondly, semantic annotatiansbe easily
upgraded.

Overall, some issues need to be resolved. Spdbifida the case of close-up and background images,

comprehension of the context is difficult, since-8ddel appears excessively near or far. For clgsénages, it
would be better to obtain a simultaneous scalintheffocal length and of the 3D-model; on the camytrin the case
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of background images, the focal length should likdd on the 3D-model, so as to modify the distaoic¢he
observation point.

Finally, some reflections should prompt furtheressh. In our work, we explored the 2D to 3D prtyjec
relation, as 2D images are described starting feosemantically enriched 3D-model. However, in vigfawrecent
results in the field of photogrammetry and computsion, this relation could be operated in thet82D direction:
the semantic characterization (segmentation andtation) could be led on the photos and be projesiehe 3D
scene. A first research has been already carrieth@mnnotation of surface degradations, so toterédegradation
mappings projected and queried by users on the @&Des[Stefani et al. 2012]. In future works, thenastic
characterization of photos (segmentation and atino)acould be done directly on oriented images headrojected
on the 3D-model in order to structure image-basedets such as point clouds, polygon meshes, etc.
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