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Case study - The Hellenistic-Roman Theatre of 
Paphos 

Introduction  
This case study describes the methodology adopted by STARC for the publication on the web and 
harvesting by Europeana of the virtual reconstruction of the Hellenistic-Roman Theatre of Paphos 
(Cyprus). 

STARC, in collaboration with the University of Sydney archaeological mission, Department of 
Antiquities of Cyprus, the Institute for Technology Applications to Cultural Heritage of the National 
Research Council (CNR-ITABC), Italy and the University of Naples “L’Orientale” (CISA), Italy, 
produced a high-quality three-dimensional terrestrial model of the theatre by using state-of-the-art 
photogrammetric and laser scanning acquisition technologies. 

The 3D model represents the current physical state of the theatre and its surroundings. The obtained 
3D mesh (figure1) was used as a reference model for the digital reconstruction of its five 
architectonic phases. 
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Methodology  
The virtual reconstruction was based upon the London Charter (LC) guidelines for documenting 
computer-based 3D visualisation of Cultural Heritage.  

The pipeline from the virtual reconstruction to the publication on the web is summarized below: 

·  Documentation and study of the available scientific resources about Greek and Roman 
history of architecture, archaeological documentation from previous excavations (plans, 
sections, unpublished notes, photographs). 
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·  Composition of hypothetical hierarchical modelling 
diagrams of the architectural components representing each of the five identified phases of 
the theatre and transformation in the local metadata schema (STARC metadata schema) (fig 
2-3).  

·  Alignment with the CARARE metadata schema. 
·  3D implementation of the virtual environment based on based on architectural blueprint 

plans, modelling, texturing, lighting and rendering.  
·  Superimposition of the 3D reconstructed models on the 3D model of the real asset resulting 

from the integration of aerial photogrammetry and laser scanner digital acquisition.  
·  Export of the models into interchangeable, portable, sustainable and interoperable digital 

formats.  
·  Visualisation of the output using multimedia or hypermedia techniques for communication 

on the web with interactive systems, video animation, film, photo gallery, 3D PDF.  

The information and digital resources (pictures, 3D models, maps, texts) used for the virtual 
reconstruction of the different phases of the Paphos Theatre are documented through the STARC 
metadata schema, which relies on the LIDO and CARARE schemas. The online content, mapped to 
the CARARE schema is available for harvesting by Europeana. 
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Metadata 
The metadata schema for 3D objects adopted at the Cyprus Institute is based on the principle of 
recording every important detail for the identification of the digital provenance of a 3D object 
ranging from the data acquisition to the dissemination to the public.  

The STARC schema was adapted to the CARARE schema following CARARE’s recommendation 
and Europeana requirements. In particular the section that corresponds to Digital Resources in the 
CARARE metadata schema was enriched. 

Metadata for Paphos Theatre 
The 3D model of the Paphos Theatre was created after postprocessing data, acquired with the 
integration of two technologies: aerial photogrammetry and laser scanning.  The final result was 
used for the reconstruction of the five architectural phases of the theatre. 

A database has been created documenting the overall key structural components and elements that 
synthesize the architectural space of the theatre during its life span.  Each phase has different distinct 
characteristics resulting in a different component in the database that reflects the contemporary 
architectural methods of each period. 

These components were hierarchically structured and sub-divided. In our case, the top-level 
component is the Paphos Theatre, which corresponds to the Collection level of the CARARE 
schema. The sub-levels, divided into various levels of children, are the several architectural 
components and correspond to the Heritage Asset level in the CARARE schema. All the components 
are connected to the Theatre and between them through relations.  To these 3D models, other digital 
resources and activities are also connected using relations. 

Once the data was completed, the next step was map the STARC metadata schema to the CARARE 
1.0.6.1 schema by loading the metadata as XML files to the MINT tool. 
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Step by step procedure for metadata preparation: 

'�  First step: log in to the MINT tool�
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2. By selecting the import tool we loaded the metadata as XML file (through Browse). 
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3. After choosing Submit, the Overview screen opens. This tool allows the user to browse through 
items that have been uploaded. 

4. By defining the root and label element from the ingested data set we were allowed to proceed 
with the mapping. 
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5. By selecting the mapping button we could perform the semantic mappings between the source 
and target schemas.  
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6. Once we mapped our metadata schema to CARARE 1.0.6.1 
schema we applied the transformation to the data set uploaded. The metadata were uploaded as 
multiple XML files, each one containing one item, in a zip folder. 
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An example CARARE record is shown below, at the end of this case study. 
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Overview of the Paphos web site platform  
The online platform aims to promote, understand and share knowledge about the methodology and 
the output of the virtual reconstruction process of the Paphos Theatre. The prototype platform can be 
found at http://www.3dtheater.teletronltd.com. 

The characteristics of the website built on open source software are: 
·  Content Management System based on Joomla, installed on a local server using Apache 

environment, based on PHP server-side scripting language and connected with MySQL open 
source database 

·  Dynamic Web design and development of a user friendly interface  
·  Use of virtual 360 navigation tool (Panotools) for visualisation of real and virtual 

environments 
·  Use of VRML (Virtual Reality Modeling Language) for 3D navigation.  
·  3D engine based on Flash and Flex will improve, in the next future, the existing technologies 

for real-time navigation through the Web. 

User scenario  
Searching in Europeana for the Paphos Theatre, a user will have the possibility to visualise images, 
3D models, texts and videos which are related to the Paphos Theatre. 

Choosing the 3D icon (which will be added to the Europeana interface) the user will be able to 
visualize the thumbnail of the 3D PDF document which will be linked to the original context where 
the 3D PDF is stored into the content provider’s server (in this case to the web site 
http://www.3dtheater.teletronltd.com). The user will be able to read about the methodology adopted, 
interact with the multimedia/hypermedia content, products of 3D reconstruction process, explore the 
3D object and the descriptive metadata embedded into the 3D PDF. 

The thumbnail will be directly created by Europeana through the link, provided by the content 
provider, to the server or web site where the 3D PDF (for 3D objects) and the images are stored.  

The website interface is structured in two sections: 

1. The upper part describes the case study objectives and the methodology followed for an efficient 
3D online visualisation. 

2. The lower part of the interface allows the user to choose the digital resource which he/she is 
interested on (2D and 3D information): 

a. Photos  

b. Geolocation  

c. Architectural Layout  

d. 3D Rendering  

e. Interactive   
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f. Video Augmented Reality 
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The photo gallery is interactive and is created on high level communication languages such as 
JavaScript (CSJS) (client-site scripting) based on PHP (Hypertext Preprocessor) Server-side 
HTML embedded scripting designed for web development to produce dynamic web pages.  
 
Inside the gallery image thumbnails will be presented and, by clicking on it, a pop-up window will 
show to the user high-resolution images of on-site photos, snapshots and panoramic views with the 
related description. 
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This tool enables the spatial information visualisation of a 3D model or pictures on Google Earth 
(using Google Sketch-up for the integration of the model into the Google Earth`s environment). The 
3D model (optimized for the web and the desktop application) is exported into *.kmz file format and 
it is uploaded on the web server.  The user will be able to download the corresponding file and then 
visualize it on Google Earth. 
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This section follows the same concept as the photo gallery system (previously described) and will 
enable the user to view and download architectural plans, cross-sections, elevations, site views. 
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The rendering of photorealistic and non-photorealistic still imagery is published on the web site 
through a 2D open source interactive application (ZOOM.it). This software is currently used by 
Europeana web site for exhibition of high-resolution still images. 
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The 3D models of the whole area of the theatre and its architectural components can be interactively 
explored by using ISO standard and experimental application (leading to standardisation) for the 
integration of 3D geometry, textures and light information.  In order to have an interoperable (cross-
platform) and durable interactive content the format that we use for publishing our content is 3D 
PDF.  We plan to use VRML, X3D (xml encoded, X3DOM framework) and COLLADA (xml 
encoded) in the future, according to the web 3D capabilities and user needs. 
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Animated stereoscopic and non-stereoscopic contents can be visualized through Real Time web 
player and downloaded for high resolution desktop viewing (mpeg 4 file format). 
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Virtual graphics data will be overlaid onto real world objects.  
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Example Paphos XML records in CARARE format  
The metadata described below is the resource discovery metadata attached to the 3D PDF file which 
will enable the users to find the object via Europeana and refers to the 3D object. �
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Digital resources and related activities 
The Digital Resource metadata describes the 3D PDF file that embeds the 3D models of the Paphos 
theatre and its structural components and architectonic elements. The creation process is connected 
to the 3D models using relations.  This section defines crucial information for the publication 
process in Europeana through the definition of where the 3D PDF file (<link>) and its thumbnail 
image (<object>) are located and what the landing page is (<IsShownAt>).�
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The 3D model is defined through an Activity such as aerial 
photogrammetry that yields the 3D model.  Here the creators of the 3D model and the equipment 
used for the digital acquisition are defined. 
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