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Executive Summary
This report primarily describes work done under WP11 on the acquisition of cultural heritage
content, the improvement of the digital environments for the preservation and distribution of
digital cultural data, and the development of new imaging techniques that will complement
the current photographic systems within the CyI Imaging Center for Archaeology and
Cultural Heritage (ICACH) and be integrated into those digital environments. In regard to
the first aspect of the work, team members from CyI, WSRP and NCSA have completed four
projects that have confirmed the value of the photographic systems set up in ICACH. For the
second element, NCSA, CyI and WSRP have been working on adapting Medici as an
environment useful for the management of Cultural Heritage data, while also attempting to
integrate InscriptiFact, an established digital library for inscriptions and small artifacts, into
CyI as an online resource for the data produced by the Imaging Center. Regarding the third
area, NCSA, CyI, BA and WSRP worked on both the tele-immersive imaging system (Task
2), as well as new ways of harnessing the data provided by Reflectance Transformation
Imaging.
This deliverable summarises the content that was created throughout LinkSCEEM-2 and
provides an update on the current status of the two library solutions/content management
systems that are being established within LinkSCEEM.

1 Introduction
Work Package 11’s first achieved goal was the establishment of ICACH, which supports a
number of cutting-edge photographic systems, including 360-degree cylindrical imaging,
dome-based Reflectance Transformation Imaging (RTI) and domeless RTI. Since the
opening of the center in February, 2012, the WP11 team has undertaken four projects to
gather imaging data from a variety of artefact types, small and large. During the second phase
of its work, the team has made great progress in incorporating two other important elements
of WP11 concerning the collection, preservation and distribution of cultural heritage data:
(1) Improvements in two digital databases to enhance their value as repositories for
cultural heritage data: (a) the establishment of the InscriptiFact Digital Library as a
key element of CyI’s distribution of cultural artefact images for scholars worldwide;
and (b) the adaptation of Medici Content Management System, NCSA’s open source
data repository system, to the types of data collection produced by ICACH and
others.
(2) New techniques for the imaging of artifacts: (a) the development of the portable teleimmersive visualization system (Task 11.2), and (b) the development of a system for
extracting 3D models from Reflectance Transformation Images (a development
related to ICACH’s RTI systems).
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2 Digital Cultural Heritage Content development
The four projects using the advanced imaging systems of ICACH were undertaken by Nikolas
Bakirtzis and Ropertos Georgiou of CyI, and Marilyn Lundberg and Ken Zuckerman of
WSRP. The first three were completed between February and May, 2012, and were reported
upon in Deliverable D11.4. They will be summarized briefly here. The fourth project
discussed in more detail below, was undertaken by Bakirtzis and Georgiou in November,
2012.
The first project was undertaken in collaboration with the Bank of Cyprus Cultural
Foundation (BOCCF) in February 2012. Five ancient Cypriot cylinder seals were
documented with the 360-degree system, while RTI images were made of numerous artefacts,
including coins, a decorated oil lamp, a bronze mirror, a stone statue, a Medieval ceramic
bowl, along with materials from the treasury of the Virgin Phaneromeni Church of Nicosia,
including a silver reliquary, a carved wooden cross, several icons and other liturgical objects.
Several images from this project were used in the BOCCF exhibition of these materials.
The second project took place at the Leventis Museum in Nicosia in March, 2013, in which
coins, gold jewelry and medieval Cypriot pottery from the museum’s collection were
documented. Images from this work have appeared in an on-going exhibition on Cypriot
Medieval Art in Brussels.
The third project was undertaken at the UNESCO World Heritage Sites of the Monastery of
St. John Lambadistis in collaboration with the Department of Antiquities and the Director of
Monuments. RTI imaging technology was used on a range of wall paintings and the reliquary
of the main church, as well as icons from the related museum.
The fourth project made use of RTI imaging to examine three celebrated paintings of Cretan
artist Domenikos Theotokopoulos (1541-1614), known as El Greco during his illustrious
career in Spain. CyI researchers Nikolas Bakirtzis and Ropertos Georgiou were invited to
document the icon of the ‘Dormition of the Virgin’ (1565-66), the ‘Adoration of the Magi’
(1565-67), and the Baptism of Christ (1567) recently exhibited in Nicosia (Oct.- Nov. 2012).
This collaborative project was possible in the context of the Institute’s close collaboration
with the Leventis Municipal Museum. This effort was also supported by the institutions
owning the three works of art: The Benaki Museum in Athens, the Historical Museum of
Crete and the Syros Metropolis. Preliminary results were presented at the Benaki Museum in
Athens (May 2013) in a special workshop featuring the work of CyI’s Imaging Center with
the participation of museum curators, photographers, conservators and art historians.
Workshop participants recognized the critical value of ICACH’s work in the visual analysis of
El Greco’s art and urged the preparation of a systematic project for the documentation of all
early El Greco paintings, specifically his work before his 1577 arrival in Spain. RTI images
offered an invaluable detailed analysis of the surface of El Greco’s art works. Participants
were able to appreciate the brushstroke technique of the artist, his use of colour pigments, the
layering of later interventions, deteriorations on the paintings’ surface and other details.
The further study of these results will contribute to new knowledge on the work of the
seminal artist. CyI researchers were invited to make immediate plans to photograph all El
Greco’s works in Greece (Athens and Crete) and prepare a digital corpus of RTI images that
will be included in the events for 2014, which has been designated as international ‘El Greco
Year’. This project highlights ICACH’s success in establishing a local and regional presence
and expertise and thus access world-level works of art to make a valid scientific contribution
to the field.
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Figure 1 Various modes of PTM/RTI mathematical enhancements rendering a detail from El-Greco’s
painting the “The Baptism of Christ”

Figure 2 CyI team during the imaging of EL-Greco paintings (“Dormition of the Virgin”)
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3 The InscriptiFact Digital Library
WSRP, under the direction of Prof. Bruce Zuckerman, has played a major role in Work
Package 11. WSRP constructed the imaging systems that form the basis for the CyI Imaging
Center in CaSToRC. WSRP’s InscriptiFact Digital Library, designed to allow access to highresolution images of ancient inscriptions and artifacts from the Near Eastern and
Mediterranean worlds, is an internationally-praised database that makes available over 50,000
images from 39 museums from across Europe and North America. Its features are described
in more detail in Deliverable D11.3. While the first year of WP11 focused on the
construction of the Imaging Center’s systems, this year the team has moved toward
incorporating InscriptiFact into the Cultural Heritage program at CyI.

3.1 Cyprus InscriptiFact node
The copyright issues that were already discussed in deliverable D11.3, have until now
prevented the wider publication of acquired material on InscriptiFact. The cultural heritage
team at CyI is in close contact with Institutions in Cyprus to reach copyright agreements for
Cypriot data on InscriptiFact. One activity that will support this is the creation of a Cyprus
node of InscriptiFact. This will support the copyright negotiations as Cypriot organisations
seem to be more willing to collaborate with a database partially hosted in Cyprus.
Negotiations have progressed and direct discussions between the InscriptiFact consortium and
CyI have been initiated during a visit at NCSA in late January 2013. At the current stage,
technical requirements are being communicated to move forward towards an agreement.
3.2 Adaptation of InscriptiFact
Much of the work during Year Two focused on the tasks of expanding InscriptiFact storage to
accommodate CyI’s images and cataloguing and on the development of requested specialized
InscriptiFact programming.
Expansion of InscriptiFact Storage
The project included expanding the storage capacity of the InscriptiFact Digital Library in
order to accommodate high-resolution image-objects and cataloguing of ancient Cypriot
inscriptions and artifacts in an optimal fashion.
The new storage funded during Year One was purchased in October, 2012 and installed in
November 2012. This expansion now enables the storage and delivery of the images of
ancient inscriptions and artifacts captured under the auspices of the CyI and Illinois/USC
through InscriptiFact. The hardware acquired for this involves a new Dell MD3220i vault and
(24) 900Gb drives and two switches (one for redundancy).
Specialized InscriptiFact Programming
The specialized application programming project involved two primary elements that will be
most useful for the delivery of images of ancient Cypriot inscriptions to scholars, researchers,
educators and students: a User Management Module and an Installation Module.
LinkSCEEM-2 - RI-261600
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User Management Module
The User Management Module enables the management of Cypriot user-information. The
Module includes a Web Registration Module and a User Portal for managing Cypriot userinformation. This can be accomplished by the Cypriot administrator. The Cypriot
administrator will serve as the contact for Cypriot users and will manage any user issues that
arise. These two modules also enable users to self-register and manage their own
information.
The Web Registration Module and the User Portal are currently online and available at:
http://ruth.usc.edu:7060/UserPortal
The Web Registration Module enables users to:




Enter and edit contact information
Select a unique username and choose a password. It informs the user whether or not
his/her selected username is available and provides suggestions for a unique username if
needed.
It implements and maintains user agreements.

The User Portal:




Enables users to change their passwords or to generate passwords if a password has been
forgotten.
Enables users to reset their login status, should they become locked out of InscriptiFact.
Automatically sends emails with appropriate confirmations, instructions, newly generated
passwords, etc.

NOTE that the Change Password and Forget Password functions are also available from the
InscriptiFact Welcome Screen.

Figure 3 View of the new registration screen and user agreement for InscriptiFact.
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Prospective users select a unique user name and decide on a password. If they need help
selecting a unique username, they can use the “Check for Unique UserID.”

Application Installation Module
The application installation module replaces and enhances the current installation program to
automatically install and configure InscriptiFact in a straight-forward manner.
The installation module is currently in the process of implementation and is expected to be
online at the end of September, 2013.
The new installation module determines the particular operating system and resources of any
given client machine and installs and configures the appropriate InscriptiFact client for
Windows XP, Vista, Windows 7, Windows 8, Mac OS 10.5, Mac OS 10.6, Mac OS 10.7,
Mac OS 10.8 operating systems. It will thereafter automatically apply upgrades as needed
based on the platform and operating system that the user employs.
It will also determine whether there is a firewall preventing or obstructing access and, if so,
deliver this information to the user.
Additional Specialized Programming
Three additional specialized programming tasks are currently in process.
These include:


The capacity for full resolution image capture with adjusted lighting and effects within the
InscriptiFact viewers. This feature will enable a user to view an RTI image, change the
detail of a selected area, change the direction of the illumination, modify any effects as
desired, and capture a full-resolution image of the result.

The capacity for full resolution image capture was requested at the WP11 Workshop, January
31-February 1, 2013. Additionally, it is a feature that has been requested by numerous users.
It will be available in both the InscriptiFact online and standalone viewers.


In the case when an InscriptiFact user’s computer loses connection with InscriptiFact (for
example, a wireless connection is lost) or the user exits InscriptiFact without logging out,
the system will logout the user whenever the user has not accessed the database for a
given period of time.



Provide users with the option to run the InscriptiFact standalone viewer online (with
subsequent evaluation and configuration by the installation module) or offline in case the
user does not want to be connected to the Internet.

LinkSCEEM-2 - RI-261600
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4 The Medici Content Management System
The LinkSCEEM-2 collaboration between NCSA and CyI on Medici 2 is largely subsumed
under Work Packages 8 and 9, but members of the WP11 team have been involved with
aspects of the work that focus on the needs of those producing Cultural Heritage data. The
variety of digital documentation systems available within the Imaging Center (RTI, 360degree imaging, spherical panoramic photography), and those of the faculty of STARC are
being used by the developers of Medici 2 to pilot new aspects of the system.
In contrast to InscriptiFact, which focuses specifically on detailed analysis of inscriptions and
other smaller artefacts, Medici 2 is designed to organize massive flows of cultural heritage
data, of widely different archaeological and ethnographic types. It is an environment
integrating analysis tool for the auto-curation of un-curated digital data, allowing automatic
processing of input (CH) datasets, and visualization of its various formats. It offers a simple
user interface for dataset preprocessing, previewing, automatic metadata extraction, user input
of metadata and provenance support, storage, archival and management, representation and
reproduction.
The primary contribution of the WP11 team has been in the area of RTI. RTI images from the
Imaging Center have played a key role in helping the Medici developers determine the needs
for supporting this type of data. In addition, the process of extracting 3D models from RTI
(discussed above) has been provided to the Medici team to allow for the incorporation of that
process into Medici 2. New developments over the last year expanded the focus of Medici
from RTI to incorporate data for the Tele-immersive imaging system and to host 3D RTI
data.. More information on this is given in the sections below.

4.1 The Tele-Immersive Imaging System (Task 11.2)
WP11 Task 2, led by Kenton McHenry of NCSA, is currently working towards a portable 3D
acquisition system in support of remote cultural heritage collaboration. The envisioned
system would be hand held and allow someone to carry it into a museum or other remote
location. The portable tele-immersive device will allow one to share a 3D representation of
an artifact with others remotely in a manner that can be manipulated in real time, compared
with other artifacts in a common virtual environment, and digitally archived. Towards this
end
we
have
modified
our
core
TEEVE
framework
(https://isda.ncsa.illinois.edu/svn/teeve/trunk/TEEVE) with the following list of features:
1.
2.
3.
4.
5.
6.
7.

3D data transmission through compressed 2D streams
Integration of real-time audio
UDP multi-broadcast support
Portability
Automatic data upload and annotation
Integration of sensory feedback to support interactivity
Multi-camera support

In the past year we have made progress on items 5 and 6.
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With regard to item 6 we have worked on incorporating user interaction into the TEEVE
system using gestures captured with the Kinect cameras. Using the skeleton tracking
capabilities within the OpenNI library we are able to recognize a user’s arms and hands within
the virtual space. Rudimentary interaction between the user and virtual objects has been
implemented through this, allowing a user to touch and manipulate a loaded 3D model (e.g. a
scanned artifact). We are working on adding more control over this interaction (e.g. allowing
the user to rotate objects with their hands in addition to just translating it).
With regards to item 5 we have begun moving the entire TEEVE system so as to exist,
ideally, entirely within the Medici framework. Medici, also being developed as part of WP8,
is a web based repository started at NCSA to address accessibility, auto-curation, and social
curation of large un-curated collections of digital data. A light weight client application was
created that would be installed on a local system allowing 3D video produced from an
attached Kinect camera to be loaded directly into a Medici repository. Previews are then
created within Medici to view the ONI data streams from the Kinect cameras allowing users
to view this information from within Medici running in any modern web browser. The
preview allows users to do the typical 3D manipulations of the scene (i.e. translate, rotate,
scale). We are currently working on creating a preview for a collection containing multiple
ONI streams allowing them to be viewed simultaneously, in essence re-creating the TEEVE
3D immersive system entirely within Medici. Within Medici, however, we gain the
preservation and curation aspects of the management system as well as an ability to better
maintain and share the produced code.
In addition to the streaming 3D data to Medici we have created a lightweight application to be
installed on a local system which allows a user to move their Kinect camera over an object (or
artifact) and produce a 3D model of that object that is directly uploaded into a Medici
instance. Work is now being done so that this 3D model can then be included in a collection
of ONI streams from distributed users, along with other 3D models, so that the users can
interact and manipulate these objects for the purpose of making novel discoveries/connections
among cultural heritage artifacts.
In the next year we will begin to address features 2, 4, and 7 involving the incorporation of
audio, greater portability, and multi-camera support. However, we will place greater
emphasis on the completion of items 5 and 6 which will add the greatest benefit to distributed
cultural heritage work.

LinkSCEEM-2 - RI-261600
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Figure 4 Top: A tele-immersive session involving two locations. In each case the user starts the “teeve”
application on their machine and are automatically connected to a shared virtual environment. Note, the images
are screen captures of 3D point clouds that can be rotated, scaled, and otherwise manipulated. Bottom: A user
interacting with a virtual object (in this case a 3D model of a sphere), grabbing it, and moving it.

4.2 Extracting 3D Models from Reflectance Transformation Images
This project has been led by Mohammad el-Farargy, Head of the VISTA Unit of the
Bibliotheca Alexandrina, and has produced very exciting results. Reflectance Transformation
Imaging (RTI) has been described in Deliverable 11.4. It is a powerful imaging system that
allows one interactively to change the light angle on an artefact within an image, thus
allowing the user to determine exactly which angle provides the information needed from the
artefact. There are times, however, when a 3D model of an artefact might play a crucial role
in its interpretation. El-Farargy has discovered that the RTIs’ information on both color and
form of an object make it possible to use them to reconstruct good 3D approximations of the
original surfaces. He makes use of three 2D texture maps that can be extracted from the RTI
and used to reconstruct a final 3D surface. The three maps are the following:
1.

Diffuse Map. This map defines the main color of the surface. To be accurate, the color
must be recorded in such a way that there are no directional light effects, interreflections, specular highlights or self-shadowing. Polynomial Texture Mapping, a type

LinkSCEEM-2 - RI-261600
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of RTI used in the CyI Imaging Center, allows for the accurate extraction of the color
data, creating a uniformly lit map that is ideal for use in the 3D process. It produces
results that appear to be superior to those of standard 3D photogrammetry, which
sometimes suffers from the shadowing problem.
Normal Map. A Normal Map is a texture map containing surface normals at each texel
stored as RGB. Directional lighting information for each pixel is already stored in a
PTM, which makes it possible to get a very good estimate of the surface normal at that
pixel. Since luminance is maximum when incident light is perpendicular to surface (i.e.
incident light vector = surface normal), surface normal at each texel can be estimated as
the orientation maximizing light response.
Height Map. This map is the most important for building the actual 3D model. For this
map, information from the Normal Map is integrated by linking each pixel’s white level
to a height value of the vertice of a 3D grid mesh. The accuracy of the height designation
is enhanced by a series of iterations of the data that improves the contrast between low
and high points. Each is slightly modified according to the slopes of the surrounding
pixels’ normal and their heights in the current iteration. Figures 1-4 provide samples of
these maps from a PTM of a stone carving.

Figure 5 A traditional image of the stone carving

Figure 6 Diffuse Map, showing more accurate color
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Figure 7 Normal Map of the surface

Figure 8 Height Map, showing the 3D aspects of the image

The construction of 3D models from the PTMs is fast and simple and can be done within
already-extant RTI viewers. It represents a major step forward in the use of this type of
digital cultural heritage data.
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5 Outlook
The final phase of Work Package 11 (its months 29-36 = months 37-44 of the larger project)
will focus on the completion of each item described in this report.
1. The Tele-immersive Visualization system is scheduled to undertake a pilot project
during the final months of Work Package 11.
2. An informal workshop testing the reliability of the 3D extraction process for RTI will
be held in September, 2013, at the CyI. Following this, final revisions to the process
will be made, and it will be incorporated into the InscriptiFact and Medici RTI viewer
systems.
3. Discussions will occur during September about the possibility of creating an
InscriptiFact mirror site at CyI to more easily accommodate Eastern Mediterranean
scholars and provide additional security for the large database.
4. The Medici and InscriptiFact teams plan to discuss ways in which the two databases
can collaborate so as to enhance both applications.
5. A two-day workshop was held at NCSA on January31-February 1, 2013, in which
members of the WP11 team from Illinois, CyI, BA and USC gathered to strategize
about its future direction in order to assure the continuation of its success well beyond
the completion of the LinkSCEEM-2 grant. We discussed wider collaboration
between WP11 and the Culture Heritage aspects of WP9, headed by Donna Cox,
Director of the NCSA Advanced Visualization Laboratory, as well as the
Visualization Laboratory of the Beckman Institute, headed by Travis Ross. In
addition, we explored areas where we could strengthen the collaboration with the West
Semitic Research Project (WSRP) of the University of Southern California, which has
played a central role in Task 1 of WP 11 and wants to continue this for the long term.
A large number of potential areas of focus were proposed, including new projects
concerning the history of climate in the Eastern Mediterranean, the testing of Medici’s
handwritten text recognition capacities to examine ancient documents such as the
Dead Sea Scrolls, etc.
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