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Executive Summary
Work Package 11 began in Month 8 of the project. The objectives of WP11 concern the use of
scientific computing and visualization as a research framework in Cultural Heritage. The
areas of advanced image documentation, distribution of cultural heritage artifacts and 3D and
4D visualization are the areas to be addressed.
Specific objectives include:
 Prototyping a novel, small object imaging center at CaSToRC that can be adopted by
other centers in the region, including the building of the acquisition systems,
workflows and processes that will be available to regional partners for training
activities (Task 1).
 Implementing a Digital Library open to the general public of sufficient storage
capacity to accommodate in an optimal fashion the high-resolution image-objects of
cultural heritage artifacts (Task 1).
 Producing tools for tele-immersive collaborative environments and data that
accommodate the merging of physical scenes into virtual digital spaces (Task 2).
The first two months of the WP11 project were intended to begin work on the first and third
objectives. During this time, we developed the specifications for the Imaging Centre
infrastructure, began the construction of the specialized cameras, and made plans for the
installation of the camera systems at the Cyprus Institute. We also gathered information from
the participating labs about their existing 3D video hardware and software. On Task 2
currently we are running slightly ahead of our initial schedule. The present deliverable
focuses on the design specifications for the Imaging Centre infrastructure at CyI. In addition,
a description and a set of initial requirements and specifications for the tele-immersive
collaborative environments is provided, indicative of the work performed already on that task.
As already discussed with the project officer, deliverable D11.2 is submitted 3 months late.
This is the result of several factors outside of the control of the project consortium such as the
flooding of manufacturing facilities critical for the equipment. This had a knock-on effect on
subsequent events like training and the pilot study. However, the delays in the arrival of the
equipment allowed local scientists in Cyprus to better negotiate access to artifacts.
In fulfillment of Task 1, Kenneth Zuckerman and Marilyn Lundberg from the University of
Southern California visited Nicosia from 13-17 February, 2012 to collaborate with members
of the Cyprus Institute. This task is a component of the CyI Illinois research agreement to
address such activities as LinkSCEEM-2’s Work Package 11 as well as set the scene for
collaboration with partners in Cyprus. The project coordinated by Nikolas Bakirtis (CyI) was
organized in two parts: installation of equipment (3 days), and seminar session (2 days) with
interested stakeholders’ personnel involving a demonstration and hands-on laboratory.
Associated with this was a second element of Task 1--a pilot project on 20-24 February
(involving the Bank of Cyprus Cultural Foundation—see attached pilot description) that
documented selected artifacts in a collaborative effort between CyI, US Researchers and the
Bank of Cyprus.

1 Description of the Imaging Center
As already described in deliverable D11.1, the development of high-resolution digital
visualization techniques for the documentation of ancient artifacts has been one of the major
scientific achievements of the past decade and a half. The goal of Task 11.1 is to create an
LinkSCEEM-2 - RI-261600
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imaging center at the Cyprus Institute that uses advanced technologies to image both small
and large artifacts found in the Eastern Mediterranean. The LinkSCEEM-2 team is working
with the staff of STARC, the Science and Technology in Archaeology Research Center of the
Cyprus Institute, to ensure that the center complements rather than duplicates the technologies
already in use at the latter. A polynomial texture mapping system was developed and installed
at CyI.
The installation was conducted by Kenneth Zuckerman (West Semitic Research Project,
USC), who is co-designer and co-builder of the Polynomial Texture Mapping dome (also
known as Reflectance Transformation Imaging). Marilyn Lundberg (West Semitic Research
Project, USC) is the most experienced operator of the 360-degree imaging system and a
scholar of ancient Near Eastern texts and languages. Zuckerman and Lundberg oversaw the
installation and preliminary testing of the equipment on February 13, 14 and 15 (see fig. 1). It
was critical for them to be present in Cyprus because much of the equipment was custom-built
by Zuckerman. In addition, he and Lundberg, with the assistance of Ropertos Georgiou, who
was recently trained by them in California, worked together to assemble and test the cameras.
This was the final stage of Ropertos’ training on the equipment, thus meeting the needs for
LinkSCEEM-2’s Work Package 11 for an internal training workshop. The team also installed
the required software on computers at the Cyprus Institute and trained personnel in the use of
the software to capture images. They also conducted training tests on how to process the
image sets to produce PTM images and view these PTM images with the Inscriptifact PTM
viewing software (see fig. 2).
These imaging systems are not commercially available—each had to be custom built.
Having determined the needs for the Imaging Center, Pitard arranged in April for the West
Semitic Research Project to construct the systems. These devices have now been built and
integrated into the Imaging Center at the CyI.
The Polynomial Texture Mapping Dome. Polynomial Texture Mapping (PTM) is a type of
Reflectance Transformation Imaging developed by Hewlett-Packard Imaging Labs. The
difficulty with photographing objects whose designs are in relief, often on uneven surfaces,
such as inscriptions on stone or clay, impressions, plaques, tablets, coins, mosaics, etc., is that
it is rarely possible optimally to light the entire object with a single light angle.
Photographers are often forced either to focus on only part of the artifact or try to take
additional photographs with varying light angles, a difficult and time-consuming process.
The PTM system solves this problem in an extraordinary way. The PTM apparatus consists
of a dome with a hole at the apex, and thirty-six Halogen lights embedded at fixed intervals
around the dome. An artifact is placed at the base of the dome, while a camera is positioned,
looking downward, through the hole at the top. Thirty-six images are taken, each with a
single light shining, so as to create an image at a specific light angle. The PTM algorithm
synthesizes the data from these images to create a single image that can be displayed on a
PTM viewer. The viewer allows the user to move the light angle in real time, so that the
combination of light and shadow that represents the features of the object can be freely
altered. This gives the viewer the same ability to study the artifact as one would have if they
were actually moving the light across the face of the object. The high-resolution nature of the
PTM often allows one to enlarge the artifact significantly for superior analysis of the detail
beyond ordinary hand examination. The PTM viewer allows one to turn on more than one
light if needed and move each one around the image. Other imaging tools, such as Specular
Enhancement and Diffuse Gain, provide additional ways to analyze the data using the variable
light.

LinkSCEEM-2 - RI-261600
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Figure 1: The Polynomial Texture Mapping Dome during installation at the Cyprus Institute.

Figure 2: An ancient replica coin used for the acquisition of the polynomial texture map using
the Dome device. The snapshot is taken from the RTI viewer developed by Hewlett-Packard
Imaging labs where the viewer is able to interact with the artifact using various lighting
directions for the illumination of the surface texture.
Polynomial Texture Mapping without a Dome. The PTM dome allows for a convenient
workflow in documenting small objects. But there are many artifacts that would benefit from
PTM technology that are too large to fit under a dome. Software has been developed by
researchers connected with Cultural Heritage Imaging (based in San Francisco) that allows
one to create PTMs by using a flash or other lighting to form a “virtual” dome over any
artifact. This technique has been used to make PTMs of wall reliefs, large-scale statues,
church mosaics, etc. In this case, a highly reflective sphere is placed in the corner of the
photograph while a series of images is taken with a hand-held lighting source that essentially
duplicates the locations of the dome’s lights on a larger scale (fig. 3). The software analyzes
the location of the flashes reflected in the sphere to determine exactly the light angle at which
LinkSCEEM-2 - RI-261600
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each photo was made and then creates a PTM from the various images. This system can be
used anywhere: in museum galleries, in the field, in caves and in churches.

Figure 3: Conservators from the Department of Antiquities in Cyprus taking a domeless PTM
image during the introductory training workshop at the CyI premises.
360-degree Imaging of Cylindrical Surfaces. One of the most common, but least-well
documented classes of artifacts in the Eastern Mediterranean is the cylinder seal. The
cylinder seal was originally developed in Mesopotamia, ca. 3400 BCE, but spread in use
across the Near East and Cyprus. They were stone cylinders carved with often intricate
designs, and they were used to make impressions on inscribed clay tablets that acted as one’s
identifying mark, much like our signature today. The need for a unique design for each owner
made the decorating of seals one of the great art forms of ancient Near Eastern civilization.
They were produced for nearly 3000 years, and some twenty-five thousand of them have been
recovered in excavations. Cyprus alone has produced some 2000 seals, largely from the
second millennium BCE. Because they are small (usually around 2.5 cm) and because they
are cylindrical, they have been difficult to publish and study. Working with the BetterLight
Company of San Carlos, California, Bruce Zuckerman’s team at USC developed a highresolution camera system to photograph the 360-degree carved surfaces of seals so that
researchers can examine the designs in detail. The camera provides flat images of the curved
surface using a 4 x 5 inch large format camera, the BetterLight panoramic scanning back, and
a rotating pedestal that holds the cylindrical object (fig. 4). The high-resolution images
provide enormous detail for researchers.

LinkSCEEM-2 - RI-261600
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Figure 4: Marilyn Lundberg and Ropertos Georgiou during the installation of the 360-degree
imaging acquisition device for cylindrical objects at the premises of the CyI.
The 360-degree camera, a traditional large format camera with a BetterLight panoramic
scanner and rotating pedestal for the acquisition of surface details of a cylindrical object.

2 Introductory Imaging Center workshop
A two-day introductory seminar session on February 16 and 17 was held at the CyI Athalasa
Campus for CyI staff and invited members from the Department of Antiquities and other
interested participants/stakeholders, such as the Bank of Cyprus Cultural Foundation and the
Leventis Museum (fig. 5). The workshop was coordinated by Nikolas Bakirtzis and led by
Zuckerman and Lundberg with the assistance of Ropertos Georgiou. On February 16, the
seminar presented two of the three camera systems: the PTM dome, and the 360-degree
camera. Zuckerman and Lundberg are the leading experts in the use of these systems. As part
of the workshop participants were given an opportunity for hands-on experience with the two
systems. Following the first day’s presentation of the equipment, on February 17, Zuckerman,
Lundberg and Georgiou demonstrated domeless-RTI and led a hands-on laboratory on a wide
range of artifacts and materials. The data gathered from this project will be used to determine
the types of artifacts and materials that benefit most from the different imaging systems.
Participants in the workshop seminar and hands-on session were fully engaged with the
equipment and the potential of the new imaging systems in preparation for future
collaborative research synergies with the Cyprus Institute. The development of the CyI
Imaging Facility in the context of LinkSCEEM-2, and, as part of future STARC’s research
activities in archaeology will be led appropriately by Dr. Sorin Hermon and Dr. Nikolas
Bakirtzis.
LinkSCEEM-2 - RI-261600
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Figure 5: Participants during the training workshop and live demonstration with hands-ontraining on the technologies installed at CyI and introduced by the University of Southern
California and the University of Illinois.

LinkSCEEM-2 - RI-261600
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3 Artifact imaging pilot study
From 20-24 February an abbreviated, focused pilot project in collaboration with the Bank of
Cyprus Cultural Foundation (BOCCF) was held to initiate a series of applications of the CyI
Imaging Facility that engage CyI and UIUIC/USC with local cultural heritage stakeholders in
Cyprus and the region (fig. 6).

Figure 6: During the pilot project held at the premises of the Bank of Cyprus Cultural
Foundation, researchers and curators are introduced to the technologies.

LinkSCEEM-2 - RI-261600
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Figure 7: Image of a cylinder seal dating to the 13th century BC taken with the 360-degree
camera system. Courtesy of the Bank of Cyprus Cultural Foundation.
Specifically, the new imaging technologies were used to document a variety of artifacts,
including cylinder seals, coins, and other objects from the collections (fig. 7), as well as icons
on loan for an exhibition to be held at the BOCCF. The curators of the Foundation in
collaboration with STARC and Dr. Lundberg identified a proper group of objects whose
documentation has the potential of carrying research interest. Images are being shared with
the BOCCF in anticipation of a collaborative agreement that will further the inclusion of RTI
images of BOCCF collections objects in USC’s Inscriptifact database. The Foundation is
currently considering such an agreement.
The pilot project was successful, and the BOCCF agreed to allow Ropertos Georgiou and
Nikolas Bakirtzis to continue working at the BOCCF during the week of February 27th. This
pilot project is expected to foster the development of research synergies with a key local
stakeholder while offering an important training opportunity to CyI staff. Already the
Leventis Museum has expressed interest in having artifacts from their collection
photographed with the RTI and panoramic technologies. The Cyprus Archaeological
Museum has also expressed a desire to make use of the technologies in the future. CyI is also
preparing thematic research proposals that will engage the musems of Nicosia in collaborative
efforts that will offer new knowledge on selected archaeological and artistic material.
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