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Executive Summary
The first sixteen months of the LinkSCEEM-2 Cultural Heritage Work Package (WP11) have
focussed on Task 1, the development of an advanced small-object Imaging Center within
CaSToRC that makes use of high-resolution digital visual techniques for the documentation
of a wide range of ancient artefacts. An important element of Task 1, in establishing the
Center, has been to undertake a series of pilot projects with the new imaging systems to
determine the extent of their efficacy in the eastern Mediterranean context. Two projects
were undertaken during the first half of 2012, and they provided excellent imaging results for
a wide range of artefact types.

1 Introduction
The Imaging Center currently consists of three digital imaging systems: (1) The Polynomial
Texture Mapping (PTM) dome, which produces a type of Reflectance Transformation
Imaging (RTI) for small artefacts, developed by Hewlett-Packard and enhanced by West
Semitic Research at the University of Southern California. (2) A domeless PTM system that
can be used to create PTM images of larger artefacts. (3) A 360-degree imaging system that
is designed to make flat images of the surfaces of cylindrical objects. For details on the nature
of these imaging systems, see Deliverable D11.1

2 The First Pilot Project
The first pilot project for the new CyI Imaging Center followed the installation of the three
camera systems at the Cyprus Institute in February, 2012. This installation was overseen by
Marilyn Lundberg and Ken Zuckerman on behalf of the West Semitic Research Project
(WSRP) at USC. WSRP was responsible for the construction of the PTM dome and the 360degree camera-system. After installation and testing of the systems, Lundberg and
Zuckerman, along with Ropertos Georgiou of STARC, led a workshop organized and directed
by Nikolas Bakirtzis of STARC for members of the CyI and staff from cultural heritage
institutions, museums and archaeological authorities to introduce the systems and their
usages. Participating institutions included the Department of Antiquities, the Bank of Cyprus
Cultural Foundation (BOCCF) and the Leventis Municipal Museum of Nicosia. These
institutions kindly agreed to bring objects from their collections, such as icons, portable
paintings, coins and ceramics for the hands-on demonstration of the imaging systems.
The first pilot project was organized jointly between the CyI and the BOCCF. It was
coordinated by Bakirtzis in close collaboration with the BOCCF’s director Lefki Michaelidou
and curator Eleni Zapiti. During the week of February 20th, Lundberg worked with Georgiou
at the Bank of Cyprus Cultural Foundation’s facility in the Old City of Nicosia imaging a
wide variety of artefacts from the collections of the Foundation’s museum. All systems of the
Imaging Center were tested.
The 360-degree imaging system was utilized to document five exquisite Cypriot cylinder
seals of the 2nd millennium BCE. The goal was to create flat images of the carved cylindrical
surfaces of the seals that would enable detailed study of the design carved on them, from both
artistic and technical points of view. Figure 1 shows a 360-degree image of a Late Bronze
Age seal (ca. 1500-1200 BCE) from the Bank of Cyprus Foundation collection. The design
LinkSCEEM-2 - RI-261600
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notably depicts a strange creature with a beak raising hands that have only three fingers, a
tree-like object, a couple of animals and a group of circles arranged in an hexagonal pattern.
The three-fingered character is also attested in seals from coastal Syria during the same
period, indicating relationships between Cyprus and the lands to the east.

Figure 1 A 360-degree image of the surface of a Late Bronze Age Cypriot cylinder seal from the Bank of
Cyprus Cultural Foundation. Note the three-fingered character on the left.

In the past, seeing the entire scene of a cylinder seal could only be done by examining an
impression of the seal on clay. This would show the carved design in its basic elements, but
left much data undocumented. The artisans who carved the seal designs often made use of the
characteristics of the stone when creating their works. This aspect of their work and their
related choices can only be seen by looking at the actual surface of the seal, not the
impression. Such seal images have never been available for cylinder seals (except for the seal
collection of the University of Illinois’ Spurlock Museum, now available on InscriptiFact, and
a selection of seals at the Oriental Institute at the University of Chicago). The presence of the
360-degree camera at CyI will allow the Center to become a leader in the photographic
documentation of this key class of artefact. There are currently some 2000 cylinder seals
known from Cyprus, about half of them in Cypriot museums. From the Middle East, some
30,000 seals are known, primarily from Iraq, Iran and Syria. There has been little attempt to
work on large-scale studies of the seals since photographic documentation has been of limited
value in the past. The highly detailed image data derived from these seals during the first
pilot project should serve as a powerful incentive to encourage the development of larger
projects focused on this subject.
Other artefacts were photographed using the PTM dome or the domeless PTM technique.
Reflectance Transformation Imaging, of which Polynomial Texture Mapping is a type, allows
the photographer to take a series of 32-36 images of an artefact, each using a different light
angle and at approximately the same distance from the target. An algorithm takes the data of
LinkSCEEM-2 - RI-261600
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the images and creates a single, interactive digital image, on which the user can move the
light around the artefact, as if one were moving the light over the actual object. The user can
also turn on two separate virtual lights and move each to optimal positions in order to
examine exactly what she or he is interested in studying. Several other imaging methods,
such as specular enhancement and diffuse gain, can be used with the RTI image. An important
goal of the pilot project was to take RTIs of several classes of artefact to determine the
usefulness of the technology in regards to different materials, size, shape, etc. At the Bank of
Cyprus the team made PTMs of coins, an oil lamp, a bronze mirror, a stone statue, a medieval
ceramic bowl and other minor arts objects. The results were uniformly excellent, indicating
that the technology offers substantial improvements in the types of data available to scholars
for research on each of these artefact classes.
After Lundberg left at the end of the week, Georgiou continued working at the BOCCF for
another week photographing a range of objects from the treasury of the Virgin Phaneromeni
Church of Nicosia. This was a particularly useful coincidence as BOCCF was hosting these
objects in preparation for a big exhibition, which is now open in Nicosia through January
2013. The exhibition’s curator wanted to test the technology on objects like a silver reliquary,
a carved wooden cross used for the blessing of the waters, icons and various liturgical objects.
Results were particularly effective and visually impressive. The BOCCF decided to use the
results of the documentation of the post-Byzantine blessing cross in its exhibition. Georgiou
prepared a short film highlighting the details of the cross’s carving made now visually
available through PTM technology. The film is currently shown on a digital screen that has
been specially installed next to the showcase featuring the liturgical object.

Figure 2 Artifacts from the Bank of Cyprus Cultural Foundation

3 The Second Pilot Project
At the conclusion of work at the BOCCF, the Leventis Municipal Museum of Nicosia
extended an invitation to the Cyprus Institute for a similar pilot project that would introduce
the new imaging techniques to their museum and staff. Bakirtzis collaborated with the
Museum’s director Loukia Hadjigavriel to plan and coordinate the photographic
documentation of a range of objects and artifacts from the Leventis collections. Georgiou
moved the equipment to the Leventis Museum building also in the Old City for the weeks of
March 5th and 12th.
LinkSCEEM-2 - RI-261600
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Besides the documentation of coins and other minor arts objects, particular focus was given to
the museum’s very important collections of golden jewellery and medieval Cypriot pottery.
The project produced excellent results and gave the opportunity for Leventis Museum staff to
become familiar with the CyI Imaging Center’s capabilities. The successful completion of the
project contributed to the further development of a closer institutional collaboration between
the Cyprus Institute and the Leventis Municipal Museum of Nicosia. Museum curators have
since consulted CyI researchers on issues related to the Imaging Center and have requested
the photographic documentation of the exterior surface decoration of a metallic, Late
Medieval Islamic basin. Georgiou used the 360-degree camera at CyI to produce a
photographic image that will be used in the exhibition of the object in an ongoing show on
Cypriot Medieval Art in Brussels, and it will be included in the exhibition’s catalogue.

4 The Third Pilot Project
In May 2012 Lundberg and Zuckerman returned to the Cyprus Institute to participate in the
Workshop on Digital Cultural Heritage, and to collaborate with Nikolas Bakirtzis of the CyI
and Ropertos Georgiou in carrying out a second pilot field project in the Troodos Mountains.
The Workshop was held from May 9-11. Bakirtzis, Georgiou, Lundberg and Zuckerman were
given the morning of the 11th to demonstrate RTI and 360-degree imaging to the participants
and to give them some experience in using the equipment. Lundberg presented a
demonstration of InscriptiFact in the afternoon. During the rest of the time the team took part
in the various activities provided by the Workshop.
During the week of May 14th the team travelled to the UNESCO World Heritage Site of the
monastery of St. John Lambadistis at the village of Kalopanayiotis in the Troodos mountain
range. The project was organized in collaboration with the Department of Antiquities and the
Director of Monuments Dr. Marina Solomidou-Hieronymidou. Furthermore, the project
coincided with the conservation of the wall paintings of the katholikon church by a team from
the Courtauld Institute of London, UK. The katholikon church (main church) of the monastery
is one of the most important monuments of medieval Cyprus. Beyond its steep wooden roof
which is believed to have been added in the 16th or 17th centuries, its art and architecture span
the centuries of Byzantine and Western Medieval artistic activity on the island. It consists of
three church buildings, built in succession, one next to the other. The southern is the earliest
structure dating from the 11th century and is dedicated to St. Herakleidios. It is a cross in
square church building topped with a dome. It features several wall painting cycles that
demonstrate the high level as well as the broad range of artistic languages in Byzantine and
Medieval Cyprus. The chapel of St. John Lambadistis, which is the main cultic space of the
monastery, lies in the middle of the complex and dates from the 12 century, with extensive
reconstruction in the 18th century. It is a single aisle chapel topped with a barrel vault that
houses the relics and burial of the local Cypriot saint. The northern end of the katholikon
complex is occupied by the so-called Latin Chapel decorated with spectacular wall paintings
from the 15th century. The rectangular chapel is considered the best example of the cultural
cross-pollination of Byzantine and Renaissance art.
The project’s goal was two-fold: first, to apply RTI imaging technology in the photography of
a range of wall paintings, and second, to use successful results in the thorough historical study
of the complicated medieval monument. The ongoing conservation of the interior of the St.
Herakleidios church provided a unique opportunity for the close collaboration of our
CyI/USC team with the conservators of the Courtauld. Our choices for the photographic
documentation of wall paintings in the church were not random but benefitted by
archaeological observations and conservation details. Courtauld conservators offered valuable
LinkSCEEM-2 - RI-261600
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advise on specific wall painting panels, traces of earlier paintings and an array of other
historical details related to the art and the architecture of the building.
The week at Lambadistis monastery was spent primarily in capturing RTI images of the
paintings from the triple church complex, and of selected icons in the Museum adjacent to the
church. The team captured full panels as well as details and attempted one infrared RTI of a
panel that had not yet been conserved by the Courtauld team.
The resulting RTIs more than met expectations, and showed a wealth of detail concerning the
state of conservation, brush strokes, relief textures and textures of metal worked into the
paintings, and raised painted surfaces.
Wall painting of the Virgin from the “Latin Chapel”:
Figure 3 and Figure 4 provide an example of the value of the RTI. Figure 3provides not only
an excellent view of the head and shoulders of the figure, but with the use of diffuse gain and
the positioning of a virtual light close to the edge of the painting, one can see the streaks of
discoloration caused by moisture in the chapel (most visible here on the red cloak). Figure 4
shows the image using specular enhancement. In this mode the image displays the details of
relief work in the halo, top of the veil and on the shoulders become clear. It should be noted,
however, that static images such as these cannot really capture the dynamic power of the
actual RTI images for studying these artefacts.

LinkSCEEM-2 - RI-261600

5

14/08/2012

D11.4

Interim Report Cultural Heritage Research

Figure 3 RTI derivative of a painting of the “All-Praised Mother” in St. John Lampadistis Church in
visible light with illumination positioned at an oblique angle. Note, in particular, the moisture-stains
made visible on the red robe.

LinkSCEEM-2 - RI-261600
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Figure 4 RTI derivative of the same painting in specular enhancement mode that emphasizes brush
strokes of the artisan on the “All-Praised Mother’s” face as well as prominent elements of relief in the
halo and cloak.

Reliquary of St. John Lambadistis:
Figure 5 and Figure 6 provide an example of the use of RTI on the silver reliquary containing
the skull of St. John Lambadistis, an object of complex shape and detailed relief, featuring
inscriptions, figural representations and decorative patterns. Figure 5 is a screen shot with the
lights moved into a position where the upper part of the reliquary, with its delicate relief and
inscription, can be studied in detail (the images can be greatly enlarged on the computer).
Figure 6 shows the lights shifted to emphasize the reliefs on the lower portion of the reliquary
that feature the representations of saints and donors within arched architectural frames
suggesting an ecclesiastical setting for the scene. With the ability to move the lighting at will,
to use more than one light source at a time, to increase the reflectivity of the surface of the
object with specular enhancement, and to heighten the contrast with diffuse gain, RTI images
provide dramatic research capabilities on virtually every type of artefact we have so far tested.

LinkSCEEM-2 - RI-261600
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Figure 5 The Reliquary of St. John Lambadistis, with its varied planes in relation to the camera. Here the
lights are focused on the upper section.

Figure 6 The Reliquary with the lights focused on the lower figures.

In addition to capturing RTIs, the team conducted some experiments with spherical panoramic
photography using a Panoscan camera. The Panoscan takes a 360-degree image from floor to
LinkSCEEM-2 - RI-261600
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ceiling in one pass in just a few minutes. The resulting image is put through specialized
software, and, when seen in the appropriate viewer, one can point to any location in a room or
a site and zoom in to see it in more detail. Despite some problems with the camera (due to a
misaligned sensor), the results were quite impressive and suggest that further work can be
done with this kind of imaging in the future with great effectiveness. The WSRP team hopes
to conduct research that will allow the panoramic image to be linked to RTI images. One
could then click on an area in a panoramic image and retrieve a more detailed image (either
conventional or RTI) of a particular area.
Following the work at St. John Lambadistis, the team briefly moved to two other Byzantine
churches belonging to the UNESCO World Heritage list to make both RTI images and
spherical panoramas: the Church of the Virgin of Arakas at Lagoudera and the Church of
Archangel Michael at Pedoulas. Figure 7 shows a screen capture of the spherical panorama of
the Archangel Michael Church. This provides a rough sense of the expansive feel provided
by the imaging system.

Figure 7 Spherical panorama of the Archangel Michael Church

The project as a whole was highly successful and demonstrated the extraordinary usefulness
of RTI imaging on essentially two-dimensional artefacts such as paintings as well as the
effective use of 360-degree imaging for cylindrical objects and spherical panoramas for
depicting three-dimensional spaces.

LinkSCEEM-2 - RI-261600
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5 Outlook
As Task 1 continues, we hope to undertake one further pilot project. A promising possibility
would be the Cyprus Museum in Nicosia which holds the finest collection of Cypriot
antiquities in the world, The CyI Imaging Center team would like to undertake a research
project, in collaboration with the Department of Antiquities, whose theme would focus on
selected objects where the Center’s camera systems have the potential of providing new
knowledge and data. This project could also help to test further the imaging systems on a
wide range of object types that otherwise have been inaccessible to us. These types would
include gold and silver objects, carved ivories, stone inscriptions, large statuary, large
bronzes, cylindrical pottery, and various types of cylinder seals. Such a project should also
further enrich the existing collaborative connection between the CyI’s Imaging Center and the
Department of Antiquities, this time focusing on the collections of the Cyprus Museum,
thereby enhancing a critical relationship for the future.
We also recommend that the Imaging Center consider the purchase of a Panoscan system.
Spherical panoramas can enhance the center’s imaging systems and thus become a standard
component of its array of documentation applications.
Task 2, the development of a low-cost, real-time tele-immersive system that would allow
archaeologists in the field and researchers in museums to work in live long distance
collaborations, has already begun, with Kenton McHenry of NCSA as primary researcher.
Developmental work will continue during Year 3, with a pilot project for this system
scheduled for the fourth year of the LinkSCEEM-2 grant.
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