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Start of Measurement Series: Fraunhofer IIS and Staatliche Mu-
seen zu Berlin Digitize Benin Bronzes Using High Energy Com-
puted Tomography

Flirth, Berlin: The digitization of cultural-historical objects cannot replace the
original. Nevertheless, there are many reasons to use state-of-the-art technol-
ogy to create three-dimensional models of historically significant objects. At
the Fraunhofer Development Center X-ray Technology EZRT at Fraunhofer IIS,
bronze reliefs from West Africa were translated into digital data sets using in-
dustrial X-ray computed tomography in collaboration with the Staatliche Mu-
seen zu Berlin. The digitization of the first museum pieces demonstrated the
feasibility of the project.

The Ethnologisches Museum and the Rathgen-Forschungslabor of the Staatliche Mu-
seen in Berlin - PreuBischer Kultubesitz are currently creating image-based digital copies
and 3D scans of over 500 objects from the historical Kingdom of Benin using photo-
grammetric methods. Ownership of all of these objects from the Ethnologisches Muse-
um's holdings was transferred from the Prussian Cultural Heritage Foundation to the
Federal Republic of Nigeria in August 2022.

At the Fraunhofer Development Center X-ray Technology EZRT at Fraunhofer IIS, some
of the objects can now be recorded and studied in other important aspects using state-
of-the-art industrial X-ray computed tomography before being successively returned
physically to Nigeria. Since 2008, the Fraunhofer-Gesellschaft and the Prussian Cultural
Heritage Foundation have been working together in the Cultural Heritage Research Al-
liance, together with the Leibniz Association, the Dresden State Art Collections, and
the Saxon State and University Library, to develop new, research-intensive methods in
the field of cultural heritage preservation. The joint project on the so-called Benin
Bronzes is an example of this successful cooperation. Five selected Benin Bronzes have
already been examined in July and August 2021 as part of a pilot study at the Fraunho-
fer Development Center X-ray Technology. 27 further Bronzes are expected to follow in
a subsequent measurement campaign starting in April 2023. The analysis will be car-
ried out with the express consent of Nigeria.
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Challenging material composition

The Benin Bronzes, which are actually made of brass rather than bronze, pose a very
special challenge for X-ray technology: The copper alloy from which the sculptures and
reliefs are made has a strong absorbing effect on X-rays in the conventional energy
range. In addition, the Benin objects are significantly larger and more massive than typ-
ical other objects subjected to X-ray inspection, such as aluminum wheels or engine
pistons. In order to nevertheless produce very good, noise-free tomography images
with high spatial resolution, the researchers at the Development Center X-ray Technol-
ogy in Flrth use one of the largest CT systems available anywhere in the world.

e high-energy CT system applied generates X-rays with up to nine mega electron volts
by means of a linear accelerator in order to X-ray highly absorbent materials. Thanks to
complex mechanical engineering that allows the system to be positioned in the mi-
crometer range, highly accurate three-dimensional volume data sets are generated that
represent the artworks with a spatial resolution below 0.2 millimeters. For this purpose,
hundreds of individual X-ray images of the Bronzes are acquired from a wide variety of
angles. The measurement time of the objects averaged one to two hours. The meas-
urement data is processed with the help of computer software to produce a three-di-
mensional data set.

Meaningful data sets that hide no detail

These CT data sets will be merged with those from photogrammetry for a holistic rep-
resentation of the objects. Very typical challenges in digital space will be considered: Is-
sues of goal-oriented scaling of data sets that vary over a wide range, accessibility to
user communities ranging from research colleagues to the general public. Questions
about the obsolescence of storage media and the associated need for data migration
are also discussed in the project.

An important aspect of X-ray computed tomography concerns radiographic dating:
Quartz-containing technological residues from the casting process, which adhere to the
inner walls of objects, can be used for dating by luminescence techniques such as ther-
moluminescence or optically stimulated luminescence. In the course of the project, test
sands will be irradiated at EZRT under controlled conditions to ensure that high-energy
CT does not affect the subsequent dating of the Bronze in individual cases.

In this research cooperation between the Fraunhofer Development Center X-ray Tech-
nology EZRT and the Staatliche Museen zu Berlin, new insights into art technology and
production techniques are being gained in close consultation with the owners, which
ultimately also represent a prerequisite for the eventual creation of detailed copies. To-
gether, the foundations of a modern conservation science documentation and three-
dimensional visualization of the artworks are being developed, which will be made
available to the academic and general public.
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Photo of a commemorative head of a king, sculpture, Rendering of a commemorative head of a king, sculpture,
18th century, Kingdom of Benin (today Nigeria). 18th century, Kingdom of Benin (today Nigeria).

© Staatliche Museen zu Berlin, Ethnologisches Museum © Fraunhofer IIS/Staatliche Museen zu Berlin, Ethnologi-
Picture in print quality: www.iis.fraunhofer.de/pr. sches Museum | Picture in print quality: www.iis.fraun-

hofer.de/pr.
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Sectional view of a commemorative head of a king, sculpture, 18th century, Kingdom of Be-
nin (today Nigeria)

© Fraunhofer IIS/Staatliche Museen zu Berlin, Ethnologisches Museum | Picture in print qua-
lity: www.iis.fraunhofer.de/pr.
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The computed tomo-
graphy system uses a li-
near accelerator as the
X-ray source for genera-
ting X-ray radiation.
This makes even the in-
spection of oversized or
dense objects possible.
The high-precision ma-
nipulation system
houses two different
detectors as well as an
object axis that can be
moved two meters in
the stroke. © Fraun-
hofer 1IS/Paul Pulkert |
Picture in print quality:
www.iis.fraun-
hofer.de/pr.

The Fraunhofer-Gesellschaft, headquartered in Germany, is the world’s leading applied research organization. Its research activities are con-
ducted by 76 institutes and research units at locations throughout Germany. The Fraunhofer-Gesellschaft employs a staff of more than 30,000,
who work with an annual research budget totaling more than 2.9 billion euros.

The Fraunhofer Institute for Integrated Circuits IIS, headquartered in Erlangen, Germany, conducts world-class research on microelectronic
and IT system solutions and services. Today, it is the largest institute of the Fraunhofer-Gesellschaft. Research at Fraunhofer IIS revolves around
two guiding topics:

In the area of “Audio and Media Technologies”, the institute has been shaping the digitalization of media for more than 30 years now. Fraun-
hofer IIS was instrumental in the development of mp3 and AAC and played a significant role in the digitalization of the cinema. Current develop-
ments are opening up whole new sound worlds and are being used in virtual reality, automotive sound systems, mobile telephony, streaming
and broadcasting.

In the context of “cognitive sensor technologies”, the institute researches technologies for sensor technology, data transmission technology,
data analysis methods and the exploitation of data as part of data-driven services and their accompanying business models. This adds a cognitive
component to the function of the conventional “smart” sensor.

More than 1100 employees conduct contract research for industry, the service sector and public authorities. Founded in 1985 in Erlangen, Fraun-
hofer IIS has now 14 locations in 10 cities: Erlangen (headquarters), Nuremberg, Furth, Dresden, further in llmenau, Bamberg, Waischenfeld,
Wirzburg, Deggendorf and Passau. 75 percent of the budget of 191 million euros a year is financed by contract research projects. Approximately
25 percent is subsidized by federal and state funds as well as internal projects of the Fraunhofer-Gesellschaft. Detailed information on:
www.iis.fraunhofer.de/en
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