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Mini-Review


During the last decades a particular collaboration between representatives of various humanities such as philology, art history and conservation-restoration on the one side and natural scientists on the other has been established, completed by a cooperation with computer vision specialists. Simultaneously, the booming development of analytical methods has offered the possibility to use a great number of new instrumental micro- analytical techniques with non-sampling and in-situ applicability for the analysis of written heritage objects [1,2].

In order to give this collaboration a solid structure, the Centre of Image and Material Analysis in Cultural Heritage (CIMA) was established in 2014 with the aid of the Structural Fund for Austrian Higher Education. The main idea behind the foundation of CIMA was to prolong and intensify the cooperation of different institutions by establishing a central laboratory offering its services to universities, libraries, museums, exhibitions, etc. Within this center philologists of the University of Vienna share their expertise with computer specialists of the TU-Wien and material scientists of the Academy of Fine Arts Vienna. Presently the focus of CIMA is the investigation of (predominantly damaged) medieval manuscripts. Within this framework a series of historical manuscripts of various libraries was examined. The selection comprises badly preserved or rewritten manuscripts (palimpsests) on the one hand, and manuscripts with a remarkable design on the other, deriving from the 9thto the 14th centuries. Mainly Slavic, Greek, and Latin parchment manuscripts from the Austrian National Library were analyzed so far together with codices of various monasteries and libraries in Europe: Kremsmunster Abbey (Austria), Abbey Heiligenkreuz (Austria), Rila Monastery (Bulgaria), National Library Sofia and Plovdiv (Bulgaria), Bibliotheca Comunale Trento (Italy), National and University Library Ljubljana (Slovenia), National Library Budapest (Hungary), National Library Zagreb (Kroatia) and finally also of the St. Catherine Monastery in Sinai (Egypt).

In order to raise the visible contrast of such faded historical documents, multispectral imaging (MSI) is used as a first step of investigation (Figure 1). The manuscripts are examined with a portable MSI acquisition system containing two different cameras:

i.	A traditional RGB camera (Red Green Blue - Nikon D4 with a resolution of 4928 x 3280 px.), which is used for capturing UV fluorescence and visible light images.

ii.	A Phase One IQ260 achromatic multispectral camera with a resolution of 8984 x 6732 pixels. The spectral sensitivity of this second camera reaches from the UV to the near IR-range (350 nm to 950 nm). 
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Figure 1:  Illustration of the MSI acquisition setup. (a) The objects investigated are placed on a board, which is attached to a linear unit permitting automatic shifting between the two camera positions. The LED system is an Eureka! Light TM system with 11 different wavelengths. For the visible light images white LED panels are attached to the left and right of the Eureka panels. Additionally, two diffusers are positioned between the lighting device and the object in order to uniformly distribute the illumination. (b) Setup during a MSI documentation in the National Library Plovdiv (Bulgaria).




The lighting is provided by two LED panels which enable imaging in 11 narrowband spectral ranges. The imaging in narrow spectral ranges lead to enhancement of the contrast of degraded characters in a manuscript compared to white light illumination (e.g. faded script is usually most visible in UV fluorescence images). In order to further increase the contrast of the degraded characters, several enhancement techniques are applied: Principal Component Analysis (PCA), Independent Component Analysis (ICA) and Linear Discriminant Analysis (LDA) [3].

The material investigation aims to determine the composition of inks and pigments used for writing and illuminating, as well as the characterization of the support material. For this purpose, a non-destructive and non-invasive analysis is required and the analysis can be accomplished under ambient environmental conditions i.e., no alterations can occur on the manuscripts during or after the procedure. The investigations were carried out by applying three complementary non-destructive and noninvasive methods for elemental as well as compound specific material analyses: X-ray Fluorescence (XRF), Fourier Transform Infrared spectrometry in the reflection mode (rFTIR) and Raman spectrometry [4] (Figure 2). Within these investigations mainly iron gall ink was identified in the black/brown inks, whereas well-known pigments like vermilion, red lead, azurite or indigo were detected in miniature paintings. In some cases a mixture of the various pigments with lead white was verified, likely to achieve a brighter tone. Additionally, the identification of iron gall inks is useful not only from a historical perspective but also for conservation and preservation purposes due to its corrosive nature to the support. 
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Figure 2:  Investigation of different manuscripts in the Austrian National Library (ÖNB), Vienna.
a) X-ray analysis with the ELIO instrument (XGLab, Italy); b) rFTIR measurements with the ALPHA spectrometer (Bruker Optics, Germany) and c) Raman studies performed with the Pro-Raman-L-Dual-G system (Enwave, USA).




In the course of the project, a common database will be implemented which contains the information gained from the imaging, image enhancement as well as chemical and philological investigations. The final objective of the research is to compare the data gained to reveal correlations within data stemming from multiple modalities and, in general, to make new scholarly and scientific findings.
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