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Abstract. Experiments on visualization of unreadable manuscript marginalia (fading of ink, 
spreading of ink, crossed out ink, scraping of ink, gluing with restoration materials) of several 
copies of the Ostrog Bibles from the National Library of Russia and the Library of Russian 
Academy of Sciences using hyperspectral imaging have been conducted. The aim of work 
was to find a way using advanced opto-electronic techniques to read invisible marginalia. 
In experiments NIR hyperspectral camera operating in the range 400–1100 nm and original 
self-developed software were used. Marginalia have been visualized by means of hyperspectral 
imaging that made possible to recognize badly visible texts and bring new information for art 
historians.
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Аннотация. Представлены результаты экспериментов по визуализации нечитаемых 
рукописных маргиналий (выцветание, растекание чернил, зачеркивание чернил, 
соскабливание чернил, заклейка реставрационными материалами) нескольких 
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экземпляров Острожской библии из фондов Российской Национальной библиотеки и 
Библиотеки Российской Академии наук с использованием гиперспектральной съемки. 
Целью работы был поиск эффективных способов визуализации нечитаемых маргиналий 
с помощью инновационных оптико-электронных методов. В экспериментах использован 
гиперспектральный комплекс с линейным сканированием, работающий в диапазоне 400 
– 1100 нм, и оригинальное программное обеспечение собственной разработки.

Ключевые слова: гиперспектральная камера, нечитаемые маргиналии, Острожская 
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Introduction

The Ostrog bible is the first printed Bible in the Church Slavonic language, common to the 
contemporary Russians, Belarusians and Ukrainians. Published in 1581 in the city of Ostrog it 
became an outstanding example of translation, textual and publishing approaches. The Ostrog 
bible was a serious factor of the predication of Orthodoxy, the development of theology and 
printing tradition. Copies of the Ostrog bible have been well studied from different points of view. 
The diverse studies of the Ostrog bible have formed a large-scale array of interdisciplinary works.

Despite this, there are many unread marginalia on its copies (of which there are about 350 are 
known). Handwritten marginalia appeared on the pages of the Ostrog bible during the existence 
of copies and often contain valuable historical information. Most of them have been already 
introduced into scientific circulation, however, there are also those that, for various reasons, were 
impossible to read without the use of modern technical means.

Currently, when studying cultural heritage objects, including book and manuscript monu-
ments, optical ones are increasingly being used. In recent years, multispectral analysis [1] and 
hyperspectral imaging [2] have been widely used for this purpose. Reviews of scientific centres, 
methods and literature are given in the articles [3, 4]. The study of colourful images in manu-
scripts [5], palimpsests [6], ink [7, 8], and various surface layers on the works of art [9] is possible 
using hyperspectral imaging. The main advantages of the method are high spectral resolution 
and a wide spectral range from near ultraviolet to near infrared. Hyperspectral cameras capture 
hundreds of narrow spectral bands in each image pixel, allowing to identify subtle differences in 
materials that cannot be distinguished by multispectral or conventional video cameras.

Also, a great advantage of the method is the non-destructive effect when analysing the object of 
study, as well as the mobility of the hyperspectral complex, which makes it possible to photograph 
especially valuable artifacts at the place of their storage.

Materials and Methods

It was important to collect material for an experiment on the object with a rich history of 
existence. This allowed us to obtain a sufficient number of diverse contexts. In total, we examined 
24 copies and identified more than 100 unreadable handwritten marginalia – contexts. 11 copies 
from the Department of Rare Books of the Library of Russian Academy of Sciences (two of them 
are in the Department of Manuscripts) are described in the catalogue [10]. 13 copies from the 
Rare Book Department of Russian National Library, described in the catalogue [11]. Contexts 
were classified according to the reason for their unreadability. The reasons are diverse: ink fading, 
ink spreading, ink strike through, ink scraping, gluing with restoration materials.
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The fact that all contexts belong to copies of the same edition ensured the same properties 
of the paper and its age (at least if the marginalia are on the block). As a rule, the copies are 
currently under the same storage conditions. The choice of different copies of the same edition 
is more relevant from a historical point of view, however, in this case we are dealing with the 
same paper, which perhaps makes the experiment easier. From the point of view of historical 
information content, contexts have different significance - from pen samples to page-by-page 
owner’s inscriptions.

For the hyperspectral camera experiments on visualization 28 contexts were selected, of these: 
6 contexts for faded ink; 5 contexts for smeared ink; 3 contexts for gluing with restoration paper; 2 
contexts for crossed out with a pen; 1 context for a faded stamp, a dark stain on paper of unknown 
origin, respectively; 10 contexts for scratched text.

Unreadable marginalia were examined by a hyperspectral camera working in the IR and UV band-
widths of the spectrum with further processing using the original software. We use a SPECIM FX10 
hyperspectral camera manufactured in Finland. Its technical parameters are presented in the table.

Fig. 1 shows a hyperspectral scanner with an object located inside. The scanned plane of the 
book was located perpendicularly to the optical axis of the hyperspectral camera. The scanning 
process used two light sources – a broadband halogen source for reflected light imaging and a 
narrowband 365 nm UV source for fluorescent imaging. Each light source was located at an angle 
of 45 degrees to the optical axis of the camera. Processing of the obtained images under two dif-
ferent light sources consisted of the following steps:

Fig. 1. Scanning an object with a hyperspectral complex

Tab l e

Technical parameters of the FX10 camera

Characteristic Parameter
Spectral range, nm 400–1000 

Spectral resolution/pixel, nm 2.7 when binning 2 
Number of spectral channels 224 

SNR (maximum) 420:1
Number of readings 1024

Bit ADC 12
Frame rate, Hz Till 327 
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• Radiometric calibration [12];
• Independent contrasting by the CLAHE algorithm [13] of each channel for two 

hyperspectral images;
• Visual identification of the most informative spectral channels;
• Independent processing by the PCA principal component method [14] followed by contrast-

ing with the CLAHE algorithm of each hyperspectral image with two light sources;
• Visual identification of the most informative images of the principal components.

Results and Discussion

Contexts with handwritten marginalia pasted over in restoration process (in our case, it is con-
temporary restoration paper or thick endpaper pasted over during historical restoration) appear 
very successfully during hyperspectral photography (Fig. 2). Narrow-spectral images were selected 
by finding the wavelength with the highest contrast in the region of interest. Marginalia that are 
not visible due to a dark, unknown spot on the paper cannot be read; other methods should 
be used.

Crossed out with (darker) ink using a pen, the lines marked in [10, p. 76] as “crossed out 
inscription in Polish (?) language” lended themselves well to visualization, and the phrase became 
readable. Faded library stamp partially appeared during hyperspectral imaging.

The best results were shown on contexts whose “invisibility” was caused by ink fading. The UV 
spectrum shows an excellent result, while the IR spectrum does not give any result in this case. 
This is observed consistently in all such contexts.

One of the most common reasons for handwritten marginalia being unreadable is ink 
smearing. In this case, the use of hyperspectral imaging gives good visualization results 
(Fig. 3). The ink of the marginalia itself becomes darker, and the smeared layer becomes 
lighter. Obviously, to further decipher the marginalia, the resulting hyperspectral images 
should be combined.

d)

c)

b)

a)

Fig. 2. Unreadable handwritten marginalia covered with restoration paper. Original (a); 
UV light, band 610 nm (b); halogen lamp, light band 570 nm (c) UV light, PCA-2 (d)



205

Physical Optics

The largest number of similar contexts is presented in the case of partially scratched hand-
written marginalia. Since the “scratching” was heterogeneous, certain places in the text “suc-
cumbed” to hyperspectral photography, but for further reading the resulting visualizations should 
be combined.

Conclusion

Various reasons for extinction or “invisibility” of handwritten marginalia can be read using 
hyperspectral imaging. The choice of a successful shooting criterion depends on the characteris-
tics of the “damage” of the marginalia, as well as on the material with which the inscription was 
made. Let us mention that in some contexts, hyperspectral imaging has revealed traces of bio 
damage on paper.

Reading these marginalia will add reliable information to the study of the Ostrog bible. Some 
of the marginalia we studied were read by researchers before (for example, a partially scratched 
owner’s inscription from a copy of Epifanov collection or an inscription covered with restoration 
silk) [10]. But it was important for us to understand the principle - how hyperspectral imaging 
works for specific injuries. Further work with visualized contexts will increase the area of the 
text read.

As a result of image analysis, no universal way to increase the readability of marginalia was 
identified. The use of UV illuminators, compared to a halogen lamp, provides better results both 
when processing individual narrow-spectrum channels and in case of the PCA algorithm. The 
number of the spectral channel and the number of images of the main components are selected 
individually in each case. As part of further research, it is of interest to jointly process hyperspec-
tral images obtained with different light sources.

At the time of the survey, the degradation of vintage specimens under ultraviolet radiation had 
not been investigated. Experts from the Library of the Russian Academy of Sciences considered 
the short-term use of ultraviolet light to be harmless, but further research on the possible effects 
on the condition of the antique paper and the visibility of the ink is needed.

d)

c)

b)

a)

Fig. 3. Unreadable handwritten marginalia erased with ink. Original (a); UV light, 
band 480 nm (b); halogen lamp, light band 460 nm (c) UV light, PCA-4 (d)
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