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Abstract. The palimpsests represent unique historical sources that hold the po-
tential for new insights in the field of human history. These manuscripts, rewrit-
ten and reused over time, pose challenges in the research related to their reada-
bility and interpretation. The present study aims to investigate the readability of
palimpsests through the use of image preprocessing techniques. The article fo-
cuses on methods for the preprocessing of palimpsests that could lead to a signif-
icant improvement in the readability of the 'hidden' text. The challenges encoun-
tered during the processing of palimpsests are explored and various techniques
applicable to improving the readability of these manuscripts are analyzed.

The primary goal of preprocessing in this context is to separate the 'hidden' text
from the visible one, neutralizing material defects and aging. The article presents
specific methods such as extracting specific color range from a palimsest image.
The experimental techniques are highlighted with sample codes illustrating the
application of the respective technology. The current research attempts to ad-
vance the development of methods for processing palimpsests and opens up new
perspectives for extracting information from those historically valuable manu-
scripts.
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1 Introduction

Information and Communication Technology (ICT) utilized in tourism helps surmount
cultural and language obstacles, ensuring accessibility to cultural heritage (Kaposi et
al., 2013). Different papers describe how ICT functionalities could present Bulgarian
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cultural and science resources via digital libraries and mobile applications (Luchev et
al., 2016; Markus et al., 2015; Markus et al., 2016; Pavlov et al., 2010; Pavlova-Dra-
ganova et al., 2007). Some authors even use VR technologies to help tourist in choosing
their destinations (Nagy et al., 2016).

The etymology of the word "manuscript" comes from the Latin "manu scriptum,”
which literally translates to "written by hand." With the development of the first scripts
and alphabets in various parts of the world, diverse materials and surfaces have been
used for writing. In the past, these materials were so scarce that they were often reused
multiple times. This phenomenon gives rise to a new, layered artifact known as a pal-
impsest, where the process of erasing the original manuscript is not entirely effective,
allowing the original to often be discerned beneath the surface inscriptions. Collections
of valuable palimpsests are widespread in historical archives worldwide and attract the
interest of many researchers from various scientific fields. This is because ancient man-
uscripts can contain a significant amount of additional information beyond the visible
texts. This information is not easily discernible to the naked eye, posing certain chal-
lenges for analysts, primarily depending on the set research objectives. Overcoming
these challenges requires a specific approach tailored to the respective needs.

The main goal of studying palimpsests is associated with the restoration of the orig-
inal text in the lower layer. This task poses a challenge on one hand due to the deterio-
ration of the pigments and ink colors resulting from the aging of manuscripts, and on
the other hand, due to the overlay of two or more text layers on top of each other.
Reconstructing the text from the lower layer takes a significant amount of time and is
costly, as it often requires the intervention of highly qualified specialists. This makes
deciphering palimpsests an even more challenging task.

This is why an increasing number of contemporary researchers (Starynska, A.,
Messinger, D., & Kong, Y., 2021), (Easton, Roger & Knox, Keith & Christens-Barry,
William & Boydston, Ken., 2018), , are seeking new and non-invasive methods and
techniques suitable for studying palimpsests with the aim of acquiring new knowledge,
information, and facts from the past , .

Over the past twenty years, various techniques and methods for analyzing palimp-
sests have emerged (Brenner & Miklas, 2019; Brenner et all, 2019; Easton et all, 2018)
allowing us to obtain additional information about the history of ancient manuscripts,
as well as insights into the living conditions of that time. Digital technologies play a
key role in their study, providing new opportunities for understanding, preserving, and
accessing this type of cultural heritage . However, a more valuable aspect is that through
digitization, it becomes possible to study the hidden information in manuscripts. Often,
this requires significant preprocessing.

The significance of image preprocessing for the legibility of palimpsests is crucial
within the context of their uniqueness and complexity. Preprocessing plays a key role
in separating the "hidden" text from the visible, providing clarity in the study of pal-
impsests. This process neutralizes defects and aging in the manuscripts, improving the
quality and readability of the images. By enhancing contrast and clarity, preprocessing
facilitates the comprehension of the text. The experimental methods and techniques
involved in this process allow for testing and optimizing approaches to achieve the best
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results in the investigation of palimpsests, uncovering new perspectives for extracting
information from these historically valuable manuscripts.

The aim of this article is to explore and present methods and techniques for prepro-
cessing, with a focus on improving the readability of the "hidden" text in palimpsests,
addressing challenges related to their nature and condition.

2 Exposition of the Investigation

2.1  Object of the Study

The research in our case was done at the National Library in Sofia as the particular
palimsest is the Dragothian Mineum, a manuscript from the beginning of the 12th cen-
tury, is preserved as a palimsest in the Dragothian Apostle (manuscript NBCM No.
880). It contains text in Cyrillic and Glagolitic. The Glagolitic in this minae is the sec-
ond layer, which is in practice largely hidden by the newer Cyrillic inscription. A cap-
tured page from Dragothian Mineum is shown further down (Fig. 1.).

Fig. 1. Page from particular palimsest - Dragothian Mineum.

The goal we have set in our case was to make the individual elements of the manuscript
accessible to researchers and or computer programs working at semantic level. This
entails tasks such as recognizing handwritten characters or discerning whether the text
was authored by a single individual or multiple persons, achieved through the pro-
cessing of captured images using specialized cameras (Dyer, 2013). For this purpose,
the captured images should be processed in a way that maximizes the contrast between
the elements of interest, such as letters and background, as distinct as possible.
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2.2 Why Preliminary Preparation of Captured Palimpsests Is
Necessary

Due to the disappearance of colors in the palimpsests, sophisticated techniques are
needed to restore the colors and contrast lost when the previous text was erased. Addi-
tionally, the original palimpsests are of animal skin, many faded colors, making pro-
cessing even more difficult. Also, a new text has been written over the original text.
One of the most common methods used to improve contrast is standard histogram
equalization. This method enhances the image contrast globally by distributing the most
common intensity values. Unfortunately, it often introduces additional noise to the cap-
tured palimpsest image. Additionally, a third layer is frequently detected in a significant
portion of palimpsests. This layer is typically practically invisible to the naked eye.

To overcome the noise and enhance the contrast of the letters in the text, our study
proposes the use of contrast-limited adaptive histogram equalization (CLAHE) for pre-
clearing artifacts. We sequentially apply both methods, followed by additional image
processing using Adobe Illustrator.

In this paper, we propose a novel method that integrates the classical technique of
noise reduction using cv2.fastNIMeansDenoising which employs the Non-local Means
Denoising algorithm (http://www.ipol.im/pub/algo/bcm_non_local means_denoising/
with several computational optimizations.) with CLAHE (contrast-limited adaptive his-
togram equalization). These methods are applied sequentially to the image to achieve
improved results. The primary objective is to initially reduce inherent natural noise,
followed by enhancing contrast. Subsequently, denoising is applied to mitigate the sig-
nificant noise introduced by CLAHE, facilitating the subsequent process of deciphering
the ancient manuscript.

2.3  Using UW Light in Image Capture

In the present investigation UV images were selected for analysis due to their inherent
advantageous attributes. UV images often exhibit higher contrast compared to visible
light images, which can facilitate better detection and segmentation of features
(https://midopt.com/solutions/monochrome-imaging/ultraviolet-imaging/). UV imag-
ing can minimize background noise from ambient light sources, leading to clearer and
more precise image analysis (Sellami & Rhinane, 2023). Fig. 2. shows the page from
Fig. 1, but captured with UV light. In the current study we observed that UV images of
palimpsests exhibit better performance compared to infrared images.

2.4  Denoising

Denoising of an image refers to the process of reconstruction of a signal from noisy
images. Denoising is done to remove unwanted noise from image to analyze it in better
form. It refers to one of the major pre-processing steps. There are four functions in
opencv which are used for denoising of different images. In our case we have used
cv.fastNIMeansDenoising() — that technique works with a single grayscale image. The
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grayscale image helps in simplifying algorithms and eliminate the complexities associ-
ated with computational demands. That image improves visual clarity by distinguishing
between shadow nuances and highlight within the images due to its primarily two-di-
mensional (2D) nature, as opposed to three-dimensional (3D). The original and the de-
noised images are shown in figure 3,4. The grayscale conversion proves particularly
beneficial for captured images where detailed color matching is unnecessary
(https://www.isahit.com/blog/why-to-use-grayscale-conversion-during-image-
processing).

Fig. 2. Page from Fig. 1., but with UV light.

Fig. 3. Original image. Fig. 4. Denoised image.

2.5 CLAHE (Contrast Limited Adaptive Histogram Equalization)

One image improvement technique based on the histogram equalization method is
CLAHE. CLAHE can solve the problem of increasing contrast that is too over, namely
by giving the boundary value on the histogram. This limit value is called the clip limit
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which states the maximum height of a histogram. How to calculate the clip limit of a
histogram can be defined by the Equation (1) below:

M a

B =21+ 5 Smax ~ 1) ()

The variable M represents the region size, N represents the grayscale value (256),
and a is a clip factor indicating the addition of a histogram, which ranges from 0 to 100.
The process of CLAHE begins with initializing the region size and clip limit, followed
by shaping the histogram for each region. Next, the histogram is clipped according to
the clip limit, and any excess values (considered to be excess) are redistributed. The
new histogram is then mapped to the image, and pixel interpolation is performed in
neighboring regions. This process results in the generation of the CLAHE image.

Fig. 5. CLAHE. Fig. 6. Denoised after CLAHE.

The output of CLAHE applied on RGB color model (Fig. 5) and Denoised after
CLAHE (Fig. 6)

3 Results

The initial phase of the present investigation involved the acquisition of an ancient pal-
impsest employing infrared (IR) and ultraviolet (UV) light (Fig. 7. and Fig. 8). We
observed that UV light provided better contrast between different layers of text on the
palimpsest. This could be due to the fact that UV light imaging can offer higher reso-
lution compared to infrared, allowing for finer details to be captured. This is particularly
important when dealing with faded text, like the one in our case, where every detail
matters in deciphering the content accurately. In addition, UV light is absorbed differ-
ently by various materials, making it useful for selective imaging. Certain pigments
used in ancient inks may fluoresce under UV light, while others remain relatively un-
affected. This selective absorption can help in isolating specific layers of text or im-
agery. The image was then converted in a grayscale image for better visual clarity and
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easier analysis, as stated earlier (Fig. 9.). The palimpsest may contain noise or artifacts
that obscure the underlying information, so we applied noise reduction algorithms.
They are used to remove the unwanted elements while preserving the essential details
of the text. Furthermore, the use of the grayscale image additionally helped reduce the
impact of noise present in individual color channels. By combining the information
from multiple channels into a single intensity channel, the resulting image exhibited
reduced noise, leading to improved processing results. We observed that the clarity of
the underlying writings was enhanced without damaging the integrity of the original
image, as shown in (Fig. 10.).

Fig. 7. Original image — infrared light. Fig. 8. Original image — UV light.

Fig. 9. Original image — Gray scale. Fig. 10. Image after first denoise.

After that we used Contrast Limited Adaptive Histogram Equalization (CLAHE) to
improve the contrast of the image (Fig. 11.) CLAHE works by enhancing local contrasts
and bringing out the details in regions that are darker or lighter than the surrounding
areas, while preventing over-amplification of noise. CLAHE divides the image into
smaller regions and applies histogram equalization locally, allowing for better control
over contrast enhancement. We found out that CLAHE was beneficial for enhancing
the visibility of details in the palimpsest with uneven lighting and low contrast. While
CLAHE can improve contrast and visibility, it may also introduce some degree of noise
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or artifacts, especially in regions with low texture or detail. To address this, we applied
additional noise reduction techniques on the image affected by CLAHE enhancement
(Fig. 12.) These techniques minimized noise while preserving the benefits of contrast
enllancem:nt achieved through CL\:AH_E

Fig. 11. Image after preprocesing with Fig. 12. after preprocesing with CLAHE al-
CLAHE algorithm. gorithm and second denoise.

Since denoising algorithms may inadvertently remove fine details in an image along
with noise, a second CLAHE pass can help enhance these fine details, making the im-
age appear sharper (Fig. 13.). CLAHE is adaptive in nature, meaning it adjusts its pa-
rameters locally based on the image content. By applying CLAHE after denoising, we
ensured that the process of fine detail enhancement took into account the denoised char-
acteristics of the image, resulting in more accurate and visually pleasing image. After
preprocessing the image, we wanted to isolate specific color channels. For that purpose
we used Photoshop (Fig. 14.) Software tools like Photoshop allow for the separation of
color channels and that enabled us to enhance individual components such as red, green
and blue. In addition, Photoshop helped for the isolation of specific wavelengths of
light, wh;ch further enhanced the Vlslbl_'l_t_y of the pahmpsest s text.
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Fig. 13. Image after preprocesing with second Fig. 14. Image after restore color.
CLAHE algorithm.
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4 Conclusion

In conclusion, the process of capturing and enhancing images of ancient palimpsests
involved a series of sophisticated techniques aimed at revealing and preserving valuable
historical information. By utilizing ultraviolet light, we managed to unveil hidden lay-
ers of text and that provided insights to us into historical documents that were not pre-
viously investigated. Subsequent denoising of the images helped us to remove un-
wanted artifacts while retaining essential details. Contrast enhancement through
CLAHE improved visibility, although it introduced some noise, which was mitigated
through additional noise reduction methods subsequently. Finally, software tools like
Photoshop facilitated further analysis by allowing us to isolate and manipulate color
channels, aiding in the interpretation and restoration of ancient artifacts. These tech-
niques collectively enabled the exploration of ancient manuscripts, enriching our un-
derstanding of history and cultural heritage.
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