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Abstract – Palaeography is the study of ancient hand-
writing, aiming not only at deciphering, reading, and
dating historical manuscripts, but also at reconstruct-
ing and interpreting the history of writing techniques
and styles from the Antiquity to the end of the Mid-
dle Ages. Palaeographers are therefore engaged in dis-
covering when a manuscript was written, where it was
written and how the writing was technically executed;
they are also interested in characterizing features and
habits of individual scribes and in distinguishing them
from one another.
We present a pattern recognition system which tries to
solve a typical palaeographic problem: to distinguish
the different scribes who have worked together to the
transcription of a single medieval book. In the specific
case of a high standardized book typology (the so called
Latin "Giant Bibles"), we wished to verify if the extrac-
tion of certain specifically devised features, concerning
the layout of the page, allowed to obtain satisfactory re-
sults. The experiments, performed on a large dataset of
digital images from the so called "Avila Bible" (a giant
Latin copy of the whole Bible produced during the XII
century between Italy and Spain) confirmed the effec-
tiveness of the proposed method.

I. INTRODUCTION
In traditional palaeographic studies handwriting analy-

sis and recognition are performed by human experts who
are able to identify the peculiarities of a style or of a par-
ticular scribe, in order to answer the following questions:
where, when and by whom was a manuscript written; on
what grounds is it possible to distinguish among different
scribes; how should the development of writing styles or
single graphic characteristic be followed and described [1].

Digital palaeography, which has received growing atten-
tion in recent years (also thanks to the increasing avail-
ability of electronic reproductions), explores new and more
"objective" ways of characterising medieval handwritings
and distinguishing between scribal hands [2, 3]. The ap-
plication of computer-based techniques of analysis – orig-
inally developed in the field of forensic analysis – to the
study of ancient scripts raises delicate and very much de-
bated theoretical issues, only partially overlapping with
those concerning modern writing. Various methodologies

have been proposed to solve such issues. At a simpler
level, the digital approach can be used to replace qual-
itative measurements with quantitative ones, for instance
for the evaluation of parameters such the angle and width
of strokes, or the comparison among digital examples of
letter-forms. Another application consists in enhancing
image quality and presentation, both for teaching and re-
search purposes. In the above mentioned cases, technology
is employed to perform "traditional" observations more
rapidly and systematically than in the past. In contrast to
this, there are some entirely new approaches emerged in
the last few years, which have been made possible by the
combination of powerful computers and high-quality digi-
tal images.

All methods require the gathering of information from
selected corpora of pre-processed digital images, aimed at
the generation of quantitative measurements: these will
contribute to the creation of a statistical profile of each
sample, to be used for finding similarities and differences
between writing styles and individual hands. In the treat-
ment of the graphic sequence, possible methodologies
range from the automatic recognition and characterisation
of single words and signs, to the reduction of the ductus to
its basic profile, to the extraction of a more global set of
"texture" features, depending on the detection of recurrent
forms on the surface of the page.
However promising, all these approaches haven’t yet pro-
duced widely accepted results, both because of the im-
maturity in the use of these new technologies, and of the
lack of real interdisciplinary research: palaeographers of-
ten missing a proper understanding of rather complex pro-
cedures, and scientists being unaware of the specificity of
medieval writing and tending to extrapolate software and
methods already developed for modern writings. How-
ever, the results of "digital palaeography" look promising
and ought to be further developed. This is particularly true
for what concerns "extra-graphic" features, such as those
related to the layout of the page, which are more easily ex-
tracted and quantified. For instance, in the case of highly
standardized handwriting and book typologies, the com-
parison of some basic layout features, regarding the orga-
nization of the page and its exploitation by the scribe, may
give precious clues for distinguishing very similar hands
even without recourse to palaeographical analysis.
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Moving from these considerations, we propose a pattern
recognition system for distinguishing the different scribes
who have worked together to the transcription of a single
medieval book. The proposed system is based on the use
of specifically devised features, directly derived from the
analysis of the layout of the page, and performs classifi-
cation by using a standard Multi Layer Perceptron (MLP)
network, trained with the Back Propagation (BP) algorithm
[4]. It is worth noticing that the main goal of our study is to
verify that the use of such features allows obtaining satis-
factory results, rather then that of building a top performing
recognition system.

A particularly favourable situation to test the effective-
ness of this approach is represented by the so-called "Gi-
ant Bibles", a hundred or more "serially produced" Latin
manuscripts each containing the whole sacred text in a sin-
gle volume of very large size (up to 600 x 400 mm and
over). The Bibles originated in Central Italy (initially in
Rome) in the mid-11th century, as part of the political pro-
gramme of the "Gregorian Reform", dealing with the moral
integrity and independence of the clergy and its relation to
the Holy Roman Emperor. Very similar in shape, material
features, decoration and script, the Bibles were produced
by groups of several scribes, organizing their common
work according to criteria which still have to be deeply un-
derstood. The distinction among their hands often requires
very long and patient palaeographical comparisons.

In this context, we have used for our experiments the
specimen known as "Avila Bible", which was written in
Italy by at least nine scribes within the third decade of
the 12h century and soon sent (for unknown reasons) to
Spain, where its text and decoration were completed by
local scribes; in a third phase (during the 15th century) ad-
ditions were made by another copyist, in order to adapt the
textual sequence to new liturgical needs [5]. The Bible of-
fers an "anthology" of contemporary and not contemporary
scribal hands, thus representing a severe test for evaluating
the effectiveness and the potentialities of our approach to
the distinction of scribal hands.

The remainder of the paper is organized as follows: Sec-
tion 2 presents the architecture of the proposed system,
while in Section 3 the experimental results are illustrated
and discussed.

II. THE SYSTEM ARCHITECTURE
The architecture of the proposed system is illustrated in

Fig. 1. The proposed system receives as input RGB images
of single pages of the manuscript to be processed, and per-
forms for each page the following steps: pre-processing,
segmentation, feature extraction, and scribe distinction.
These steps are detailed in the following subsections.

A. Pre-processing and Segmentation
In the pre-processing step noisy pixels, such as those

corresponding to stains or holes onto the page or those
included in the frame of the image, are detected and re-
moved. Red out-scaling capital letters are also removed
since they might be all written by a single scribe, special-
ized for this task. Finally, the RGB image is transformed
into a grey level one and then in a binary black and white
image. In the segmentation step, columns and rows in
each page are detected. The Bible we have studied is a
two column manuscript, with each column composed by
a slightly variable number of rows. The detection of both
columns and rows is performed by computing pixel pro-
jection histograms on the horizontal and the vertical axis,
respectively.

B. Feature Extraction
The feature extraction step is the most relevant and orig-

inal part of our work and it has been developed in collab-
oration with experts in palaeography. We have considered
three main sets of features, mainly concerning the layout
of the page. The first set relates to properties of the whole
page and includes the upper margin and the lower margin
of the page and the intercolumn. Such features are not very
distinctive for an individual copyist, but they may be very
useful to highlight chronological and/or typological differ-
ences. The second set of features concerns the columns:
we have considered the number of rows in the column and
the column exploitation coefficient [6]. The exploitation
coefficient is a measure of how much the column is filled
with ink, and may be is computed as:

ExploitationCoefficient =
NBP (C)

Np(C)
(1)

where the functions NBP (C) and Np(C) return the
number of black pixels and the total number of pixels in
the column C, respectively.Both features vary according to
different factors, among which the expertise of the writer.
In the case of very standardized handwritings, such as the
"carolingian minuscule" shown by the Bible of Avila, the
regularity in the values assumed by such features may be
considered as a measure of the skill of the writer and may
be very helpful for scribe distinction. The third set of fea-
tures characterizes the rows, and includes the following
features: weight, modular ratio, interline spacing, modular
ratio/interline spacing ratio and peaks. The weight is the
analogous of the exploitation coefficient applied to rows,
i.e. it is a measure of how much a row is filled with ink. It
is computed as in equation (1) but considering row pixels
instead of column pixels. The modular ratio is a typical
palaeographic feature, which estimates the dimension of
handwriting characters. According to our definition, this
feature is computed for each row measuring the height of
the "centre zone" of the words in that row. Once the cen-
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Fig. 1. The architecture of the system.

tre zone has been estimated, the interline spacing is the
distance in pixels between two rows. Modulus, interline
spacing and modular ratio/interline spacing ratio charac-
terize not only the way of writing of a single scribe, but
may also hint to geographical and/or chronological dis-
tinctions. In [7], for instance, the distance among layout
lines in rows and the dimension of letters significantly dif-
ferentiate Spanish and Italian minuscule. Highly discrim-
inating features, such as the inter-character space and the
number of characters in a row, imply the very difficult task
of extracting the single characters contained in each word,
which is far to be solved in the general case. Therefore, we
have chosen to estimate the number of characters in a row
by counting the number of peaks in the horizontal projec-
tion histogram of that row.

C. Scribe Distinction
The last block performs the recognition task, which has

the effect of identifying the rows in each page written by
the same copyist. In our study, we have assumed that the
manuscript has been produced by N different copyists, pre-
viously identified through the traditional palaeographical
analysis. We have also assumed that each single pattern to
be classified is formed by a group of M consecutive rows,
described by using the previously defined features. More
specifically, patterns belonging to the same page share the
same features of both the first and the second set, while
feature values of the third set are averaged over the M rows
forming each group. Summarizing, each pattern is repre-
sented by a feature vector containing 10 values. Finally,
each pattern is attributed to one of the N copyist by us-
ing a Neural Network classifier: in particular we used a
MLP trained with the Back Propagation algorithm [4]. We
chose such a classifier because of both its effectiveness and
its simplicity.

III. EXPERIMENTAL RESULTS
As anticipated in the Introduction, we have tested our

system on a large dataset of digital images obtained from a
giant Latin copy of the whole Bible, called "Avila Bible".
The palaeographic analysis of such a manuscript has in-
dividuated the presence of 13 scribal hands. Since the
rubricated letters might be all the work of a single scribe,
they have been removed during the pre-processing step; we
have therefore considered only 12 copyists to be identified.
The pages written by each copyist are not the equally nu-
merous and there are cases in which parts of the same page
are written by different copyists.

The aim of the classification step is that of associating
each pattern, corresponding to a group of M consecutive
rows, to one of the N = 12 copyists: in our experiments
we have assumed M = 4, thus obtaining a database of
20867 samples extracted from the set of the 800 pages
which are in two column format (the total number of pages
in the Bible is 870). The database has been normalized (by
using Z-normalization) and divided in two subsets: the first
one, containing 10430 samples, has been used as training
set for the neural network classifier, while the second one,
containing the remaining 10437 samples, has been used
for testing the system. The training set samples have been
randomly extracted from the database in such a way to en-
sure that, approximately, each class has the same number
of samples in both training and test set. Preliminary ex-
periments have been performed for setting MLP parameter
values: in particular, we have obtained the best results with
100 hidden neurons and 1000 learning cycles.

The performance achieved by our system on training
and test set is 94.16% and 91.51%, respectively. These re-
sults are very interesting since they have been obtained by
considering only page layout features, without using more
complex information relative to the shape of each sign:
such information would be typically analyzed by palaeog-
raphers, but the process for automatically extracting them
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Table 1. The confusion matrix of the 12 copyists computed on the test set; the second column reports the number of
samples for each copyist

Scribe #Sam. A B C D E F G H I W X Y
A 4286 97.30 0.0 0.0 0.10 0.30 1.20 0.50 0.40 0.10 0.20 0.0 0.0
B 5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 0.0 0.0
C 103 13.60 5.80 77.70 0.0 0.0 0.0 0.0 0.0 0.0 1.00 1.90 0.0
D 353 7.10 0.60 2.00 74.20 11.10 0.90 0.30 2.30 0.30 0.0 1.10 0.0
E 1095 4.20 0.0 0.0 0.20 91.80 1.20 0.30 0.30 0.70 0.50 0.90 0.0
F 1962 9.60 0.30 0.10 0.0 0.70 88.30 0.40 0.40 0.0 0.0 0.20 0.20
G 447 4.50 0.0 0.0 0.0 1.30 2.20 86.80 0.50 0.0 0.70 0.50 3.40
H 520 12.70 1.00 1.00 0.40 4.00 6.20 0.80 72.70 0.60 0.0 0.40 0.20
I 832 2.50 0.0 1.30 0.0 0.10 0.10 0.0 0.0 94.80 0.80 0.10 0.0

W 45 6.70 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 57.80 33.30 0.0
X 522 1.70 0.0 0.0 0.20 2.10 0.0 0.0 0.0 0.20 0.0 94.60 1.20
Y 267 1.90 0.80 0.0 3.80 0.80 1.10 0.0 0.0 0.0 3.00 5.20 83.20

from the original images is very complex and not easy to
generalize. Table 1 reports the confusion matrix of the 12
copyists obtained on the test set; the classification results
for each copyist are bolded. The data in the table show
that the worst performance is obtained for copyists rep-
resented by a reduced number of samples (the number of
samples for each copyist is reported in the second column):
in these cases, in fact, it is difficult to adequately train the
MPL classifier. This happens, for instance, for the copy-
ists B and W. In particular, the copyist B, for which only 5
samples may be included in the training set, is completely
confused with the copyist W (belonging to a completely
different period and context). On the contrary, the best
performance is obtained for the copyist A, which has the
highest number of samples in the training set.

On the basis of these preliminary results, the proposed
system seems to be very promising and may constitute an
effective first classification step. In fact, exploiting the in-
formation about the classification reliability, which are also
provided by the MLP classifier (but not used in this work),
palaeographers may find further confirmation of their hy-
pothesis or concentrate their attention on those sections of
the manuscript which have not been reliably classified on
the basis of layout features. These topics will be addressed
in a future work.
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