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1Faculty of Electrical Engineering and Computer Science VŠB-TU, Department of Computer Science, Ostrava Poruba, Czech
Republic
2Division of MERLIN, Faculty of Electrical and Electronics Engineering, Ton Duc Thang University, Ho Chi Minh, Vietnam

ivan.zelinka@vsb.cz�, trantrongdao@tdtu.edu.vn

Abstract
This paper is discussing our new research direction in the Voynich manuscript
research. While our previous papers have been dealing with the research that has
been based on fractal property analyses or graph properties analyses, where the
graph has been constructed from the Voynich manuscript word sequences (Fig.
1), this paper discusses another kind of research on Voynich manuscript. This
research is focused on the compassion of the letters or alphabets from Voynich
manuscript with another selected alphabets from a different dialect, in that case,
dialect from the Indian language. The reason is to point out the possibility that we
can identify the origin of the Voynich manuscript alphabets based on the graphical
conversion between letters from different dialects. Because this research is a very
wide and deep topic, we publish in this paper only basic ideas, simulations and
discuss all problems which have been found during those experimentation as well
as outlining of the future directions of the research in an outlined way.
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1 Introduction

The Voynich manuscript is the most mysterious
manuscript in the world. In fact, there is a 10 books
(Book of Soyga, Codex Seraphinianus, Hypnero-
tomachia Poliphili, the Oera Linda Book, the Ripley
Scrolls, the Smithfield Decretals, the Rohonc Codex,
the Red Book, Prodigiorum Ac Ostentorum Chroni-
con) similar manuscript with Voynich manuscript in
the first place. During its history or during in the
existence of this manuscript there has been done a lot
of research on his manuscript [3], [5],[6], [7], [8], [14],
[11], [9] amongst the others, with the aim to translate
this and understand, what kind of information is
written inside. The people who tried to decode this
manuscript were amateurs as well as professionals,
including code-breakers from the second world war.
No one succeeds so we can take into consideration a
few hypotheses. The first one is that the manuscript
is completely historical fake, which has been typical in
the time of middle age when somebody wants to earn
money by creating of false books and sell it for huge
money to some rich people like the emperor Rudolf
II was. Because everybody fails on the reading of
this manuscript, it seems to be that this hypothesis
cannot be true, however as some papers [1], used some
statistical and natural language processing methods
and has been shown that the properties of the Voyn-
ich manuscript seem to be a natural language. So
probably the hypothesis dealing with the fake is not
true. Another hypothesis is that the alphabets used

in the Voynich manuscript manuscripts are artificially
developed similarly like the Esperanto language. This
is unlikely, as has been ruled by physical experimen-
tation, this manuscript comes from 1404 - 1448, and
it’s unlikely that in that time somebody would be
able to develop the full working artificial language, so
we can’t expect that this language will be completely
unknown/artificial. The last hypothesis, we would
like to discuss in this paper, is that this manuscript
is written in the language, which has been retaken
from some older dialects and adopted for European
conditions. Of course, those things we are discussing
here can be combined with some kind of primitive
and encryption methods. However, because many
researchers and the scientists equipped with very
good computer power, they have been using, try to
use different decryption methods on the manuscript,
and never succeed. It is again unlikely, that this
manuscript is encrypted and especially in the 15th
century were encryption methods so weak, so if there
would be any of those encryption methods applied,
then definitely modern supercomputer would break
it through. So the most likely, in our opinion, is
the fact that Voynich manuscript is based alphabets,
that are kind of mutation of alphabets from the
previous languages and/or dialects. Simply our
central hypothesis of this paper is that manuscript
alphabets come from some old dialect and because
dialect has been developing during the time including
the shape of its alphabets it’s highly likely to find
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Figure 1: Network created from Voynich manuscript. A example of the small fraction.

the path of the mutation between different versions of
giving dialect up to the modern version of them. This
kind of researchers is actually under process in our
research group [15] and in this paper we would like
just to introduce some simple experiments which we
used to graphically describe and analyse and compare
alphabet from the Voynich manuscript with selected
alphabets from other Indian dialects like Khoji for
example. This paper is thus a kind of introduction into
problems of the graphical comparison of the alphabets
from different languages in order to find the most
similar language based on the similarity measurement.
The organisation of the paper is as follows. First, we
briefly mention our previous research just by a few
sentences and then we are continuing by the methods
of the compassion of the letters as a graphical object
to other dialects. The first experiments are based
on the primitive compassion within the graphical
objects, and then another more advanced are based
on how to compare the graphical objects of their
similarity by different measures (EuclideanDistance,
SquaredEuclideanDistance, NormalizedSquaredEu-
clideanDistance, ManhattanDistance, CosineDistance,
CorrelationDistance, RootMeanSquare) up to the most
advanced method, which is based on the image feature
extraction, regardless of object (i.e. letter) position in
the figure. At the end in the conclusion, we discuss
problems, identified during our experimentation, as
well as the promising ways of the future research in
that way.

2 Motivation

The motivation for this research stems from the ever-
existing fact that no one has yet deciphered, under-
stood, or identified Voynia’s manuscript in terms of
language affiliation. It is therefore not known, if the
manuscript is written in truly natural language, to
which family of languages it belongs and thus what it
could express, what culture it might reflect in its struc-
ture. Our goal now is not to decipher this manuscript,
which, after all, no one has succeeded in doing so, but
rather to point out the possibility of measuring the sim-
ilarity of characters between individual languages and
dialects. The aim is to identify possible connections
between individual languages and dialects in the fu-
ture to capture the gradual development. All this, we
hope, could later help to identify Voynich manuscript
in terms of language affiliation. The aim of this paper is
to test a few basic methods for measuring the similarity
of a language sign, pointing out which method is strong
and which should be worked on further. Comparing the
Voynich alphabet with the alphabets of other dialects,
both medieval and ancient. It is a matter of working
with linguistic texts, but in the form of graphical ex-
pressions, to which machine learning, classification and
other methods are applied.
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Figure 2: Similarity between alphabets from Voynich
based on cosine distance measure.

3 Experiment Design

Four of our experiments presented in our paper here,
we have used standard computer equipment like PC
with i7 processor, 8GB memory and Mathematica 11.
Nothing else has been needed for our experimentation.
We have tested different measurement methods for
letter comparison as the EuclideanDistance, Square-
dEuclideanDistance, NormalizedSquaredEuclideanDis-
tance, ManhattanDistance, CosineDistance, Correla-
tionDistance, RootMeanSquare.

Several basic experiments were performed in this ar-
ticle. The first experiments were focused on process-
ing the characters of the alphabet as graphic objects
by reading them from their graphic form using a neu-
ral network and converting them into a matrix of ones
and zeros. The black-and-white image thus obtained
was then used to measure the distance between the in-
dividual characters of the alphabet. Several distance
measurement methods were used, as mentioned above.
These were applied first to the Voynich alphabet itself,
then to the alphabet of Vounice and Khoji with differ-
ent methods of measuring similarity. The second set of
experiments was performed to describe the character
of the Voynich alphabet not in the form of a binary
matrix, but in the form of so-called image correspond-
ing points, which are significant points that determine
the character of a graphic object, as will be explained
below. The description obtained in this way actually
presented the given object in the form of a vector, and
methods for measuring distances were again used for
this description. It was tested on the Voynich alpha-
bet to see if this method can classify letters that are
related and similar. This was then also visualized in
the form of a graph, where the morphology and gradual
change of individual letters in terms of similarity can
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Figure 3: Similarity between alphabets from Voynich
and Khoji dialect, based on binary distance measure.

be clearly seen. In other words, these graphs express
the visual similarity between the individual characters
of the Voynich alphabet. In this experiment, we also
visualized the alphabet in the form of a graph, where
the letters are shown in the form of colored vertices.
Color and size determine the meaning of a letter in
a given alphabet in terms of measuring similarity. As
will be explained below, the last set of experiments was
again based on image corresponding points, and here
we used basic hierarchical clustering methods to deter-
mine how some letters of the Voynich alphabet and the
Indian Khoji dialect are graphically similar, as demon-
strated in the figures at the end of the article. Thus,
3 basic sets of experiments were performed, which are
described below.

4 Results

In the first experiments, it was necessary to convert the
characters of Voynich alphabet into a graphical form
as well as the alphabet of other dialects, in this case,
Khoji and then convert these images back to a suitable
description for computer processing. This is because
we assume that not all dialects of the future will gen-
erate themselves. Still, we get their photos, so we tried
to simulate the conditions that we got images of an el-
ement of the dialect from somewhere. In this case, it
was necessary to process the images so that for exam-
ple Khoji generated by Mathematica software had to
be saved as a binary image format loaded into mathe-
matics and converted into a matrix that described the
object in this image as the matrix of 1 and 0. We
followed the description in the form of zeros and ones
and to convert images into such form a neural network
was used. The image was to the grey degrees, which
were then adjusted to black and white. Thus modi-
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Figure 4: Similarity between alphabets from Voynich
and Khoji dialect, based on cosine distance measure.

fied images which were de facto in the form of matrices
we then worked on, were used by functions of image
processing, which are part of the software Mathemat-
ica which helped us to measure different types of dis-
tances and similarities between alphabets images or if
you want, between the letter of the alphabets. Several
experiments, with increasing complexity and sophisti-
cated approach, has been done here. We have started
with standard classical compassion of the letters be-
ing represented as a picture. In the first experiment,
we have used Voynich letters as graphical objects. We
have generated whole alphabets in Mathematica soft-
ware and convert it into unified images of the black-
white colour each of them as a separated file. That
set of the Voynich alphabets and its similarity measure
has been used to create Fig. 2. The similarity between
alphabets in the Voynich manuscript the picture is vis-
ible and shows that the highest similarity 100% is only
between letters which are the same another similar sim-
ilarity between letters are different and lower of course.
Those fields which contain 0 are under our threshold of
similarity, manually adjusted. This has been done just
to demonstrate whether in or not whether the method
can recognize the similarity between some letters es-
pecially with the same letter and with what kind of
success it is possible to see also the highest similarity
between letters which are graphically really similar.

The same has been used in the comparison between
Khoji and Voynich alphabets, as shown in Fig. 3 and
4. A binary and cosine distance has been used there, so
we compared various alphabets based on the different
similarity measurements. Figure 3 shows the similari-
ties and differences between Voynich and Khoji dialect
alphabets based on the binary distance. As visible on
the figure, the distance is very problematic because all
letters must be perfectly centred because of its binary

Figure 5: The image corresponding points principle on
selected Voynich alphabet.

description. In fact, that means that alphabets were
converted into series of ones and Zeros where the 1
means black pixel 0 means white pixel and the binary
distance has been calculated like the distance between
pixels which has don’t have the same colour. The al-
phabets shall be fitted inside its picture. Any shift
cause that the binary results would be totally differ-
ent. That’s why we found out this method is not so
well. The other similarity measure in our experiment
was cosine distance. The darkest colour so for some
letters, it’s visible that there is a really visual similar-
ity between selected dialects and as mentioned below in
the other paragraphs of this paper. All other measure-
ments ([10], [2], [12], [4], [13]) it’s possible to combine,
so we try also a combination of different measures to
create some average weighted measurement of the sim-
ilarities between the alphabets. There’s a lot of other
combinations and variable factors, that can be used
to set up the cost functions for measurements of the
similarities amongst the alphabets. With this kind of
experiment, we have a meet a lot of problems, for ex-
ample, graphical representation of the picture it must
be all the same quality, it must be, if possible, be with
a certain level of resolution, if possible the alphabets
should be written in the same thickness as alphabet
from another dialect etc. All those problems influence
the recognition of the similarity between the alphabet
in a very sensitive way, so if we would like to use this
kind of compassion between alphabets. Then be must
very carefully consider all those facts and very carefully
prepare all data for mutual comparison, which is quite
time-consuming and simply complicated.

That’s why we have used the second approach, which
is focused again on the image similarity, however, this
time the comparison is not based on the binary or
graphical format of the alphabets point of view, but on
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the objects attributes in the picture. That means each
picture has attributes like shape, brightness contrast
and so on and all those attributes describe the object
whenever it is lying inside the picture. So this method
seems to be much more reliable for comparison of the
different alphabets between different dialects in order
to find the most similar alphabets or dialects. The
principle of the image corresponding points is described
in the Fig. 5. There you can clearly see one selected
alphabet which is covered by the circles of different
colours, with a green dot inside and those cycles basi-
cally describes attributes of that of the object. In fact,
instead of the binary description of which is a huge and
long string of the zeros in one’s, in the case of the image
corresponding points, we can get very easily only a few
numbers which clearly describe the main attributes of a
given object. Because all alphabets are prepared in the
black colour on the white background, then it’s simple
for this method to describe alphabets and this method
is focused only on the attitudes of that black alpha-
bets. The number of the corresponding points can be
adjustable, that means, you can adjust how much those
points shall be calculated to take into consideration. In
our experiments were set maximal number of points for
each letter that means each other has been described by
unique corresponding points. This method has again
been tested only on the Voynich manuscript in order to
check whether this method is able to identify the same
letters clearly. That means letters points with the high-
est appearance of the most same or similar points were
evaluated highest. Please remind that those numbers
don’t mean percentage similarity like in the previous
pictures but mean the absolute value of the image cor-
responding points. You can also see from the Fig. 5
that some letters are similar to another because they
visibly contain parts of as a subset of another letter.
For example, you can see very easily on the last po-
sition on the x-axis the last letter has similarity 196
with another letter on the y-axis. The letter on the
y-axis is very similar. You can find more examples
thereof that the similarity measurement is much more
reliable than the previously tested. The Fig. 5 can
also be visualized as a network on Fig. 7a and 7b.
You can see a graph with vertices-alphabets from the
Voynich manuscript and links that are the relations
between those letters. The links between vertices rep-
resent the similarity like the alphabets at Fig. 7a. It
shows the strength of the similarity between alphabets
by colours. These pictures don’t correspond exactly
with Fig. 6, it has been generated from other experi-
mentations where the colours represent the similarity
upon the user-set threshold. This picture can show
clearly not the only similarity between the letters in
the alphabet but also its strength. This is also visible
in Fig. 7b. Thes methods seem to be promising and
helpful in the comparison between different dialects. It
has been tested only on the Voynich alphabets to ver-
ify if it’s work or not. The same we can see in Fig.
8a and 8b). The size and colours of the letters repre-
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Figure 6: Similarity between alphabets from Voyn-
ich based on image corresponding points description.
Note that numbers does not represents similarity in %,
but an absolute value of the same image corresponding
points description between alphabets.

sent the importance of the letters in the alphabet and
text. Figure 8b) shows basically the same; the differ-
ence is that we use the community visualization based
on the similarity between the letters in the alphabets.
It’s clearly visible that this method also nicely group
the letter that is very similar from a graphical point of
view and seems to be a mutation of one from the other.
Based on such results, in the table and the graph, it
seems to be that it is possible to use this method to
describe the letters from the alphabet amongst them.
In the last experiment have been tested Voynich script
and Khoji dialect in order to show how those letters
are similar to each other or not. From selected results,
which are reported on Fig. 9 and 10 is visible that our
methods have been able to identify not only the alpha-
bets which are similar to each other but also some of
Khoji has been included into Voynich manuscript be-
cause they are similar. This is better visible in Fig. 10.
Six examples show here how are method based on the
image corresponding points associated with the alpha-
bets level of similarity. It is clearly visible that those
letters are visually quite similar to its complexity point
of view.

5 Conclusion

In this paper we discuss the possibility on the Voynich
manuscripts analyses with using of the different meth-
ods from the image similarity on the beginning with
primitive methods based on the binary distance mea-
sure as well as the others EuclideanDistance, Square-
dEuclideanDistance, NormalizedSquaredEuclideanDis-
tance, ManhattanDistance, CosineDistance, Corre-
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Figure 7: An alternative visualization of the similarity
between alphabets from Voynich based on image corre-
sponding points description.The similarity and hierar-
chical relations amongst the alphabets is obvious. The
color as in a) can represent strength of the relation.

lationDistance, RootMeanSquare up to the most ad-
vanced based on image corresponding points (that is
object position and orientation free in the picture).

In our experiments, we have used a few approaches
from the simplest to the most complex. In the first
experiment, we have tried to describe the letters of the
manuscript just pictures in the binary regime and com-
pare mutually by difference measurement of the dis-
tance between those pictures like binary distance, co-
sine distance and many others. The results we have got
shows, that this method is working, however not very
well because all letters from alphabets must be gener-
ated in the same format, must be centred in the picture
on the same positions, must have the same colours, the
same picture resolution and so on. So this method is
very sensitive for the settings because other dialects
and their alphabets can be written in a different form
with different thickness and different positions inside
the picture, and all this must be corrected. It is possi-
ble to use this method with very low efficiency and per-
formance. This method has been tested on the Voynich
as well as on the Khoji dialect.

A

B

C

D

E

F

GH

I

J

K

L

M

N

O

P

R

Q

S

T

U
V

X
Y

Z

0

0.2

0.4

0.6

0.8

1.0

(a)

A

B

C

D E

F

G

HI

J
K

L

M
N

O

P

R

Q

S

T

U V X
Y Z

(b)

Figure 8: An alternative visualization of the similar-
ity between alphabets from Voynich based on image
corresponding points description. The similarity and
hierarchical relations amongst the alphabets is obvi-
ous. The color as in a) can represent strength of the
relation.

Another method was tested both on the Voynich
handwriting alphabet and on the alphabet of the Khoji
dialect. This method, we tried, was a description of
individual letters of the Voynich alphabet and dialect
alphabet, based on the so-called image corresponding
point which is a description of an object in the image-
based, on important elements of this object like signif-
icant points of curvature, of brightness, contrast and
other important attributes that uniquely describe the
object. In this case, we arrive at results that proved to
be very interesting and demonstrate the applicability
of this method to describe the letters of the alphabet
and measure their similarity both between each other
and between different alphabets, regardless of its ori-
entation and position in the picture.

We have also tried the visualization of the Voynich
alphabet in the form of graph and community graph,
which is shown in Fig. 7. Here we see a graph with
coloured vertices that belong to individual characters
and their colour and thickness shows the importance of
the letter of this alphabet in the text and its greatest
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Figure 9: The Khoji dendrogram constructed from the hierarchical clustering of Voynich and Khoji.

A → D
(a)

N → D
(b)

G → R
(c)

S → J
(d)

Z → J
(e)

D → K
(f)

Figure 10: Selected examples of the similar letters be-
tween Khoji dialect and Voynich based on image cor-
responding points.

link similarity with the other letters. In Fig. 7b we see
a community graph, where the appropriate algorithm
for displaying communities in the graph showed the
communities of these letters based on the similarity
measurement. From this graph, it is clear that the
algorithm recognized letters that are similar in some
way letters and created in this case 4 Communities,
i.e. 4 clusters of letters that are visually very similar
or are the mutations of their say group members.

At the end of our experiments, we have tried another
way of visualization using hierarchical clustering in the
form of the so-called dendrogram. Figure 9 is an exam-
ple of such a dendrogram whose selected elements can
be seen in detail in the next Fig. 10. We must realize
that this similarity is taken in terms of the similarity
of the vector which contain just the data of the image
corresponding points and therefore these objects may
be rotated or may not be 100% similar. These charac-

ters of the Khoji alphabet, which have been assigned
to the relevant characters of the Voynich alphabet, are
very similar in their complexity in that way of writing
and overall appearance. Alphabets of different dialects
which may not necessarily lead directly to find what
dialect Voynich belongs to, but also to the fact that
it will be able to measure with it to show the gradual
development of the dialect from its first version to the
modern version as well. All this in the context of the
Voynich manuscript can be a very important part of
its research.
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