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Nowadays, the process of text digitization in different domains is very
actual and popular. We try to restore and keep rare documents and
books existing only on paper, or to keep the important information
with the purpose of being able to work with it in the future. The goals
for digitization are different, for example, our colleagues developed the
Hedy platform [6] for digitization historical Cyrillic text from XVIII-
XX century, or even digitization of musical notes [7]. Each case requires
different steps in the process of digitization, as well as different tools
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Abstract

This paper describes the steps through which the authors
passed during the process of digitization of manually written
mathematical texts with formulas and figures. Some difficulties
met are also discussed. Our project highlighted the challenges as-
sociated with working with handwritten, non-homogeneous texts
stored on outdated records, but it also demonstrated the effec-
tiveness of combining modern technology with traditional manual
methods.
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Introduction

for realization are selected or even elaborated.
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It is worth mentioning that digitizing historical, particularly, math-
ematical texts is a complex process that requires careful attention to
details and the use of specialized tools. We describe our way of solving
this problem. Our task was to digitize mathematical texts containing
such objects as formulas and figures. Some other features of our task
are the following:

- the texts and formulas are written manually;

- geometric figures are hand drawn;

- the information carrier is old punch cards;

- the texts are written in Cyrillic script;

- the texts are not homogeneous and structured;

- as a result of the digitization process we had to obtain texts in
LaTeX format.

On the other hand, these features represent the difficulties or chal-
lenges the authors had to face during their work. Because of manually
written and painted information, in many places, the handwriting is
illegible. Some words or designations have been crossed out, and a cor-
rected version has been written in. Often, there are the following cases
that complicate the recognition process: the insertions are written be-
tween the lines; the lines are crooked or written diagonally; the ink has
faded. Not always (especially when it comes to solutions and hints)
information or formulas are arranged sequentially but in the form of
sketches or ideas.

Also, these features defined the tools that were selected by the
authors for the task implementation.

2 Tools selection and steps of the working pro-
cess

To better understand the initial task for the authors of this paper, it
is necessary to describe briefly the source material for the work and
the main goal. In the family scientific archive of mathematician Boris
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Cinic, who was a scientific researcher at the Institute of Mathematics
and Computer Science of the Academy of Sciences of Moldova since its
foundation, there is a wealth of mathematical and geometrical problems
he developed for lyceum students. When he prepared for the lessons,
he wrote these problems on the punch cards [1]; in such a way he
formulated the individual tasks for each student in the class. Thus,
these problems have found their application in the real educational
process, thereby confirming the usefulness of this educational material.
Many punch cards also contain solutions or hints for these problems.
They were written manually in the 90s of the last century and today
are also of interest. So, it would be a good idea to keep this material
in electronic form and make a manual for students with it.

Therefore, to begin with, these materials must be digitized.

Below is a brief description of the steps we took in processing the
source materials.

a) The existing materials were thoroughly analyzed from the con-
text point of view, because, depending on the context and its
complexity, the respective processing tool was selected for work:

- punch cards containing only text information, which may
contain short letter designations of variables. These could
be, for example, problem statements and, in some cases,

their solutions (see Fig. 1);
- punch cards containing only formulas (see Fig. 2);
- punch cards containing text and complex formulas (see

Fig. 3);
- punch cards containing figures (see Fig. 4).

b) The existing tools for the digitization of handwritten texts were
analyzed with the aim of preparing an electronic problem book
with these materials. It was decided to work with the following
tools: MathPix, ChatGPT, Google Docs, and LaTeX.

- The Google Docs tool [2] is simple and easy to use and copes
well with recognizing handwritten text in Russian, which is

239



Olesea Caftanatov, Valentina Demidova, Tatiana Verlan

A ;

: Lj’&,oﬁ CopLgusy Xeppl GULKE a ft,oolefzki ¥epga
g i o2 Hewgume giunes ompeircé, ke xo7opbe
xgpge @ gewn xopgy 6 :

931@,‘ ?a'/wum—?' M#/M?M.llw repa teage MC%‘ lo

Pi{/a Mno/dl: puduets 20cu, Zpes Cepeguny ,/,?&W:.a,;-

pi’ep P Iyu«mf ccnolonwy Apexegum Cexgyiqus niotmocm.i,
. Hovgime  nuieiqogh Coreswy, (Pocerirpers e eeytos ),

y/

Figure 1. Punch card containing only manually written Cyrillic text
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Figure 2. Punch card containing only manually written formulas

Figure 3. Punch card with manually written Cyrillic texts and formulas
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Figure 4. Punch card with manually written Cyrillic text, formulas,
and manually painted geometric figure

extremely important for our task. However, it does not cope
with recognizing formulas. Therefore, this tool was chosen
to work with purely text punch cards. Its simplicity and
accuracy in text recognition made it the ideal choice for
these cards.

The recognition system runs automatically when the scanned
image of the document is opened. The scanned punch card is
loaded into Google Docs and opened with the help of Google
Documents; after that, the conversion starts, and the result
is opened in a Microsoft Word environment to continue the
edition process. The quality of recognition is good.

- The MathPix tool [3] perfectly recognizes formulas and gen-
erates the corresponding LaTeX code, which greatly simpli-
fies and speeds up the process of further layout of the already
recognized material. However, it ”does not understand” the
Russian language (see Fig. 5 with the original punch card
and Fig. 6 with the respective recognized text).

Another problem we had to face while working with Math-
Pix was related to the especially bad handwriting. Some
texts were written in more clumsy symbols (see Fig. 7).
MathPix simply did not even ”see” such punch cards, abso-
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Figure 5. Original punch card TO08 featuring a text problem in Russian
and its corresponding formulas for the solution
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Figure 6. Recognized formulas and “Russian” text from punch card

TO8

lutely refusing to recognize them.

- The ChatGPT tool [4] does a great job of recognizing both
formulas and text in Russian and also generates the cor-
responding LaTeX code. However, it is too creative in its
approach to the task and often offers distorted text. Despite
this, this creative approach sometimes helps to understand
the idea of a written problem and, which is not less im-
portant, the idea of its solution. Thus, in some cases, we
decided to retain these GPT’s creative hints with the re-
spective annotations.

However, it should be noted that the results of the work of
all the applied tools require careful verification and correc-
tion of both texts and formulas to ensure the integrity and
accuracy of the final digitized material (see Fig. 8).

- The LaTeX tool [5] was chosen as a system for the convenient

242



Our Approach to Digitizing Handwritten ...

/:;1 2i €lirm 4 e s
25 N0 {1007+ 1)

gg//L 2 )(3%30)),, (00 +100+1)

33¢% e el /_‘_‘__‘_,, o
Om.bem: o5 = j‘ 4. 100 ,4, (/‘Zf/)/a ,) (10%1oc 7))
=2 //Z) f%/ A vg) : 2 A1) _2./0101
i 10l 1) 7Y HGY 100101 .4(2) 10070/ 3
/ 2 -_iii_{
7£1/’/: Vi T roto

-Z///»,;/T //[~ N+

Figure 7. Punch card with bad handwriting

Card T08
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Figure 8. Verified, corrected, and formatted punch card TO8 in .pdf
file

finalizing of the layout of the obtained material including
formulas and figures into the required format. It provided a
convenient and consistent way to organize and present the
digitized content.

c) Handwritten texts were digitized, including the following pro-
cesses and steps:

— Scanning of handwritten texts into .jpg or .pdf files;

— Processing of images obtained by scanning;
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— Recognizing handwritten texts in Russian using the Google
Docs online service and obtaining the respective LaTeX
code;

— Recognition of mathematical formulas with the help of the
MathPix online service and obtaining the respective LaTeX
code;

— Recognition of handwritten texts in Russian and mathemat-
ical formulas using the GPT online service and obtaining the
respective LaTeX code;

— Recognition of geometrical drawings. Sometimes this stage
included scanning and separate graphic processing of the
images.

— Recognized resources have been manually checked, cor-
rected, and validated in the LaTeX environment.

At the current moment, more than 250 handwritten punch cards
were processed. This is only a part of the whole archive. The infor-
mation from 132 processed punch cards has been thoroughly checked,
and the LaTeX code generated by MathPix and GPT online services
has been manually verified and corrected.

These statistics allow us to assert that at this stage we have cho-
sen successful tools to solve the task at hand and have developed a
successful mechanism for continuing the work. Through this careful
selection and application of tools, we were able to efficiently digitize
the handwritten texts and formulas, preparing them for inclusion in an
electronic problem book.

3 Conclusion and Future Work

In summary, the digitization of handwritten mathematical materials
containing texts in Cyrillic script from punched cards was successfully
achieved using a carefully structured process involving multiple tools
and techniques. By scanning the original punched cards into digital
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formats and processing these images, we were able to use various ser-
vices to recognize and convert handwritten Russian texts, mathemati-
cal formulas, and geometric drawings into LaTeX code. Using Google
Docs contributed to the accurate recognition of handwritten Russian
text, while MathPix proved effective in translating mathematical for-
mulas into LaTeX. ChatGPT provided additional support for recog-
nizing both Russian text and formulas. Specialized tools were used to
digitize geometric figures, ensuring their accuracy.

Manual verification and correction within the LaTeX environment
played a decisive role in the finalization of the digitized materials.

In addition, we will work closely with our colleagues to integrate
digitized texts, mathematical formulas, and geometric images into the
AT Tutoring system [8]. This integration will involve matching the
digitized content with the system’s algorithms to ensure that it can
effectively help students solve problems.
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