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Abstract—This work is devoted to the recognition of straight lines in geometric drawings created by hand
with the help of neural networks. The LaTeX language is usually used for the design of articles, which
takes more time, especially when writing formulas or constructing geometric drawings, unlike writing by
hand. Automating the construction of drawings will make it possible to speed up the process of writing
articles. The paper considers the recognition of straight lines as the most popular element of geometric
drawings. The Hough transform for straight lines detection and its disadvantages are considered. The use
of convolutional neural networks for this task is proposed as the best tool for working with images. To
train the model, a dataset was created with handwritten lines and lines constructed in a graphics editor.

The results of the neural network are given.

Index Terms—Hough transform; convolutional neural networks; line detection.

I. INTRODUCTION

LaTeX is one of the most popular markup
languages for document design and is especially
popular among mathematicians, physicists, and other
scientists for publishing scientific articles that often
contain mathematical equations. Writing such
equations in LaTeX takes more time than writing the
same equations by hand on paper. Many studies
have focused on the generation of LaTeX code
based on a handwritten formula [1] — [3]. The same
applies to drawing graphs, diagrams, etc., especially
in the field of mathematics. There is Inkscape
software that allows you to create high quality
vector graphics. However, Inkscape has its
drawbacks, such as the limited ability to quickly
make changes to a drawing and the time it takes to
master the program.

LaTeX allows users to connect various packages
for high-quality document design, including TikZ.
TikZ is a separate language for creating vector
graphics. It allows LaTeX users to draw simple
geometric shapes, graph functions, create diagrams,
and other graphical elements. Although there are
explanatory materials for learning TikZ, it has its
drawbacks. First of all, the commands in TikZ can
be difficult to understand, which takes time to learn.
In addition, the construction of graphs and other
graphic elements in TikZ can take a lot of time,
including the time to compile a LaTeX document.

Modern approaches to recognizing handwritten
mathematical formulas usually use convolutional
neural networks, which show excellent results [4],
[5]. Convolutional neural networks have the
advantages of hierarchical feature learning and

invariance to shift and scaling, making them
effective for image analysis. At the same time, there
are almost no scientific works devoted to the
recognition of geometric handwritten drawings. This
study is focused on the detection of straight lines in
geometric drawings.

II. PROBLEM STATEMENT

A.  Hough transform for line detection

The Hough transform is an algorithm used in
image processing to detect lines and other geometric
shapes in an image. It is based on a mathematical
theory that allows you to convert the pixel
coordinates of the image into a parametric form of
straight lines that can be used to detect them. The
Hough transform is widely used in computer vision
and image processing to detect lines, circles,
ellipses, and other geometric shapes.

In the Hough transform, the straight line is
described by the equation xsing+ ycose=p,

where p is the distance from the origin to the
nearest point on a straight line, and ¢ is the angle

between the x-axis and the line connecting the origin
to this nearest point. Lines are sought in the Hough
space: plane (p, 0). For each pixel (x,, y,) we make
a reflection in the Hough space. For a given point
(pixel), the set of all straight lines passing through it
corresponds to a sinusoidal curve on the (7, 0) plane
unique to that point. If you map all the image points
onto the Hough space, it will create many sinusoidal
curves. If two points lie on the same straight line,
their corresponding sine curves will intersect each
other at a certain pair (p, 0). Thus, the Hough
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transform algorithm detects lines by finding pairs (p,
0) whose number of intersections exceeds a certain
threshold [6].

Convolutional neural networks are used in
combination with the Hough transform to improve
the quality of line recognition in images [7]. Thus,
the authors of [8] use convolutional neural networks
when mapping to Hough space.

B.  Disadvantages of Hough transform

The  Hough  transform  requires  high
computational costs and has unstable performance,
since it is necessary to select a threshold for a
specific task. When using the Hough transform to
find a straight line in pictures, the problems shown
in Figs 1 and 2 arise.
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Fig. 1. The noises present in the image lead to the
detection of extra lines

First and foremost, noise in the image can affect
the line detection process, causing distortion or loss
of points lying on the lines. This can lead to
incorrect detection or low accuracy of line
recognition.
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Fig. 2. Hough transform cannot detect whole line

Also, before using the Hough transform, it is
necessary to use the methods of edge detection on the
image for better detection of straight lines, and this

may lead to the loss of the sought straight lines. Lines
drawn by hand may not be exactly straight, which
makes it difficult to clearly define a straight line.

III. PROBLEM SOLUTION

A. Data collection and preprocessing

To solve the problem, a dataset of images was
created, containing lines drawn by hand and in a
graphic editor. A total of 300 images were collected,
which were scaled to 128x128 and converted to
grayscale. To expand the data sample, augmentation
was performed: rotation and mirroring. A total of 90
options for rotations, from 0° to 89°, and 4 options
for reflections: none, horizontal, vertical, both. A
total of 360 options for applying augmentation to
one image. Thus, the sample increased to 108,000
images. Marked data is necessary for training. So,
for the initial 300 images, the coordinates of the
ends of the straight lines were determined. Using
rotational augmentation can cause the loss of straight
line ends, as shown in Fig. 3.

The new edges of the line are calculated as

follows: for the equation of a straight line
TN Y7V the value s set y=0 or y=128
X=X V=

and new coordinates of x, are calculated, as in Fig. 4.
Similarly for x. Then they obtained coordinates are
normalized.

Fig. 3. Example of image after 45° rotation where the red
edge is out of vision

Fig. 4. New coordinates after rotation
If both edges of the line are outside the drawing
area, then we update first x, then y, or vice versa,
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until all edges are inside. If the updated coordinates
of both edges coincide, it means that the line is
outside the field of view of the image (Fig. 5).
Hence this scenario must not be considered in the
dataset.

Fig. 5. A line which is out of vision

B.  Experimental results

In order to solve the problem of line recognition
in the drawing, a convolutional neural network was
proposed. It consists of three convolutional layers
with the number of filters 32, 64, 128 respectively,
three fully connected layers. Adam optimizer and
MAE loss function was used. The convolution layers
have a filter size of 3 by 3, padding="same’ to keep
the image the same size. Max pooling layers are
used, which reduce the image by half (Fig. 6).
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Fig. 6. Proposed architecture of convolutional neural
network

After finding the coordinates of the edges of the
line, the TikZ code is generated, which is used to
draw the line. The results of the work are shown in
Fig. 7.

[[107.44961285591125, 253.97081637382507],
[482.064373254776, 37.042826771736145] ]

\\draw (2.84,0.98) -- (12.75,6.72)

Fig. 7. Found the coordinates of the line and generated the
line using the TikZ code

In 85% of cases, the network successfully
recognized the lines and the corresponding TikZ code
was generated. Nevertheless, for images with vertical
lines, the network gave an unsatisfactory result.

If there are several straight lines in the picture, it is
suggested to divide the image into several subimages
on which there will be only one straight line (Fig. 8).
After that, the obtained subimages will be fed to the
convolutional neural network, and the received
coordinates of the segments will be combined into
one image of intersecting lines (Fig. 9).
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Fig. 8. Image partition, each of these subimages are sent
to neural network to detect a line

0 [[34.12335890810937,
31.156304255127907,
248.97198848892003
209.18794482480735],
[315.4261441808194,
107.23201487213373,
22.443108280887827,
186.63100049365312] ]
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2501 \draw (.9,5.53) -~ (6.59,0.82)
\draw (8.35,4.94) -- (0.59,2.84)
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Fig. 9. Found the coordinates of more than 1 line

This approach allows you to detect intersecting
lines in more than half of the cases.

IV. CONCLUSIONS

Recognition of handwritten geometric drawings is
an interesting task that has received little attention.
Creating an application that will be able to convert
recognized geometric shapes into TikZ code will
reduce the time it takes to design LaTeX documents.
The use of convolutional neural networks avoids the
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H. B. lllanoBau, /1. A. Jlo6anoB. lerexuia npsamux s renepauii TikZ kony

CraTTI0O TPUCBSYEHO PO3MI3HABAHHIO NPSAMHX JIiHIH Ha HaMajgbOBAHWUX BiJ] PyKM TEOMETPHYHHX MAJIOHKaxX 3a
JIOTIOMOTOF0  HeWpoHHMX Mepexx. MoBa LaTeX 3a3Buuaii BUKOPHUCTOBYETHCS Uil OOpMIIEHHS CTaTeH, 1o 3aiiMae
Oinbllie Yacy, 0COOJIMBO MpH HamucaHHi Gopmyn abo moOyJ0Bi reOMETPUYHUX MAaJIOHKIB, Ha BiJMiHY BiJl BUKOHAHHS
Ti€l % poOOTH Bix pyKu. ABTOMATH3allisl MOOYIOBH MaJIOHKIB JIaCTh 3MOTY NPHCKOPHUTH IPOLEC HAIMUCAHHS cTaTed. Y
CTaTTi PO3IIISAAETHCS AETEKIis NPSMHUX JIiHIH, SK HAHUMOMyJISPHIIINX eeMEHTIB FTeOMETPUYHUX MaIIOHKIB. Po3ristHyTO
niepeTBopeHHs ['ada 1y BUSABJICHHS NPSMUX JIiHIA Ta HOro HeMOJMiKH. BUKOpPHUCTAaHHS 3rOpTKOBHX HEHPOHHHUX MEpExX
JUISL IIOTO 3aBJIaHHS IPONOHYETHCS TaK SIK BOHM € HaWKpamuM iHCTPYMEHTOM Ui poOOTH i3 300paxkeHHsAMU. J{is
HaBYaHHS MOJIeJi OYyJI0O CTBOPEHO Haldip JaHUX i3 PYKONHCHHMH JIHISIMHU Ta JIiHIsIMHA, TOOyJOBaHHUMHU B rpadidHOMY
penakropi. HaBeneHo pe3ynbpTaTi poOOTH HEHPOHHOT MEPEKI.

Karo4ogi ciioBa: netexiiist npsiMoi; 3ropTKOBI HEHPOHHI Mepexxi; neperBopeHHs ['ada.
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