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Abstract. Artificial neural networks will be used to solve our problem, since they are best suited for making predic-
tions, due to their ability to detect non-obvious connections and the most general patterns of input and output data. A
diagram of the architecture of the created neural network has been developed. Lab color coding method considered.
The program is implemented in the high-level language Python. To create a neural network, an open software library
for machine learning TensorFlow was used. The RelU function (linear rectifier or semi-linear element) was chosen as
the activation function for all layers, except for the output one. A telegram bot has been developed, the main purpose
of which is to convert the sent black-and-white images into a color format. With the help of the developed software
algorithm, it is also possible to solve the problem of low quality and low resolution of images by processing them with
an online neural network. After the received images can be saved.
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Introduction

Machine learning is a class of artificial intelli-
gence methods that are based on learning through
the use of algorithms for solving similar problems.
Some fields of mathematics are used to construct
such methods as mathematical statistics, numerical
methods, mathematical analysis, probability theory,
graph theory, and various techniques for working
with digital data.

Artificial neural networks will be used to solve
our problem, since they are best suited for making
predictions, due to their ability to detect non-obvious
connections and the most general patterns of input
and output data.

Having studied the functionality of messengers
and made an overview of modern developments of
chatbots in messengers, for example, such as: Col-
orizerbot or AIMagic telegram bots, with which you
can improve the quality of photos and turn an ar-
chived black-and-white photo into a color one. Tak-
ing into account the experience of development in
this direction, it allowed to avoid a number of errors
when processing photos, for example, it turned out
that Telegram reduces the quality of the original im-
ages, so you need to send the original image (without
loss of quality).

The final product will be a telegram bot that
converts sent black-and-white images into a col-
or format. Also, the bot will send a message to the
user with information about itself and an explana-
tion about how to use it, after typing the command
‘/start’. The bot will not have any other functionality.

The Python programming language was chosen
as the main tool, since a huge number of libraries
and frameworks for creating and working with ar-
tificial intelligence were developed for this specific
language. TensorFlow framework will be used to cre-
ate a neural network because of its rich toolkit and
high-level interface. The application that will provide
access to the capabilities of the neural network will be
a telegram bot. The python-telegram-bot library will
be used to create he bot.

Research methods

A convolutional neural network was chosen as
the neural network architecture, since such neural
networks are able to find the most general patterns
in images, which is perfect for colorizing an image.

Figure 1 shows the architecture diagram of the
created neural network. A two-dimensional matrix of
the pixel values of a black-and-white image is fed to

the input of the neural network. At the output, the [EEE
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neural network shows a three-dimensional matrix,
where the number of rows and columns is the same
as the input one, but its height is already 2, the latter
matrix is the pixel values of ‘a” and ‘b” channels of the
Lab format.

Lab is a color coding method consisting of 3 parts:
‘L’, ‘a” and ‘b’. ‘'L’ is the black and white layer of the
image, the values of ‘L’ vary from 0 to 100; ‘a’ is the
color from green to red, ‘b’ is from blue to yellow,
their values vary from — 128 to 127. Using this color
encoding method slightly simplifies the task for the
neural network, since the input image can be used as
an L-layer and the neural network will have to come
up with only two layers of color, instead of 3, if rgb
was used for color encoding.

There are only two possible scenarios of interac-
tion with the telegram bot: the user wrote the com-
mand «/start» and the user sent a photo. In response
to the first, the bot sends the user the message with
information about itself. In response to the sent pho-
to, the bot sends a colorized version converted by
neural network. Due to the peculiarities of the neu-
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ral network, the resolution of the photo sent by the
user to the bot necessarily must be a multiple of two,
if the user sends a photo of a different resolution,
the bot will reply to the user about it and cancel the
operation.

If the user sends a color image, it will be convert-
ed to black and white and then given to the neural
network for colorizing.

Figure 2 shows an example of typing the «/start»
command to the bot, as well as a black-and-white
photo with a suitable resolution.

Figure 3 shows an example of the bot's response
in case of sending it a photo of an inappropriate res-
olution (1921x1081). The bot sent an error message.

To create and train a neural network, a script
separate from the main application was created. Af-
ter training the neural network, its architecture and
weights will be saved in separate files and will subse-
quently be uploaded into the main application (tele-
gram bot).

The neural network was developed using the ten-
sorflow framework.

Figure 1 — Architecture of the neural network
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Figure 2 — An example of interaction with the telegram bot
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.add(InputLayer(input_shape=(None
3), activation="relu', padding='same’))
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activation="relu’,
activation="relu’

.add(Conv2D(64, (3,
.add(Conv2D(64, (3,
.add(Conv2D(128, (3,
.add(Conv2D(128, (3,
.add(Conv2D(256, (3,
.add(Conv2D(256, (3, 3),
.add(Conv2D(128, (3, 3),
.add(UpSampling2D((2, 2)))

3),
3),
3),

me', strides=2))
padding="same’))
padding="same’, strides=2))
padding="same’))
padding="same’, strides=2))
padding="same’))

relu’,

.add(Conv2D(64, (3, 3), activation="relu’, padding='same’))

-add(UpSampling2D((2, 2)))

.add(Conv2D(32, (3, 3), activation="relu’, padding='same’))

.add(Conv2D(2, (3, 3
.add(UpSampling2D((2, 2)))

, activation="tanh', padding='same'))

.compile(optimizer="rmsprop’', loss="mse")

Figure 4 — Neural network implementation in Python using tensorflow framework

Figure 4 shows the source code of the neural net-
work. The input layer is a two-dimensional matrix
with an indefinite number of columns and rows so
that images of any resolution can be submitted, the
matrix is two-dimensional because each pixel of a
black-and-white image is described by one number,
not three, as in colorized one.

There are no pooling layers in the neural net-
work, since the use of this layer will lead to structural
changes in the image, which is unacceptable for color-
izing, since the output image must have a completely
identical structure to the input one. Instead, we use
a stride which is set to two, so that the convolution
core will move two pixels horizontally instead of one.

The stride of the convolution core is set by the
‘strides” parameter. The final perceptron is also un-
necessary, since it is used only in the case of image
classification tasks.

The ReLU function (linear rectifier or semi-linear
element) was chosen as the activation function of all
layers except the output one, since most of the time it
shows the best results. In the output layer, we had to
use the hyperbolic tangent function, since its ranges
from -1 to 1, unlike ReLU, which has a range of val-
ues from 0 to ee.

This is due to the fact that the color values in the
image vary from — 128 to 127. The parameter «pad-
ding='same'» is responsible for maintaining the as-
pect ratio. Before forming the final image, the values
of the output layer are multiplied by 128.

In a layer of 256 filters, the final image map is
formed and then in the UpSampling2D layers, this
map is collapsed back into an image, but now color-
ized. There are only 2 filters in the last layer. They are
just channels ‘a” and ‘b’.

The python-telegram-bot library was used to de-
velop the telegram bot.

The neural network is loaded into the bot from
files that store its structure (model.json) and weights
(model.h5). It allows to change the neural network
without changing the code of the bot in any way.

Handlers are used in the library to process mes-
sages from the user. 3 handlers were created for the
bot.

Figure 6 shows the code of creating handlers to
respond to the possible scenarios. The first handler
responds to the «/start» command, the second han-
dler is triggered when the user sends the bot an im-
age as a picture, the third one as a document; both of
these handlers trigger the same function.
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Figure 7 shows the source code of the function
which is triggered when the user sends the «/start»
command to the bot. The function only sends a wel-
come message to this user.

Figure 8 shows the source code of the function
that is triggered by following handlers: photo_as_im-
age_handler and photo_as_document_handler. The
bot sends a message to the user about receiving the
photo and then first downloads it, then it processes
it and sends it as a document to avoid compression
from the telegram, since it affects the quality quite a
lot.

The photo that the bot downloads is not saved in
the hard disk or any other ROM, it is downloaded to
a special data type — a byte buffer, which is located in
RAM, and prevents access to the photo to anyone or
anything other than the bot, and also provides faster
access to it.

Scientific results

Testing was done on photos that were included
in the training set from the dataset, on photos that
were included in the dataset, but not in the training
set, and photos that were not included in either the
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‘result.png’,

dataset or the training set.

The neural network was trained on 700 photos,
where people's faces are captured. The resolution
of the photos is 128x128 pixels (Figure 9). Training
with more complex data did not lead to satisfactory
results.

Based on the results, it can be understood that the
neural network copes almost perfectly with photos
similar to the dataset.

But with more complex photos where there is
something besides faces or any other things which
ought to be colorized it barely accomplishes the task.

During the course of programming, the most
well-known architectures of artificial neural net-
works were studied. The neural network architecture
that is most suitable for completing the course project
task has been selected.

A convolutional neural network has been created
and trained. A telegram bot has been created that pro-
vided access to the capabilities of the neural network.

Conclusion
The neural network turned out to be capable of
colorizing photos which contain faces. Learning from
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Figure 8 — Function for processing a photo sent by the user



photos with different contents other than faces did
not lead to satisfactory results. The neural network
also does a poor job with photos that are different
from those in the training sample. To correct this, a

Testing of the neural network
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deeper study of the topic is required, the creation of
a neural network with a better configuration and a
dataset of photos covering many different subjects. It
may be worth exploring the implementation of other

Input photo Expected result Output photo
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Figure 9 — Some of the images from the training sample

works that solve the same problem.

Advantages of the created application:

- the implementation of the application in the
form of a telegram bot provides extremely easy ac-
cess to the capabilities of the neural network from
any device;

- free of charge;

- relatively fast performance.

Disadvantages of the created application:

- the neural network copes well with photos that
are similar to those in the training sample;

- there is a limit to the resolution of the photo;
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