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Abstract. The article discusses the employment of an artificial neural network for 
the problem of image classification. Based on the compiled dataset, a convolutional 
neural network model was implemented and trained. An application for images 
classification was created. The practical value of the developed application allows 
an efficient use of a smartphone camera’s storage facilities. The article presents a 
detailed methodology of the application’s development.
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I. Introduction
Nowadays, many users have to deal with images and photos. The quality of 

cameras in modern smartphones is often as high as that of professional cameras, 
where the usage of lenses allows perfect images. The number of captured images in 
the smartphone memory becomes uncontrollable and it is limited only by the smart-
phone’s memory capacity. At the same time, the cooperation with thematic online 
stores, namely, photobanks – image banks that act as intermediaries between the 
authors of images and their buyers, is also intensifying. In this regard, the task of 
classifying all stored images is becoming more and more urgent every day. Sorting 
images by their content on photobank sites can be performed by an application for 
their classification. With the help of a neural network, this application will be able 
to identify the depicted object, and then to sort them according to the recognized 
classes. This will help to classify quickly all images in the database of the photo-
bank.

At the moment, there are many free software products with similar functionali-
ty. Images’ sorting is fulfilled with the help of tags, when the user adds each photo 
manually. In this article, we are presenting the application, which classifies images 
using a neural network. The suggested application is not overloaded with unneces-
sary functionality and has a simplified and intuitive user interface.
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Image classification problem. Convolutional neural network
The classification task in machine learning is usually referred to as supervised 

learning, but unsupervised learning also exists. In this case, the training sample 
does not have the specified classes, the classification is based on the similarity of 
objects. This type of problem is often referred to as clustering and taxonomy prob-
lems, and classes are called clusters or taxa.

The statement of the classification problem in mathematical language is as fol-
lows: there are two sets X and Y, where X is a set of descriptions of objects, and Y is 
a finite set of classes. There is an unknown mapping , the values of which 
are known only on the objects of the training set 
. It is necessary to construct such an algorithm  capable of classifying an 
arbitrary object  [Classification problem].

There are two main types of classification – binary and multiple. In the problems 
of binary classification, the dependent variable takes only two values – yes/no, 0/1, 
or alike). For example, the task of predicting the buyer of a certain product belongs 
to this type. In the problems of multiple classification, the dependent variable takes 
values from a set of classes. For instance, this type includes the problem of pre-
dicting the choice of the buyer, i.e. which class of goods he will prefer to purchase. 
Evaluation of classification accuracy can be carried out using cross-validation on 
test data called cross-validation set. In this case, the accuracy on the training set is 
compared with the accuracy on the test set.

Application for Images’ Classification Development
In this study, the solution to the image classification problem builds of convo-

lutional neural networks, which have a fairly high ability to recognize patterns in 
images. There are four main layers used in convolutional neural network modeling: 
the convolution layer, the activation layer, the subsampling layer, and the fully con-
nected layer. The job of a convolutional neural network is to move from specific 
features of an image to more abstract details. The network independently filters 
unimportant image details and highlights its essential features. Training a neural 
network is reduced to minimizing the loss function by adjusting the weights of 
synaptic connections between neurons. To train the developed neural network, the 
backpropagation algorithm or the generalized delta rule is used.

Neural network design for image classification
The following libraries of the Python programming language were used to devel-

op the convolutional neural network and application [Python 3.6.5 documentation]:
– TensorFlow is an open-source machine learning software library designed 

specifically for building and training neural networks. Calculations performed by 
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the TensorFlow library are represented as a data flow through a fixed state graph 
[TensorFlow];

Numpy – a library that supports working with multidimensional arrays and 
high-level mathematical functions for working with them [Numpy Documenta-
tion];

PyQt5 – a library for creating a user interface, providing Qt Designer tools to 
facilitate interface development [PyQt5 Reference Guide];

Fastai – Python deep learning library providing high level API;
Keras is a neural network library, which is an add-on over the TensorFlow 

and Theano libraries to facilitate the development of models for machine learning 
[Keras Documentation].

The modules were also used:
shutil – contains a set of functions for processing and working with files and 

folders, allowing to copy, move and delete them;
os – provides functions for working with the operating system, such as execut-

ing system commands, gaining access to directories;
QML (Qt Meta Language) is a Javascript-based declarative programming lan-

guage that serves to markup and prototype an interface.
Google Colab, a free cloud service based on Jupyter Notebook, was chosen to write 

and edit the source code of the neural network being developed. It contains everything 
you need for machine learning, as well as free access to fast GPUs and TPUs.

Preparing a dataset
To train a neural network, a prepared dataset is required, containing a large 

number of images of those classes that the network must learn to distinguish. After 
examining the main sections on the sites for the sale of images, we concluded that 
the most popular objects of photographers are people, architecture, nature, animals, 
food, cars. Accordingly, we have developed a dataset of images.

Images for the set were determined from the “Pictures” section of the Google 
search engine, which contains images of all sorts of topics and directions. To au-
tomate the download of a large amount of data required to compile a dataset of 
images, Javascript was used that collects download links for all images in a csv file.

 
Figure 1. Using the script in the Google Chrome browser
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As you can see in Figure 1, the script is written to the console of the Google 
Chrome browser and it is executed at the moment when images of the necessary 
content are loaded in the “Pictures” section of the Google search engine. Then, 
according to requests for nature, architecture, car, people, food, animals, 6 csv files, 
containing links to download images, were compiled with the use of the script.

 

Figure 2. Fragment of the outcome for the script use on the request animals

To download all images from the obtained csv files, the download_images 
method of the fastai library of the Python programming language was used. The 
obtained photographs were sent directly to folders with the names corresponding to 
the classes. As a result, 6 folders were obtained, each of which containing images 
of its own class (animals, architecture, car, people, nature, food).

 
Figure 3. Examples of the images corresponding to the classes

In order for the neural network to learn best, we can first clear the resulting data-
set from poorly corresponding images. To simplify further work with images, they 
were renamed according to the pattern: ““class name” + “picture number” + .jpg.

The final stage of preparing the dataset was to create a training, validation and 
test sampling. For this, we made folders with the corresponding names train, val 
and test. Each of them contained 6 folders corresponding to a certain class. Twenty 
percent of the dataset was allocated for the validation sample, ten percent for the 
test sample. The samples were compiled by copying images from the folders of the 
main set to the train, val and test folders in a specified percentage. At the same time, 
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the number of files in the corresponding folder was counted for each class. Then 
we determined the file which could be used to start copying. The obtained values, 
along with the paths to the source folder of the class and its folder from the selec-
tion, were passed to the input for the copy images function. This function is used to 
copy an image from the resulting range using the copy2 method of the shutil library.

Implementing and training a convolutional neural network
To expand the compiled dataset and improve the quality of training of the de-

veloped neural network, data augmentation can be performed. Data augmentation 
is a technique for obtaining additional data from the neural network available for 
training. To attain this, the ImageDataGenerator method from the Keras library 
was used, which allows generating a training sample.

For augmentation of the training sample data, the following parameters are set 
in the ImageDataGenerator:

– rescale: data scaling factor, divides the values of all image pixels by 255;
– rotation_range: values for randomly rotating the image by a given number 

of degrees;
– width_shift_range: sets a random shift in width;
– height_shift_range: sets a random shift in height;
– zoom_range: sets the range for random image scaling;
– shear_range: sets the range of shift of the image pixels;
– horizontal_flip: reverses the image horizontally; from left to right;
– fill_mode: when ‘nearest’ fills points outside the input images framework 

according to the pattern: aaaaaaaa | abcd | dddddddd.
When training a neural network, it is not always possible to achieve the desired 

accuracy, since it requires a very fine selection of hyperparameters for each type 
of task. To simplify the process of matching hyperparameters, the Keras Tuner 
optimization library can be used. This library allows to optimize a set of network 
hyperparameters in an automatic mode. At the end of the tests, it provides a report 
on the most effective obtained models with the selected parameters.

In the proposed optimization function of a convolutional neural network using 
Keras Tuner, the hyperparameters are|:

– the number of filters for the first convolutional layer of the network (in the 
range from 32 to 128 with a step of 32)

– the total number of convolutional layers (in the range from 1 to 8, since the 
problem of image classification does not need to use a deeper network ar-
chitecture)

– number of data filters of convolutional layers (in the range from 64 to 256 
with a step of 32)

– the number of neurons in a fully connected layer (in the range from 128 to 
512 with a step of 64).
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We received a report on the top 10 models using the results_summary method 
on completion of the optimizer’s work. Figure 4 shows an example of the report for 
one model, which shows the average accuracy during its training and all the fitted 
hyperparameters of the network.

 
Figure 4. Example of a Keras Tuner optimizer report

We modelled a convolutional neural network with the hyperparameters from the 
optimizer. For this, we employed a sequential type model, which makes it easy to 
add new layers with the add method.

 

Figure 5. Model of a convolutional neural network

The first pair of Conv2D layers are convolutional layers containing 64 filters, 
a 3 x 3 filter matrix, a ReLU activation function, a form for the input image in-
put_shape = (150, 150, 3), where 150 x 150 is the dimension of the image, the 
number 3 is the presence of three rgb channels. The next layer, MaxPooling2D, is a 
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subsampling (maximum pooling) layer, with the compaction of a 2 x 2 pixels group 
to one pixel group. Then comes Dropout. This is a process of selectively shutting 
down neurons during training. It is also a way to avoid overfitting. When some 
neurons are selectively disabled during training, other neurons are activated much 
more actively, which has a positive effect on the overall quality of the training. The 
network becomes more resilient and can rely on all of its neurons in task comple-
tion when this training method is applied. The parentheses indicate the probability 
of excluding each of the neurons at any training iteration.

The next blocks of the convolutional neural network model contain similar 
layers, differing only in convolutional layers containing 128 filters, and then 256. 
Between the convolutional layers and the fully connected layer there is Flatten. 
That is an alignment layer that converts the received data into a vector. This is 
followed by the fully connected Dense layer (256 neurons, relu activation func-
tion), the Dropout layer, the final Dense layer, consisting of the number of neu-
rons equal to the number of classes. Using the softmax activation function, it 
converges the resulting amount to one in order to interpret the result as a series 
of possible outcomes.

Three parameters were used to compile the constructed model: the adam opti-
mizer, the categorical_crossentropy loss function used in classification problems, 
and the accuracy metric used to display the accuracy score at validation during 
training. The optimizer controlled the learning rate, that is, the rate at which the 
optimal weights were calculated for the model. At a low speed, the weights are 
determined more accurately, but it takes a lot of time. 

The compiled network model was trained over 200 epochs. Starting from 
the 180th epoch of learning, the accuracy on the test sample began to decline 
slightly. Further training of the neural network on this dataset could lead to 
overfitting. Then the trained convolutional neural network model was saved to 
a separate file using the save method of the Keras library for further use in the 
application.

Figure 6 shows an example of testing a neural network on arbitrary photographs.
The loaded image is first scaled to 150 x 150 pixels, converted to an array, and 

normalized so that all pixel intensities are in the range from 0 to 1. Then, based on 
the predict method, the network recognizes the class of the transformed image.

Implementing an application based on a trained neural network
To implement the application for classifying the content of an online store, we 

need a program that sorts all images in the specified directory into their correspond-
ing folder classes. This will require a trained neural network as described above, 
as well as a graphical interface that simplifies user interaction with the application.

In order to simplify the creation of a graphical interface and save time, we chose 
to use a cross-platform environment for GUI development, namely Qt Designer.
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Figure 6. Example of testing a neural network

 
Figure 7. The main screen of Qt Designer with an open project
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All the used form elements and their hierarchy are displayed in the Object In-
spector, located in the upper right corner of the screen. In total, 6 objects were used 
in the project:

– btnClassification: by pressing this button classification and sorting of images 
occurs;

– btnOpenFolder: by pressing this button a window with a choice of a directory 
appears;

– label: a text string notifying the current status of the application;
– linePath: the top window that displays the selected directory;
– listFolder: a large window that displays all found images in the selected di-

rectory;
– processBar: a bar at the very bottom of the application, indicating the percent-

age of the sorted images.
For the objects of the graphical interface not to move out when the window is 

stretched, we need layouts. Layouts are containers for widgets that hold them in a 
certain position relative to other elements. Both app buttons use a horizontal layout, 
while all other widgets use vertical layout.

The resulting interface design must be saved in a separate ui extension file. To 
import and use this file in Python code, you need to convert it to a py file. The com-
mand “pyuic5 design.ui -o design.py” from the command line, converting the ui file 
to a Python file, will help with this.

The resulting converted design file is imported into the main file containing the 
application code. Next, the main functionality of the application is implemented: 
a function, that is activated after clicking, is assigned to each button. For example, 
the browse_folder function is linked to the “Open folder” button, the classification 
function was linked to the “Classify” button.

The model of the developed and trained convolutional neural network is loaded 
into the application from a file with the h5 extension using the load_model method.

When the application is launched, the user is presented with the main and only 
screen with a minimalistic and intuitive interface. The screen contains two buttons 
for interacting with the application (“Open folder” and “Classify”), a status line dis-
playing the start caption “Open a folder for image classification” and a progress bar.

When the user clicks the “Open folder” button, a window prompting to select a 
directory for image search appears.
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Figure 8. Demonstration of the “Open folder” button operation

If the user clicks the “Classify” button accidentally without selecting a di-
rectory, the message “Folder is not open” appears in the status bar. If there are 
no images in the selected directory and the user clicks the button again, the 
message “There are no images” appears. When the user selects the required 
directory, its path will be displayed in the upper part of the window. All the 
detected images will appear as a list in the central part of the window, the 
number of all found images will be displayed in the status line. When the user 
clicks on the “Classify” button, the application starts working and the bottom 
progress bar shows the percentage of sorted images. The application is shown 
in Figure 9.

At the end of the work, the application notifies the user with the message 
“Done!” in the status bar and clears the window displaying all found images.

The application has been successfully tested on a set of 392 images.

Conclusion
In this study, we have analyzed the existing photobanks in order to 

identify the most popular image classes searched by the users. To opti-
mize the users’ search we have developed an application that is friendly in 
terms of the smartphone camera’s memory. We have created a dataset and 
designed a convolutional neural network. The latter has been trained to 
solve the image classification problem. Due to the ability of a trained neu-
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ral network created for the application, images’ classification occurs. The 
process of images’ classification allows for the efficient use of a smart-
phone camera’s capacity. The application has been tested and received 
positive feedback.
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