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Abstract. This paper examines data collection and the application of neural network 
models for sign language classification in image recognition tasks. Sign language, as an im-
portant means of communication for people with hearing impairments, requires effective 
technologies for its automatic recognition. During the study, a diverse set of video data was 
collected, covering various gestures and contexts of their use. Modern neural network archi-
tectures, including convolutional and recurrent networks, were applied to analyze this data, 
enabling high classification accuracy. The results demonstrate the potential of using deep 
learning for sign language recognition, which opens new opportunities for the development 
of assistive technologies and improving the quality of life for people with disabilities. The 
paper emphasizes the importance of integrating machine learning and computer vision meth-
ods to create more intuitive interaction interfaces. 

Keywords: datasets, CV; CNN (Convulutional neural network); sign language; bina-
ry classification; machine learning; support vector machine, AlexNet, LeNet, softmax, ReLU, 
gradient descent, Adam Optimizer, batch normalization, comparative analysis
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Aннотация. Бұл жұмыста бейнелерді тану міндеттерінде ым-ишара тілін 
классификациялау үшін нейрондық желі модельдерін қолдану және деректерді жинау 
қарастырылады. Есту қабілеті нашар адамдар үшін маңызды қарым-қатынас құралы 
болып табылатын ым-ишара тілі оны автоматты түрде тану үшін тиімді 
технологияларды талап етеді. Зерттеу барысында әртүрлі ишаралар мен олардың 
қолдану контексттерін қамтитын әртүрлі бейнедеректер жиналды. Бұл деректерді 
талдау үшін заманауи нейрондық желі архитектуралары, соның ішінде 
конволюциялық және рекуррентті желілер қолданылды, бұл классификацияның 
жоғары дәлдігіне қол жеткізуге мүмкіндік берді. Нәтижелер терең оқытуды ым-ишара 
тілін тану үшін пайдаланудың болашағы зор екенін көрсетеді, бұл көмекші 
технологияларды дамытуға және мүмкіндігі шектеулі адамдардың өмір сүру сапасын 
жақсартуға жаңа мүмкіндіктер ашады. Жұмыс машинамен оқыту мен компьютерлік 
көру әдістерін біріктірудің маңыздылығын және өзара әрекеттесудің түсінікті 
интерфейстерін құруды атап көрсетеді.  

Түйін сөздер: Деректер жиыны, түйіндеме; CNN (конвульсиялық нейрон-дық 
желі); Ым тілі; екілік классификация; Machine Learning; Қолдау Vector Machine, 
AlexNet, LeNet, softmax, ReLU, градиентті түсіру, Adam Optimizer, пакетті қалыпқа 
келтіру, салыстырмалы талдау
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Aннотация. В данной работе рассматривается сбор данных и применение 
моделей нейронных сетей для классификации языка жестов в задачах распознавания 
образов. Язык жестов, как важный способ коммуникации для людей с нарушениями 
слуха, требует эффективных технологий для его автоматического распознавания. В 
ходе исследования был проведён сбор разнообразных видеоданных, охватывающих 
различные жесты и контексты их использования. Для анализа этих данных 
применялись современные архитектуры нейронных сетей, включая сверточные и 
рекуррентные сети, что позволило достичь высокой точности классификации. 
Результаты показывают перспективность использования глубокого обучения для 
распознавания языка жестов, что открывает новые возможности для разработки 
вспомогательных технологий и улучшения качества жизни людей с ограниченными 
возможностями. Работа подчеркивает важность интеграции методов машинного 
обучения и компьютерного зрения для создания более интуитивно понятных 
интерфейсов взаимодействия.

Ключевые слова: наборы данных, CV; CNN (Convulitional neural network); 
язык жестов; бинарная классификация; машинное обучение; support vector machine, 
AlexNet, LeNet, softmax, ReLU, градиентный спуск, Adam Optimizer, пакетная норма-
лизация, сравнительный анализ

Для цитирования: Муханов С.Б., Абдул А.Р., Бекаулова Ж.М., Жакыпбеков 
С.Ж. СБОР ДАННЫХ И ПРИМЕНЕНИЕ МОДЕЛЕЙ НЕЙРОННЫХ СЕТЕЙ ДЛЯ 
КЛАССИФИКАЦИИ ЯЗЫКА ЖЕСТОВ В ЗАДАЧАХ РАСПОЗНАВАНИЯ 
ОБРАЗОВ//МЕЖДУНАРОДНЫЙ ЖУРНАЛ ИНФОРМАЦИОННЫХ И 
КОММУНИКАЦИОННЫХ ТЕХНОЛОГИЙ. 2024. Т. 5. No. 20. Стр. 68–82. (На англ.). 
https://doi.org/10.54309/IJICT.2024.20.4.006.

Introduction
          Pattern recognition theory is a section of artificial intelligence and computer vision 
that focuses on developing methods and algorithms for automatic recognition and classifi-
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cation of objects based on their properties and attributes. This area has many practical appli-
cations, such as recognition of text, images, sounds, speech, faces, gestures, and other data.

In domestic science, a significant contribution to the study of this area was made by 
Amirgaliev E.N. in his book “Theory of Pattern Recognition and Cluster Analysis”. It pres-
ents mathematical approaches to classification and clustering problems and describes pattern 
recognition algorithms and machine learning methods (Mukhanov et al., 2020: 31–37). A 
similar foreign work is the book by Christopher M. Bishop on pattern recognition and ma-
chine learning.

It is also worth noting the contribution of Mamyrbaev O.Zh., who has achieved sig-
nificant success in the study of speech recognition of the Kazakh language (audio signals) 
(Mukhanov et al., 2023: 16–27). His research contributes to the development and popular-
ization of the Kazakh language and is relevant for the processing of time series.

The process of pattern recognition, in addition to the technical field, is an important 
cognitive function studied in psychology and cognitive neuroscience. It involves comparing 
the information received with the data already stored in memory (Mukhanov et al., 2023: 
15–27). For example, a child, learning the alphabet, can predict the next letter after hearing 
“A, B”, which demonstrates the activation of long-term memory. This process helps a person 
navigate in space, remember information, recognize dangers, and find resources, which is 
important for survival (Kenshimov et al., 2021: 44–54). 

Materials and Methods
Problem and Relevance

By examining algorithms and existing recognition systems in the IT industry and ac-
ademia, we analyzed the requirements needed to improve the performance and efficiency of 
these systems. Gesture recognition technologies continue to evolve to provide more accurate 
and efficient recognition (Uskenbayeva et al., 2020: 1–6; Bazarevsky et al., 2019). In the 
process of improving these systems, several key areas can be identified:

• Expanding databases: Improving the training of models requires a
constant increase in databases containing images and videos of gestures.

• Developing new training methods: Scientific research should focus on
creating innovative training methods to improve recognition accuracy.

• Improving model architectures: Developers strive to optimize model
architectures to improve the speed and accuracy of recognition.

• Increasing the number of parameters: Increasing the number of model
parameters can improve their accuracy, although this may increase the training time 
and the size of the models.

• Using deep neural networks: The use of deep neural networks, such as
convolutional and recurrent networks, helps improve recognition accuracy.

• Combining methods: Combining different approaches, including
machine learning and anthropological methods, can improve the accuracy of systems.

• Adaptation to context: Considering the context in which gestures
occur can significantly improve recognition accuracy.

• Creation of new applications: The development of applications based
on gesture recognition stimulates the development of technologies and the expansion 
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of their functionality.
To improve recognition accuracy, it is necessary to develop new algorithms and ma-

chine learning methods capable of providing high accuracy (Vidyanova, 2022; Wang 2020: 
64990–64999). An important direction is the recognition of more complex gestures, includ-
ing combinations of simple gestures or multi-component movements.

The main requirements for improving gesture recognition systems include:
Real-time recognition: developing fast algorithms and increasing computing perfor-

mance to ensure that the system operates in real time.
Adaptability to different lighting conditions: creating systems that can function in 

any lighting conditions, be it bright light or dark.
Improvement in working with large datasets: optimizing algorithms for working with 

large datasets, such as videos with many frames or high-resolution images.
Compatibility with different cameras and devices: Develop systems that can work 

with several types of cameras, including those used in mobile devices.
Interpretability of results: Provide transparency in the system’s decision-making pro-

cess so that users can understand how gesture recognition occurs.
Privacy and security protection: Develop methods to protect users’ personal data and 

prevent system hacks.
Results and Discussion
Model, Tools, Environment and Technology

Computer vision plays a significant role in the development of artificial intelligence. 
This field focuses on the development of methods and algorithms for automatic image and 
video processing. The rapid development of computer vision contributes to the constant im-
provement of its capabilities. One of the key areas in this field is gesture recognition, which 
allows analyzing images and videos in real time (Lee et al., 2020: 105385; Bilgin et al., 
2019). This technology finds application in medicine, robotics, the automotive industry, se-
curity systems and other fields. Computer vision provides automatic recognition of gestures 
in video and their use in various applications, such as device control, robotics, and medical 
systems (Kudubaeva et al., 2016). The evolution of computer vision is accompanied by the 
improvement of image processing algorithms, the creation of new methods and neural net-
work architectures, improved quality of training data, as well as integration with other tech-
nologies, including voice and gesture interfaces (Xu et al., 2022: 103364). One of the main 
tasks in the development of gesture recognition systems is to increase accuracy and reduce 
the number of false positives. A crucial factor is also an increase in recognition speed for 
processing substantial amounts of data in real time (Zhou et al., 2023: 103688). Additionally, 
it is necessary to improve the robustness of systems to various conditions, such as changes 
in lighting, pose, and scale of objects, as well as to expand the capabilities for recognizing 
complex gestures and their combinations. Computer vision significantly contributes to the 
recognition of gestures and actions due to its ability to analyze images and videos automati-
cally. This is especially relevant in areas such as security, robot control, and virtual reality. To 
further improve gesture recognition systems, it is necessary to continue developing computer 
vision methods, including deep neural networks and reinforcement learning methods, as well 
as improving the quality of training datasets (Yan et al., 2023: 119042). It is important to con-
sider the diversity of gestures so that systems can solve a wide range of problems in different 
scenarios. Further development of computer vision in the field of gesture and action recog-
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nition promises to improve the efficiency and accuracy of these systems, which can have a 
significant impact on many aspects of people’s lives (Tong et al., 2023: 118912).

Dataset Collection
High-quality image databases exist for English and Russian sign languages, but no 

such resources are available for Kazakh. To address this, we developed our own dataset for 
model training. This dataset consists of forty-two classes, each representing a letter of the 
Kazakh alphabet, with an average of four hundred images per class. Overall, the dataset in-
cludes over 15,000 images. These images are black-and-white photographs of hands, taken 
from various angles, with a resolution of 1280x720, showcasing specific gestures.

Figure 1 – Dataset for training neural networks

For each letter, datasets were collected containing images of hands demonstrating the 
corresponding gestures. The photographs were taken under different lighting conditions and 
at different distances from the camera. After data collection, a preprocessing and cleaning 
step was performed to eliminate errors, inconsistencies, and remove redundant information. 
The datasets are presented in Figure 2, and example images and their corresponding charac-
ters are shown in Figure 3.
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Figure 2 – Images of some Kazakh Sign Language gestures from the dataset used

Figure 3 – Image of the letter “Ә” gesture

Figure 3 shows the number of images for the Kazakh letter «Ә». In total, about 300 
images were collected for this letter. To train the neural networks used to recognize hand 

gestures, we labeled and prepared this data.

Experiments of Machine Learning and Neural Network Models
The Support Vector Machine (SVM) seeks to identify a hyperplane that best divides 

two classes, enhancing the model’s ability to generalize to new, unseen data. SVM achieves 
this by using a kernel function, which transforms the input data into a higher-dimensional 
space. These kernel functions are crucial, enabling nonlinear classification by mapping the 
original data to a higher dimension. The training and optimization of SVM focus on finding 
the most effective hyperplane for categorizing data points. Analysis of the model’s training 
process sheds light on this optimization approach:
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Figure 4 - Accuracy during training and validation

Performance Evaluation and Comparison.

Figure 5 – Error matrix for nine classes of the Kazakh sign alphabet



76

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License

INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2024. Vol. 5. Іs. 4.

The confusion matrix reveals the performance of the model in terms of misclassi-
fication. It shows that the model correctly predicts Class 0 for all cases, indicating perfect 
classification accuracy for this class. However, it struggles with Class 1, where it incorrectly 
classified four cases as Class 0. The model does an excellent job of correctly predicting all 
classes with no errors except for Class 1.

Table 1 – Metrics for evaluating the SVM model Binary classification

Class Precision Recall F1 score Support
1 2 3 4 5

Ae(Ә) 0.69 0.64 0.78 11
Blank 0.71 0.91 0.29 5
Gh(Ғ) 0.71 0.64 0.78 11
Hh(Һ) 0.65 0.31 0.47 13
Ii(І) 0.81 0.80 0.89 5

Kk(Қ) 0.77 0.55 0.71 11
Nn(Ң) 0.79 0.81 0.91 13
Oe(Ө) 0.72 0.67 0.80 6
Ue(Ү) 0.72 0.80 0.89 4

Accuracy 0.74 79

Macro Avg 0.89 0.72 0.73 79
Weighted Avg 0.94 0.67 0.73 79

LeNet and AlexNet models
LeNet is one of the earliest convolutional neural networks, developed in the late 

1990s and introduced in the research paper “Gradient-Based Learning for Document Rec-
ognition” as part of deep learning advancements (Bilius et al., 2023: 84–90; Yeo et al., 
2013). This seven-layer CNN was designed to recognize low-resolution black-and-white im-
ages. The original input data were 32x32 pixel images, where each pixel was represented by 
thirty-two bits. These images were transformed into six channels of 28x28 pixels and then 
downsampled to an average size of 14x14 pixels.

Figure 4.20 – The input data for this model is a black and white image of 32x32 pixels.
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Figure 6 – Neural network with filter size 5x5

Then we apply the first convolution operation with a filter size of 5x5 in the amount of 6 
such filters:

Figure 7 – Convolution layer with sixteen 5x5 filters

Then, a convolutional layer with sixteen filters of size 5x5 is used. To train the LeNet 
neural network, more than 15,000 images were collected for each letter in the 42-class clas-
sification task. Each class was pre-labeled, and the processed images converted to grayscale 
were downloaded from the folder (revised_gray_dataset). Different gradient descent meth-
ods were used to train the neural network, including Adam and stochastic gradient descent 
(SGD). Sigmoid, ReLU, hyperbolic tangent was used as activation functions, and softmax 
was used for the output layer. The training was divided into training and validation sets, and 
the performance of the model was evaluated using the metrics shown in the image. The data 
was taken from the Python console.
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Figure 8 – LeNet models with results of applied metrics

It is worth noting that the softmax activation function showed the worst results. The 
input data settings did not allow the LeNet architecture to fully demonstrate its potential at 
the output. Otherwise, the model showed quite satisfactory results, especially considering the 
training time, which is indicated in the last column in seconds.

Figure 9 – Error matrix of the LeNet model

We then analyzed the training process of this model and found that its accuracy on 
the training and validation sets is close to one, which indicates a good result. The abscissa 



79

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License

INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2024. Vol. 5. Іs. 4.

axis shows the number of epochs passed. On the loss graph (model loss), the loss level has 
decreased to a minimum, indicating a decrease in the number of model errors, which is also 
an excellent result.

Figure 10 – Accuracy and loss for the LeNet model

The training results of the LeNet model are shown in Figure 9 as a confusion matrix 
calculated on the test dataset consisting of forty-two classes. This figure shows that the LeNet 
model made classification errors for classes such as “B”, “C”, and others.

AlexNet is a convolutional neural network that has had a significant impact on the 
development of machine learning, especially in the field of computer vision. Although Alex-
Net’s architecture is based on Yann LeCune’s LeNet model, it extends it by adding more 
filters at each layer and introducing additional convolutional layers. AlexNet includes convo-
lution, max pooling, dropout, data augmentation, as well as ReLU activation functions and 
stochastic gradient descent. This powerful model demonstrates high accuracy on complex 
data. However, removing any of the convolutional layers can significantly degrade its perfor-
mance. The AlexNet architecture is essential for object detection tasks and is widely used in 
the field of computer vision and artificial intelligence.

Different gradient descent methods such as Adam and SGD (stochastic gradient de-
scent) were used to train the neural network. The activation functions used were sigmoid, 
ReLU, hyperbolic tangent, and softmax for the output layer. The training process was divided 
into training and validation sets. The efficiency and accuracy of the model were assessed us-
ing the metrics shown in Figure 11. The data was obtained from the Python console.

Figure 11 – AlexNet model with results of applied metrics
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We then analyzed the training process of this model and found that the model accu-
racy graph for the training set showed its approach to one, which is an excellent result. The 
validation set began to show satisfactory results only at the 15th epoch, with the abscissa axis 
showing the number of epochs passed. On the model loss graph, the validation set showed 
unstable and high losses, indicating a not particularly good result, while the model showed 
minimal losses on the training set, which is a positive indicator.

Figure 12 – Accuracy and loss for the AlexNet model

The training results of the AlexNet deep learning model are graphically displayed in 
Figure 13 as a confusion matrix.
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Figure 13 – Accuracy and loss for the AlexNet model

The statistics of this error matrix show that the model made very frequent false neg-
ative predictions when predicting the gestures of the Kazakh sign alphabet, divided into for-
ty-two classes.

Conclusion
In the comparative analysis of LeNet, AlexNet and SVM models, batch normaliza-

tion, rmsprop optimizer and categorical cross entropy as the loss function were used. The 
training was conducted for 20 epochs to achieve optimal convergence of the CNN model for 
hand gesture recognition. The obtained results show similar performance of all models. This 
can be explained by the diversity of images in the training data and the effectiveness of CNN 
for this task. Over 20 epochs of training, LeNet showed the best results despite the similarity 
in training speed, accuracy and loss compared to other models. LeNet, having fewer param-
eters, showed better performance.

The results showed that convolutional neural networks are effective in recognizing 
objects in images, in this case gestures. They are widely used in computer vision, especially 
for their ability to detect object boundaries, textures, edges, and corners using local patterns.

The architecture of a convolutional neural network, consisting of several layers, ex-
tracts increasingly more abstract image details as you move deeper into the network. One of 
the key characteristics of a convolutional neural network is its invariance to transformations, 
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which allows them to recognize objects in images regardless of scale, rotation, and transla-
tion.

Comparative analysis of Lenet, SVM, AlexNet models with different activation func-
tions (ReLU, Softmax, Tanh, Sigmoid) and different gradient descent optimizers (ADAM, 
SGD) for the task of recognizing gestures in the Kazakh language. The accuracy and F1-mea-
sure, which consider errors of the 1st and 2nd kind, were used as metrics.
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