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Abstract. In this study, the real-time Kazakh dactyl alphabet recognition is
proposed using machine-learning algorithm. Kazakh, Russian-Kazakh, American 
sign languages are analyzed. Besides, the program for recognition of 42 Kazakh 
dactylic gestures is implemented. The Support Vector Machine (SVM) algorithm 
is selected for gesture recognition. Also, the quality of algorithms was evaluated. 
The dataset of more than 4200 images with 42 classes are formed. The Framework 
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Media Pipe is used to get landmarks and for dataset acquisition. The work in this 
paper is the extension towards examining the difficulties in classification of gestures 
in Kazakh Sign Language (KazSL). The user should be able to capture images 
Kazakh hand gestures with the webcam, and the recognizer program should predict 
and show the name captured gesture. The goal of the model is to detect 42 gestures 
with real-time processing speed, minimize interference, and get high percentage of 
recognition accuracy. Results show that the algorithm is up to 99% accuracy. The 
importance of that model lies in its economy and ease of use. This system used 
real-time images from video frames captured by a webcam. Further, the processed 
images were transferred to the classifiers using the SVM algorithm. The classifier 
turned the image into a model. Finally, the expected result was obtained.

Keywords: hand gesture, sign language recognition, machine learning, SVM
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НАҚТЫ УАҚЫТ РЕЖИМІНДЕ MEDIAPIPE ЖӘНЕ SVM АРҚЫЛЫ 
ҚАЗАҚ ЫМ ТІЛІН ТАНУ

Аннотация. Зерттеуде машиналық оқыту алгоритмі арқылы қазақ 
дактильді әліппесін нақты уақыт режимінде тану ұсынылады. Америка, үнді 
және араб ымдау тілдері талданды. Сонымен қатар, 42 қазақтың дактилдік 
қимылдарын тану бағдарламасы жүзеге асырылды. Қимылдарды тану үшін 
қолдау векторлық машинасы (SVM) алгоритмін таңдалды. Алгоритмнің 
сапасы да бағаланды. 42 кластан тұратын 4200-ден аса суреттерден жасалған 
деректер жинағы құрылды. Қол белгілерін алу және деректерді жинау үшін 
Framework Media Pipe пайдаланылды. Мақаладағы жұмыс қазақ ымдау 
тіліндегі ым-ишараны жіктеу қиындықтарын зерттеудің жалғасы болып 
табылады. Қолданушы веб-камера арқылы қазақ қол қимылдарының суретін 
түсіре алуы керек, ал оларды тану бағдарламасы түсірілген қимылдың 
атын болжап, көрсетуі керек. Модельдің мақсаты - нақты уақыт режимінде 
өңдеу жылдамдығымен 42 қимылды анықтау, кедергілерді азайту және 
тану дәлдігінің жоғары пайызын алу. Нәтижелер алгоритмнің дәлдігі 99%-
ға жететінін көрсетті. Мұндай жүйенің маңыздылығы — оның  бағасының 
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тиімділігі мен қолданудағы қарапайымдылығы. Аталған жүйеде нақты уақыт 
режимінде веб-камера арқылы түсірілген видеокадрлардан алынған суреттер 
пайдаланылды. Арықарай, өңделген суреттер SVM алгоритм қолданатын 
классификаторларға берілді. Классификатор суретті модельге айналдырды. 
Соңында болжамды нәтиже алынды.

Түйін сөздер: қол-қимыл, ымдау тілін тану, машиналық оқыту, SVM
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РАСПОЗНАВАНИЕ КАЗАХСКОГО ЖЕСТОВОГО ЯЗЫКА В 
РЕАЛЬНОМ ВРЕМЕНИ С ИСПОЛЬЗОВАНИЕМ MEDIAPIPE и SVM

Аннотация. В исследовании предлагается распознавание казахского 
дактильного алфавита в реальном времени с использованием алгоритма 
машинного обучения. Проанализированы казахский, казахско-русский 
и американский жестовые языки. Кроме того, реализована программа 
распознавания 42 казахских дактильных жестов. Выбран алгоритм машины 
опорных векторов (SVM) для распознавания жестов. Также оценивалось 
качество алгоритмов. Сформирован набор данных из более 4200 изображений 
с 42 классами. Использован Framework Media Pipe для получения ориентиров 
руки и для сбора данных. Работа в статье является продолжением изучения 
трудностей классификации жестов в казахском языке жестов (KazSL). 
Пользователь должен иметь возможность захватывать изображения 
казахских жестов рук с помощью веб-камеры, а программа распознавания 
должна предсказывать и отображать название захваченного жеста. Цель 
системы — обнаружение 42 казахских жестов со скоростью обработки в 
реальном времени, минимизировать помехи и получить высокий процент 
точности распознавания. Результаты показывают, что точность алгоритма 
достигает 99%. Важность такой модели заключается в ее экономичности 
и простоте использования. В этой системе использовались изображения 
в реальном времени из видеокадров, захваченных веб-камерой. Далее 
обработанные изображения передавались в классификаторы по алгоритму 
SVM. Классификатор превратил изображение в модель. Наконец, ожидаемый 
результат был получен.
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Introduction
With the rise of human-computer interaction, the high technologies are 

developed, and that technologies more help to deaf people in communication. 
Sign language is not universal throughout the world, because it naturally emerges, 

develops and changes in different local communities. It consists of different sign 
systems that combine commonly used signs in society and the language of deaf 
people. 

Sign language is the primary tool of interpersonal communication and natural 
method of communication for deaf people. They use gestures as a non-verbal 
communication tool to express their thoughts and emotions. There are specialized 
schools for deaf people, higher educational institutions, and educational materials, 
online courses, and websites in our country. However, there are almost no effective 
tools for machine translation of sign language, except KRSL-Online School 
(Mukushev et al., 2022: 5).

The research published on intelligent systems in sign language recognition 
over the past two decades are analyzed and reviews of techniques for vision-based 
sign language recognition are presented. The literature review (Adeyanjua et al., 
2021: 36) presented that perfect intelligent systems for sign language recognition 
are still an open problem. Certainly, the researches on the Kazakh sign language 
recognition system are not fully explored and that problem is actual nowadays. 
Due to the high accuracy of using of machine learning algorithms for 31 Kazakh 
gestures (Kenshimov et al., 2021: 15), this paper considers the machine learning 
method for 42 Kazakh gestures, as there was no such works.

The aim of this paper is the recognition of 42 Kazakh dactyl alphabet (figure 
1) (Ergaliyeva et al., 2005: 401) with the highest accuracy using machine-learning
methods. The contribution of this paper is enhance Kazakh gestures recognition
using the algorithm of machine learning. As a method, the proposed SVM is applied
in 42 gestures with new created dataset.

Fig. 1. 42 Kazakh dactyl alphabet 
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Methods and materials
Various features extraction and classification techniques used in SLR to achieve 

good results are discussed in review (Adeyanjua et al., 2021: 36). Another review 
(Cheok et al., 2019: 23) provides thorough the current methods used in recent 
hand gesture and sign language recognition research existing state of-the-art SLR 
models over the past decade that facilitates a comprehensive overview of SLR and 
discusses the needs, challenges, and problems associated with SLR and suggests 
future directions. 

LSTM RNN architecture for a wide range of modeling in sign language 
recognition has reviewed in (Bayegizova et al., 2022: 7). Adding a new layer 
to model, sign language is recognized with an accuracy of up to 98%. SMV to 
recognition Arabic sign language (ArSL) model achieved a recognition accuracy of 
99% (Tharwat et al., 2015: 12). A similar research also used Kinect with the SVM 
classifier to develop Indian Sign Language Recognition (SLR) system that the 
recognition accuracy of 97.5. Also, SVM was implemented on a mobile application 
to recognize 16 ASL alphabets and achieved a recognition accuracy of 97.13% 
(Jin et al., 2016: 6). There are some papers (Joshi et al., 2020: 10, Barbhuiya et 
al., 2021: 19, Sharma et al., 2021: 12), that employed SVM as a classifier with 
better performance. The system (Alzohairi et al, 2018:7) includes object detection 
and classification stages. Support Vector Machine (SVM) that combines feature 
extraction and classification stages is proposed to constructively translate the 
detected hand gestures and Inception v3 and SVM, a vision-based ASL Translator 
is implemented.

There are few studies on Kazakh hand gesture recognition algorithms and 
methods. For instance, the work (Zholshiyeva et al., 2021: 8) proposes a CNN-based 
approach using advanced techniques and algorithms for hand gesture detection and 
recognition of Kazakh sign language. The results of the work (Kenshimov et al., 
2021: 15) with updated 31 Kazakh gestures showed that the SVM, Random Forest 
and Extreme Gradient Boosting algorithms are superior in real-time performance, 
and the accuracy of the classification algorithms was, 98.68 % for Support Vector 
Machine, 98.86% for Random Forest and 98.54% for Extreme Gradient Boosting. 
The presented research work. 

The research projects in Kazakh sign language translation systems not enough 
to complete whole presentation of KazSL. Duo to achieving of the goals of the 
paper is possible to use of machine learning methods.

Support Vector Machine (SVM)
Predictor algorithms used for sign language recognition are k-nearest neighbor 

(KNN), artificial neural network (ANN), support vector machine (SVM), hidden 
Markov model (HMM), convolutional neural network (CNN), fuzzy logic, and 
ensemble learning. 

SVM is some of the simplest and arguably the most elegant method for 
classification. It takes the input and classifies them into different classes. SVM 
training algorithm builds a model to classify them into categories. 
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Each object is presented as a point in an n-dimensional space and the coordinates 
of this point are called the features. SVM perform the classification test by drawing 
a hyperplane that is a line in 2D or a plane 3D. SVM tries to find one that best 
separates the two categories in the sense that it maximizes the distance to points in 
either category. This distance is called the margin and that points that fall exactly on 
the margin are called the support vectors. To find this hyperplane the SVM requires 
a training dataset. 

Classification is performed in SVM by differentiating two or more classes 
of data. This is done by determining the optimal hyperplane that separates all 
categories. When it is impossible to find a unique way to separate two classes in 
the input space, the classification can be performed using the kernel trick (figure 2).

a b

Fig. 2. Hyperplanes that separates all categories

SVM finds the best hyperplane by solving an optimization problem that attempts 
to increase the distance of the hyperplane from the classes while simultaneously 
trying to ensure the correct classification of many training examples. It is controlled 
by parameter C. When the value of C is small, a hyperplane with a large margin is 
selected at the expense of classifications that are more erroneous. Conversely, when 
C is large, the hyperplane of the smaller field is chosen, which attempts to correctly 
classify many more examples.

• Realization of SVM:
• Preparation of dataset.
• Feeding data to the fit function.
Calling predict to assign the correct category to a new object.
The biggest advantages of SVM is that it is easy to understand, implement use

and interpret. Furthermore, the SVM classifier can be show high accuracy, works 
well with a large space and very little memory is used as a result. 

Results
Proposed algorithm
The proposed algorithm uses dataset that is collected from live-stream images 

that taken with camera in real time for testing and solving fundamental problems. 
The details of the proposed algorithm are shown in Figure 3.
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Fig. 3. Proposed algorithm

Dataset creation
MediaPipe Hands is a high-fidelity hand and finger tracking solution and it is 

used for creation of dataset.  MediaPipe Hands (Lugaresi et al., 2019: 9) uses an ML 
pipeline consisting of several models that work together: a palm detection model 
that operates on the full image and returns a focused frame hand-bounding box. A 
hand orientation model that works with the cropped area of   the image detected by 
the palm detector and returns high-quality 21 3D key points of the hand. Extracted 
key points are generated from the coordinates x, y, z (Zholshiyeva et al., 2022: 4).

At first is created the folders to save 42 classes of 42 Kazakh dactyl alphabet. 
After reading the 100 images for each class from the webcam, they are saved in the 
corresponding folders of each class (figure 4). After having the image, the Media 
Pipe is used to run through the dataset images to get the landmark of hand. Then 
read through each image in folder, then folder name of the label of that layer and 
function process each image to produce 21 landmark. At the end store data points 
and a dataset.csv file.

Fig. 4. Created dataset

Class detection
After data creating is proceed the recognition process. The dataset splits into 

train/test parts with ratio 80/20. SVM classifier is applied to recognize of KazSL as 
shown in figure 5. 
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Fig. 5. Detection of 42 classes

Quantitative analysis of the algorithm
To estimate the quality of proposed algorithm and for analyze the results for 

each data, precision, recall, f1-score, and accuracy are used. 
To do measure the accuracy of model is to count of number of right answers and 

to express it as a portion of all the answers that are given. Accuracy given by the 
number of true positives and true negatives over the entire prediction set. Precision 
describes how accurate proposed model is of predicted positives, how many of 
them are actually positive.

Precision is a measure of how is guessed the label that is interested in positive 
case and is it calculated by dividing the number of correct positive by the entire 
positives.

Recall is like to precision, but it is different in that it takes the negative case. 
Recall is the metric model we will choose when there is a high cost associated with 
false negatives.

F1-score is defined to be harmonic mean between precision and recall. In 
addition, it asks how well the quality of predictions and how completely is predicted 
the labels from the dataset. 
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Table 1 shows the values   of precision, recall and f1-score for each class, where 
all average are 99%.

Table 1 – Metrics for evaluating the quality

precision recall f1-score
A 1.00 1.00 1.00

AE 1.00 1.00 1.00
B 1.00 1.00 1.00
C 1.00 1.00 1.00

CC 1.00 1.00 1.00
CH 1.00 1.00 1.00
D 1.00 1.00 1.00
E 1.00 1.00 1.00

EE 1.00 1.00 1.00
F 1.00 1.00 1.00
G 1.00 1.00 1.00

GG 0.71 1.00 0.83
I 1.00 1.00 1.00
II 1.00 0.92 0.96
III 1.00 1.00 1.00
IO 1.00 1.00 1.00
J 1.00 1.00 1.00
JI 1.00 1.00 1.00
JU 1.00 1.00 1.00
K 1.00 0.99 0.99

KK 1.00 0.91 0.95
L 1.00 1.00 1.00
M 1.00 1.00 1.00
N 1.00 1.00 1.00

NN 1.00 1.00 1.00
O 1.00 1.00 1.00

OO 1.00 1.00 1.00
P 1.00 1.00 1.00
R 1.00 1.00 1.00

SH 1.00 1.00 1.00
SHS 1.00 1.00 1.00

T 1.00 1.00 1.00
U 1.00 0.98 0.99
UI 1.00 1.00 1.00
UU 1.00 1.00 1.00
V 1.00 1.00 1.00
X 1.00 1.00 1.00
Y 1.00 1.00 1.00

YA 1.00 1.00 1.00
YU 1.00 1.00 1.00
Z 1.00 0.82 0.90
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H 1.00 1.00 1.00
accuracy 0.99

macro avg 0.99 0.99 0.99
weighted avg 0.99 0.99 0.99

A confusion matrix is used to describe the performance of a classification 
model (fig. 6). It is analyzed to better understand the types of errors allowed by the 
classifier. Based on the confusion matrix, is noted that SVM made some mistakes 
for dynamic signs, such as “К”, “Қ”, “Ғ” and “З”.

Fig. 6. Confusion matrix of Kazakh Sign language

Discussion
A real-time recognition model of the Kazakh dactyl sign language, consisting of 

a 42 dactyl alphabet presented in the paper are focused on real-time processing speed 
and get high percentage of recognition accuracy using machine learning methods. 
Results show that the algorithm SVM is was 99% accuracy. The SVM algorithm 
was also used in other researches (Bayegizova et al., 2022: 7; Tharwat et al., 2015: 
22; Jin et al., 2016: 6; Joshi et al., 2020: 10; Barbhuiya et al., 2021: 19; Sharma et 
al., 2021: 12) to recognition several sign languages. The authors (Kenshimov et al., 
2021:15) was compare three machine learning algorithms and was performed the 
average accuracy of the SVM algorithm with 98.68% correct recognition for 31 
Kazakh dactyl alphabet. Our real-time recognition was performed by 42 Kazakh 
dactyl alphabet and get higher percentage of recognition accuracy with SVM. 
Moreover, real-time execution speed of SVM was a high indicator. 

The percentage of dynamic gestures recognition was lower than static gestures. 
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According to the dictionary for hearing-impaired citizens in Kazakhstan (Ergaliyeva 
et al., 2005: 401) and KRSL-Online School dataset (Mukushev et al., 2022: 5), that 
is actual next deep research and automatization of dynamic gestures of Kazakh sign 
language.

Conclusion
In this research, the Kazakh sign language recognition model based on SVM is 

presented. The dataset of more than 4200 images with 42 classes are formed and 
Framework Media Pipe is used to get landmarks for dataset acquisition.

The result shows that the accuracy of the proposed model improves to 99%. 
Although, the dataset is not large enough, but results were accurate. However, the 
dynamic gestures recognition is lower than static gestures.

In the future, the research can be extended by introducing static, dynamic Kazakh 
gestures detection in real time using neural networks to increase the efficiency of 
calculations.
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