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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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HAKTBI YAKBIT PEXKUMIHAE MEDIAPIPE ’KOHE SVM APKbILJIbI
KA3AK BbIM TIJIIH TAHY

AHHoOTanmus. 3epTTeyllc MAIMHANBIK OKBITY alTOPUTMI apKbUIBl Ka3ak
JAKTHUIIBII SIIIECiH HAKTHI YaKbIT PEKUMIHAE TaHY YCHIHBUIAIBI. AMEpUKa, YHII
KoHe apab piMmay Tinaepi Tanmasasl. COHBIMEH Karap, 42 Ka3aKThIH MaKTHIIIIK
KHMBUIJIAPBIH TaHy OarmapiamMachl jKy3ere achlpbUIabl. KUMbBUIIAp sl TaHy YIIiH
KOJIIay BEKTOPJIBIK MamuHackl (SVM) anropuTMiH TaHmamAbl. AJTOPUTMHIH
caracel 1a Oarananpl. 42 kiaactad TyparsiH 4200-1eH aca cypeTTeplieH xKacaaFaH
JepeKTep KUHAFBI Kypbuasl. Kon OenrinepiH anmy jkoHe AepeKTepAl KUHAy YIIiH
Framework Media Pipe naiimananpuigel. Makamagarbl >KYMBIC Ka3ak bIMAy
TUTIHAET] BIM-MINAPAHBI JKIKTEYy KUBIHABIKTAPBIH 3EPTTEYIIiH KaIFachl OOJBII
TabbuTanel. Kommanymisr BeO-kamMmepa apKbUTH Ka3aK KOJI KHMBUTIAPBIHBIH CYPETiH
Tycipe ajybl KepeK, aj oJlaplbl TaHy OaFgapiaMachl TYCIpIITeH KUMBUIIBIH
aTerH OoyKar, KepceTyi KepeK. Moenb/liH MaKcaThl - HaKThl YaKbIT PEXXUMiHIE
OHJIEY KbULIAMIBIFBIMEH 42 KUMBULIBI aHBIKTAy, KeIEprijepal a3aTy KoHe
TaHy AQJIITIHIH KOFaphl MaWbI3bIH any. Hortnxkenep anroputMmHiH gamiri 99%-
Fa JKETETIHIH KepceTTi. MyHiall »KyHeHIH MaHbBI3AbUIBIFEI — OHBIH OarachIHBIH
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THIMJILUTITI MEH KOJIIaHyaFbl KapanaibIMIBUTBIFEL. ATaJFaH )KyHe/1e HaKThl yaKbIT
pexxuMinge BeO-KaMepa apKbUIBI TYCIPUITeH BUICOKaApIapaaH ajJblHFaH CypeTTep
maigananplIabl. ApbIKapail, eHmenareH cyperrtep SVM anropuT™M KOmaHATHIH
knaccugukaropnaapra oepinai. Knaccudukarop cyperri Mozpensre aiHaiIIbIpIbL.
CoHpIHAa 00JDKAMIBI HOTHKE aJIbIH/IEL.

TyiiiH ce3mep: KOI-KUMBUI, BIMAAY TUTIH TaHy, MalTHHAIBIK OKBITY, SVM
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PACIIO3HABAHHME KA3AXCKOI'O ) KECTOBOI'O SAA3bIKA B
PEAJIBHOM BPEMEHU C UCITIOJIb3OBAHUEM MEDIAPIPE u SVM

AHHoTanmusa. B wuccrnenoBaHuM mpeiaracTcs pacrlio3HaBaHUE Ka3aXCKOrO
TaKTUIBHOTO anaBUTa B peajJbHOM BPEMEHH C HCIIONB30BAHHUEM aITOPHTMA
MammHHOTO 00yueHms. IIpoaHamm3upoBaHBI Ka3axCKHH, Ka3aXCKO-PYCCKUN
M aMEPUKAaHCKUH >KEeCTOBBIE S3bIKHM. KpoMme TOro, peanu3oBaHa MporpaMma
pacrnio3HaBaHus 42 Ka3aXCKUX JAKTHIIBHBIX KE€CTOB. BBHIOpaH alropuTM MalldHBI
OMOpPHBEIX BekTopoB (SVM) 1uis pacrmo3HaBaHHUS >KeCTOB. Takke OIEHUBAIOCH
kagecTBO anroputMoB. ChopmupoBan Habop gJaHHBIX U3 60ee 4200 m3o00pakeHui
¢ 42 xnaccamu. Ucnons3zoBad Framework Media Pipe ams mommydeHust OpueHTHPOB
pyku U s cOopa naHHbIX. PaboTa B cTarhe ABISACTCS MPOMOIKCHUEM H3YYCHHS
TPYOHOCTEH KiaccuPUKaMM >KECTOB B Ka3zaxCkoMm s3bike sxecToB (KazSL).
[lomp30Barens TOMKEH WMETh BO3MOXKHOCTH 3aXBaThlBaThb H300pakeHUs
Ka3aXCKUX JKECTOB PYK C IOMOIIbIO BeO-KaMephl, a MporpaMMa pacro3HaBaHUs
JOJDKHA IPeCKa3biBaTh M OTOOpaXkaTh Ha3BaHMWE 3aXBaueHHOro kecta. Llennb
cucreMbl — oOHapyxeHHe 42 Ka3aXCKHUX JKECTOB CO CKOPOCThIO 00paboTKH B
peaNbHOM BPEMEHH, MUHHUMH3UPOBATH IMOMEXH U TOJYYUTh BBICOKUH MPOICHT
TOYHOCTH PACIO3HABaHUsA. Pe3ynbTrarhl MOKa3bIBAIOT, YTO TOYHOCTH AJrOPUTMA
nocturaer 99%. BaxHOCTh TakoW MOJENH 3aKIIOYaeTCs B €€ 3KOHOMHUYHOCTHU
M TMPOCTOTE HCIOJb30BaHMSA. B 3TOH CHUCTeMe HCIOIb30BAIMCH HU300paKeHUs
B peaJlbHOM BpPEMEHH W3 BHJEOKaapOB, 3aXBadeHHBIX BebO-kamepoil. [lamee
o0OpaboTaHHBIE M300paKEHUS TMEPEIABAIMCH B KIACCHU(PHUKATOPHI 110 AITOPHTMY
SVM. Knaccuduxarop npeBpatii u3o0pakeHue B Mojielb. HakoHell, oxxuaeMbIit
pe3yibTaT ObLI MOJTyYeH.
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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.

B 0| =l AR W
L] ik Id (T8 i I JL1 i
.-.-':' - ""'.l' 3] L T ;J'\- 5
Kw B T T Lk i 1
. iy '1; "é "' TN £
hiu Ha [T Lb] (L) 1k g LY
3 ' 1
A AN S
18 L 1 y |
i W Wy Ty s Xn hbh |
oy - . : .
i : |'. oy ¥ I.l..r - i I'.'!"—‘
Iy " 1 [¥] I s
s e,
& -
W Ta

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).

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.

Fl-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 fl-score for each class, where
all average are 99%.

Table 1 — Metrics for evaluating the quality

precision recall fl-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
CcC 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
11 1.00 0.92 0.96
111 1.00 1.00 1.00
10 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
(¢] 1.00 1.00 1.00
00 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
Ul 1.00 1.00 1.00
Uu 1.00 1.00 1.00
\Y% 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 “K”, “K”, “F”” and “3”.

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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