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Abstract. The paper deals with the problem of automation of Kazakh Sign
Language by converting gestures into text, and proposes two possible approaches
to the solution. There is given the method for implementing the recognition of
dynamic Kazakh dactyl signs in a video stream based on visual analysis of the
position of hands with the positioning of key points. MediaPipe has been applied
to read and position key points from images. Advanced versions of recurrent neural
networks have been described to detect dactyl gestures from images, which can be
used as sign classifiers. For gesture recognition, own datasets are prepared, which
allow achieving high efficiency and accuracy of recognition by accepted models in
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real time. The specified dataset consists of dynamic gestures of the Kazakh Sign
Language. The advantage of the considered approaches is the relative simplicity
of the proposed methods in a computational sense, so that their implementation
does not require the use of high-performance computer technology and special
equipment. The recognition accuracy of dynamic dactyl gestures of the Kazakh
Sign Language was 85 % and 100 %, respectively, in the conducted experimental
studies using the proposed LSTM and GRU models. In this case, recognition was
carried out in real time using a conventional computer camera. Moreover, the
recognition of images of same gestures obtained using a webcam has been tested.
The results of the used LSTM and GRU models was developed with recognition
evaluation of dynamic gestures of the Kazakh Sign Language.

Keywords: Kazakh Sign Language, Hand Gesture Recognition, Dynamic
Gestures, Media Pipe, LSTM, GRU
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OpHAJIaCybIH BU3YallJbl TaJlZlayFa HETi3/1eireH OciiHe aFbIHBIHIAFbl TUHAMHKAIBIK
Ka3aK JaKkTWIIEPiH TaHy ojici ychIHbUIFaH. KeckiHmepiaeH Herisri HykTenepii
OKBIII, OpHanacTeIpy ymrin MediaPipe kypannap xyiieci naiipanansuiabl. KuMein
KECKIHJIepiH aHBIKTAy YIIiH Oenri KinaccuuKkaTopiapbl peTiHAe KaiTalaHaThIH
HEHPOH/IBIK JKEeUIEPIiH KETIIIpUIreH HYCKalaphl naiaananbiiaasl. KuMeuigapast
TaHy YIIIiH, HAKTHI YaKbIT PEXXKUMIHEC KaObUIAaHFaH YITUIep/i Naiiagana OThIPHII
JKOFaphl THIMILUTIK TIEH TaHy IAJJIITIHEe KON KETKi3yre MYMKiHJIK OepeTiH kKeke
JepeKTep KUHAKTAphl JalbIHAANIBL. ATaifaH JEpPeKTep JKUBIHTHIFBI Ka3ak
JAKTUIAIHIH JUHAMUKAIBIK KAMBULIAPbIHAH TYpaabl. KapacThIpbUIBINT OTBIPFaH
TOCUIEP/IiH apTHIKIIBUIBIFEI — YCHIHBUIFAH OMICTEPIIiH €CeNTey TYPFBICHIHAH
aJIFaH/Ia CaJbICTRIPMAITBI TYPJIE KapanaibIMIbUIBIFBI OOJIBINT TA0BLIA b, COHIBIKTAH
J1a OJIap/Ibl iCKE achIpy OHIMIILIIT KOFapbl KOMIIBIOTEPIICP MEH apHaiibl )KaOIbIKTHI
KojaHynel Kaxer ermedai. ¥cwiHburaH LSTM sxone GRU ynrinepi apkpuibt
KYPTI3UITeH SKCHEPUMEHTTIK 3epTTeyiep HOTMXKECiHIe Ka3aK JUHAMUKAIBIK
JMAKTUIIIK KUMBUIIAPBIH TaHY JIIiKTepi coiikecinme 85 % sxone 100 % Kypassl.
By skarmaiina TaHy KoiMTi KOMITBIOTEpITiK OefiHeKaMepa KOMETiMEeH HaKThl YaKbIT
pexxkuMiHze Ky3ere ackipeuiibl. CoHali-ak, BeO-kaMepa apKbUTbl albIHFaH Oipei
KUMBUIAP/IbIH KECKIHIEPiH TaHy CHIHAIIBI. 3epTTey HOTIKeNepi OOMBIHIIIA Ka3aK
JMAKTHUITIHIH THHAMHUKAIBIK bIM-HIIAPACHH TaHyFa Oara 6epe oTbiphin, LSTM xone
GRU yurinepin KongaHy HITHXKENIEpi KOPCeTii.

Tyiiin ce3mep: Ka3zak bIM TiJli, KOJ KUMBUIBIH TaHY, JUHAMUKAJBIK KUMBLIIAP,
Media Pipe, LSTM, GRU
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AHHoTanms. PaccmarpuBaercs mpoOieMa aBTOMAaTH3MPOBAHHOTO TepeBoaa
JAKTHIIEHOTO Ka3aXCKOTO sI3bIKa C TPe00pa30BaHNEM )KECTOB B TEKCT M ITPEATIATratoTCs
IBA BO3MOXHBIX TIOAXOJa K pemeHuio mpobiemel. IlpemcraBineH cmocob
pacro3HaBaHUsl THMHAMHYECKHX Ka3aXCKUX NAaKTHIIBHBIX 3HAKOB B BHIEOIOTOKE,
OCHOBaHHBIH Ha BH3YaJIbHOM AaHAJM3€ TOJIOKEHHS PYK C IMO3UIIMOHHPOBAHUEM
KITFOYEBBIX ToYeK. J[J CYMTHIBAHWS M TO3WIMOHUPOBAHMWS KIIOUEBBIX TOYEK M3
M300pakeHNH UCIIONIb30BaHa HHCTpYMEHTalbHas cucreMa MediaPipe. B xauectse
KJIACCHU(PMKATOPOB 3HAKOB MPHUMEHSIOTCS YCOBEPIICHCTBOBAaHHBIE BapHUaHTHI
PEKYPPEHTHBIX HEHPOHHBIX CETEH JTsl 00HAPYKSHHUS KECTOBBIX N300paxkeHuit. [{ist
pacro3HaBaHUs KECTOB IMOATOTOBIEHBI COOCTBEHHbIE HAOOPHI JaHHBIX, KOTOPHIE
MO3BOJISIOT JAOCTHYh BBICOKOH I(PQPEKTHBHOCTH W TOYHOCTH DPACIIO3HABAHHA II0
MPUHATHIM MOJEISM B PEXHME PEaTbHOTO BpEMEHH. YKa3aHHBIH Ha0Op AaHHBIX
COCTOWT U3 AMHAMUYECKHUX KECTOB Ka3aXCKOT0 TaKTHIIHHOTO A3BIKa. JJ0CTOMHCTBOM
paccMaTpuBaeMbIX MOIXOAOB ABISETCS OTHOCHUTENBHAS MPOCTOTA MPEIaraeMbIX
METOZIOB B BBIYMCIUTEIFHOM OTHOIIEHWH, BCIEACTBHE YETO0 WX pean3aius
He TpebyeT WCIIONB30BaHMUS  BBICOKONPOWU3BOAUTENHHON  BBIYHCIUTEIHHON
TEXHUKH W CIIEHUATBHOTO 000pyIoBaHHA. B mpoBeneHHBIX 3KCIIEPUMEHTAIBHBIX
WCCIIEZIOBAaHUSAX C HWCIIONB30BaHMEM NpeiokeHHbIXx mozeneir LSTM u GRU
JNOCTUTHYTa TOYHOCTH pPACIO3HABAHUS [WHAMHYECKHX JaKTHIBHBIX IKECTOB
kazaxckoro s3eika 85 % um 100 % coorBercTBenHo. [Ipu 3TOM pacmo3naBaHne
OCYIIECTBISUIOCH B PEXUME PEaTbHOTO BPEMEHH C HCIOJIB30BAHWEM OOBIYHOM
KOMITBIOTEPHOI Bueo kaMmepsl. [IpoBezieHo Takke TECTHPOBAHHWE PACTIO3HABAHUS
M300pakeHNH STUX )K€ JKECTOB, TOIYICHHBIX C TOMOIIBIO BeO-kamephl. [TomyueHsl
pe3ynbTarhl ucmoiib3oBaHHbIX Moneneit LSTM u GRU c orenkoil pacro3HaBaHwmst
JTUHAMHYECKUX KECTOB Ka3aXCKOTO JAKTHIIFHOTO SI3bIKA.

KuroueBble c1oBa: Ka3axCKUH KECTOBBIN S3BIK, PACIIO3HABAHUE KECTOB PYK,
nuHamMudeckue xectel, Media Pipe, LSTM, GRU

Introduction

Sign language recognition has been an active area of research for nearly two
decades. In sign language, the extraction of letters, words and sentences is expressed
through hand gestures, body movements, facial expressions and facial emotions.

Analysis of the literature can allow us to reveal vision-based and sensor-based
hand gesture recognition methods. Sensor-based methods are expensive, which
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contribute to implement limited movement, and require specialized equipment
(Chen et al., 2020: 25). While vision-based computer technologies use bare hands
without any sensors. Thus, vision-based method using cameras become applicable
later because it is convenient and easy to use (Farid et el., 2022: 19). One of the
benefits of visual methods is their minimal cost (Jacob et al., 2021: 6). This study
proves that there is currently no need for sophisticated and expensive equipment
for sign language recognition. All you need is a modern cell phone or computer
camera. In addition, the issue of hand tracking remains when using all vision-based
methods.

We proposed a methodology, which uses an approach including Media Pipe open
source and a machine learning algorithm on top of this framework to get a faster
and simpler pipeline that can be used as a sign language recognition system. The
camera captures real-time gesture images and builds a gesture dataset to recognize
each Kazakh dactyl (Zholshiyeva et al., 2021: 4).

There are two types of sign systems: sign language and dactyl alphabet. The
Kazakh dactyl alphabet is a system of hand gestures corresponding to the letters
of the Kazakh alphabet, which includes 42 characters, reproduced by hand. For the
study, dynamic Kazakh dactyl gestures were applied (Figure 1).

S P LY s S
§Yeh v v

Fig. 1. Dynamic Kazakh Dactyl Gestures

Listening to manual communication is an expression of respect for the deaf
people.

The purpose of that study is to improve the culture of interpersonal communication
among the deaf in our country and help them recognize the Kazakh gestures. The
proposed system uses the translation of the Kazakh dactyl gestures into text.
The LSTM and GRU models have proven to be very effective for modeling data
sequences and are used for gesture recognition.

Materials and Methods

There is a lot of research on image processing and machine learning for gesture
recognition. Many good results have been obtained with high recognition accuracy
of static as well as dynamic gestures. This proves that it is possible to recognize
various gestures in real time, using a mobile phone or a computer camera. This
study examines vision-based methods using MediaPipe (Google. MediaPipe) and
machine learning methods.

145



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

There are few studies on Kazakh hand gestures recognition. For example,
the review (Zholshiyeva et al., 2020: 8) proposes a CNN-based approach using
advanced methods and algorithms for hand gesture detection and Kazakh sign
language recognition. The same authors (Zholshiyeva et al., 2021: 4) proposed their
ideas for tracking hand postures and for creating their own datasets of the Kazakh
dactyl alphabet. In addition, the same authors recognized 42 Kazakh gestures with
a high percentage of recognition using the machine learning method in the study
(Zholshiyeva et al., 2023: 12). (Sarfaraz et al., 2018: 10) show that CNN along
with RNN can be successfully used for video gesture classification and gives an
accuracy of 95.217 %. There is a method for implementing recognition of gesture
commands in a video stream based on Media Pipe and recognition of a dynamic
sign language through GRU, LSTM and LSTM recurrent neural network (Samaan
et al., 2022: 15). Experiments have shown that the named model has an accuracy
of more than 99 %. The following paper (Grif et al., 2022: 7) presents a system for
recognizing isolated static and dynamic gestures of the dactyl alphabet of Russian
Sign Language. The system is based on a machine learning method such as LSTM
with Media Pipe Hands. The network showed an F-measure value of 91 % on the
test data. In the paper by (Haldera et al. 2021: 9) demonstrates a methodology
that facilitates sign language recognition using the Media Pipe framework and a
machine learning algorithm with an average accuracy of 99%. Research experiments
(Junyoung Chung et.al) showed that GRU is indeed better than more traditional
repeating units such as tanx units and GRU is comparable to LSTM.

Long Short Term Memory (LSTM) and Gated Recurrent Unit (GRU)

Problems with sequence prediction have been around for a long time. For
sequence prediction, long short-term memory networks, also known as LSTMs, are
considered the most efficient solution. They can relate previous information to the
current task, for example, using previous video frames could help understand the
current frame, which other neural networks do not have. LSTMs have an advantage
over conventional feedforward neural networks. This is due to their ability to
selectively remember patterns for long periods. They work extremely well on a
wide variety of problems, and they are now widely used.

LSTM is designed to avoid long-term addiction problems. Thanks to a specially
designed memory cell, by remembering information for long periods, LTSM can
handle long-term dependencies.

GRU is very similar to LSTM and is presented as an improvement over LSTM.
Just like the LSTM, the GRU uses gates to control the flow of information. In
addition, it has a simpler architecture and better performance compared to LSTM,
but it does it with fewer parameters and operations. Another interesting feature of
GRU is that it does not have a separate cell state, there is only a hidden state, and
thanks to the simpler architecture, GRUs learn faster.

Figure 2 shows that LSTM has three gates, while GRU has only two gates. In
the LSTM, they are input elements, forget elements, and output elements. Whereas
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GRU has reset and update gates. There are two states in the LSTM: the cell state,
or long-term memory, and the latent state, also known as short-term memory. In the
case of GRU, there is only one state, i.e. the hidden state (Vasilev et al. 2019: 379).

CeLmm FIFenl ki s
| °
F
g
: y

LTSI

Fig. 2. LSTM and GRU architectures

The peculiarities of these architectures are that their element is not individual
neurons, but a whole set of neurons, which is called a cell or a module. This cell
contains a memory cell to which data can be stored for a long period and several
gates that control what will be stored in this memory cell, what will be output, and
when the data from this cell will be deleted.

The advantages of LSTM and GRU networks are that they allow you to store
information for a long period. In addition, the vanishing gradient problem is solved
in these networks.

Despite the fact that LSTM and GRU networks have a complex structure,
traditional approaches are used to train them:

- Training with a teacher

- Error backpropagation.

At the same time, the networks simultaneously learn how to give the correct
output signal and select the weights for the gates in order to remember the correct
values in the cell and produce the correct signal.

Results and Discussion

Proposed Model Description

This study presents two models for recognizing dynamic Kazakh dactyl gestures
and uses machine-learning methods, namely LTSM and GRU. The algorithm was
implemented in the Python 3.9.13, with code execution in the Jupyter Notebook
development environment.

Proposed Methodology

Dataset

Own data set of dynamic dactyl gestures of the Kazakh sign language is used
in this study, such as “F”, “II”, “E”, “3”, “H”, “K”, “K”, “H”, “¥”, “I1”, “I1[”, “p”,
“p”. It consists of 390 videos recorded by the computer camera.

Feature Extraction Using MediaPipe Framework

MediaPipe Hands was used for feature extraction. MediaPipe Hands is a list of
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key points for hands and pose evaluation. For each hand, it extracts 21 key points,
and the key points are calculated in 3D space: X, Y, and Z ([Zholshiyeva et al.,
2021: 4]), representing real 3D coordinates with origin at the geometric center of
the hand. MediaPipe Hand Landmarker allows you to determine the landmarks of
the hands in the image (Figure 3, 4).

Fil

Fig. 3. Hand landmark of dactyl “9”

Fig. 4. Plot3d hand landmark of dactyl “9”

MediaPipe Pose Landmarker allows determining the landmarks of human
bodies in the image. For pose estimation, MediaPipe extracts 33 key points; for a
face, it extracts 468 key points (Samaan et al., 2022: 15).

The Models Results

In our paper, we attempted to show a solution from two models GRU, LSTM
with parameters: the number of nodes between 32 and 128, “relu” or “softmax”
activation function, “Adam” optimizer. GRU is similar to LSTM with forget
gate, but it tends to have fewer parameters. The models are a neural network for
multi-class classification. Each class corresponds to one sign of the dactyl gesture.
The network contains six layers - three LSTM (or GRU) layers and three fully
connected layers. The first, second and third layers include 64, 128 and 64 neurons,
respectively, while the fully connected layers consist of 64 and 32 neurons and have
the “relu” activation function. The results of each model can be seen in Figures 5, 6.
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Fig. 5. Result of LTSM model
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Fig. 6. Result of GRU model

In this way, it is possible to analyze the movement of the character and predict
the sign of the hand gesture. Therefore, we can say that 13 dynamic Kazakh
geStureS Such aS (6F5” GGI[,B’ GGE”’ “3”, ‘Gﬁ”, “K”’ ‘GK”, G‘H”’ G‘¥9,, “I_I”’ GGI_I_I,Q’ “’I)”’ “I)”
are recognized effectively (Figure 7).
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Fig.7. Screenshots of the Results

Models Evaluation

Accuracies of 85 %, 100 % were obtained for the LSTM and GRU models,
respectively, and models were evaluated. Tables 1, 2 present the results of
recognition accuracy for 13 dactyls of the Kazakh Sign Language.

Table 1 — Metrics for evaluating the quality of LSTM model

precision recall fl-score support

GG 0.88 1.00 0.93 7
D 0.75 0.60 0.67 10
10 0.86 0.86 0.86 7

Z 1.00 0.77 0.87 13
1I 0.75 0.50 0.60 6
K 0.82 0.90 0.86 10
KK 0.82 1.00 0.89 8
NN 0.82 0.69 0.75 13
UU 0.75 1.00 0.86 9
CcC 0.67 0.86 0.75 7
SHI 0.92 0.92 0.92 13
JU 1.00 1.00 1.00 9

J1 1.00 1.00 1.00 5
accuracy 0.85 117
macro avg 0.85 0.85 0.84 117
weighted avg 0.85 0.85 0.84 117
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Table 2 — Metrics for evaluating the quality of GRU model

precision recall fl-score support
GG 1.00 1.00 1.00 21
D 1.00 1.00 1.00 23
10 1.00 1.00 1.00 21
Z 1.00 1.00 1.00 23
11 1.00 1.00 1.00 21
K 1.00 1.00 1.00 20
KK 1.00 1.00 1.00 18
NN 1.00 1.00 1.00 22
uu 1.00 1.00 1.00 20
CcC 1.00 1.00 1.00 19
SHI 1.00 1.00 1.00 22
JU 1.00 1.00 1.00 22
J 1.00 1.00 1.00 21
accuracy 1.00 273
macro avg 1.00 1.00 1.00 273
weighted avg 1.00 1.00 1.00 273

Fig.8, 9 show the graphs of accuracy and loss of the above models.

R LECANLE DLty

J
1 -
. Mﬂ . |

a b
Fig. 8. Values of accuracy (a) and loss (b) of LSTM model from Tensorboard

rech catradrical i ety i

a b
Fig. 9. Values of accuracy (a) and loss (b) of GRU model from Tensorboard
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The results show that for dynamic Kazakh gestures the GRU model works
perfectly, and the LSTM model showed a less good rate.

Conclusion

Thus, we presented the dynamic Kazakh dactyl recognition with two GRU,
LSTM models on own dataset of Kazakh Sign Language. The MediaPipe was used
to determine the location, shape and orientation, extraction of key points of the
hands, body and face.

First, the dataset is prepared from videos with the same number of frames. The
input was passed to the MediaPipe. Finally, the extracted key points are inserted
into the GRU, LSTM models for training.

The results of the study show that MediaPipe in combination with GRU, LSTM
models are effective in solving the problems of dynamic sign language recognition.
Advanced RNN models like GRU, LSTM solve the problem of frame dependency
in character movement. GRU trained less than LSTM and showed a better 100%
recognition result, LSTM requires more parameters and nodes than GRU, and the
recognition percentage is much lower than the GRU model. In the future, we plan
a real-time recognition of phrases and sentences for deaf (Ergaliyeva et al., 2005:
405) in Kazakh language to enhance the culture of interpersonal communication
among the deaf in our country.
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