REVIEW
Of the scientific consultant for the dissertation work of Mukhanov
Samat Bakytzhanovich «Development application for recognition of
high precision patterns», submitted for the degree of Doctor of
Philosophy (PhD) in the specialty: 6D070400 — Computer Systems and
Software Engineering

L Background of work

As the scientific consultant for the dissertation, I have reviewed the work of
Mukhanov Samat Bakytzhanovich entitled «Development application for
recognition of high precision patterns». which will be submitted for the degree of
Doctor of Philosophy (PhD) in the specialty: 6D070400 — Computer Systems and
Software Engineering.

The dissertation work of Mukhanov Samat Bakytzhanovich is focused on
Development application for recognition of high precision patterns, be more precise
gesture recognition for Kazakh Sign Language.

Artificial intelligence is a key driver of advanced IT technologies,
emphasizing its fundamental role in the development of intelligent systems. In this
field, image recognition in computer vision plays a special role. Machine learning
and neural networks are increasingly influencing the improvement of algorithm
quality and speed. Many machine leamning methods and models of convolutional
neural networks and deep learning are emerging. One of the current directions in
image recognition is gesturc recognition. Much scientific research is being
conducted in this field. both globally and in Kazakhstan. Gesture recognition is a
relatively underexplored arca with numerous unsolved problems. such as the
development of high-quality and precisc methods for recognizing images and
gestures. Every algorithm, whether it's artificial intelligence or a search system
employing artificial neural networks, requires improvement. However, each neural
network can be prone to overfitting or underfitting, so it's important to strike the
right balance and conduct thorough research to determine the correct number of
parameters.

II.  Objectives

In his research work, the following objectives were determined below:
o To study machine learning algorithms and method of neural network.
o To develop and apply high-precision methods for gesture recognition.
o To collect datasets for training convolutional neural network models.
o To implement a software gesture recognition for Kazakh Sign

Language.
In this work, metrics are used to evaluate the quality of the neural network
architecture for training. These metrics provide a quantitative assessment of model



performance. They help determine how well the model performs tasks such as
classification, regression, or segmentation. It's also essential to compare different
models, evaluating multiple models and selecting the best one. This is useful when
choosing the model architecture, tuning hyperparameters, and identifying best
practices. Monitoring the training process is crucial because metrics are used to
monitor the training process in real-time. This allows for the examination of how the
model improves or worsens during training. Properly configuring models so that
metrics assist in setting model hyperparameters is important. In turn, changing
hyperparameters can impact model performance, and metrics help in selecting the
best parameters.

IHI. Results
During the work on the dissertation, the following tasks were performed:

v" Trained and obtained results from convolutional neural networks such as
LeNet, AlexNet, ResNet, and EffectiveNet.

v Conducted a comparative analysis between deep learning models and
identified the most effective network with performance exceeding 90%
accuracy in metrics such as accuracy, loss, and penalty.

v Compiled datasets for research consisting of more than 2100 images for 42
classes, with 50 images per class, representing the letters of the Kazakh
tactile alphabet. L

v Used metrics such as the confusion matrix and penalty matrix to predict the
performance of algorithms for Kazakh sign language predictions, evaluating
the degree of "wrongness."

v" Applied the Long Short-Term Memory algorithm to implement collected
training data, including gesture sequences and their corresponding
classifications for high-precision gesture recognition.

v" Developed and tested a gesture recognition system based on convolutional
neural networks and machine learning algorithms.

Gesture recognition has significant practical significance and finds wide
applications in various fields. Here are a few examples of its practical importance:

e Communication for individuals with disabilities: Gesture recognition can
be used to provide a means of communication for people with
disabilities, such as the deaf or hard of hearing. It allows them to
express their thoughts and needs through sign language, interacting
with devices and computers.

e Device control: Gesture recognition can serve as a method for controlling
various devices, including smartphones, tablets, computers, and smart
home systems. This enables actions such as screen scrolling, volume
adjustment, app launching, and more, using gestures.

e Virtual and augmented reality: In entertainment and education, gesture
recognition can be used in virtual and augmented reality. It allows users



to interact with the virtual world, create and manipulate objects using
gestures, enriching the user experience.

e Medical diagnosis and rehabilitation: Gesture recognition can be applied
in medical diagnosis and rehabilitation. For example, gestures can be
used to monitor patients' movements and assess their physical
rehabilitation progress.

¢ Education: In educational settings, gesture recognition can serve as a
means of learning and interaction in the classroom. It can also be
valuable for distance learning and remote education platforms.

IV. Recommendations

The development of gesture recognition systems is a complex and
multifaceted task. Here are some recommendations that can assist in the
development of such systems:

1. Data Preprocessing
Perform data preprocessing, including resizing images, normalization, and
data augmentation if necessary. Address issues related to background and noise in
the images.
2. Model Training and Evaluation
Divide the data into training, validation, and test sets. Train the model on the
training data and evaluate its performance on the validation and test data. Use
metrics such as accuracy, Fl-score, and confusion matrix to assess the model's
performance.
3. Optimization and Tuning
Optimize the model to improve recognition speed and reduce resource
consumption. Carefully tune hyperparameters to achieve the best results.
4. Real Testing
Conduct real-world testing of the system under actual usage conditions to
ensure that it operates effectively and reliably. Consider factors such as lighting
conditions, camera viewing angles, and user diversity.
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[JToroTum 1 Ha3BaHKE VHHBEPCHUTETA:]

(YuusepcureT I'adon)

OT3hIB

HayJHOrO KOHCYJIbTAHTa Ha JUCCEPTALMOHHYIO pabory Myxanosa CamaTta baKkpIT:xKaHOBHYA «Pa3paboTKa
TIpUMEHeHHe BEICOKOTOUHBIX METOJIOB PACTIO3HABAHMA 06pa3oBy, MPeCTABICHHON Ha COUCKAHNIE yaeHol
crenenu jjokropa rrocopuu (PhD) 1o creruanbHOCTH: «6D070400 - BeraucmuTenbHas TeXHUKA U
OpOrpaMMHOE 00€CIIEUESHHE) .

L CpeeHMs 0 AHCCEPTALIMOHHOI pagoTe

B KadecTBe HAYYHOTO KOHCYJHTAHTA [0 IHUCCEPTAIMH MHOIXO 6euIa paccMoTpena pabora Myxanosa Camata
BaKLITKAHOBHYA TO7 HasBaHWeM «Pa3paGoTKa M NMpPHMEHEHHe BBICOKOTOYHBIX METONOB pacrno3HaBaHus
06pa3oB», KoTopas OyJAeT MpelcTaBjieHa Ha COUCKAHWE yaeHO} cTereHH AOKTOpa (mocopun (PhD) mo
crenuansrocTH: «6D070400 — BpraucauTebHast TEXHAKA W IPOTPaAMMHOE obGecredeHue».

IlicceprarmonHas pa6ota Myxamosa Camata BaKbIT/KaHOBIYA IOCBSIICHA pPa3pabOTKe MPIIIOKEHUA IS
pacmosHaBaHust O6pa3oB BBICOKOH TOYHOCTH, a TOYHEE [IL PAaCIO3HABAHHUA JKECTOB JUIA sA3bIka JKECTOB
(MAKTWITONOTIYECKHI A3BIK) HA Ka3aXCKOM S3BIKE.

VICKyCCTBEHHBIM WMHTEJUIEKT SBIAETCA KIIOYEBHIM (PaKTOPOM PasBUTHA ICPE/IOBLIX N T-TeXHONOTHH, UTO
OYepKUBaET €ro (yHIAMEHTATBHYIO DOJNb B paspaboTke WHTEIUICKTYalBHBIX CHCTeM. B raHHOH obmacth
pacrosHaparue H300paxeHuit (06pa3oB) C IOMOMBI TEXHONOTHM KOMIILIOTCPHOTO sperwst  (MaIIMHHOE
pacmosHaBaHue 0GPa30B) UTPAET 0COGYIO POITE. TeXHONOTHA MAITMHHOTO 00YJeH s 1 HeMPOHHBIE CeTH (HEHPOCeTh)
OKA3BIBAIOT BCe GOJbINee BIWAHAE HA YIIydIIeHHe KayecTBa M CKOPOCTH PaGOTEI aIrOPHTMOB. TlosBsteTcs
MHOJKECTBO METOOB MAITMHHOIO OOYUeHHs ¥ MOJeNell KOHBOMIONMOHHBIX HEHPOHHBIX CeTeH (HeipoHHas CETh
cBepTKE) W [yGOKOro oOydeHus (TEXHOJTOIHA ry6okoro obydenws). OJHUM W3 AKTyaIbHBIX HAIPABICHHA B
pacrosHaBaHuH u306pakeruit (06pa3soB) SABIAETCS PACTIO3HABAHHUE KECTOB. B manHOM 0671aCTH BEAETCS MHOXKECTBO
HaydHBIX MCCNEJOBAHMii Kak 10 BceMy Mupy, Tak i B Kasaxcrame. Pacrio3HaBaHKe XKECTOB IPEICTaBIAeT cO00H
OTHOCHTENHHO MAJOM3YUEHHYIO O00JacTh C MHOXECTBOM HEPEIICHHBIX mpoGiieM, TakuX Kak paspaborka
KAYECTBEHHEIX ¥ TOUHBIX METONOB PACIIO3HABAHUSA W300paxenuit (06pa3oB) i xecToB. Kax bl anroputy, Oy b TO
MCKyCCTBEHHBIN MHTE/UICKT I Kakas JU00 IMOMCKOBAs CHCTEMA C HCTIONB30BAHICM HCKYCCTBEHHBIX HEHPOHHBIX
ceteit (HelipoceTH), TpeGyeT COBEPIIEHCTBOBaHMA. OIHAKO Kakaasf HelfpoHHas ceTh (HeHpOCeTs) MOXKET OBITH
CKJIOHHA K Upe3MepHOMy 0OydeHMIO (repeolydeHue HEHPOHHOM CeTH) WK HeJOCTATOYHOMY OOYHYCHHIO, TIOTOMY
BAKHO HAWTH TPABIIbHBIN OalaHC M TPOBECTH TINATENBHOE HCCICNOBAHUE, 9TO0Bl ONpPEACTUTh NPaBHIBHOE

KOJIMYECTBO ITApaMeTPOB.
1L Hemn
B ero ucclIe0BaTebeKo# paGoTe ObIIM ONPEACIICHEI CIICAYIOMIME IEJH:

o H3yuurh ainropuTMBI TEXHOIOI MM MAIIHHHOTO 00yueHIs U METOJ, HEHPOHHOIM ceTH (ueifpoceTs),

o Paspa6oTaTh ¥ IPUMEHHTH BEICOKOTOYHBIE METO/IBI PACTIO3HABAHUA JKECTOB,

o CobpaTh BEIGOPKY AAHHBIX JUIT 00y4eHIs MOJeNeH KOHBOIOLIMOHHEIX HeUpOHHBIX ceTelt (HeHpOoHHas
CETh CBEPTKN),

o PeammszoBars TporpaMMEOe O0ecredeHHe JUis PaclO3HaBAaHWA JKECTOB JUIA A3bIKA IKCCTOB
(TaKTHIIONOTHIECKHH A3bIK) Ha Ka3aXCKOM A3BIKE.

B nmamHOl paoTe METpHKH (CUCTEMa moKasaTeliel) MCIIONB3YIOTCA UL OLECHKH KaueCTBa apXUTCKTYPBI
HelfpoHHOM ceTH (Helpocers) mist 00ydeHus. J[aHHBIE METPHKH (cucTeMa IOKazartenel) HaroT KOIHYECTBEHHYIO
OLEHKY KadecTBa Mojenu. OHH IIOMOTAiOT ONPENENHTh, HACKOJBKO XOPOMIO MOACID CIIpaBIsIeTCS C TAKUMH
3amagaMy, KaK KIacCH(UKaIys, perpeccus (TMOBTOPEHHE aHHEe PeIIeHHOH poGieMsl) HWIM cermenTast. OHHI
TaKKEe HEOOXOMUMEL I CPABHEHUS Pa3IMYHBIX MOZIEIH, OLECHKH HECKONBKHMX Mojeneil u Beibopa JydmeH. OTo
ZONIE3HO NPH BEIGOpE apXUTEKTYPhI MOTIEIH, HACTPONKE IMIeprapamMeTpoB M BBIABICHUA HAMTYYLIINX METOIUK.



KoHTpoNb mpomuecca OOydeHMs HMEeT pemalomee 3HaUYeHHe, MOCKOIBKY METPHKA (cucTema TOKa3aTeNeH)

I8 KOHTDOIS Tpolecca ofydeHHs B PERUME PEALHOTO BpeMeHH. OJTO Ji@eT BO3MOXHOCTh

HCTIONB3YIOTCS
Ba)XHO IpaBMJIGHO HACTPOHUTH

IPOCIIEIUTD, Kax MOJEJb YyIy4dmaeTcCs WM yXyamaeTca BO BpEM:I 06yquI/I}I.

MOIeJTH, 9TOOBI METPUKH (CHCTEMA II0Ka3aTelelt) MOMOTaIH 33/[aBaTh THIepriapaMeTphl MOACIIH. B cBoIO odeperp,
M3MEHEeHMe THIEpIapaMeTPOB MOXKET TIOBJIHATH Ha KaueCTBO MOJCIH, 2 MeTpUKH (CHCTEMA M0Ka3aTesneit) IOMOraroT

BEIOpATh HAWTYYLINE TAPaMETPBI.
118 Tlony4eHHbIE PE3YILTATEI
B x0/1e paGOTHT HaJ| AMCCepTALWEH OBLITH PEIICHE! CIIE Ty IOIIHE 3aIadu:

v/ Byt 06ydeHs! ClIeQyolie KOHBOJIOIHOBHEIC HelfpoHHBIe ceTH (HEHpOHHAs CETh CBEPTKH) W TOJTyYEHbI
pesymbTaThl OT KOHBOJIOIMOHHBEIX HeWMpOHHBIX CeTel (HeMpOHHAs CeTh cBepTkH), Takux kak LeNet
(apxuTeKTypa KOHBOJIIOIMOHHOM HelfpoHHOM ceTH (HeMpOHHAi CeTh cBepTkH)), AlexNet (apxuTeKTypa
KOHBOJIFOIIMOHHOM HelpoHHOM ceTy (HelpoHHAas CeTh cBeptkn)), ResNet (OcTaToyHas HelpOHHaA CeTb

(HeitpoceTb)) u EffectiveNet.

v/ BbU IPOBE/IEH CPABHUTEIBHBIN aHAN3 Mozeneit riry6okoro 00ydeHus U BBIABICHA Haubonee 3¢ beKTUBHAT
CETh ¢ KAYeCTBOM, TIpeBbIaroim 90% TOTHOCTH I10 TAKHM MeTpHuKaM (cucTeMa moxasarteneif), Kak TOYHOCTE,

TIOTEpH U IITPadBbL.

v Brula chopMmpoBaHa BBIGOpKA NAHHBIX UL HCCICAOBAHIL, coctosmas w3 Gomee 2100 m300paeHI
(o6pasos) s 42 Kiaccos, 10 50 m3o6pakeruit (06pasos) B KaXTOM Kiacce, TPEeICTaBISIOMUX OyKBEI
TaKTHIbHOTO ajdaBuTa Ka3axCcKoro sA3bIKa.

v BBUIH HCTIONB30BAHBI TAKWe METPHKH (CHCTEMA mokasareneif), Kak MaTpulla HETOYHOCTeH M MaTpuua
mTpaoB, UL TPOTHO3UPOBAHKA MPOU3BOIUICILHOCTH (kagecTBa) AITOPHTMOB MPOTHO3UPOBAHMA A3BIKA
KECTOB (MAKTHIIONOTHIECKHH A3BIK) Ha Ka3aXCKOM A3BIKE, ITyTEM OUCHKH CTEMEHHN KIIOTPEIIHOCTID.

v Beit mpumenen anropur Long Short-Term Memory (aropUTM IONTOBPEMEHHOM M KPaTKOBPEMEHHOH
NMaMATH) U4 peAiHsalltd COGPAaHHBIX OOYYAFOMMX JAHHBIX, BKIOHAA HOCNEeIOBATENbHOCTH KECTOB H
COOTBETCTBYIOLIHE MM KIaCCHMKAIAN UL BEICOKOTOTHOTO pacTiO3HABAHHA ’KECTOB.

v Beuia paspaGoTaHa W NPOTECTHPOBAHA CHCTEMA DacTIO3HABAHWA JKECTOB Ha OCHOBE KOHBOJIOIMOHHBIX
HeJpOHHBIX ceTeil (HEHPOHHAA CETh CBEPTKH) U alTOPHTMOB MAIIHHHOTO 00y9eHus.

PacIO3HABAHME JXECTOB HMEET Ba)XHOE NPAKTHYECKO® 3HAUCHHC M HAXOMMT IIMPOKOE IPHMEHEHHE B
PasTEEHBIX 0GMACTSX. BOT HECKOJBKO IMPHMEPOB EI0 MPaKTHIeCKOT0 3HATCHHU:

OfIenne JMIl C OTPaHMYEHHBIME BO3MOXHOCTAMIL Pacro3naBaHie KECTOB MOXET WCIIONB30BATHCI B
KauecTBe CpPeICTBA OOIICHHS I JHOIeH ¢ OrpaHMdCHHBIMIL BO3MOKHOCTSIMHE, HAIPHMED, DIYXHX HIIH
crnabocprmanmux. OHO II03BOJIIET MM BEIpaXXaTh CBOM MBICIIH U TOTPeGHOCTH MOCPEICTBOM A3bIKA KECTOB,
B3aMMOIEHCTBYS ¢ YCTPOKCTBAME U KOMITLIOTEPaMH.

VmpasieHre ycTpolicTBaMu: PacTiosHaBAHHE XECTOB MOYET CITY’KHTh CIIOCOOOM YIIPABICHHA PasIiTHEIMA
yCTpOMcTBAMH, BKIIOYAsL cMapThOHB, IUIAHIIETE], KOMIBIOTEPHI M CHCTEMEI «ymueiit  gom». OHO
03BOJSeT BHIIONHATH TAKMe MElCTBHSA, Kak TPOKPYTKAa OKpaHa, peryivpoBka IPOMKOCTH, 3aIycK
TIPHIOKEHHI ¥ IPYTOe, C IOMOIIBIO KECTOB.

TeXHOJOTHA BHPTYaJbHOH pEabHOCTA | JOTIONHEHHON peanbHOCTH: B cdepe pasBiedeHHA U
06pa3oBanEUs PACTIO3HABAHKE KECTOB MOKET HCTIONB3OBATHC B TEXHOJIOTHA BHUPTYAJIbHOH peaNbHOCTH U
JIOTIOJTHEHHOM peabHOCTH. OHO MO3BOJIAET MOJB30BATCIIM B3aUMOJIEHCTBOBATh C BUPTYalbHBIM MHPOM,
co31aBaTh OOBEKTHl W MAHHUILYJIMpOBATH (ympaBisATh) MMH C IIOMOIIBIO 3KECTOB, oboramasi OIBIT
IOJTE30BATEIIS.

MeuupMHCKAs JWATHOCTAKA ¥ peabuIuTalusd (BoccTaHOBIEHHE): Pacrio3HaBaHME HKECTOB MOXCT
IPUMEHSTHCS. B MEIMLMHCKOM JMAarHOCTHKS H peabuiuTalim (BoccTaHoBNeHNE). Hampumep, XKeCTHI
MOYKHO HCIIONB30BAT U OTCIIE)KHUBAHHA NBIKEHHMH IAIMEHTOB M OLCHKH mporpecca X (usuIeckon
peabuuraruy (busuaeckoe BOCCTAHOBJICHHE).



o OGpasoBanre: B 00pa3soBaTebHBIX YUPEKACHHUAK PACTIO3HABAHME JKECTOB MOXKET CIyHHTb CPEACTEOM
ofydeHus ¥ B3aUMOZIeHCTBHA B Kiacce. OHO TaKKe MOKET 6BITh TIOJIE3HO JUIA WIATGOPM AUCTAHIIHOHHOTO
00ydeHus 1 QUCTaHIHOHHOTO 06pa3oBaHIL.

IV. PexomMeHgauuu

Pa3paGoTKa CHCTEM DacTO3HABAHHA JKECTOB TPEJCTABILICT COOOH CNOMKHYIO M MHOTOTPAHHYIO Sajady. Bot
HECKOJIBKO PEKOMCHJIAITHH, KOTOPBIE MOTYT IOMOYb B PaspabOTKe TaKUX CHCTEM:

1. IlpeasaputesibHasi 00paGoTKa XaHHBIX

BHIIOJHATE HpelBapWTeNbHy0 00paGOTKy —J@HHBIX, BKIIOHas H3MCHCHHC pa3Mepa u300paxeHul,
HOPMAJII3AIIMIO M TIPH HEOOGXOMMMOCTH 2yIMEHTAlUIO JAHHBIX. YCTPAaHHTe OpoGieMbl, CBS3aHHBIE ¢ (OHOM U
ITyMOM Ha U300pakeHHsX (00pasbr).

2. Oﬁyqelmeh OIIeHKA MOJEJTH

PaseNuTe NAHHbIC HA 00YYaONlyl0, KOHTPOIBHYI0 H TECTOBYHO BEIOODKY. OOyguTe MOZENb Ha 00YYaroIuX
JAHHBIX W OLEHHT® ¢¢ KAadeCTBO HA KOHTDONBESIX H TECTOBBIX I2HEEX. HICIIOMB3YHTC TaKUe METPHKH (cucrema
TokasaTeneif), Kak TOIHOCTb. F1-moxasarers (MeTpHEa) H MaTDHI2 HSTOIHOCTEH /1A OLCHKY KadeCcTBa MOJCIIH.

3. Ownremp3an#s H HACTPOHx=

OA-;.’\EE;}ir.? MOZSIE, ST00s DOSHICETS CE0DOCTE DaChO3E2B3aHHA H CHH3UTH HOTpG6JI€HI/IC pecypcos.

THmaTe==0 E2CTPoiTe TENCDNENEMSTDE Tus I0CTEECHERS E2RIy J0HX Pe3yIbTaToB.

DeaTeEEIX JAHHBIX B PEAbHBIX YCIOBIAX UCIOJIB30BAHUS,
re. VemremaiiTe Takue (akTophl, KaK YCIOBHUA OCBEIIEHN,

IIpodeccop Kadeapal EOMIEXTEDHOH

UHKeHepUuHu

YuusepcuteT I'agon

Pecny6nnka Kopes En Um Yo

Connamdapo 1342, Cydxcon-T'y, 20pod Corram-Cu (Connam), nposunyus Kénzudo, Kopes Homep menecpona: 031-750-5114 Homep ghaxca
031-753-8828 Adpec seb-caiima: www.gachon.ac.kr



OnunnaxuaToe SHBAPS JBe THICSIH JBAUATE YeTBEPTOrO oA,

Hacrosimum ynoctosepstem, 4To mepeBos TEKCTA ¢ PYCCKOTO A3BIKA HA AHTITHHCKH S3bIK
Obu1 BEmONTHEH AreHTcTBOM Ilepenomon «KGB Language Services» u siBisietcst kKoppeKkTHBM, PK,
r. Anmarter, yir. oross 84A, o¢. 218

Tem. + 7778 409 68 05
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The eleventh of January twe thousand and twenty-four.

We hereby certify that the translation of the text from Russian language into English

language has been made by the KGB Language Services Translation Bureau and the translzsio= i
correct, The Republic of Kazakhstan, Almaty city, 84A Gogol str., 218 office

Tel.: +77 778 409 68 05

Director,
Amirkhanova G.B.
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