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FOREIGN SCIENTIFIC SUPERVISOR’S REFERENCE
on the dissertation of PhD candidate Toiganbayeva Nazgul
for the thesis " Development of tools and creation of a database for optical recognition of
handwritien text of the Kazakh-Russian language",
presented for the Doctor of Philosophy (PhD) degree in the specialty 6D060200 — Informatics

The dissertation is devoted to a relevant and underexplored topic in Kazakhstani scientific
practice — the automatic recognition of handwritten Kazakh text using modem machine learning
methods and deep neural networks. The main objective of the research is the creation of the first
open dataset of Kazakh handwritten texts — KOHTD (Kazakh Offline Handwritten Text Dataset),
as well as the development and comparative analysis of text recognition models based on this
dataset.
Within the scope of the study, the author carried out extensive work on the collection,
digitization, and annotation of data: the KOHTD dataset includes over 3000 examination sheets,
conlaining more than 140, 335 segmented images and approximately 922,010 characters. A special
Telegram bot was developed for annotation, which allowed for the efficient involvement of
volunteers and implementation of a crowdsourcing approach.

To segment text at the line and word levels, the dissertation proposes an original method
based on a genetic algorithm, which made it possible to achieve high accuracy in separating
handwritten text despite its variability.

Following the relevant publication by the candidate, the study includes a large-scale
experimental comparison of several state-of-the-art deep learning models, including Bluche,
Puigcerver, Flor, and Scheidl. The Flor model demonstrated the best performance in terms of
metrics such as CER (Character Error Rate), WER (Word Error Rate), and SER.

The KOHTD dataset and the methods developed in the dissertation and described in their
publication have broad applicability in both academic and practical tasks related to natural
language processing, analysis of handwritten archives, and the digitization of examination and
official documents.

lThu;_. the dissertation combines scientific novelty, practical relevance, and a high level of
te‘cpmcal' 1'mplementation, making a significant contribution to the development of computer
vision, digital humanities, and the Kazakh language in the context of artificial intelligence.

‘ As the foreign scientific supervisor, I am satisfied with the overall outcome of the work. |
believe that the dissertqtion of N. Toiganbayeva on the topic "Development of tools and creation
of a database for optical recognition of handwritten text of the Kazakh-Russian language",
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submitted for the degree of Doctor of Philosophy (PhD) in the specialty 6D060200 — Informatics,
meets the qualification requirements for dissertations in the given specialty.
Overall, the dissertation is a complete research work, performed at a high technical level.
and characterized by unity and integrity of the research. The scope of the study and the results
obtained fully comply with the criteria established by the Committee for Quality Assurance 1n
Science and Higher Education of the Republic of Kazakhstan for the award of the PhD degree.

The dissertation is recommended for defense.

Foreign Scientific Supervisor
PhD, Institute of Nanoscience and Nanotechnology,

NCSR "Demokritos"
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«6D060200 - Mudopmarukan Masmanbirs! Gofismira dunocodus goxkrops (PhD) qapesecin
ity ywin ycoubuiran ToliranGaesa Hasryss AGesosuanblit «Kazak-opsIc TifiHiH Koxa30a
MOTIHIH ONTHKANBIK TaHy Yl Kypannap 23ipiey skoHe JepeKTep 6a3acklH Kypy» TaKbpbIObIHa
OpBIHIAFaH ANCCEPTALHSITBIK KYMBICHIHA

WETEJAIK FHLIBIMUA KEHECLUIHIH IIKIPI

Huccepraunsnpik KYMBIC ~ 3aMaHayH Ka3aKCTaHABIK FBUTBIMH KeHICTIKTe e3eKTi api
IKETKINIKTI fenreiine sepTTenmMeren Macese — 3aManayy MALIHHATEIK OKBITY a1icTepi MeH TepeH
HCHPOHMBIK Kedinep Herisinde Kasak Ko/kas6a MoTiHZepiH aBTOMATTHl Typie TaHy
npodsiemackina apHasiFaH. 3epTTeyin 6acTbl MaKcaTsl — Kasak TiJiHAeri Komkasoa MaTIHACPIIH
aralukel aweik aepexrep kopbii (Kazakh Offline Handwritten Text Dataset — KOHTD) kypy.
conpaii-aK OCkl AEPEKTEp KOpbl HerisiHae MaTiHII TaHY MOAENbAEpiH 23ipiey KaHe OapabIH
CaslbICTRIPMANTBI TasAay BIH JKYPrisy.

3eprrey wenGepiune asrop nepexTepni skuHay, LMGOPIAHIBIPY JKdHE AHHOTALHSIAY
OofibiHIa ayKbIMABL JicyMbIc aTkapasl: KOHTD mepektep sxmmarer 3000-HaH acTaM eMTHXaH
fMaparelH KaMTHABI, onapAelH KypambiHAa 140 335-TeH actaM CerMeHTTeNreH KeCKiH JxaHe
wamaset 922 010 Tan6a Gap. AHHOTaUMsIAy NPOLECIH XKY3ere achlpy YLLiH apHaiibl Telegram-
60T o3ipsenin, on epikrinepai THiMAi Typae TapTyra xoHe KpayICOPCHHT TaCLIIH ICKe achIpyra
MYMKiHiK Gepi.

MaTinai xon >koHe ce3 AeHreiiHAe CerMeHTTEy YWIH AMCCEPTALMSANA [CHETHKATEIK
aNrOpHTMIe Heri3fenren e3inaiK aAic ychHbUTraH. By sfic Komkasba MaTIHHIH 2pTYpaLTiriHe
KapamacTaH, OHbI )KOFaphl JJIAIKIeH Oenin amyra MyMKiHAIK Gepai.

YMITKepAiH TaKbIPLINKA KATHICTH! XKapHUIAHBIMBIHA CYfieHe OThIphIN, 3epTTey GapbiChiiia
Bluche, Puigcerver, Flor sxone Scheidl cHAKTBI 3amaHayd TepeH OKBITy MOIeIbAEpiHiH KeH
ayKbIMAbI IKCMIEPHMEHTTIK CaNbICTRIPMANDI TaAAYb! KYpri3inai. Hotmxecinne, CER (Character
Error Rate), WER (Word Error Rate) sxane SER kepcetkiluTepi GojiblHina ex yorapbl THiMALTIKTI
Flor Mozeni kepceTker.

KOHTD pnepexTep KnHAFsl MEH MHCCEPTAIMS asCBIHAA 93ip/ieHTeH dAiCTep TAOMFH Tl
otyley, Komxazba MyparaTTapfibl Tanjay, COHNAi-aK E€MTHXaH JKOHE pPeCMH KYKarTTapisl
UH(ppAaHABIPYFA KaTBICTHl FHUIBIMH-3€PTTEY )KOHE MPAKTHKAIBIK MiHAeTTepae KeHiHeH
KOJIIAHBITY 2JIeyeTiHe He.

Ocbunaiiua, AMccepTalMsfa FBUIBIMU JKAaHAIBbIK, MPAKTHKAABIK MaHBI3ABUIBIK JKaHe
TexXHHKaNBIK iCKe achIpy/IBIH >korapsl AeHreili yilneciM Tamnkan, Oy e3 Ke:}?l‘il{,’lf‘: KOMITBIOTEPIIK
Kepy, LH(pPAEIK TYMaHHTAPHCTHKA JKOHE JKACAHIBI WHTEIUISKT KOHTEKCIHIEri Ka3ak TiMiHiH
JamybliHa efeyii ynec Kocaabl. )

IlleTenaik FBUIBIMHM JKETEKLII PEeTiHAE MEH aTKApBUIFAH JKYMBICTHIH JKalNbl HITHXKeCiHe
kaHarartadambiH. H. Toiran6aeBaHbIH 6DO60290 — «MHbopmaTnka» MaMaHTbIFEL 60ﬁbmm’a
Qunocodus soxrops! (PhD) aapexecid any YUl yChiHbLIFaH «Kazax-opsic TLTHIR KO/bKa30a
MATIHIH ONTHKABIK TaHy YIUINH Kypangap 931pfey JKSHE 1epeKTep 0a3achiH Kypy»
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TAKbIPLIOBIHAAFEI  HCCePTALHABIK JKYMLICK aTairaii MAMaHZblKKa Koibuatei Gimikrinik
TaJanTapbIna TOJLIK Calikec Kenexi gem ecenteitmin,

JKanmb! anranna, AHCCEpTAUNANBIK JyMBIC JOFapS! TeXHUKANBIK AEHTelile OpBIHAATFaH,
3epTTeYAiH GIPTYTACTLITEl MeH TOABIKTBIFLIN caKTaii OTLIPKIN, TOMLIKKAH/b! FbULLIMH-3EPTTCY
enderi Gombin Tabbazbl. 3eprrey kenemi Men aniiran HoTienep Kasakcran Pecnyonukackl
FBInBIM JkaHe 3KOFaph! GiftiM canachlia camaHbl KaMTamachki3 €Ty KOMHTETI GearinereH PhD

AapeikeciH TaraiibiiAay KeHiHAeri TananTap MeH kpuTepuiinepre TonbIK caiikec keea.
AiccepTauus el Koprayra ycsiHyra Goafbl.

[UeTenzii FeIBIMHU KeHecmi,
PhD, HaHOFBUTBIM 5k9HE HAHOTEXHOJIOTHS
MHCTHTY B «DEMOKRITOS) YF30 [TpoBato AcTepo

/Kobl 6ap, Mepi bap/
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