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1. General Overview

The dissertation of Olzhayev Olzhas Muratuly presents a highly relevant and timely study devoted
to the automated monitoring of road pavement conditions using deep learning methods and
continuous video data analysis. The work addresses significant socioeconomic and public safety
challenges associated with road infrastructure degradation. As noted in the study, poor road
conditions are a considerable contributing factor to severe traffic accidents.

The author convincingly argues that traditional manual inspection methods are costly, time-
consuming, and highly subjective. In response, the dissertation substantiates the need for
intelligent, real-time video-based monitoring systems capable of providing continuous, objective,
and scalable road condition assessments.

2. Scientific Novelty and Methodological Contributions

The primary scientific contribution of the dissertation is the development of TCR-RoadNet, a multi-
task deep neural network architecture designed for the simultaneous detection, classification, and
pixel-level segmentation of road surface defects. This integrated approach significantly improves
system efficiency and consistency compared to single-task detection models.

To address the inherent limitations of conventional convolutional neural networks in modeling
long-range spatial dependencies, the author introduces a Transformer Context Refinement
(TCR) module. This cross-scale attention mechanism enables the model to distinguish genuine
structural defects—such as fragmented cracks and potholes—from complex visual artifacts,
including shadows, water glare, and road markings.

Furthermore, the proposed architecture incorporates decentralized computational heads for
bounding box regression, defect classification refinement, and boundary-aware segmentation. This
modular design enhances semantic precision and contributes to improved detection and
segmentation accuracy.

3. Experimental Evaluation and Results

The proposed methods are validated through extensive experimental studies. Training and
evaluation were conducted using a large-scale dataset comprising approximately 80 hours of
custom field video recordings, as well as the internationally recognized RDD2022 dataset.



The experimental results demonstrate the high effectiveness and robustness of the proposed
approach. The developed model achieved a mean Average Precision (nAP@0.5) of 0.8718 for
detection tasks and a mean Intersection over Union (mloU) of 0.8129 for segmentation. Despite
the complexity of the multi-task architecture, the system maintains a real-time processing speed
of 57 frames per second (FPS), confirming its suitability for deployment on edge and embedded
platforms.

4. Practical Significance

The practical significance of the dissertation is substantial. The proposed system enables real-time,
scalable, and cost-effective road condition monitoring, which is essential for modern intelligent
transportation systems. The ability to operate reliably under varying environmental and visual
conditions highlights the applicability of the developed solution in real-world infrastructure
management scenarios.

The research outcomes have strong potential for practical implementation by road maintenance
authorities and smart city initiatives, contributing to improved road safety, reduced maintenance
costs, and data-driven infrastructure management.

5. Conclusion

In conclusion, the dissertation of Olzhayev Olzhas Muratuly represents a substantial, original, and
scientifically sound contribution to the field of Al-based road infrastructure monitoring and
intelligent transportation systems. The work demonstrates strong theoretical grounding, high
technical competence, and clear practical relevance.

The dissertation fully meets the academic and methodological requirements for doctoral research
and complies with international standards for the award of the Doctor of Philosophy (PhD)
degree in Data Science. The author deserves to be awarded the stated academic degree.
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OT3bIB

HHOCTPAHHOIO0 HAYYHOI0 KOHCYJbTAHTA Ha JUCCEPTalMOHHYIO pabdory OJukaeBa Ounkaca
Mypartyabsl Ha TeMy «Pa3spabdoTrka cucTeMbl OOHapyXKeHHMsI TOBPEXKICHHH A0por c¢
HCII0JIb30BAHMEM METO0B IIy00KOro 00y4eHusi HA OCHOBE BUACOJAHHBIX»,
MPEJCTaBICHHYIO Ha COMCKaHUE CTEIIEHU JOKTOpa dunocopun (PhD)
ObpasoBarenpHas nporpamma: 8D06105 - Hayka o 1aHHBIX.

1. O0muii 0630p

HuccepranonHas pabora OimxaeBa Okaca MypaTyisl mpeacTaBiseT co0oil  BecbMa
aKTyaJJbHOE U  CBOEBPEMEHHOE HCCJEOBaHUE, IOCBAUIEHHOE AaBTOMAaTU3UPOBAHHOMY
MOHUTOPHHTY COCTOSIHMSI JTOPOXKHOI'O TIOKPBITUSL C HCIOJb30BAaHMEM METOAOB TITyOOKOro
00y4YeHHs ¥ HEMPEPhIBHOIO aHAJIM3a BUJICOJaHHBIX. PaboTa 3aTparuBaeT 3Ha4MMBble COIIMAIBHO-
SKOHOMMYECKHE BOIIPOCHI U BOIPOCHI OOIIECTBEHHOW 0€30I1aCHOCTH, CBSI3aHHBIE C Aerpajanuei
JIOpokHOM MHppacTpykTypsl. Kak oTMmedaercs B HCClI€OBAaHMM, HEYIOBIETBOPUTEIIBHOE
COCTOSIHUE JIOPOT SIBJISETCSl CYILECTBEHHBIM (DaKTOPOM, CIIOCOOCTBYIOIIMM BO3HHUKHOBEHUIO
TSKENBIX JOPOKHO-TPAHCIIOPTHBIX TPOUCIIECTBUM.

ABTOp yOeanuTeIbHO 0OOCHOBBIBAET, YTO TPAJUIIMOHHbBIE METO/Ibl PyYHON MHCHEKINH SIBISIOTCS
JIOPOTOCTOSIIIIMMHU, TPYLOEMKUMU U B 3HAYUTEIBHON CTENEHU CyOBEKTUBHBIMU. B CBs3M ¢ 3TUM
B JHUCCEpPTAallMM apryMEHTHPYETCSI HEOOXOIUMOCTb CO3JaHUSl HMHTEJUIEKTYalIbHBIX CHCTEM
MOHUTOPHHIAa Ha OCHOBE BHJCOAAHHBIX B pPEKUME pEATbHOIO0 BPEMEHM, CIHOCOOHBIX
o0ecrieunBaTh HEMPEPHIBHYIO, OOBEKTHBHYIO U MACHITA0OMPYyEeMYyIO OLIEHKY COCTOSHHS
JIOPOKHOTO MOKPBITHS.

2. HayyHasi HOBU3HA M MeTO/0JIOTHYeCKNH BKJIAJ

OCHOBHBIM Hay4YHBIM BKJIAJIOM JUCCEPTAIIMOHHOU paboThl sBisieTcs paspadbotka TCR-RoadNet
- MHOTO33JJayHOH apXUTEKTypbl TIyOOKOW HEHpOHHON ceTH, MpeaHa3sHAYCHHOH s
OJIHOBPEMEHHOTO OOHapy>XeHHSs, KIacCU(PUKAIIMU ¢ THKCEIbHON CerMeHTalnuu Je(deKTOB
JOPO’KHOTO ~ MOKPBITUS. Takoll  MHTErpUpOBAaHHBIM MOAXOJ  CYHUIECTBEHHO  IOBBIIIAET
3¢ (EKTUBHOCT U COIVIACOBAHHOCTH pabOThI CHUCTEMBbI IO CPaBHEHHIO C OJHO33JauHBIMU
MOJICJISIMH OOHAPYKEHUS.

Jlns mpeoioyieHusl MPUCYIIUX TPAJAUIIMOHHBIM CBEPTOYHBIM HEHPOHHBIM CETSIM OTpaHUYEHUU
IpU  MOJEIMPOBAHUU MPOCTPAHCTBEHHBIX 3aBHCHUMOCTEN JAIBHETO JIEMCTBUS aBTOPOM
MPEJJI0KEH MOTYJIb YTOUHEHHMSI KOHTEKCTA Ha ocHOBe TpaHcpopmepa (Transformer Context
Refinement, TCR). JlanHBII MeXaHW3M MEXKMAcCIITAOHOTO BHHUMAHHS IO3BOJISIET MOMACIH
pa3nuyaTh peallbHbIe CTPYKTYypHBbIE Ae(PEKThl, Takue Kak (parMEHTHPOBAHHBIC TPEIIUHBI U
BBHIOOWHBI, W CJIOKHBIE BHU3YyaJbHbIC apTe(axThl, BKIIOYAs TEHU, OJUKU BOABI U JTOPOKHYIO
pa3MeTKy.

Kpome Toro, mpemioxkeHHass apXUTEKTypa BKIIOYAET JIECHEHTPAIN30BAHHBIE BBIYMCIMTEIIBHBIC
MOJYJIM Ul PErpecCUd OrPaHMYMBAIOLIMX PAaMOK, YTOUYHEHHUS KilacCUpUKaluU Je(peKToB U
CerMEHTAIMM C Y4&ToM TpaHull OO0beKTOB. Takas MOIynbHas CTPYKTypa IOBBIIIAET
CEMAHTUYECKYyI0 TOYHOCTh U CIHOCOOCTBYeT YJIYUYIIEHMIO KadyecTBa OOHapyXeHHs W
CEerMEHTAalLUU.

3. JkcnepuMeHTAJbLHAS OLlEeHKA U Pe3yJibTaThl

[pennosxeHHBIE METO/ABI IOATBEPIKICHBI OOIIMPHBIMHU HKCIIEPUMEHTAIBHBIMU UCCIIEAOBAHHUSIMU.
OOydeHue u OIEHKAa MPOBOIMWINCH C MCIOJIB30BAHWEM KPYIMHOMACIITAOHOTO HAa0Opa ITaHHBIX,



BKJTIOYAIOIIETO NMPUOIM3UTENHHO 80 4YacoB M0JIb30BaTeIbCKMX MOJEBBIX BHAeO3aNucei, a
TaKK€ MEKIYHAPOJHO NPU3HAHHOTO Ha0opa nanHbIx RDD2022.

Pe3ynbraThl 3KCIEPHUMEHTOB JIEMOHCTPUPYIOT BBICOKYIO 3()()EKTUBHOCTH U YCTOMYMBOCTH
MpeIoKEeHHOro nojaxonaa. PaspaboTaHHast MOJelb JOCTUIVIA 3HAYEHHMS CpelHell TOYHOCTH
ooHapy:xxeHusi (mean Average Precision, mAP@0.5) 0,8718 nns 3amau oOHapykeHUS U
cpeaHero kod(g¢puuuenra nepecevyeHus mo odbennueHuo (mean Intersection over Union,
mloU) 0,8129 s cermentanuu. HecMOoTpst Ha CIOXKHOCTh MHOI03a/ladyHON ApXHUTEKTYPBI,
cUcTeMa MojAepKuBaeT oOpabOTKy JaHHBIX B PEXKUME PEaTbHOTO BPEMEHH CO CKOPOCThIO 57
kaapoB B cexkyHay (Frames Per Second, FPS), uto noarBepxmaer e€ mpuUrogHoCTb AJs
BHEJIpEHUS Ha Mepu(EePUITHBIX U BCTPAMBACMBIX IIaTPopMax.

4. IlpakTNyeckas 3HAYUMOCTh

[IpakTrueckass  3HAYMMOCTb  JWCCEPTAIMOHHOW  pabOTBl  SIBISETCS  CYIIECTBEHHOM.
[IpennoxxenHas cucreMa oOecreyrBaeT MOHUTOPHHT COCTOSIHUS JOPOXKHOTO TOKPBITUS B
peKHME  peanbHOro0  BpPEeMEHH, oO0yagas  MacmTaOupyeMOCThIO U DKOHOMHUYECKOMH
3¢ (PeKTUBHOCTBIO, YTO OCOOEHHO BAXKHO JUISI COBPEMEHHBIX MHTEIIEKTYaIbHBIX TPAHCIOPTHBIX
cucteM. CHoCOOHOCTh CHUCTEMBI HAAEKHO (YHKIMOHUPOBATH B PA3TUYHBIX  YCIOBHSIX
Opr)KaIOH_Ieﬁ CpCabl U TIPHU CJIOXKHBIX BU3YaAJIbHBIX YCIIOBUAX HOI[‘-IépKI/IBaeT MMPUMCHUMOCTDb
pa3pabOTaHHOIO PELIEHUS B pealbHBIX CLIEHAPUSIX YIPaBICHUS HHPPACTPYKTYpOil.

PesynbTarel uccnenoBanusi 007aalOT BBICOKMM IMOTEHIIMAJIOM MPAKTUYECKOTO BHEIPEHUS CO
CTOPOHBI OPT'aHOB JIOPOKHOTO OOCITY)KMBAHUS W MHUIMATUB «YMHOI'O T'OPOZa», CIIOCOOCTBYs
MOBBIIIEHUIO 0€30MaCHOCTH JOPOXKHOI'0 ABHIKXCHUA, CHHIKXCHHUIO 3aTpaT Ha TEXHHUYCCKOC
o0ciTy’kKMBaHUE U PA3BUTHIO YIIPaBIIeHUSI HHPPACTPYKTYpOil HA OCHOBE JAHHBIX.

5. 3akiaoueHnue

B 3aimroueHue crexyer OTMETUTb, YTO JuUccepTanMoHHas pabora OukaeBa Oupkaca
Mypartyasbl npenctasisier co0oil 3HAYUTENbHBINA, OPUTHHAIBHBIA W HAayYHO OOOCHOBAHHBIN
BKJIaJ B 00J1aCTh MOHUTOPHMHIA JOPOKHON HHPPACTPYKTYPbl HA OCHOBE MCKYCCTBEHHOIO
HHTENJIeKTa W MHTE/UIEKTYaJbHbIX TPAHCHOPTHBIX cHcTeM. Pabota nemMoHcTpHupyer
IPOYHYIO TEOPETUYECKYI0O OCHOBY, BBICOKMI YPOBEHb TEXHUYECKOM KOMIETEHTHOCTH M
OUYEBHUJHYIO NPAKTUYECKYIO 3HAYUMOCTb.

HuccepranoHHas padoTa MOJHOCTBIO COOTBETCTBYET aKaJE€MHYECKUM U METOJOJIOIMYECKHM
TpeOOBaHUAM, MPEIBABISEMbIM K JOKTOPCKUM MCCIEAOBAHUAM, a TaKKe MEXIyHapOJHBIM
CTaHAapTaM MPUCYXACHUS cTeneHu AoKTopa ¢puiaocopuu (PhD) no nanpasnenuro «Hayka o
AAHHBIX». ABTOp 3aCITyKUBAET NMPUCYKICHUS YKa3aHHON aKaJeMUYECKOM CTENEHU.
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