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The research work of Zholamanov Batyrbek is devoted to one of the most relevant
directions in modern Internet of Things (lIoT) technologies - improving the accuracy of node
localization in wireless sensor networks (WSN) based on LoRa technology, as well as enhancing
the energy efficiency and reliability of data transmission in LoRaWAN networks under high-
density node conditions. The research integrates machine learning methods, numerical modeling,
and reinforcement learning algorithms, making the study interdisciplinary and fully aligned with
current scientific trends.

The relevance of the study is determined by the widespread implementation of monitoring
and control systems within the concepts of smart cities and smart buildings. The accuracy of indoor
node localization and the stability of data transmission play a critical role in the development of
scalable and energy-efficient 10T systems. Traditional RSSI-based localization methods are
sensitive to environmental changes, require extensive measurement campaigns, and often do not
provide sufficient accuracy. Moreover, the standard Adaptive Data Rate (ADR) mechanism in
LoRaWAN exhibits reduced efficiency in high-density network environments. Therefore, the
development of new approaches that combine ML-based models, radio-propagation simulations,
and adaptive algorithms is both timely and highly significant.

The structure of the dissertation, as described in the annotation, covers three main research
tasks: (1) modeling signal propagation and using obtained parameters to improve the accuracy of
radio-map construction; (2) applying transfer learning to build RSSI radio-maps in new indoor
environments while reducing the required amount of experimental data; (3) developing and
investigating a reinforcement learning—based algorithm for optimal selection of transmission
parameters in LoRaWAN networks. Each of these directions addresses relevant scientific
challenges in the field of wireless sensor systems and contributes to the development of intelligent
localization methods and data-transmission optimization techniques.

The author obtained the following significant scientific results. First, it was demonstrated
that introducing the parameter "estimated distance”, derived from signal-propagation modeling,
increases the accuracy of radio-map construction by 3.75% compared to models based solely on
RSSI. This result, confirmed by experimental data, highlights the importance of integrating
numerical radio-environment characteristics into ML-based localization models. Second, a
transfer learning method was implemented, enabling the construction of an RSSI radio-map in new
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indoor environments while using only 20% of experimental data, with localization accuracy
remaining above 91%. This outcome shows high practical value, as it substantially reduces the
labor-intensity of deploying positioning systems. Third, a DDQN-PER algorithm was developed
and investigated, resulting in a 17.2% increase in the LoRaWAN packet delivery ratio compared
with the standard ADR. This result is particularly important for dense 10T networks, where the
stability and energy efficiency of data transmission are critically significant.

The methods applied in the research - including numerical modeling, neural-network training,
LoRaWAN simulation in NS-3, and reinforcement learning - correspond to modern trends in
telecommunications and intelligent systems. The author demonstrates a deep understanding of
machine-learning methods, strong modeling skills, and the ability to integrate various approaches
to solve complex scientific problems.

The author’s publication activity, which includes three papers in Q1-Q2 Web of Science
and Scopus journals, confirms the high scientific quality of the obtained results and their
recognition by the international academic community. It also indicates the author's experience in
preparing scientific publications and presenting results at the international level. Overall, the
research work of Zholamanov Batyrbek represents a completed scientific study containing
significant results in the field of node localization and LoRaWAN network optimization. The
research integrates theoretical originality, practical significance, and a well-structured
implementation of all stages of the study.

I conclude that the work meets the established standards for conferring the degree of Doctor of
Philosophy (PhD) in the field of “Radio Engineering, Electronics and Telecommunications,” and | fully
support granting the PhD degree to the author.

Yours faithfully,

Omer Faruk Beyca

Associate Professor of Industrial Engineering

Faculty of Management, Istanbul Technical University
beyca@itu.edu.tr

+90 551 109 4103.
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PhD auccepTauHAackiia
«CBIMCBI3 CEHCOPABLIK Wediepae MAIHHAILIK OKbITYMEH Tyilinaepi JoKAIHIAUNANAY naaairin
wane aepexTepai xibepy THIMALIITIR ApTTLIPY?
JKonamarios Barupbex
DeKTPOHNKA KaHe acTpodusnka Kapeapacs!
an-Dapabu ateiHaarsl Kasak yaTTbiK YHHBEPCHTETI

Wonamanos BarteipbekTii FhUILIMM  3epTTey okyMbickl kasipri 3arrap MureperTi (IoT)
TEXHONOTHANAPLINAAFEl eH o3ekTi OarsiTrapasin Gipine - LoRa TexnonorHschita HerisnenreH ChIMChbI3
cencopnbik xeninepae (CCX) Tyitinaepain nokanusauus J2AMiriH apTTeIpyra, conjali-ax TyiiHAEpAiR
sOFapB! THITKI3ABIFSI Xaraalisinna LoRaWAN sxeninepinse nepextepii kiGepy ceHiMuiniri MeH IHEprus
THIMALNITIH XAKCAPTYFa ApHATFaH. 3ePTTey KYMBICh! MALIMHATBIK OKITY STICTEPiH, CAHILIK MOAE/BACYAI
JKoHE KyIeiiTinred oRbITY anroputMaepin Gipiktipeni skane naHapaliblK CHIOATKA He api Kasipri FHUIBIMH
TeHACHUMANAPFA TONLIK CalKkec eTe.

JepTTeyain O3EKTININ «aKbUULBl Kananapy ®oHe «aKbljibl FHMApaTTapy TYHbIPbIMAZMANAPLI
afchIHAA MOHMTODHHT aoHe OGackapy kyHesepiHiH KeH Kenemae eHTisinmyiMeH ailkbiHaanadsl.
Fumaparrapaa Ty#ingepai  nokamusaumsnay nandiri MeH  gepextepdi  KiOepyaiH TYpPaKThUIbIFH!
MaclWITaGTanaThii KaHe sueprus THiMai 1oT wyfienepin gamuiTyaa mewymi pen atkapaasl. Jactypai
RSSI-re Herizmenren NOKANH3AlUMA JjicTepi OpPTAHLIH e3repyiHe oTe celiMTan, KeH Kenemal enwey
HAYKaHAAPbIH Tanan ereai oHe xebiHere KameTTi AangikTi KamTamaced etnedai. CoHbiMed Katap,
LoRaWAN enicinaeri cranaaprts! Adaptive Data Rate (ADR) mexannami TyHiniep Teirbi3 OpHanackaH
swarnaiina THimainirin Tomengereni. CoHABIKTAH MALIHHANBIK OKBITY 2AICTEPiH, PAAHO TONKLIHAAPEIHBIH
TapanybiH CaHABIK MOJENb/CYI XKaHe ajanTHBTI anropuT™iaepal OIPIKTIPETiH xkana Tacinaepa azipney
AOFaphl MaHbI3Fa He,

AHOATnana CHNATTANFaRnai, JHCCEepTALMAHLIH KYPBUIbIMBI YLI HErisri FuilbIMH  MiHASTTI
KaMTiab: (1) CHrHANALIH TAPAnYblH MOIE/NLALY KIHE ANbIHTAH NapaMeTPACPAl PAIMOKAPTAHbIH JASNAITTH
apTTHIPY YUIiH Konaany; (2) xana Geamenepae RSSI pannokaprachii Kypy yuwin Tpancdepiik OKBITYbI
nafiianany koHe KDKETTI 3KCNepUMEHTTIK aepextep kesnemid asaiity; (3) LoRaWAN keninepinae
ONTHMAN B! Kibepy MapaMeTpaepin TaHlay YiliH KyweHATiAreH OKuITYra Herisfenren anropuT™ai a3ipney
JKaHe 3eprTey. ATalraH GarbITTapablH 9PKANCHICE CHIMCHI3 CEHCOPNBIK KYHEenep canacuHiarkl ©3ekTi
FRINBIMK Macesenepal Welieai KaHe HHTEMNCKTYANbl NOKaIH3aluHA anictepi Men aepextepai wiGepy
yAepicin ONTHMH3ALMANIAY TEXHONOTHANAPEIN IOAMBITYFa Eneyni YAeC KOCalhl.

ABTOp TeMeHeriaell MaHbI3Abl FHUILIMK HATHIKEACPre KOM JKeTkisAl. Bipinuwinen, curnanasiy

_ MOJICTBAEY HEri3iHAe aNbIHFAH (ecenTe/red KALBIKTBIKY NapaMeTpiH eHrisy pazuoKapTaHbl
ﬁ#ﬁ" ponairin Tex RSSl-re rana HErisiered MoACALAEPMEH CcanbiCTeiprania 3,75% apTrhipaTbiHb
mpi:u'nnm. OKCMEPHMEHTTIK  JCPEKTEPMEH pactanrad Oyn  HITHKE panHOKapTaHbiH  CAHABIK
CHOATTAMANAPLIH  MAWIMHANBIK  OKBITYFA  HEri3fenred  NOKAnH3auus MoaenbjepiHe  eHri3yAin
MAHLIBLIBITBIH nanenaerai. Exinwinen, Tpanchepnik okuiTy d4ici icke achipbiibin, Aana Genmencpae
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RSSI panuokapTackin Tex 20% skcnepumentrik aepekrtepni mafinanana OTHIPbIN KYPYFa mymkingix
Gepeal, & JIOKUHIAUMA - nonairi 91%-pan xkorapw genrefine caranibl. Byn Hatwke wyfenepai
MactuTa:STa}f 0apbiChIHAA CHOCK LLIBIFLIHLIH e/19yip asaiTaThIHALIKTaH, KOFApL NPAKTHKANLIK MaHbI3FA He.
YutiHuwiAeH, DDQN'PER AnropuTMi asipienin, seprresni wane onbin LoRaWAN skenicinze crangaprrs
ADR MexaHH3IMIMeH Callb‘lcTh[pP&H.ua maKkerTepai wetkisy koadduimentin 17,2% aprreiprams
aHbIKTAAABI. By BaTibke ocipece Tyifinaep Toireis opuanackan loT xeninepinge nepexrepni xiGepyaix
TYPAKTBUIBIFL] MEH 3HEPIUS THIMAINIr yuwin aca Mansi3abl. 3eprreyje KOIAAHBUIFAH DAICTED - CAHIBIK
mojie/bAeY, HEHPOHABIK weninepai okwity, NS-3 opracsimna LoRaWAN sesicin cumynsunsnay wane
KyweifTinreH OKBITY - TeACKOMMYHHKAUMANAD MeH HHTENNEKTYanbl *Kyfienep canachlHiarsi Kasipri
FRUTBIMH TPEHATEPTE TOMBIK Calkec Kenedi. ABTOP MALIHHANLIK OKBITY TaCINNCPiH TEPEH MeHIrepreHin,
oraphl ICHIeAeri MOebAey AaF/IbIIAPIH KIHe KYPAEN: FhUIbIMH Mocenenepai wewy ywin aprypai
apictepai Gipiktipy kabinerin kepcereni.

ABTOPbIH KapHAnaHbIMAbIK Oencenniniri - Web of Science wane Scopus Gasanapemgarst Q1-Q2
CAHATBIHAAFB! Y1 FHUIBIMH MaKana - albiHFaH HATIOKENEPIiH JKoraphl FbUTLIMH AeHTeHiH KaHe onapibii
XANbIKApANBIK AKAACMHANBIK KOFAMIACTHIK Tapanbiiad molbHaanraneld ganengefinl. Byn connai-ax
ABTOPALI FHUILIMH MaKa/anap Aaspaay xaHe HaTHKENep/li XalbiKapansiK ACHreiine yebiHy Takipubecinin
Gap exeHin kepcerei. '. T

| W amnet, Xonamanos bareipbexTiH 3eprrey mymbichl TYHIHASpAl, NOKaAM3aUKANAY HKIHE
LoRaWAN enifiepid ONTHMH3ALHANAY CANACKIH/IA eneyill HATHKEeNepre He aaKTanFaH FeUIBIMH 3EPTTEY
Gonbinl Tabbinagsl. ACYMBIC TEOPHANBIK KAHANBIKTH, MPAKTHKATBIK MAHRBALUILIKTS JKaHE 3EPTTEY
Keser/epinin xKyieni opeiHaanysin yiiaectipeni. : 3

JuccepTallManblk  Kymbic  «Paguotexunka, 2EKTDOHHKA XOHE TencKOMMYHHKaLHANApH
saMaHabiFbl Gofibinia dunocodus nokrops (PhD) aspesecin Gepy TananTapbita TOABIK COHKEC KEACAI
jten ecerrrefiMin skane asTopra PhD reinbiMi Aapesiecin Gepyi TONbIK Kunuaﬁmm_u_.
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OnepKacinTik MKRAKPHHET KadeapachiHbIR JOUCHTI .
“MenemkmenT daxynbTeri, CTambyn TEXHHKANBIK YHHBEPCHTETI

beyca@itu.edu.tr

+90 551 109 4103.
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