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Thed

1.

issertation presents genuine scientific novelty in the following respects:

The unified dual-use platform concept combining teleoperation and post-stroke
rehabilitation in a single 6-DOF humanoid arm is, to the reviewer's knowledge, not
directly replicated in the existing literature, which typically addresses these
application domains separately.

The systematic comparative framework for six trajectory planning methods applied
to the same robot platform, with context-specific operational recommendations,
constitutes a useful synthesis contribution.

The principled mapping between patient rehabilitation state
(passive/assistive/resistive/tremor-suppression) and impedance parameter values,
integrated with the adaptive trajectory planning concept, represents a structured
clinical-engineering bridge that is deployable in practice.

The full Euler-Lagrange dynamic model grounded in SolidWorks-derived mass-
inertial parameters, verified numerically, provides a high-fidelity simulation platform
for future control development on this specific arm.
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Some minor modifications will enhance the dissertation.

1. Add a formal stability analysis or Lyapunov argument for the impedance control
scheme.
2. Include at minimum basic experimental validation results with the physical

prototype.

It is a genuine pleasure to provide this supervisory review of Bekzat Amanov's doctoral
dissertation. Dynamics and Control of a Humanoid Robotic Arm represents a substantial,
well-organized, and technically rigorous contribution to the fields of humanoid robotics,
rehabilitation engineering, and teleoperation. The candidate has demonstrated both the
breadth required of a doctoral scholar and the depth expected in a focused research
investigation. The work clearly satisfies the requirements for the degree of Doctor of
Philosophy.

It has been a privilege to serve as foreign scientific supervisor on this project, and | look
forward to seeing this work continue through experimental validation and high-impact
journal publication.

Best Regards,

Sarosh Patel, Ph.D.
Associate Professor, Computer Science & Engineering
Interim Chair, Biomedical Engineering

Director, Interdisciplinary Robotics Intelligent Sensing and Control Lab
Director, Advanced 3D Printing and Prototyping Lab

School of Engineering, University of Bridgeport, CT 06604, USA
Email: saroshp@bridgeport.edu
Phone: +1 (203) 576 - 4408
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bpumxnopT yHuBepcureTi

Wmxenepus: mexteOi,
KoMnbroTepilik FEUIBIM JKOHE HHXKEHEpHs Kadeapacsl

JOKTOPJBIK AUCCEPTAIIUAT A IIIKIP
Lllemenoix evibiMu KeHeculiniy niKipi

I3znenymi: AmanoB bexzat OHIachIHYIIBI

JAuccepranusiHbIH TAKBIPBIOLI: "I 'YMaHOHATEI pOOOTTaHABIPEUIFAH KOJIABIH JTHHAMHKACHI XKOHE
Hackapysr"

binim 6epy 6armapiaamacer: @unocodus goktopsl (PhD), 6D060300-Mexanuka (poboT
TeXHHUKAIBIK JKYHenep)

Mekewme: On-Dapabu areingarsl Kasak yiITThIK yHUBepcUTeTi, AnMaTsl, KasakcTan
PecnyOaukacsr

Peuensent: nmpodeccop Capomr [Tarens, Bpumknopt yausepeureri, AKIII

Penensus kyni: 2026 »bUIIBIH MaMBIPEI

,ancepTaum KeJeci acneKTinepne [IBIHAMEI FRUTBIMH KAHAJBIKKA HE:

1. Tenebackapynbl >KoHe HHCYJIBTTAH KeHiHIl OHanTyael Olp TIyMaHOMATHI KoJjjaa
OipikTipeTiH Koc MaxcarThl OipblHFai MuaTdopMma TYKBIPBIMIAMAChl, PEIEH3EHT
OineTiHael, KongaHbICTarkl dnebuerrepe Tikeneil GamaManapsl XOK, olap 9IETTe
OCBI KOJIaHy caaaapblH 00JeK KapacThIpaibl.

2. Bip pobGorranaelpeulraH  mnatgopmana KOJJAHBUIATBIH — alThl  TPACKTOPHSHEI
JKoclapiay — oicTepiHe apHalFaH, KOHTEKCTKe OarbITTalFaH  ONlepallHsIBIK
HyCKayJlapbl 0ap SKYWEeICHI€H CaJbICTBIPMabl KYPhUIBIM Iai[albl CHHTETUKAIIBIK
yiiec O0JIbIT TaOBUIAEL

3. HaykacTsl OHAJITY araaisl (IIaCCHBTI/KOMEKII/PE3HCTUBTI PeXHUM/TpeMop bl 6acy)
MEH TPaeKTOPUSAHBI aJaNTHBTI JKOcmapiay TYXKbIpbIMJaMackIMeH OipiKTipiireH
HMIIEIAHC ~ TIapaMeTpiepinin  MoHmepi  apachiHmarsl — TyOereimi — colikecTik
MPaKTHKANBIK ~KOJJAHYFa JKapaMIObl KYPbUIBIMIBIK — KIHHHKAJIBIK-HHKECHEPIIK
Oaiianbic OOMBIN TaObUIAIBI.

4. SolidWorks keMmeriMeH albIHFaH JKOHE CaH[BIK Y/rIeyMEeH pacTalfaH KeIlIIiliK-
MHEPIMSUIBIK, ~ TapameTpiaepre  HerisgenreH  Diinep-JlarpamkiplH — TOJBIK
NIMHAMHUKAJIBIK Yirici GepinareH poOOTTaHIBIPBITFAH KOMIMeH Oackapy KyHenepin
OJlaH dpi JaMBITY YIIIH KOFapbl AJIIIKTer] YITijaey miaT¢opMacklH YChIHAIEL.
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BpuIKIIOPT YHHBEPCHTETI

Wmkenepus MekTeo1,
KoMITBIOTepITiK FBUTBIM XoHe HHKEHepHs Kadenpacel

Keiibip kimmiripim Ty3eTyJep AuccepTalMsaHbl )KaKcapTa alajibl.

1. WmnenancTsl Oackapy cxXeMmachl YIIIH PEeCMH TYPaKTBUIBIK TajlJayblH HEMECe
JISmyHOB HEri3ieMeciH Kocy.

2. DUMKANBIK [POTOTHITI KOJJAHA OTBIPUI, KeM JEreHjie OKCIEPUMEHTTIK
BaJIMIAIMAHBIH HETI3r1 HOTHKENEPIiH KOCY.

Mex Bek3aT AMaHOBTBIH OCHI JOKTOPJIBIK AHCCEPTAIMsACHHA FEUIBIMU KEHECIIiHiH MiKipiH KyaHa
YCHIHAMBIH. "T'yMaHOMATEl POGOTTaHIBIPBUIFAH KOJIABIH JHHAMMKACBl JKOHE backapy"
JECCEepTAlUAChl TYMAHOMATEI POOOT TEXHUKACHL, OHAITY MHIKEHEPHSCHI JKOHE tenebackapy
CaTACHIHIAFI AHTAPIIBIKTAH, KAKCE! KYPBUTBIMIATIFAH KOHE TEXHHKAIBIK HETi3eNTeH Yiiec 0obim
TaGbulampl.  [3MeHYmIi  JOKTOpaHTTAaH —Tajlall  €TUIETiH  JaHbIHIBIKTBIH KeHIIrH 7€,
MAMAHIAH/BIPBUIFAH FRUTBIMM 3€pTTeYIep/eH KYTIIETiH TepeHMiKTI ne kepcerTi. JKyMmBIC
®unocodus noxropst (PhD) nepeskecine KOHBLIATBIH TAJIAITAPFA TOBIK COHKEC KeJtesi.

Ochl 5%06AHBIH IIETeNIK FRUIBIME KeHecutici 6oy MeH Y MapTeOe 60i1bl xKaHe
SKCIIEPUMEHTTIK BaJIuaLKs JKOHE JKOFaphl peHTHHITI FRUIBIMH Ky pHAJIIAPAA KapHATAy apKbLIbI
OCBI JKYMBICTBIH OJIaH 9pi IaMybIH KOPEMiH JeT YMITTeHEMIH.

I3ri TinekTepmeH,

/KONBY/

Capou [Tatens, PhD

KOMIIBIOTEPIIiK FHUIBIM JKOHE HHIKCHEPHs KadeapackiHbIH KaybIMAaCThIPbUTFaH npodeccopsl
BroMe MIIMHAIBIK HEKeHepHs Kadeapacsl MCHIepyIIiciHiH MiHIETIH aTKapy bl

Po6GOT TeXHHKA, HHTEIUICKTYaIIbl CEHCOPIBIK XKYliernep skoHe OacKapy [1oHapalbiK
3epPTXaHaChIHBIH JUPEKTOPBI
Kertinaipinren 3D Gachln WIEFapy KOHE MPOTOTUNTEY 3ePTXaHACHIHBIN AHPEKTOPLI

Wnxenepus Mektebi, BpumknopT ynusepcuteti, KOHHEKTHKYT 06604, AKILI
JeKTPOHIBIK momnTa: saroshp@bridgeport.edu
Tenedon: +1 (203) 576-4408
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