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REVIEW
of the Dissertation Abstract by Sun Xilong
"Mathematical modeling of intelligent control processes for a robotic

manipulator"

submitted for the degree of Candidate of Sciences (PhD)
Specialization 1.2.2 — Mathematical modeling, numerical methods and

program complexes

The dissertation work of Sun Xilong is devoted to the development of
mathematical modeling methods for hybrid dynamic systems of manipulator
control. The main focus is on integrating dynamic movement primitives with
reinforcement learning methods, as well as introducing an optimal replay buffer
mechanism to accelerate algorithm convergence. The research objective 1s to
improve the computational efficiency of learning processes and the accuracy of
multi-step task execution through the development of a hybrid modeling method
and hierarchical control architecture. The dissertation develops new numerical
methods for stochastic optimization and creates a suite of problem-oriented
programs based on ROS for implementing the proposed models. Additionally, the
possibility of applying large language and vision-language models for semantic
task decomposition is considered, enabling the robot to understand complex natural
language instructions and transform them into action sequences.

The results of the work are aimed at improving the quality of control for
robotic systems operating under uncertainty. Upon reviewing the abstract, I have
formed a positive impression of the work accomplished. An important problem has
been solved: the creation of a hierarchical control system that combines the
cognitive capabilities of large models with the efficiency of motor learning, which
has been confirmed through experiments on the "robot hockey" task and in the
RILBench environment. It is worth noting the carefully developed methodology for
numerical experiments and the implementation of the software complex, which
ensures end-to-end integration of machine vision and trajectory planning modules,
as evidenced by the certificates of state registration of computer programs.

[ would like to note that the results obtained by Sun Xilong have been
properly validated, published in high-ranking journals (Q1) included in the WoS
and Scopus databases, as well as in publications from the Higher Attestation

Commission list. While reading the abstract, several stylistic imperfections were
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noticed, but they do not distort the understanding of the research results. I would

like to pose a question (raise a remark) regarding the text of the manuscript: The
work proposes an optimal replay buffer (ORB) mechanism where the sampling
probability is proportional to the reward. It is not entirely clear how this method
handles "sparse reward" situations in the initial stages of learning, when there are
very few successful examples in the buffer. It would be helpful to clarify whether
there are mechanisms that prevent premature convergence of the algorithm to local
optima when using such an aggressive prioritized sampling strategy.

However, it is important to note that these remarks do not diminish the
overall high assessment of the original dissertation work, which, judging by the
abstract, fully complies with the requirements established by the Higher Attestation
Commission and the "Regulations on the Awarding of Academic Degrees”
applicable to dissertations. Its author, Sun Xilong, deserves to be awarded the
academic degree of Candidate of Physical and Mathematical Sciences in the
specialty 1.2.2 — Mathematical Modeling, Numerical Methods, and Software
Systems.

[, Zhen Tian, consent to the inclusion of my personal data in the documents
related to the work of the Dissertation Council and their further processing.

Associate Research Fellow,
Guangdong Laboratory of Artificial Intelligence and Digital Economy (SZ)

PhD in Robotics
(Field of research: Intelligent Control and Robotics)
Zhen Tian March 10, 2026
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Postal Address: Block B, Kerun Building, Yutang Street,

Shenzhen, Guangdong Province, China
Phone: +86 0755-33691810
E-mail: gmlab@gml.ac.cn

[ hereby certify the signature of Zhen Tian:
Scientific Secretary
Guangdong Laboratory of Artificial Intelligence and Digita

Zhenru Chen ‘ ZL\ﬁ NA Cg\@'ﬂarch 10, 2026
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Ha aBTopedepar aucceprauuu Cynb CuiiyHa, BbINOJHEHHYIO HA TeMY:
«MaremaTHueckoe MOAEJIHPOBAHUE NMPOLECCOB HHTEIEKTYaJIbHOI0
ynpaBJieHHs POOOTH3MPOBAHHBLIM MAHUITYJIATOPOMY, NPEeACTABJIEHHYI0O HA
COHMCKAHHE YYEHOH CTeNneHH KaAaHAUAATA (PU3HKO-MATEeMATHYECKHX HAYK 10
cnenHaJbHoOCTH 1.2.2 — MaremaTHyeckoe MoaeJIMpOBaHHE, YHCIEHHbIE
MeTOAbl U KOMILIEKCHI NPOrpaMm

Juccepraumonnas pabora Cynp CuilyHa nmocBslleHa pa3padOTKe METOOB
MaTEeMaTH4YECKOro  MOJCIMPOBAHMUS  TMOPUAHBIX  JAMHAMHUYECKHX  CUCTEM
YOpaBJI€HUsT MaHUIYJATOpoM. OCHOBHO€ BHMMAHHUE YIENSETCS MHTErpaluy
JUHAMHUYECKUX IPUMHTUBOB ABHKEHHUS ¢ METOAAMH O0YUYE€HHUs C MTOAKPEIICHUEM,
a TaKXX€ BHEJAPEHHIO MEXaHMU3Ma OINTHUMAJIbHOro Oydepa BOCIPOU3BENCHUS UL
YCKOPEHHsI CXOJAMMOCTH aJIrOPHUTMA.

[lener0o  HccnenoBaHHs  SBJISETCS  ITOBBILIEHHE  BBIYUCIUTEIILHOM
3(Q(EKTUBHOCTH MPOLECCOB 0OYYEHHS M TOYHOCTH BBIITOJHEHHUS MHOTOILATrOBBIX
3a/1a4 3a cYeT pa3padOTKU MeToAa TMOPHIHOIO MOJEITHPOBAHUS U UEPAPXUYECKOH
APXUTEKTYPhbI YIIPABJICHHUS.

B nmuccepranuu pa3paboTaHbl HOBBI€ YHCIIEHHBIE METOAbl CTOXAaCTUYECKOH
3 ONTUMH3ALMN U CO3JaH KOMIUIEKC MpOoOJEMHO-OPUEHTUPOBAHHBIX IIPOrpaMM Ha
0aze ROS g peanmuszauuu NOpeiIoXKEeHHBIX Moxaene. Kpome  Toro,
pacCMaTpUBAETCS BO3MOXXHOCTh IPUMEHEHUS OOJIBIIMX SI3BIKOBBIX U BU3YaJIbHO-
SI3bIKOBBIX MOJENIeH JJIs CEeMaHTHYECKOM AEKOMIIO3ULMU 3aJay, YTO I103BOJISET
poOOTy IIOHMMAaThb CJIOKHBIE MHCTPYKIIMM Ha €CTECTBEHHOM SfA3BIKE W
npeoOpa3oBbIBaTh MX B IOCJIENOBATENIbHOCTH INEUCTBUM. Pe3ynpTaTel paOOTHI
HanpaBJeHbl Ha IOBBILIEHHE KayecTBa YIpPABICHHS pPOOOTOTEXHUYECKUMU
cucTeMaMH, GYHKLIMOHUPYIOLUMMH B YCIIOBUSX HEONIPEAETICHHOCTH.

[To pe3yapTaTaM O3HAaKOMJICHUsI C aBTOpe(epaTOM y MEHS CIIOKUIIOCH
MOJIOXKUTEJIBHOE BIleYaTIEHUE O IpoJieslaHHOM padote. PelieHa BaxkHas 3ajaua:
CO3JaHUE HepapXMYeCKONM CUCTEMbl YNpaBJICHHUS, OOBEIMHSIOLEH KOTHUTHUBHBIE
BO3MOKHOCTH OOJIBIIUX Mojened ¢ 3(P(EeKTUBHOCTHIO MOTOPHOTO OOYYEHHUS, UTO
[MOATBEPXKIEHO SKCIIEpUMEHTaMH Ha 3a7iaue «po0o-Xokkei» u B cpene RLBench.

CTOUT OTMETUTh TINATEJBbHO MPOPabOTAHHYIO METOJIOJOTHIO YHCJIEHHBIX
SKCIIEPUMEHTOB M peaJlM3alyio IPOrpaMMHOr0 KOMIUIEKCa, O0ECIEeUUBAIOLIETO

CKBO3HYIO MHTErpallyio MOAYJIEH MAIIMHHOTO 3PEHUS U IJIAHUPOBAHUSI TPACKTOPUH,
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O 4YeM CBUIACTCIBCTBYIOT CBUIACTCIIBCTBA O I OCYlIapCTBCHHOﬁ PEruCTpallum

nporpamm s OBM.

Xorenock Obl OTMETHTh, UTO pPe3yjbTarhl, mnosydeHHbie CyHb CHIIyHOM,
MPOLIIH JTOJDKHYIO anpoOaluio, ornmy0JuKoBaHbl B BHICOKOPEUTHHIOBBIX JKypHaIax
(Q1), Bxoasmmx B 0a3bl JaHHBIX WOS M Scopus, a Tak)Xe B U3JIaHUAX U3 EPEIH
BAK.

[Ipu yreHum aBTOpedepara OBLJIO 3aMEUEHO HECKOJIBKO CTUJIMCTHYECKHX
HEO0YETOB, OJJHAKO OHU HE HCKaXalOT NMOHUMAaHHUE pe3yJIbTaTOB HCCIE€N0BAHMA.
Xorenock 6bl 3a1aTh BONpoc (CAenaTh 3aMeYaHMe) M0 TEKCTY pYKONHUCH: B paboTe
MpeUlaraeTcss MeXaHu3M ontumanbHoro Oydepa BocmpousBenenus (ORB), B
KOTOPOM BEPOSITHOCTH BEIOOPKH IIPONOPIMOHAIbHA BO3HArpaxkaeHuo. He BrosnHe
SICHO, KaK JJaHHBIA METO/1 CIPABJISIETCS C CUTYALUMsIMU «PEAKOr0 BO3HArpaXK ACHHU
(sparse reward) Ha HayaldbHBIX dTamax oOy4yeHHs, Korga B Oydepe O4Ye€Hb MaJo
YCHEWHBIX IPUMEPOB. bBIJI0 OB MOJIE3HO YTOUYHUTH, CYLIECTBYIOT JIH MEXAHU3MBI,
IPEeAOTBPALLAIOIIHE MPEeXKICBPEMEHHYIO CXOIUMOCTh aJropuTMa K JIOKaJIbHBIM
ONTHMyMaM IIpH HCIIOJb30BaHHH CTOJb arpeCCHBHOM CTpaTerdyd NPUOPHTETHOH
BBEIOOPKH.

OnHako BaXXHO OTMETHTh, YTO JaHHBIE 3aMeYaHHs He CHWKAIOT 00IIeH
BBICOKOM OIIEHKH OPHIMHAJIBPHOM IHCCEPTALlMOHHOM padoThl, KOTOpas, CyAs IO
aBTOopedepary, IMOJHOCTBIO COOTBETCTBYET TpeOOBaHUAM, YCTaHOBJICHHBIM
Bricureii arrectanpoHHoi kKoMuccued (BAK) u «llonoxeHuemM o mpHUCyXIEHHH
yUeHBIX CTeneHel», nmpeabsBiseMbIM K aucceprauusMm. Ee asrop, Cyns CuityH,
3aCITy KHBAeT NPUCYKACHUS YICHOU CTENIeHH KaHauaaTa GU3HKO-MaTeMaTHYECKUX
HayK 0 cnenuaibHOCTU 1.2.2 — MaremaTu4eckoe MOIEIHpPOBAHHE, YHCIICHHBIE

METO/IbI U KOMILJIEKCBI IIPOrpaMM.
A, YoxsHb TsAHB, Har0 corjiacue Ha BKIIFOYEHHE MOUX IEPCOHAIBHBIX JaHHBIX

B JOKYMEHTEHI, CBSI3aHHBIE C pab0OTOM qUCCEPTALIMOHHOIO COBETA, U HX JalbHEHIIYIO
00paboTKYy.

Crapiuyii Hay4HbId COTPYIHHUK,

['yanayHckast 1a00paTopusi KCKYCCTBEHHOIO MHTEJIJIEKTa M H(PPOBOM SKOHOMUKH
(I1I>HBYKAHB)

JloxTop ¢unocoduu (PhD) B obiactu poOOTOTEXHHUKH

(O6s1acTh HayYHBIX HHTEPECOB: MHTEJUIEKTYaJIbHOE YIIPaBJICHHE U POOOTOTEXHUKA)
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[TouroBblii anpec: biok B, 3nanue Kaxynp, ynuna FOnTaH, panoH [ 'yanMuH,

[1I3HpwK3Hb, TpoBuHIMS ['yanayH, Kurau
Tenedon: +86 0755-33691810

E-mail: gmlab@gml.ac.cn

[Tonnucek WxaHb TsHA 3aBepsilo:

Y4eHBIN CEKpeTaphb
['yaHayHCKOM J1abopaTopuu HCKYCCTBEHHOI'O UHTEIICKTA U (G poBON SKOHOMHUKH

(ILI>HBYKIHD)

Usub YKIHBIKY 10 mapta 2026 r
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