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ABTop: [aiioyn-Caxens Abnenyanua, Cankr-IleTepOyprekuii MOMUTEXHUIECKAN YHHBEPCUTET
IIerpa Benukoro

Peuensent: CrankeBud JleB Anekcanaposuy, Cankr-IleTepOyprekuii monuTeXHUUeCKui
yausepcuteT lletpa Bennkoro

Marucrepckas auccepranus, mnpenactaBieHHas [laiioynom-Caxenem AOnenbyanuiom,
MOCBSIIEHA HCCIIEIOBAaHUSAM JBUTaTeIbHOM aKTUBHOCTH Mo3ra mo cur"amam O30l ¢
WCIIOJIb30BAHUEM COBPEMEHHBIX HeWpoTexHosoruii. OCHOBHas 1€Jb WCCIEJAOBAHHS - HAWTH
CHoCcOo0 M3BJICYEHUSI OIPE/IEICHHOIO CUTHajla MO3Tra, CBSA3aHHOTO C JBM)KEHHEM Tela, U METOJ
YBEJIMYEHHUS MOTEHIMaja aKTUBHOCTU Mo3ra cyObeKTa, YToObl cO3[aThb HOBBIN 3(PPEeKTHUBHBIM
croco6 ympaBiieHHs OMOHUYECKHMM OOOpYyIOBaHUEM, HHTEIUIEKTyalbHBIMU HHTepdelicamMu u
JIPYTUMHU TEXHOJOTUUECKHUMU M UTPOBBIMHU MTPIWIIOKEHUSIMH. DTO — aKTyaJIbHBIC 3a/1a4U B 00JIaCTH
co3nanus dppekTUBHBIX HeliponHTepdeiicoB. CrioxHas padoTa, mpoeiaHHast aBTOPOM, IOMOYKET
B PEIIEHWH HEKOTOPHIX 3a7a4 OMOMEXaHWKH, MOCKOJbKY OHA OXBATHIBACT Pa3INYHBbIC HAYIHBIC
acrmeKkThl W HCHOJB3YeT pa3IMyYHble aJTOPUTMbl U MaTEeMaTHUYECKHUE METOJbl, CBS3aHHBIE C
JBUKEHHUSIMH YeJI0OBEKa, YIPaBIsIEeMbIMU CUTHAJIAMH aKTUBHOCTH MO3Ta.

Paborta laitOyna-Caxenss AOpenbyanuja XOpPOIIO CTPYKTYpHUpOBaHAa W HWMEET YETKHE
nenu. Pabora paznenena Ha necsath riaB: 1. IIpoucxoxaenue curnana D217 2. TloTeHmansl,
cBs3annble ¢ coopiTusiMu (ERP); 3. Pazpemenue ncrounnka nuanamuku Mmosra 991; 4. Untepdetic
O0I'-naboparopum; S. IlpenBapurenbHas oOpadoTka maHHbix OOI'; 6. Brenenue B ICA; 7.
[Tpumenenne ICA k nanasim I317; 8. IIpoTOKOI, KOTOPHIN UCIOIB30BAJICS B OKCITEPUMEHTAIBHOMN
pabore; 9. UncTpymeHTapuii moToka ucxoaHou nadopmaruu (SIFT); 10. Mcnonb3oBanue SIFT
JUIA aHallu3a JWHAMUKH TOTOKa HEeWpoHHOW uHpopManuu. PakTuyeckd, B paboTe OXBavy€HO
MHO>KECTBO Pa3JIMYHbIX aCHEKTOB 00pabOTKH M aHanu3a curHaigoB D3I, o0CyXIeHbl METObI U
QITOPUTMBI JIETAIBHOTO M3YyYCHHS ITHUX JAHHBIX U OMpEIeNeHbl MyTH CO3JIaHUS MOJIEIH MO3Tra,
YTeHHUs] U JEKOJWpOBaHMs 3amucaHHoro B curHaigax DOI' aBmwxkenus. [loka3aHo, Kak MOKHO
OOHapyXHTh B3aUMOJICHCTBUE 4YacTeil Mo3ra Mmpu mnepenade WHGOPMALUKM U BBIIOJHEHHUH
BOOOpakaeMbIX IBUKCHHI, a TaKKe MPHUBEACHBI CIIOCOOBI MOBBIMICHUS MOTEHIMAIA CyObeKTa
yIpaBICHUS.

PaGotra mpou3BOOUT TMOJIOKUTEIBHOE BIEYaTIeHHE. ABTOpP, HECOMHEHHO, o0iajgaer
XOPOIIUMU 3HAHUSAMU B 007acTH HEUPOUHTEP(ENCOB U CTOCOOHOCTHIO YCIICITHO HHTETPUPOBATH
9TH 3HAaHUS TPH pEIIeHWH TPAKTUYECKUX 3aJad B OToW obOmacTu. DTa paboTa BHOCHUT
OTpeicieHHBI BKJIAJ B JalbHEHIINE HCCIENOBAaHUS B 00JIacTH HEUpOUHTEp(ercoB U UX
WCIOJIb30BAHUS JIJIsl YIIPaBJIeHUs OMOHHMYECKUM 000PYJIOBAaHHEM M APYTHUMH TEXHOJIOTHUECKUMU



Y UTPOBBIMU MTPUIIOKEHUSIMH.

[Tocne nmpouTeHus 1 aHanK3a pabOThl MOXKHO C/IENAThH CIEAYIOIINE 3aMeUaHus:

1. U3 paGoThl BHAHO, YTO HCCIECIOBAHHUA BOOOPAKAEMBIX JIBUKEHHU MPOBOJIWIOCH HA
OJTHOM BBIOpPAaHHOM CyOBEKTE, IMOATOMY HENb3sl CAeNaTh BBIBOA O TOM, YTO PE3yJIbTaThl
HCCIIEIOBAHUS MOTYT OBbITh TAK)KE PACIpPOCTPAHEHBI HA APYIHX CYOBEKTOB.

2. Jlns ynpaBieHusi, HanpuMmep, OMOHMYECKHM IPOTE30M Tpedyercss OOHApYKHBATh U
pacrno3HaBaTb HE OJIMH, @ HECKOJBbKO THUIOB JABWKEHUMH, YTO TPEOyeT HE TOJBKO BbIIAEICHUS
YaCTOTHOM 00JacTH, COOTBETCTBYIOUICH OXHIAEMOMY JBIDKEHHIO, HO  HCIIOJIb30BAHHS
cnenranbHOTO Kitaccudukaropa 931 marTepHOB ABMKCHHUN B YaCTOTHOU 00IaCTH.

B o0mem, MOXHO 3aKiIIOYHTh, YTO Marucrepckas auccepraunus [laiOyna-Caxenem
Abnenpyanuaa HOCUT HCCIIEI0BATENbCKUI XapaKTep U €€ pe3ysIbTaThl MOTYT ObITh UCIIOJIb30BAaHbI
JUIS pa3BUTHUSI HEMHBA3UBHBIX MHTEP(ENCOB MO3r-KOMIBIOTEP M UX IPUMEHEHMSI [UIs YIIPABJICHUS
OMOHHWYECKUMHU YCTPOICTBAMHU IO CHTHajgaM aKTHBHOCTHM Mosra. HecmoTpss Ha caenaHHbIe
3aMeyaHusi MOKHO YTBEp)KJlaTh, UTO JAMCCEPTALMsl YIAOBIETBOPSIET BCEM TPEOOBAHUSAM K TaKUM
paboTam, COOTBETCTBYET 3a/IaHHIO, OTJIMYHO HANUCaHa, MMEET XOpOILIWe WJUIIOCTpaluu |
JIOCTaTOYHO CCHUJIOK Ha JIMTEpAaTypHbIE MCTOYHUKHU U 3aciyxkuBaer oneHkn OTJIMYHO, a cam
aBTOp — NPUCYKICHHS CTENEHM MarucTpa IO HamnpaBiIeHUI0 MexaHuka U MaTeMaTHuecKoe
MOJEITUPOBAHUE .

CrankeBuu JleB AnekcanipoBuy,

KaH/IUJIaT TEXHHYECKUX HAYK,

JOTIEHT BhICHIel mKoasl aBTOMaTu3anuu u podotorexuuku UMMuT
Cankr-IleTepOyprckoro nomurexaudeckoro yausepcurera [lerpa Benukoro
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The master's thesis, presented by Daiboun-Sahel Abdelwalid, is devoted to the study of
motor activity of the brain across EEG signals using modern neurotechnologies. The main goal of
the research is to find a way to extract a specific brain signal associated with body movement and
a method to increase the activity potential of the subject's brain in order to create a new effective
way to control bionic equipment, smart interfaces and other technological and gaming
applications. These are actual tasks in the field of creating effective neural interfaces. The complex
work done by the author will help in solving some problems of biomechanics, since it covers
various scientific aspects and uses various algorithms and mathematical methods related to human
movements, controlled by signals of brain activity.

Daiboun-Sahel Abdelwalid's work is well structured and has clear goals. The work is
divided into ten chapters: 1. Origin of the EEG signal; 2. Event-related potentials (ERP); 3.
Resolution of the source of EEG brain dynamics; 4. EEG laboratory interface; 5. Pre-processing
of EEG data; 6. Introduction to ICA; 7. Application of ICA to EEG data; 8. Protocol that was used
in the experimental work; 9. Source Information Stream Toolkit (SIFT); 10. Using SIFT to analyze
the dynamics of the flow of neural information. In fact, the work covers many different aspects of
processing and analysis of EEG signals, discusses methods and algorithms for a detailed study of
these data, and identifies ways of creating a brain model, reading and decoding motion recorded
in EEG signals. It is shown how it is possible to detect the interaction of parts of the brain when
transmitting information and performing imaginary movements, as well as ways to increase the
potential of the subject of control.

The work makes a positive impression. The author undoubtedly has good knowledge in the
field of neurointerfaces and the ability to successfully integrate this knowledge in solving practical
problems in this area. This work contributes to further research in the field of neurointerfaces and
their use for controlling bionic equipment and other technological and gaming applications.

After reading and analyzing the work, we can make the following comments:

1. It can be seen from the work that the study of imaginary movements was carried out on
one selected subject, therefore it cannot be concluded that the results of the study can also be
extended to other subjects.



2. To control, for example, a bionic prosthesis, it is required to detect and recognize not
one, but several types of movements, which requires not only the allocation of the frequency
domain corresponding to the expected movement, but the use of a special classifier of EEG patterns
of movements in the frequency domain.

In general, we can conclude that the master's thesis by Daiboun-Sahel Abdelwalid is of a
research nature and its results can be used to develop non-invasive brain-computer interfaces and
their application to control bionic devices based on signals of brain activity. Despite the remarks
made, it can be argued that the dissertation meets all the requirements for such works, corresponds
to the task, is excellently written, has good illustrations and enough references to literary sources
and deserves an EXCELLENT grade, and the author himself is awarded a master's degree in
Mechanics and Mathematical Modeling.

Stankevich Lev Alexandrovich,

candidate of technical sciences,

Associate Professor of the Higher School of Automation and Robotics IMM&T
The Peter the Great St. Petersburg Polytechnic University
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