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Xy IUCEPTALMOHEH TPY/ 3a NpUA00KMBaHe Ha 00pa3oBaTe/IHA U HayyHa CTereH
5/ “nokrop” .

r,\;—;/*/ ABTOD Ha IUCEPTALMOHHUS TPYI: Mar.uHxK. Beniwcias bBoiikos Haues

Tema nHa aucepraunonnus Tpy1: [lpoekTHpaHe M u3cjeaBaHe HAa MaaT(GopmMu 3a
OTAa/e4eHOo 00y4YeHHe 10 BrpajieHH YNPaB/IsIBALIH CHCTEMH H POOOTHKA
Penensent: npo¢. n-p Huna Bacunesna Cunsiruna

JMCcepTaMOHHUAT TPYA ChAbpKa 199 CTp. OCHOBEH TeKCT, GUrypu, TabauUOM U
auarpamu. CbCTOM ce OT yBOZ, 4 IIaBM, 3aKioueHue, Oubnuorpadeka crpaBka, CripaBKa 3a
IPUHOCHUTE, CIIUCHK Ha IMyOJMKALWK, CBbP3aHU ¢ JUCEepTAalUsITa U 2 TPUIOKEHHUS.

1.AKTya/IHOCT Ha npod.Jema

Temara na gucepranusaTa € cBbp3aHa C H3CIACABAHUS B 00JIaCTTa Ha TEXHOJOIMYHO
00y4eHue U MOo-CrenranHo o0ydyeHue 110 BrpaJIeH! YIpaBisBalld CHCTEMH U poOoTHKa. B
Tasu o0acT ce paboTH MHOIO MHTEH3UBHO B LeaHs cBAT. Karo ce wma mnpeasui, ue
M3I0JI3BaHUTE B TO3M ClIyyail miIaTpopmMu 3a OTAaIeuYeHO 00yueHHe MO3BOJIABAT Ja ObaaT
o0yuaBaHu CIEUMATMCTH JUCTAHLMOHHO 4Ype3  B3aHMOJCUCTBHE C peajeH Xapayep H
CKCIIEPUMEHTAIHM HMHCTaJallik, TO MOXKE Ja C€ Kaxke, Y€ TOoBa Ca HHOBAaTHBHH
oOpasoBarenHy cucTeMu. Te3n marhopMu 1aBaT B3MOKHOCT Ha CTYJCHTH U YYEHHUIM Ja
Moratr Aa MporpamMupar M KOHTPOJIMpPAT pa3IMYHU BIPAJEHU CHUCTEMU U POOOTH, KarTo
BCHYKH HEOOXOMMMM MHCTPYMEHTH M Cpeiu 3a pa3paboTka ca LEHTpaJIU3UpaHd U ca
JOCTBITHU OHJIANH.

B Hacrosmmsa Tpy 1 JOKTOPAHTHT IIPABH ONUT Ja pa3paboTH TMOIXOSIIA apXUTEKTYpa 1
Ja HU3rpajy TECTOBA ILUIATPOpPMa 3a OTJAJCUEHO MpOrpaMHUpaHe Ha BrpaJeHH CHCTEMH W
poOOTH, KaTO OCUIYpHM JOCTBIIHOCT M I'bBKABOCT Ha y4eOHMS MpoLiec. 3a Tasu Led ca
NPE/VIOKEHH 3a pellaBaHe TPY OCHOBHHM 3ajayu. CuumTaMm 4e Temara Ha AUCEpTalMsiTa ¢
U3KJIIOYUTETHO UHTEpPECHA U aKTyaJslHa.

2. CTeneH Ha MO3HABAaHe HA CbCTOSIHHETO HA MpodJemMa

JIOKTOpaHTBT MpaBU MHOTO 3aabi0oueH 0030p Ha CBBPEMEHHOTO CBCTOSHHE Ha
npodJemMaTuKara, CBbp3aHa ¢ OTajleyeHo 00yueHne Ha BrpaJieHU YIpaB/isBallli CUCTEMHU U
poboruka. Pasrienanu ca ocoGeHOCTHTE HA OTJAICUCHOTO O0YUCHHUE, KAKTO CHHXPOHHOTO
U ACHHXPOHHOTO O0y4YeHME, KaKTO U M3BECTHUTE CTaHAapTH B Tasu obmact. OmnucaH e
HaUYMHBT 3a MPOBE)KIAHE Ha  IPAKTHYECKW 3aHUMaHUs B JIMCTAaHUMOHHA (opMa Ha
o0yueHue.

JIOKTOpaHTBT [OEMOHCTpUpPA ABIOOKOTO  CH 3alo3HaBaHe C OCHOBHUTE IIOHATHS U
npo0sieMH, CBBP3aHU ¢ OTajleueHoTo obydeHue. Toii rmokaspa,ue Mmo3HaBa MHOTO J00pe
u3ciieBaHaTa 00J1acT, KaTo ChUIEBPEMEHHO OTpa3siBa U KPUTHUYHOTO CH OTHOLICHHE KbM
HAKOW HepeuieHu 3ajauu. bubnuorpadcekara crnpaBka BKIOUBa 78 3arjaBus Ha
JUTEpaTypHH u3TOoYHULM B nepuoaa ot 2007 r. no 2024 r , KOeTO MoKas3Ba, 4e TOH €
3all03HaT MHOTO 100pe ¢ MOCJAEIHUTE MOCTHKEHUsS B M30pPaHOTO HAy4yHO HalpaBlcHHE.
HampaBeno € moapoGHO pasriiexxaaHe Ha pe3ysTaTHTe OT HW3C/ICABAHHSATA, OTPA3cHU B
JUTEPATYPHUTE M3TOYHHIM Ype3 CPAaBHUTEIECH aHalIW3, KOETO IIOKa3Ba HETOBUTE
BB3MOKHOCTH 3a TBOpYECKaTa MHTEPIIPETALMsL Ha JIUTepaTypHUSI MaTEpHaJl.



3. CroTBeTCTBHE HAa H30paHATa MEeTOAHKA HA H3CJIeBAHE C MOCTABEHATA LeJ H 3a1a4H
Ha AHCepTALHOHHHUSA TPYA.

OcHoBHara nen Ha aucepranusata e: “lTlpoexTupane, pa3paboTBaHe M H3CJeIBaHE Ha
mIaTGOpMH 3a OTAAJeUYeHO 0O0ydeHHe Ha BrpajeHH YIpaB/sBalld CHCTEMH W poOOTHKaA”.
ToBa BKIrOYBa CH3/1aBAHETO HAa MHOBATUBHU apXUTEKTYPHU M KOHLEMIUH 3a yeO-0azupaHu
pasnpeoeneru Cucmemu, KOUmo uUMam o3MONCHOCM 0a OCULYPAM eHeKMUBHO OMOANIeUeHO
npocpamupane Ha 62padeHu YNpasiaeauju CuUCmemMu U poobomusupanu niam@opmu 6
obpaszosanuemo.

3a pelraBaHe Ha IIOCTaBeHaTa Liel ce pOpMyJIUpaT CICTHUTE MO-KOHKPETHH 3a1a4H:

1. Tlpoextpane Ha maT@opMa 3a OTJAJIEYEHO IIpOrpaMUpaHe Ha BrpajeHH
yIpaBigBalld CUCTEMH M poOOTH upe3 3aabjJ004YeH aHadu3 Ha ChbBPEMEHHUTE
pelleHus W IOAXOAM 3a HelHara peanusauus. [lpoyyBaHe Ha W3BECTHUTE
TEXHOJOTMM W ApXUTEKTYpPHHU KOHLENUMU. JlebpuHupaHe Ha WM3UCKBAHUSI KbM
OT/IEJIHUTE KOMIIOHEHTH.

2. Paspaborka Ha TecToBa MOAyJIHa IulaTGopma 3a OTAAICYEHO MpOrpaMUpaHe Ha
BrpaJieH! YIpaBjsgBallld CUCTEMU U poOOTH, KOETO BKJIKOYBA HMMIUIEMEHTAIMs Ha
BCHUYKM CO(DTYyepHM MOIY/IM, MHTErpaluusi Ha pa3iMdHU BUAOBE XapayepHU
YCTpPOWCTBA, Ch3JaBaHe Ha MOTPEeOUTENICKH MHTep(EHCH U MojlyyaBaHe Ha CUTYypHa
KOMYHMKALMs MEXKAY OTAETHUTE KOMIIOHEHTH Ha CHCTEMAaTa.

3. MscaensaHe Ha TecToBaTa CUCTEMa 3a OTJAJEUEHO MpPOTpaMHUpaHe Ha BrpaJieHU
YIIpaBJIABAIlM CHCTEMHU U poOoTH B oOpa3oBarenHa cpeda. B pamkute Ha 3amavara
TpsAOBa Ja ObaaT pa3pabOTEeHU METOAMKH 3a YPOLU U MPOBEKIAHH TECTOBU 3aHATHUS
¢ pa3nuyHu rpynu obydaemu. [IpaBu ce aHanu3 Ha epeKTUBHOCTTA Ha IUIaTGopMmara
B Y4eOHHS MPOLEC M Cce€ OLIeHABAT IeAarorduyeckd acrekTh U oOpa3oBaTETHH
pe3yJsITaTu.

3a pellaBaHe Ha MOCTABEHUTE 3aJayd C€ M3IOJA3BAT METOIU M IMOAXOJH, TOIXOASAIIM 3a
NPOEKTUPAaHE M U3CJAeABaHE Ha IU1aTGOpPMU 3a OTAajledyeHo OOyuUeHHE [0 BIpaJCHH
yIpaBIIABALY CUCUTEMH U POOOTHKA.

CuyuraM, ye u30paHUTE METOAM M METOJUKH 3a M3CJeJBaHEe ChOTBETCTBAT C IIOCTaBEHATa
11€J]1 1 KOHKPETHUTE 3a/1a4M, CBbP3aHH C LeJTa.

4. AHATMTHYHATA XapPAKTePHCTHKA HA JUCePTALHOHHHS TPYA

B nbppBa  miaBa Ha jauceprauMsATa € H3JI0KEHO HANPaBEHOTO IMpOyYBaHE Ha

CbBPEMEHHOTO CHCTOSIHUE Ha mpoljema, CBbp3aH ¢ TeMara Ha M3ClieBaHeTo. Pa3rienanu
¢a OCHOBHU INOHATHUSA OTHOCHO IUIAT(POPMHUTE 3a OTJAICUEHO 00YUYEHHUE.
Pesynratute oT HanpaBeHOTO MPOYYBaHE ca MPEJACTaBeHU BBB BUJ Ha TabjauIa, KbIETO ca
MIOKa3aHW €IuHaJeceT BOJCUIM IUIaT(GOPMHU 3a OTAaIeYeHO 00yUYeHHe OT Pa3IMuHU CTPaHH,
BrmounTenHo Mcenanus, [IBenus, Mekcuko, bpasunus, Hopserusi, ABctpanus, Pycus u
Cpp6us. Hanpapen e cpaBHUTENICH aHAM3 Ha pasriielaHUTe OT/IaJeUeHH JJab0paTOpHu.

Bropara riaBa e nocsereHa Ha 3ajjauu, CBbP3aHU C MPOEKTHUpaHe Ha ruiaTdopma 3a
OTAAJICUCHO MPOrpaMUpsHE Ha BIPAJEHU YIpaBisBallld cUCcTeMH U pobortu. [IpaBu ce
aHaJlM3 Ha TEXHOJIONMHM 3a peajlud3alldsaTa Ha MOJAYJIEH IpUHUUI Ha Iulargopma 3a
OTJAjJ€UYeHO IIporpaMHUpaHe KaKTO Ha BIPAJEHU YIpaBiIsBalllM CHUCTEMM, Taka W Ha
oOpazoBaTeaHU poOOTH U MH/YCTPUAIHU MAIIWHK. 3a pealu3alusaTa ce U3I0jBa JOCThIIEH
Xapayep U copryep ¢ OTBOpeH KojaA. MOAYJIHUAT Au3aifH I03BOJIABA CUCTEMara Ja ObJe
JIOCTBITHA U JIECHO MYJITHIUITMLMPaHA, KOETO J1aBa Bb3MOKHOCT Ha MOBEYE MOTPEOUTENHN Ja 5
npuiarat B 00pa3oBaTeIHUs NPOLEC U B IPAKTUYECKUTE CU TIPOEKTH.

B Tperata ryaBa ca MpencTaBeHH MOJXOAM 3a peaju3alds Ha MHOBAaTHBHA
oOpasoBarenna aTpopma, MpeJHa3HAuYeHa 3a OTAAJCYCHO MpOorpaMHpaHe Ha BrpaJeHU
yhpaBisBaly cucTeMd U podoru. VmriemeHTtanusta Ha ruaTdopmarta ce Oa3upa Ha
pasIpezielieHa apXUTEKTypa 3a OTAQJIEYEH AOCTHI 10 (PU3MUeCKd OOEKTH, KaTo TA Ce



Haarpaxkaa cbe crneunuuHu oOpa3oBaTesHH (QYHKIMH U aJanTHpaHd 3a y4eOHM LejH
uHTepdericn . Onucanu ca HAYMHUTE 3a Ch3/1aBaHE HA PA3IUYHH YCIYTH:

- 3a [porpaMupaHe v KausaHe Ha ko 3a ESP,

- 3a CepuiiHa KOMyHMKaIusl,

- 33 KOHTpPOJ M CHUMyJalMsd Ha 3ao0uKaniuiata cpefda Ha JabopaTropHaTa
MOCTaHOBKA

- IporpamupaHe Ha poOOTH U Jp.

B 4erBbpTraTa IiaBa € ONMCAaHO H3CIEBaHE W M3MOJ3BaHE Ha IulaThopma 3a
OTAAJE€YEHO IpOrpaMHpaHe Ha BrpaJeHH YIpaBisBalld CHUCTEMH U poOOTH B
oOpasoBatenHus mpouec. Pa3zpaboTeHM ca KOHKPETHH YpOUM ¢ IeJl TecTBaHe Ha
npoekTupaHara miatdopma. [IpuBeneHa e Meroauka 3a MpoBeXJIaHE Ha JIBa ypoka 4pe3
U3I0/I3BaHe Ha IulaTgopmara Arduino M eIMH ypoK upe3 M3IOoJI3BaHe Ha miardopmara 3a
oTHajgedeHo nporpamupane Ha po6oT Misty II ¢ Python.

B 3ak/j1r04eHHeTO € HAlpaBeHO pPEe3lOME Ha OCHOBHMUTE PE3YyJTaTU OT MPOBEICHOTO
u3CJe/IBaHe.

S. IlpuHOCH HA QHCEePTALMOHHUS TPYA
[Ipunocute B AucepTaliMOHHUS TPy Morart jaa 6b1aT 0000LIEHH O CJIeHUS HAUUH:
Hayuno-npunoscnu

- [Ipeonooxcena e apxumexmypa ,npedHA3HaveHa 3a paspabomeane Ha naam@opmu 3a
omoaneyeHo npozpamupanue, Kosmo no3eoisnea oa 0voam peueHu npobremu 6
Npakmu4eckomo 00y4YeHue no 62padeHu Ynpaeiieawju Cucmemu u pobomu,

- Paspabomenu ca ancopummu, ompasasawju QYHKYUOHUPAHE HA OCHOBHUME MOOYIU HA
peanuzupanama niamg@opma 3a 0omoaneueHo NpocpamupaHe HA 62paAoeHU CUCTeMU U
pobomu;

- IIpeonoowcenu ca memoouku 3a XubpuoHu ypoyu upes uU3NOA36aHe HA cucmemd 3d
omoaneueHo npoepamupane.

Tesu npuHOCH cU OTHACAT KbM Ipyla “Cb3aaBaHe HA HOBH MeTOAH U Kiaacupukauuu.”
Ipunosncuu:

- Paspabomena e mecmoea niamgopma 3a omoaneueHo npocpamupare Ha 62padeHu
ynpaeaasawju cucmemu u pobomu.

- Cw30aodena e Python 6ubnuomexa 3a npoepamupane Ha xymanouodex pooom Misty I1.

- HUumezpupanu ca paznuunu 6u006e MUKPOKOHMPOLEPHU NAAMPOPMU, XYMAHOUOHU
podomu, .UHOYyCmpuaniHu pobomu u 6e3nUIOmHU TemamelHy anapamu 6 paspabomenama
niamegopma, kKamo ca  NPOBEOeHU  E€KCNePUMEHMANHU — U3CLe08AHUL 68  pPeanHd
obpazoeamenta cpeoa.

Tesu npuHocu ce oTHacAT kbM rpyna “IlosyyaBaHe Ha moATBbpAUTETHH PaKTH”

6. Ilybsinkauuu, cCBbpP3aHH ¢ AHCEPTALHATA

BbB Bpb3ka ¢ aucepraumsTa ca npeacraBeHu 6 tpyaa. OT TiaX enuH € nyOaukauus B
cnucanue “OOpasoBaHue W KBajdupukauusa (Mpuera 3a Ieyar), TpU ca JOKIaAu Ha
MEXKIAYHApOJHU KOH(epeHUMM B crpaHara. Jlpa mnpeacrom nga ObaaT oOTIEYaTaHW B
coopunum Ha TELECOM 2024. Tpu Tpyna ca B CbaBTOPCTBO C HETOBUSI pbKOBOIUTEN, TPH
ca CaMOCTOSITEJIHH.

Mma e uutupanus Ha goknmaza * Design of Remote Labs and Experiments about
Embedded Systems and Robotics Learning”

OcBeH ToBa ce murupa (2 uutupanus) u gokiaan “Web-Based Remote Laboratory for
Programming Arduino-Based Experiments™.
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7. IlpeacraBeHusiT aBTopedepar OTpa3siBa CHUIHOCTTA HA HAIPABEHUTE H3CIIEIBAHMS,
OIUCAHU B AUCEPTALMOHHUSA TPY U [OJYUCHHUTE PE3yJITaTH.



8. JIuuHoTO Yyuacrue

AHanu3 Ha JMCEPTAUMOHHHUSA TPYJ WU MPEACTABEHUs CIMCHK Ha MyOIUKAlUM, CBHP3aHU C
JAMCEePTALMOHHKS TPYJ MM JaBa OCHOBAaHME [a HalpaBs 3aKIOYEHHE, Y€ IAUCEPTAHTHT
M03HaBa MHOro J00pe ChCTOSHUETO Ha mpobjeMa M HAMaM HUKAaKBO OCHOBaHHME Ja ce
CbMHSABaM B JIMYHOTO MY YydacTHe, B IPOBEJCHUTE H3CACABAHUS M B HAlUCBAHE Ha
JUcepTanusITa

9. IlpakTHYeCKa NPUIOKUMOCT

PaszpaboTenata B amcepTaliOHHHMS TPy IUIaTGopma 3a OTAaJIe€u4eHO MpPOrpaMHUpaHe Ha
BrpajicHu yIpaBjisBalld CUCTEMH U poOOTH [AEMOHCTpHpa IIHUPOK MOTEHLHAl 3a
NPWIOKEHUE B pa3inyHu 00pa3oBaTelHM M HpodecuoHanHu cpeau. B cdepara Ha
CpeaHOTO 00pa3oBaHWe ILIaTopMmara MOKe Ja Ce HMHTerpupa B Y4eOHHUs IIpolec Ha
Mpo(eCHOHAIHUTE U IPOGUINpPAHUTE TUMHA3KH, a B cepara Ha BUCIIETO 00pa30BaHUE T
NPEeNOCTaBss LCHEH MHCTPYMEHT 3a TEXHUYECKUTE YHHUBEPCUTETH IIPU IPOBEXKJIaHE Ha
71ab0paTOpHK YNPaKHEHUs] U HAay4YHH W3CJIEABAHHUs B 00JacTTa Ha BIPAJEHUTE CUCTEMH U
poboTuka.

Monaynnata apxurekTypa Ha IUiardopmara s NMpaBH IOAXOMAINA 3a afalTHPaHE KbM
CIICUM(UYHMTE HYKIM Ha BCSIKAa OpPraHM3alMs, HE3aBHCHMO JaJld CTaBa BBIPOC 3a
00pa30BaTeTHU, HAyUHHU WU UHIYCTPHATHU MPUIIOKEHHS.

10. 3abee:KKH, MHEHHS H IPENOPbKH

[To npejicraBeHaTa qucepTalMsa MOraT Jia Ce HalpaBsT CICAHUTE 3a0€/IeKKH U TPENIOPBKH

- B nmcepranuara MHOro noapoOHO ce ONMUCBAT U3BECTHUTE Hella /Ti. 1 1 171.2/, KOeTo
yBeJIn4aBa o0eMa Ha MpeaAcTaBeHus TPYI;

- He e acHo Ha Gasara Ha KakBO ca JAe(pUHHPaHH U3UCKBAHHUATA KbM ILIATHOPMUTE:
Jaid ca U3BECTHU (HO HAMA LUTHPAHUs) WM ca Ha aBTOpa

- Yacr ot ¢purypure ca Ha aHIJIMHACKU €3UK, a Apyrara Ha OwbJirapcku. bu 6uino modpe
Jla ce Bh3IpUEMe €IMH HauuH 3a MpejCcTaBsiHe Ha MaTepuaia.

- Hawact ot purypure (ctp. 106, 113, 116) mmmdbspbT € MHOTO IpebeH U He ce ueTe

- Ilpu popmanno onucaHue Ha pecypcure (CTp. 52) He € Ka3aHO B KAKBU €JMHUIU CE
M3MEPBAT OT/CTHUTE KOMIIOHEHTH BBEB (DOPMYJIUTE U B KaKBH IPAHUIIN Ca TEXHHUTE
CTOMHOCTH.

- Jluncea KOMEHTap OTHOCHO CPaBHUTEIIHUTE TaOJIULIH.

- llpu onmcanue Ha anropurMurTe BbB BHJ Ha Oaok-cxemu (dur.51, 53) nuncsa
aHaJTU3Upall eJICMEHT, T.K. HE MOXKE J1a MMa €JHOBPEMEHEH TPeX0/l KbM J1Ba 0J10Ka

- Hmam u cinennara mpenopbka: Xy06aBo Ou OWIO HarpaBHUTE U3C/IEABAHMSA /1A
Obaar oTpa3eHu B HAKAKBO y4eOHO mmocodue.

11. 3akarouenue

Ouenkara Ha AMCEPTALMOHHUS TPY] € MONoKUTelHA. Kato uMaM mpeaBujl CbIbpiKaIIUTe
ce B JUcepTaluaTa 0€3CTIOPHHA HAay4YHO-TIPUIOKHU U TPUIOKHU TPUHOCH, aKTYaJHOCTTa U
3HQYUMOCTTa Ha H3CJIeABaHara IpoOieMaTHKa, pasriacaTa Ha IOCTIDKEHMATAa Ha
JIOKTOpaHTa B MCUUTE U 3a1bJI00UYEHUTE MY [IO3HAHUS B U3C/IeABaHaTa 00/acT, CYMTAM, Ye
JAMCEPTALMOHHUAT TPyd OTroBaps Ha M3UCKBAHMATA Ha  3aKOHAa 3a pa3BUTHE Ha
aKaJeMH4YHHsl ¢bcTaB B penyOiuka Boarapus u Ha [IpaBuiHHKa 32 ycJoBHATA H
pena 3a npuaoduBaHe Ha HayyHHuTe cTenend B TY-Codus, nopaan KoeTo npejiiaram Ha
mar.utK. Benuucnas boiikos HaueB na Obje mpuchbiaeHa oOpasoBaTesiHaTa ¥ HaydHa
CTeNeH “JOKTOp” 10 Hay4yHo HampapieHHe 5.3 KoMyHHKAUHOHHA M KOMIIOTbpPHA
TeXHHKa U Hay4yHa CIIEIUaIHOCT ,,CHCTEeMHO NporpaMmupane”.

24.02.2025 r. PEIIEH3EHT:
/mpod. n-p Huna B. Cunsiruna/



REVIEW

on a dissertation for the acquisition of an educational and scientific degree "Doctor".
Author of the dissertation: Eng. Ventsislav Boykov Nachev

Dissertation title: Design and research of remote learning platforms in embedded
control systems and robotics
Reviewer: Prof. Dr. Nina Vasilevna Sinyagina

The dissertation contains 199 pages. body text, figures, tables, and diagrams. It
consists of an introduction, 4 chapters, a conclusion, a bibliographic reference, a reference
for contributions, a list of publications related to the dissertation and 2 annexes.

1. Relevance of the problem

The topic of the dissertation is related to research in the field of technological training and
in particular training in embedded control systems and robotics. This area is being worked
very intensively all over the world. Given that the remote learning platforms used in this
case allow specialists to be trained remotely by interacting with real hardware and
experimental installations, it can be said that these are innovative educational
systems. These platforms enable students and students to be able to program and control
various embedded systems and robots, with all the necessary tools and development
environments centralized and available online.

In this work, the PhD student attempts to develop an appropriate architecture and build a
test platform for remote programming of embedded systems and robots, ensuring
accessibility and flexibility of the learning process. For this purpose, three main tasks are
proposed for solution. I believe that the topic of the dissertation is extremely interesting and
relevant.

2. Degree of knowledge of the state of the problem

The PhD student makes a very in-depth review of the current state of the problems related
to remotelearning of embedded control systems and robotics. The features of remote
learning, as well as synchronous and asynchronous learning, as well as the known standards
in this field, are considered.

The PhD student demonstrates his deep familiarity with the basic concepts and problems
related to distance learning. He shows that he knows the field very well, while also
reflecting his critical attitude towards some unsolved problems. The bibliographic reference
includes 78 titles of literary sources in the period from 2007 to 2024, which shows that he is
very familiar with the latest achievements in the chosen scientific field. A detailed
examination of the results of the researches reflected in the literary sources through
comparative analysis is made, which shows his capabilities for the creative interpretation of
the literary material.

3. Compliance of the chosen research methodology with the set goals and objectives of
the dissertation.

The main objective of the dissertation is: "Design, development and research of platforms
for remote learning of embedded control systems and robotics". This includes the creation
of innovative architectures and concepts for web-based distributed systems that have the
ability to provide effective remote programming of embedded control systems and robotic
platforms in education.

To solve the set goal, the following more specific tasks are formulated:



1.Design of a platform for remote programming of embedded control systems and
robots through an in-depth analysis of modern solutions and approaches for its
implementation.
2.Development of a test modular platform for remote programming of embedded control
systems and robots, which includes the implementation of all software modules,
integration of different types of hardware devices, creation of user interfaces and
obtaining secure communication between the individual components of the system.
3.Study of the test system for remote programming of embedded control systems and
robots in an educational environment. Within the framework of the task,
methodologies for lessons should be developed and test sessions should be conducted
with different groups of learners. An analysis of the effectiveness of the platform in
the learning process is made and pedagogical aspects and educational results are
evaluated.
To solve the tasks, methods and approaches are used, suitable for the design and research of
platforms for remote learning in embedded control systems and robotics.
[ believe that the chosen methods and methodologies for research correspond to the goal set
and the specific tasks related to the goal.

4. The analytical characteristics of the dissertation

The first chapter of the dissertation presents the study of the current state of the

problem related to the topic of the study. Basic concepts regarding remote learning
platforms are considered.
The results of the study are presented in the form of a table, which shows eleven leading
distance learning platforms from different countries, including Spain, Sweden, Mexico,
Brazil, Norway, Australia, Russia and Serbia. A comparative analysis of the examined
remote laboratories is made.

The second chapter is devoted to tasks related to the design of a platform for remote
programming of embedded control systems and robots. An analysis of technologies is made
for the implementation of a modular platform for remote programming of both embedded
control systems and educational robots and industrial machines. For the implementation of
the Remote Programming Platform, accessible hardware and open source software are used.
The modular design allows the system to be accessible and easy multiplied, which allows
more users to apply it in the educational process and in their practical projects.

The third chapter presents approaches for the implementation of an innovative
educational platform designed for remote programming of embedded control systems and
robots. The implementation of the platform is based on a distributed architecture for remote
access to physical objects, and it is upgraded with specific educational functions and
interfaces adapted for learning purposes. The ways to create various services are described:

- fora programming and uploading code for ESP,

- for serial communication,

- for control and simulation of the environment of the laboratory setup
- programming robots, etc.

The fourth chapter describes the study and use of a platform for remote programming
of embedded control systems and robots in the educational process. Specific lessons are
developed in order to test the designed platform. A methodology for conducting two lessons
using the Arduino platform and one lesson using the remote programming platform
of the Misty II robot is given with Python.

In conclusion, a summary of the main results of the study is made.

5. Contributions of the dissertation
The contributions to the dissertation can be summarized as follows:



Scientific -

- Proposed an architecture designed for the development of platforms for remote
programming, which allows problems to be solved in practical training in embedded
control systems and robots,

- Algorithms have been developed to reflect the functioning of the main modules of the
implemented platform for remote programming of embedded systems and robots;

- Methodologies for hybrid lessons using a remote programming system are proposed.

These contributions belong to the group "Creation of new methods and classifications."
Applied:

- A test platform for remote programming of embedded control systems and robots has
been developed.

- A Python library was created to program a humanoid robot Misty I1.

- Various types of microcontroller platforms, humanoid robots, industrial robots and
drones have been integrated into the developed platform, and experimental research has
been conducted in a real educational environment.

These contributions belong to the group 'Obtaining corroboratory facts'

6. Dissertation-related publications

In connection with the dissertation, 6 papers have been presented, one of which is a
publication in the journal "Education and Qualification" (accepted for publication), three are
papers at international conferences in the country. Two are to be published in proceedings
of TELECOM 2024. Three works are co-authored with his supervisor, three are
independent.

There are two citations of the paper “Design of Remote Labs and Experiments about
Embedded Systems and Robotics Learning”.

In addition, a paper "Web-Based Remote Laboratory for Programming Arduino-Based
Experiments" is cited (2 citations).

7. The presented abstract reflects the essence of the research done, described in the
dissertation and the results obtained.

8. Personal participation
An analysis of the dissertation and the presented list of publications related to the
dissertation gives me grounds to conclude that the dissertation is very well aware of the
state of the problem and I have no reason to doubt his personal participation, in the research
carried out and in the writing of the dissertation

9. Practical applicability

The platform developed in the dissertation for remote programming of embedded control
systems and robots demonstrates a wide potential for application in various educational and
professional environments. In the field of secondary education, the platform can be
integrated into the learning process of vocational and specialized high schools, and in the
field of higher education it provides a valuable tool for technical universities in conducting
laboratory exercises and research in the field of embedded systems and robotics.

The platform's modular architecture makes it suitable for adapting to the specific needs of
any organization, whether it is educational, scientific, or industrial applications.

10. Comments, opinions and recommendations

The following remarks and recommendations can be made on the submitted dissertation:
- The dissertation describes in great detail the known things (Chapters 1 and 2),
which increases the volume of the presented work;



- Itis not clear on what basis the requirements for platforms are defined: whether they
are known (but there are no citations) or whether they are the author's

- Some of the figures are in English and the other in Bulgarian. It would be good to
adopt one way of presenting the material.

- On some of the figures (pp. 106, 113, 116) the cipher is very small and cannot be
read

- In the formal description of resources (p. 52), it is not said in what units the
individual components are measured in the formulas and within what limits their
values are.

- There is no comment on the comparative tables.

- When describing the algorithms in the form of flowcharts (Figs. 51, 53), there is no

analyzing element, because there can be no simultaneous transition to two blocks

I also have the following recommendation: It would be nice if the research done

was reflected in some textbook.

11. Conclusion

The evaluation of the dissertation is positive. Taking into account the indisputable scientific,
applied and applied contributions contained in the dissertation, the relevance and
significance of the issues under study, the publicity of the achievements of the PhD student
in the media and his in-depth knowledge in the field under study, I believe that the
dissertation meets the requirements of the Law on the Development of the Academic Staff
in the Republic of Bulgaria and the Regulations on the Terms and Conditions for the
Acquisition of Scientific Degrees at the Technical University of Sofia, That is why I
propose to Eng. Ventsislav Boykov Nachev to be awarded the educational and scientific
degree "Doctor" in the scientific field 5.3 Communication and Computer
Engineering and the scientific specialty "System Programming"'.
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