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F AlaceprarluoHeH Tpya sa npu4o6unaHe Ha obpasoaareJrHa r.r HayqHa creneH
"4oKTop".

Anrop Ha nr4ceprarrr4oHHr4fl TpyA: Mar.raHx. Beuquclas Eofixos Haqes

Tenaa Ha AI4ceprauI,IoHHL{fl rpyA: llpoercrupaHe r{ H3cJreABaHe Ha n.narQopuu ra
orAaJreqeuo o6yveHrre no BrpaAeHH yrrpaBJrflBauru cr{creMn u po6orurca

PeuenseHr: npo$. a-p HrEua BacrresuaCussrusa

lucepraqrloHHarr rpyA cbAbplra 199 crp. ocHoBeH reKcr, Qrarypu, rallrutlu u
AI4arpaMI4. Ctcrou ce or yBoA, 4 rtar,v, 3aKnroqeHue,lulttuorpa$cra crpaBKa, cnpaBKa 3a
rrprrHoclrre, crII4cbK Ha uy6,rnra].J.LLvt, cBbp3aHr4 c Ar4cepraul4rra u 2 npwtoxeHl4r.

l.Arcryannocr Ha npo6.neua
Teuara Ha Al4cepratryflTa e cBbp3aHa c I,r3cJreABaHI4.rI s o6,'Iacrra Ha rexHoJ'IorvqHo

o6y.reHue I4 rlo-cneqllzl,THo o6yueHze rro BfpaAeHI4 ynpaBJrrBarrlu cr{creMr,r u po6orura. B
rasu o6racr ce pa6o'rra MHoro r,rHTeH3r4BHo B rreJ'Ir4.f, cB.rIT. Ka'ro ce rdMa npeABHA, qe

v3noJ'I3BaHI,ITe B To3I4 cryrlafi nnarQopMl4 3a orAaneqeHo o6yueuue rro3BoJrrBar Aa 6rAar
o6yuanaHu cnetII4a^rIHcrLI AHcraHur4oHHo qpe3 ssaraNaoAeficrBr{e e pealreH xapAyep Lt

eKCnepI4MeHTil,'IHI4 HHCTaJIaULIH, TO MO)I(€ Aa Ce KaXe, qe TOBa Ca UHOBaTI4BHH

o6paaonarerlHl4 ct{creMu. Tesu unarQopuv LaBar Bb3MoxHocr Ha cryAeHTr4 lt yqeHr.rur4 Aa
Morar Aa rlporpaMl4par I{ KoHTpoJrr4par pa3nr,rqur4 BrpaAeHr4 cr4creMr4 rz po6oru, Karo
BoII.IKI{ neo6xoAuMr,r r4HcrpyMeHTr4 u cpe1r sa pa:pa6orKa ca rreHTpaJ.rr,r3vpaHu v ca

AocrbnHr4 os.rrafig.
B uacrosultrfr TpyE AoKTopaHTtT npaBr4 orr4T 4a paspa6orr4 [oAxoArqa apxraTeKTypa H

Aa v3rpal.u recroBa u,rarQoplra 3a orAir,'reqeHo nporpaMr4paHe Ha BrpaAeHrr clrcreMr,r r4

po6oru, Karo ocurypu AocrbrrHocr 14 r'bBKaBocr Ha yueluut lpouec. 3a razu ueJr ca
npeAJIoxeHH 3a pelxaBaHe rpr,r ocHoBHu 3aila.ula. Cquralr r{e reMara Ha Ar4cepraul4rra e

lr3KJrroqr4Ten Ho r4HTepecHa il aKty anHa.

2. Creneu Ha rro3HaBaHe Ha cbcroqHIlero Ha npoO.nervra

florropaurtr [paBI,I MHoro saAtr6o.reH o6sop Ha cbBpeMeHHoro ctcroflHue Ha

upo6leuarnKara, cBbp3aHa c orAa^leqeuo o6yueHlre Ha BrpaIeHH y[paBr'rflBarqu cucreMr4 r,r

po6oruxa. Pasr,regaHa ca oco6eHocrr4're Ha orAa,'rerreHoro o6y.reuue, KaKTo cr,rHxpoHHoro
I4 acllHxpoHHoro o6yueuue, KaKTo t4 r.r3BecrHr4Te craHAaprr4 B rasu o6racr. Onucau e

HarII,IHbr 3a [poBexAaHe Ha rpaKTr,rqecKu 3aHVMaHVfl B nracraHur,roHHa Qopua Ha
o6yueuze.

florropaumr reMoHcrpl4pa Arr6oxoro cv 3arro3HaBaHe c ocHoBHr4Te iloHflTufl u
npo6,reun, cBsp3aHI,I c oTlanerreHoTo o6yueuue. Tofi noxasBa.r{e Iro3HaBa MHofo 4o6pe
I43CIIeABaHara O6,raCT, KaTO CbUIeBpeMeHHO OTpa3flBA V KpI4TI4qHOTO CI4 OTHOUIeHI,Ie KbM

H.flKoLI HepeIxeHL{ 3alaqu. Era6,rr,rorpaQcxara cnpaBKa BKJtoqBa 78 3arnaBu.f, Ha

JII{TeparypHLI LI3ToqHI4rIrr B repr4oAa or 2001 r. rc 2024 I , Koero noKa3Ba. qe Tofi e

3aIIo3Har MHoro ao6pe c [ocJIeAHr4Te r]ocrr4xeHr,r, n zs6paHoro HayqHo HanpaBaeHr4e.
Hanpaneuo e noApo6so pa3rnexAaHe Ha pe3yJrrarlrre or H3cneABaHvtflTa, orpa3eHr4 B

nllTepaTypHLITe I'I3TOIIHI,IUr4 qpe3 CpaBHr4TeneH aHiLTr.r3, KOeTO nOKa3Ba HeTOBI'rTe

Bb3MOXHO CtId 3a TBOpq eCKaTa r4 HTep [peTar.Ir4q H a n r4TepaTy pHIdfl M aTep nzl[.



3. CrorsercrBlle na ur6paHara MeroArrKa Ha rr3cJreABaue c rrocraBeHara rreJr H 3aAaq[
Ha ArrcepTarlrroHHrrs TpyA.
OcHosHara ueJI Ha Alrcepralll4rra e: 'oflpoexrupaHe, paspa6oroaue v r43cJreABaHe Ha

nla'rQopul4 3a orAaJleqeHo o6yueuue Ha BrpaAeHr,r ynpaBJrrBaulu cucreMa u po6orurca".
Tosa BK,'IlorrBa cb3AaBaHero Ha r.rHoBarrrBHr,r apxuTeKTypr,r 14 KoHuenquu sa ye6-6a3upalu
pasnpedeneHu cucmeMLt, Koumo ut4am 6b3Mo)tcHocm do ocuzypflm eQercmueuo omdaneqeuo
npozpaMupaHe Ha ezpadeuu ynpo6rfl6at4u cucmeMu u po1omusupaHu rtnam$opuu 6

o6pasoeauuemo.
3a peuraoaHe Ha IlocraBeHara r.IeJr ce Qopuryn[par cJreAHr,rre [o-KoHKperHra 3aAaqr4:

L flpoexrupane Ha nnarQoprraa 3a orAaJreqeHo nporpaMr{paHe Ha BrpaAeHrr
y[paBJIflBauII4 cHCTeMH Lt po6oru qpe3 :a4r,r6oueu aHarva Ha cbBpeMeHHr4Te

peIxeHH, v roAxoAH 3a sefiHara peaJrr43auur. flpoyunaHe Ha r43BecrHr,rre

TexHo,'Iorlrl4 Lt apxlrreKTypHr,r KoHuelur4[r. leSr,rurapaue Ha r.r3HcKBaHr4, KbM

oTAenHr4Te KOM[OHeHTr4.

2. Paspa6orxa Ha recroBa MoAyJrHa unarQopua 3a orAitJrerreHo flporpaMrrpaHe Ha

BrpaAeHI,r yupaBnrBarrlu crrcreMr,r u po6oru, Koero BKJuorrBa r,rMrrJreMeHTaur4, Ha

BcI4rIKI,r coS'ryepuz MoAyJr14, IrHTerparlh, Ha pa3rurrHr.r Br4AoBe xapAyepur4
yc"rpoficrna, c63AaBaHe Ha norpe6areJrcKu r4HTepSeficu H floryr{aBaHe Ha clrrypHa
KOMyHUKaUT4' MeXAy OTAenHr4Te KOMnOHeHTT,I Ha CI4CTeMaTa.

3. tr4screAsaHe Ha recroBara cr4creMa 3a orAanerreHo nporpaMapaHe Ha BrpaAeHLr

ynpaB,'IsBatupr cl4erewtt vr po6oru o o6pasooareJrHa cpeAa. B pauxure Ha 3aAaqara
rpr6na ladrlar. paspa6o"reHlr MeroAlrKr4 3a ypoqu v [poBexranv recroBr.r 3arflTrts.
c pil3rl4rlHlr rpyflil o6yuaerrau. Ilpanra ce aHiLJrr43 ua e$exruBHocrra na ruarSopMara
n yue6Hur trpoqec v ee oueHqBar neAarorr4qecKr4 acneKTH Lt o6pasorareJrHr.l
pe3y,'ITarlr.

3a peuanaHe Ha IlocraBeHxre 3aAaqr4 ce u3rroJr3Bar MeroAr4 r4 rroAxoAr4, noAxoArlrlr4 3a

npoexTl4paHe u u3cJreABaHe Ha nnarQopnra 3a orAaJ'rerreHo o6yueHue no BrpaAeHrr
ynpaBnfl Baxlrr cucr4T euu Lt po6orura.
Cuutau, ue ns6pauuTe MeroAr.r r,r MeroAvtKt4 sa Lr3eJreABaHe cborBercrBar c nocraBeHara
rleJr Lr KoHKpeTHr4Te 3aAaqr{, cB6p3aHr4 c rIeJrTa.

4. AuaaurtlqHara xapaKTeplrcruKa Ha AucepraurroHH[rfl TpyA
B rlbpBa rJ'IaBa Ha Al4ceprallplqra e r43,'roxeHo HarrpaBeHoro npoyqBaHe Ha

cbBpeMeHHoro cbcrorHLre Ha npo6reua, cBbp3aH c reMara Ha H3cJTeABaHero. PasrreAaHlr
ca ocHoBHu noHrrrrfl orHocHo n,rar$opur4Te 3a orAareqeHo o6yueuue.
Pesylrarure or HanpaBeHoro npoyr{Baue ca npeAcraBeHu BBB Br4A Ha ra6r,uga, KbAero ca
[oKa3aHI4 eAl4HaAecer BoAeIrII4 nnarQoprr,ru 3a orAareqeHo o6yueuue or pa3JrrrqHr,r crpaulr,
BKrroqurelHo IrlcnaHI4r, TTTggqur, MexcI4Ko, Bpazwnut, Hopnerur, Ancrpalux, Pycun u
Cr,p6ut. Hanpaaeu e cpaBHI4TeJIeH aHan:a3 Hapa3rJreAaHHTe orAaJrerreHu ra6oparopuu.

Bropara rJTaBa e [ocBereHa Ha 3a!.aqu, cBr,p3aH]r c tlpoeKTllpaHe Ha n,rarsopua sa

orAarer{eHo nporpaMl4p.aHe Ha BrpaAeHr4 ynpaBJrrBarun cr4creMu u po6ora. Ilpanu ce
aHanI,I3 Ha rexHonorl,Il4 3a peiuru3arlr4flTa Ha MoAyJreH rrpr,rHuun Ha nnar$oprnra 3a

orAaJleqeHo nporpaMrrpaHe KaKTo Ha BfpaAeHx ylpaBJr.rrBaur4 cr.rcreMr4, TaKa h Ha

o6pasonareluu po6orlr t4 vtnycrpr4anHr4 Malrr4Hr4. 3a peanusa\hflTa ce r,r3rro,'rBa AocrtrreH
xapAyep r.r co$ryep c orBopeH xol. MolynHr4sr Auzafiu ro3BoJrrBa cr{creMara la 6:..1e

AOCTbnHa 14 i'IeCHO MyJITI4nnI,IUUpaHa, KOeTO AaBa BT,3MOXHOCT Ha IIOBeqe UOrpe6Ure rwr Ia fl
npr4narar r o6pasonarerrHr4r npo(ec H B npaKTrrrrecKr4Te cr{ npoeKTr,r.

B rperara rJraBa ca [peAcraBeHr4 noAxoAr4 3a peanu3aur,r fl Ha HHoBarr,rBHa

o6pa-:onar:enHa IIJIaTQoprvra, [peAHasHarreHa 3a oTAilneqeHo rrpofpaMlrpaHe Ha BlpaAeHr4
y[paBJIrBaIuu cl4creMla Lr po6ola. I4nanleuesra\uflTa ua nnarQopMara ce 6asupa ua
pa3[peAeJreHa apxl4TeKTypa 3a orAaneqeH Aocrtn Ao Qlr:uuecxu o6exru, Karo rs ce



HaArpaxAa cbc cneqpIoI4rIHI4 o6pa3oBareJrHr4 QyHrrlr.rr.r v akailThrpa],j.u 3a yqeoHu rleJrpr

r,rurepQeficu . OnucaHH ca Haq[rHure 3a cb3AaBaHe Ha pa3nurrHr4 ycJryrrr:
- 3a nporpaMr.rpaHe r,r KaqBaHe Ha KoA sa ESP,
- za cepuitHa KoMyHr4Kaur4fl,

- 3a KoHTpoJI vr cLIMyJraIII4fl Ha sao6uxalxulara cpeAa Ha la6oparopHara
I]OCTAHOBKA

- rporpaMr.rpaHe ua po6or:u z gp.
B qerBbprara rr'IaBa e orrr4caHo ra3cneABaHe u ra3IIoJI3BaHe Ha nrarQopua sa

orAiuleqeHo nporpaMl4paHe Ha BrpaAeHH ynpaBnsBauru cprcreMu Lt po6orrl B

o6pasonareJlHl4.,I [poueo. Paspa6oreura ca KoHKperHr.r ypouu c ueJr recrBaHe Ha

lpoeKTupaHara nJlarSopua. llpnne4eua e MeroAr4Ka 3a npoBelKlaHe Ha ABa ypoKa qpe3

I,I3IIon3BaHe Ha Ilrrar$oprrrara Arduino v II'VH ypoK r{pe3 u3froJ'r3BaHe Ha nnarSopurara :a
orla,rer{eHo nporpaMlrpaHe ua po6o'r Misty II c Python.

B rarcflro.reHrrero e HanpaBeHo pe3roMe Ha ocHoBHr4Te pe3yirrarr.r or [poBeAeHoro
I,t3CJIeABaHe.

5. IIpuHocll Ha ArrceprarlnoHHr.rs rpyA
Ilpuuocu're B Al4cepraulroHHl4.u rpyA Morar la 6'slar o6o6rueHu no oJreAHr{f, HaqlrH:

Hayvuo-npailoJtcHu
- IlpednotrceHa e apxumeKmypa ,npedua3HaueHo sa paspa1om*aHe ua ntamQopJt4u 3a

omdoneqeuo npozpaMupaHLte, Konmo nosloltnla da 6tdam peuteHu npo1neuu 6

npaKmuqecKomo o1yueuue no ezpadeHu ynpazrnsau4u cucmeMu u po6omu,'
- Paspa6omeHu ca orcopumhtLt, ompasflnatqu Qyuxt4uoHupaHe Ho ocHolHume uodynu ua

peiltLoupaHame rmamQopua sa omdaneqeHo npozpaMupaHe Ha ezpadeuu cucmeMu u
po6omu;

- IlpednocrceHu ca uemoduxu sa xu1puduu ypot4u qp% usnon3*aHe Ha cucmeMa sa
omd aneue Ho npoepaMupzH e.

Tesu npuuoctt evr orHacflT KbM rpyna o'Cb3AaBaHe Ha HoBH MeroAr.r u rclacnQllKarlnu."
Ifpwroctcuu:

- PaspadomeHa e mecmola nnamQopua sa omdarelteHo npozpa.ltupaHe Ha ezpadeuu
ynpa6nn6au4u cucmel4u u po6omu.

- CwdadeHo e Python 6u6nuomeKq 3a npoepaMupoHe Ho xy*tauoudeu po6om Misty II.
- I,lnmezpupaHu ca pa3nuquu sudoee MuKpoKoHmporepHu nnamQopuu, xyuauouduu

po6omu, .uudycmpua,tuu po6omu u 1esnunomuu temameJ,tHu anapamu s pnpadomeuama
naomfuopua, Kamo ca npoeedeuu eKCnepLLMeHmaJlHu uscnedoautn 6 peanHa
o6pasoeamenna cpeda.
Teslt npuuocrd ee orHacrr KbM rpyna o'floryuanaHe Ha troATBbpAr{TeJrHrr Qarcru"

6. fly6.nurcautltl, cBbp3aHrr c Ar{ceprarl[qra
Bte nptsKa c Al4cepra\r4flTa ca npeAcraBeHr.r 6 rpyaa. Or rsx eAr.rH e ny6ruxauulr B

cnl{caHl4e "O6pa:oeauue v xna,raQnxaur,rfl" (npraera 3a neuar), Tpr4 ca AoKJraAr4 Ha

MexAyHapoAHr.r xouQepenquu B crpaHara. Asa [peAcrorr La 6rlar orner{araHr4 B

c6opnraqu ua TELECOM 2024. Tpu rpyAa ca B cbaBropcrBo c HeroBr{.f, ptKoBoAureJr, rpr{
ca caMocTo.f,TeJrHr{.

Vlva ABe rlr.rrlrparnfl Ha AoKnaAa " Design of Remote Labs and Experirnents about
Embedded Systems and Robotics Learning"
Ocnes roBa ce ur4rr4pa (2 rywupauux) u AoKrraA "Web-Based Remote Laboratory for
Programming Arduino-Based Experiments".

7. [IpegcraBeH[qr anropeQepar orpa3rBa cbulHocrra Ha HarrpaBeH[Te r,r3cJreABaHI,Is,

orrr{caHr,r B Ar,rceprauloHHr4fl TpyA r4 [onyqeHrrre pe3ynraTr,r.



8. Jluqnoro yqacrre
AHarus Ha Al4ceprauvoHHlt, TpyA Ir npeAcraBeHufl cr,ttcr,x ua uy6lLtKatlLlvt, cBbp3aHr4 c

AI4CepTaUI4OHHI4' TpyA MV I.ABA OCHOBaHT4e Aa Ha[paB, 3aKJIrOqeHr4e, qe Ar4cepTaHTbT
no3HaBa MHoto 4o6pe cbcro.flHr.rero Ha npo6,rena r4 HrMaM HI4KaKBo ocHoBaHr4e Aa ce
cbMHrBaM B II,Ir{HOTO My yr{acTr.Ie, B npoBeAeHr4Te I43cneABaHlLs v\ B Hanr4cBaHe Ha

.qHcepTarlprrTa

9. IlpanruqecKa [prrJroxrMocr
Paspa6o'reHara B Ar.rceprauuoHHr4fl r?yA nnarSopua 3a orAaJrer{eHo nporpaMr.rpaHe Ha

BrpaAeHlI ynpaBJIsBauII4 cI4creMI4 14 po6orr,r AeMoHcrpr4pa uprpoK noreHuriaJr 3a
rIpI,Ii'IoxeHI4e B pa3rI4r{HH o6pasonareJlHl4 u npoQecuoHarHr,r cpeAr4. B cQepara Ha
cpeAHoro o6pa-:onauue n,rarQopuara Moxe Aa ce r4HTerpr,rpa n yue6unr flpoqec Ha
npoSecuoHaJIHI,ITe ra upoQranupaHuTe rr.{MHa3r4r.{, a n cSeparaHa Br4cuero o6pasonaupre rfl,
npeAocraB, ueHeH I{HcrpyMeHT 3a rexHr{rrecKr,rre yHr4Bepcr{Terr{ flpu npoBexAaHe Ha
na6oparopHl,I ylpax(HeH[L u HayqHr4 r43cneABaHrs s olracrra Ha BrpaAeHr.rre cr4creMr4 14

po6oruxa.
MogynHara apxr{TeKTypa Ha nnar$opua'ra fl npaBr4 [oAxoAr[Ia 3a aAarrrr4paHe KbM
cuequoaunure Hy)(Au Ha BcflKa opraHlr3auHfl, He3aBr,rcHMo Lailv craBa Bbnpoc 3a
o6p asonareJr H H, H ay q Hr4 an [r HHAy c rpuuttvt np Hrr oxe H r4fl .

10. 3a6ene)r(Krr, MHeHrrfl r{ trpeflopbKrr

flo npe4craBeHara Al4cepraun, Morar Aa ce HanpaBrr cJreAHr.rre :a6e,rexru H npeiloptKrr :

- B Aucepralll{rra MHoro nogpo6no ce orr{cBar r43BecrHr,rre Heula lrt.l u rt.2l, Koero
yBerurraBa o6eua Ha npeAcraBeHVfl TpyA;

- He e qcHo Ha 6asa'ra Ha KaKBo ca geQzuupaHr4 r43r4cKBaHr{rra KbM ruarQopuure:
raru ca r,r3BecrHr4 (Ho urua rrr4Tr4paHr4t) uttu ca Ha aBTopa

- Hacr or Qrarypure ca ua asuuficKu e3r4K, a Apyrara na 6urapcxz. Bu 6ulo go6pe

Aa ce Bb3npueMe eAr{H Haqr,rH 3a npeAcTaBrHe Ha MaTepr4ana.
- Ha qacr or Suryprare (crp. 106, 113, 116) uruQrprr e MHoro Ape6en H He ce qere
- flpu Qoptranno onlacaHlae Ha pecypcnre (c'rp. 52) ue e Ka3aHo B KaKBa eAr4Hr4rlr4 ce

[3MepBar orAerIHI{Te KoMIIoHeHTu BbB QopHrynu're 14 B KaKBr,r rpaHr,ruu ca rexHr,rre
crofiuocru.

- Ilarcsa KoMeHTap orHocHo cpaBHr4TenHure ra6luqu.
- llpu onucaHl4e Ha aJlropurMrrre 868 Br4A ua 6nox-cxeMu (Qur.51,53) Jrr4rrcBa

aHaJrulsupaul eJIeMeHT, T.K. He Moxe la vua eAHoBpeMeHeH npexoA KbM 4na 6lora
- I4uatt u cJIeAHara [peroprrca: Xy6aso 6u 6uno HarrpaBHare H3cneABaHVfl. La

6l..lar_ orpa3eHr4 B H.,rKaKBo yue6no noco6ue.

ll.3arc.nroqeHue

Oqenxara Ha AI4ceprauI4oHHI,L TpyA e noJ'roxr4Terua. Karo IrMaM [peABr4A cbAtpxauruTe
ce B Alncepra\ilflTa 6e:cnopHu HayqHo-npHJrolKHr4 r,r [punoxHr4 npr,rHocr4, aKTyaJ'rHocrra r,r

3HaqLIMocTTa Ha [I3cJ'IeABaHaTa npo6leuaTpIKa, pa3rnacaTa Ha rrocTl4xeHxrTa Ha

AoKTopaHTa B MeAI4I4Te 14 3aAbn6o.reHzre My no3HaHus. B u3cileABaHara o6,racr, crrr4TaM, qe

AI{cepraIruoHHI,Irr rpyA orroBap{ Ha H3r4cKBaHr{rra Ha 3arcoHa 3a pa3Bnrrre Ha
aKaAeMIrqHHfl cbcraB B peny6.nura Er.nrapur u ua IIpaBlrJrHlrKa 3a ycJroBusra u
peAa 3a [Pulo6r.lnaHe Ha HayrIHHTe crefleHu e TY-CoS[q, nopaAn Koero npeAnaraM Ha
Mar.I4HlK. Beuunclag Eofixoe Ha.{ee la 6ue [pprcbAeHa o6pa:onarerrHara Lr Hayr{Ha
creIIeH "4oKTop" ro HayLIHo HarIpaBr'IeH[Ie 5.3 Kontynnrcaql{oHHa v KoMrrrcTbpHa
TexHr.rKa I4 HayrrHa cnequarrHocr rrCucreMHo rrporpaMrrpaHe".

PEI{EH3EHT:
/upoS. A-p Huua B, Cuusrvmal

24.02.2025 r
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control systems and robotics
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The dissertation contains I99 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 central rzed and avai I ab I e 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 pu{pose, 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 to2024, which shou,s 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
obility to provide ffictive remote progromming of embedded control systems and robotic
platforms in educ ation.
To solve the set goal, the fbllowing more specific tasks are forrnulated:



1. Design of a platform fbr 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 ernbedded 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.
I 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
plattbrms 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 fbr the implernentation of an innovative
educational platform designed for remote programming of embedded control systems and
robots. The irnplementation 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 ernbedded 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 summanzed as follows:



Scientitic -
- Proposed an architecture designed for the development of platfurms for remote
progromming, which allows problems to be solved in practical training in embedded
control systems and robots,'
- Algorithms have been developed to reJlect the functioning of the main modules of the
implemented platfurmfor remote programming of embedded systems and robots;
- Methodologies for hybrid lessons using o 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 IL
- Various types of microcontroller platfurms, humanoid robots, industrial robots and

drones have been integrated into the developed platform, and experimental research has
been conducted in a real educationol 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 TELECO}l42024. 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 rvide 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 I and 2),

which increases the volume of the presented work;



- It is 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 rvould 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 algorithrns 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 tbllowing 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 scientif'rc
degree "Doctor" in the scientific fleld 5.3 Communication and Computer
Engineering and the scientific specialty "System Programming".
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