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Bbpxy AhcepralruoHeH TpyA sa npLIAo6raBaHe Ha o6pasouareJrHa u HafrHa crerreH ,,goK-rop"

IIpo$eczoHaJIHo HanpaBJIeHIte 5.3. Kor'aynuKarlaoHHa r.r KoM[rorbpHa rexHHKa

Aarop Ha Ar.rceprarrrroHHi{r rpyA: Mar. usx. BeHuHcJraB Eofixoe Haqee

Tena sa AlrceprarrnoHHlrr rpy1: IlpoexrlrpaHe rr r.r3cJreABaHe ua urarQopMrr 3a orAa,reqeHo
o6yveune rro BrpaAeHlr yrrpaBJrflBar.uu crrcreMH u po6oruxa

PeueHseH'r: IIpoS. .a-p Crauucraa fleHuee CuueoHon, YHraaepcurer,,IIpoQ. A-p Acen
3rarapor" - Eyprac

B ctoreercrBue cbc 3arroBea OX-53-02 or 08.01 .2025r., Ha Pexropa Ha Texnr4r{ecKr
yHuBepcurer - Co$ur, orHocHo: flpoue4ypara no 3aur.rra na [uceprauzoHHtu rpyA Ha r4Hx.

BeHuucras Eofixoe Hauee, Ha reMa; IlpoercrupaHe rr rr3cJreABaHe Ha n,rarSopmu 3a

orAarerreHo o6yuenne tro BfpaAeHrr y[paBrqBaulu crrcreMrr lr po6oruxa, a o6lacr Ha Buc[re
o6pasoeaune 5. TexunqecKu Hay:r.Lt, npo$ecnoHanHo HarrpaBJreHlre 5.3. Korvryru.rxaur.roHHa rr

KoMnlorbpHa rexHuKa, AoKTopcKa nporpaMa ,,CucreMHo [porpaMI{paHe" cbM BKJrroqeH B c6craBa
ua Haytuoro xypl4. B ctoreercrBlle c pelxeHlrero ua flrpeo 3aceAaHr4e na Hayruoro xyprr or
17 .01,2025r. cbM Ha3HaqeH 3a peueH3eHr. flpe4ocraBeH MH e rrbJreH KoMrrJreKr MarepnaJru,

cBap3aHLI c AuceprauuoHHr4.f, rpy.u, cr,rnacHo flpaeurHr.rKa 3a ycnoBr,rrra H peAa :a npago6unaue
Ha HalqHr4 creneHa e TY - Co$ax.

1. Arcryaluocr Ha pa:pa6ornaHufl B ArrcepraquoHH[q rpya upo6JreM B HayqHo u
HayqHo[puJIo)I(Ho orHorrrenr.re. Creues rr HHBa Ha axTya"rHocrra na npo6lenra u
KoHKperHrrre 3aAaqrr, pa:pa6oreHr{ B AHceprarluflTa.

flpe4craeenurr [Hcepralrl,toHeH rpyA 3acf,ra aKryanHa reMa orHocHo rrpoeKrr4paHe,

cs3AaBaHe I{ LI3CJIeABaHe Ha UrarsOprvrU 3a oTAa"rleqeuo o6yreHue, n o6lacTTa Ha cI{cTeMHoTo

rporpaMupaHe u po6orlrxara. @orycrr e [ocraBeH Bbpxy rpr4Hrru[[Te Ha pa3pa6orra,
peaJrurca\hfl.Ir LI3cneABaHe Ha raKa cb3AaAeHa nnar$oprraa. Ilpo6ner"rarrrKara B ToBa orHorrreHlre e

aKTyiuIHa 14 e B HerlpeKbcHaro pa3Burlle B cbBpeMlrero. Muoro ror{Ho e 4e$nHupaHa rleJrra Ha

AI,tcepraIIHoHH[r, TpyA: ,r[poeKTrrpaHero, parpa6ornaHero n rr3cJreABaHero na nrar$opuu
3a orAareqeno o6yuerue'0, a Ha ra3u 6aza ca r,I3BeAeHr,r 3aAar{r4Te, Kor.rro ce [ocraBf,T 3a

H3nbJIHeHI.Ie. [o6po BneqarJreHue rrpaBu 3aAaqa rplr, 4e$uuupa*a B Ar{ceprarluoHHufl rpyA, a

HMeHHo: Ir3cJIeABaHe ua nrarQopMara:a odyveHne. BaNso rrpeAH3BHKareJrcrBo, npe.u,craBeHo

B AI{cepraIIHoHHI{, TpyA ce cr,crou n pa:pa6orBaHero Ha r,rHoBarr,rBeH noAxoA 3a c63AaBaHe Ha

MoAynHI{ nlarSopvu,t 3a orAaneqeHo flporpaMrrpaHe Ha BrpaAeHr.r yflpaBnflBarrlrr cucreMil u
po6oru r o6pasonareJreH KoHrexcr, C [oMouITa na Qrzrypr,r u nogpo6en aHar']H3 ce oHarJreAf,Bar

orAenHLITe KoMTIoHeHTH H Br,3MoxHocrHTe 3a r.,rxHoro npHnoxeHl{e. luceprauroHHHf,T TpyA e

nocBereH Ha 6escnopuo aKTyanHa reMarlrKa, nprz4o6unaula Bce rro toJrrMo 3HaqeHHe.

AucrasquoHHoro o6yreuue e Ber{e 6e:cnopeu KoMrroHeHT or o6pa:oeaH}rero, He caMo B

yHHBepcr4Terr4Te, Ho H B f{Hnr{uara n npo$ecuoHanHr,rre ueHrpoBe.



2, Creneu Ha rIo3HaBaHe cr,croflHrrero na npo6"reMa [r rBopqecKa lrHTepflperaur.Ifl Ha

Jrr{TepaTypHr{ff MaTep rraJrI.

Amopm Ha AzcepralruoHHl{.tr TpyA e HanpaBun aHiLrrrrrrrrrHr.r r4HTepnperarrurr Ha

locoqeHl4Te B nlrreparypHara cnpaBKa 109 nnTeparypHr4 u3TolrHuKa, or Korrro 96 ca

ny6luxyeaHlz Marepuanu Ha aurnuficxu e3HK, ABe Ha pycKr4 e3rzK, Tpv na OurapcKr{ e3r4K, a

ocraHaJILITe ca npenparKll KBM Marepuanlr n I,IurepHer. Hanpaeeulrre aHaJrr4 3r{ r{ Mo.(ena , ta 6aza

IIHTIIpaHHTe I{3ToqHI4uI4 rroKa3Bar Iro3HaBaHe c6crofHI4 ero Ha npo6lelraurKara.
flucepraqrEoHHlr.f,T TpyA e oSopveH or yBoA, qer]rpu r.llaBu, cr,Ar,pxaq[ ocHoBHoro ]r3JroxeH[e,
3aKJIIoqeHrIe, rpI{HocH, cnncbx ny6nrxaqnu no pa6o,ara H IBe rrpr4noxeHr4q. O6uusr o6eu e
200 crpanuqz. CreA Ll3qep[arenHoro lpo)qBaHe, cbcro.f,Hzero Ha HaJurrrH]rre Beqe nnar$oprrau
(rnara l), cle4na'r B xpoHonorlrirHa nocJreAoBareJrHocr - IlpoexrupaHe Ha n:rar$opna sa

orAarerleHo rlporpaMlrpaHe, Pa:pa6orra ua uarQopMa 3a orAaneqeHo [porpaMr4paHe u
tr4:cneAsaHe LI I{3noJI3BaHe Ha nrarSopua 3a orAaneqeHo flporpaMlrpaHe Ha BrpaAeH:z cvcreM:a.

3. CtornercrBlle Ha u:Opauara MeroArrxa Ha r.r3cJIeABaHe c rrocraBeHara ueJr rr 3aAaqn
Ha AucepTaquoHHr{fl TpyA.

f{elra Ha npercraBeHl4s A}IceprarlproHeH TpyA e floHo ge$uuNpaHa s Har{aJ'roro.

Mero4urata Ha Ir3cJIeABaHe B Ar{ceprarruoHHrr.f, TpyA e us6paua B cborBercrBue c [ocraBeHr4Te

uen u 3ap.aqa. 3a nocrzraHe Ha rlocraBeHara B Aaceprar{rroHHrz{ TpyA rlen, a I4MeHHo:

rIpoeKTI{paHero, pa3pa6ornanero tl r{3cJreABaHero ua n,rarQopMu 3a orAaJreqeuo oOyveuue
ca Ae$rrHr{paHr{ cJreAHure 3aAarru :

o flporreaHe cbBpeMgHHoro cbcrorHrze s o6,'racrra Ha Ar4craHrlr,roHHoro o6yreuue no
BrpaAeHrr ynpaBn.rrBaulr cvereMr u po6oruxa;

o CtsAasaHe Ha apxlrreKTypHr.r perueHrzf, H aJrroprrrMz 3a peanu3arJwfl, na nnar$opMu 3a

orAaner{eHo o6yreuue.

. CpasHIareJIeH aHaJIIr3 u ras6op Ha rexHonoruryr3a peanr.r3arlrrf, Ha urar$opuara;

. flpoexu4paHe, MolenvpaHe Ir I4MIrJreMeHrrrpaHe recroBa nnardropua;

o Paspa6orBaHe Ha MeroAlrKH 3a recrBaHe r4 [3rroJr3BaHe Ha recroBara u:rar0oplra r
yre6urar rpoqec.
Haupaneu e xpoHonoruueH auaJru3 fl ananwtuqHa r,rHTeplperauv, Ha ror.f,N,r o6eN.{

unQopuaqu.r, 3acxralqa npo6renarvnura, cB6p3aHa c reMarr.rKara rro pa3pa6orxa H u3noJr3BaHe

Ha cHCTeMV 3a ArrcraHur,roHHo o6yreuue. Ycneuruo e cbqeraHuero Ha $oprraa:rrra MoAeJIr4 3a

onllcaHne Ha clrcreMHr.r pec)?cx cbc cpaBHHTerTHr4 ra6:ruqu 14 KppITr4qeH aHalrvr3 no orHoIUeHHe

z:6opa Ha apxr4TeKTlpa.
floq6pauu, cb3AaAeHlr rr u3rron3BaHu ca rroAxoArxrrr MeroAH r.r cpeAcrBa, c Kor{ro aBTopGr

IIocrLIra SopuynnpaHrrre B 3aKnror{eHrrero rrpkrHocv Ha Ar,rceprarlr4oHHr{f, rpya. UsopaH e

rloAxoAflul TexHoJloruqeH r.IHcTpyMeHTapr{yM 3a cr,3AaBaHeTo Ha TeoperurrH[r QoprraaneH MoAer,
rI B rrocneAcTBl,Ie, HeroBoTo npoeKTr,IpaHe) IrMrrneMeHTaIIII.f, I4 TecT.

C.ttztalr, ve u:6pauara MeroAr4Ka Ha LI3cneABaHe HanbnHo cborBercrBa Ha rrocraBoHara B

ArrceprauuoHHr4f, TpyA.
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4. Kparra aHarururrHa xapaKTeprrcrlrKa Ha ecrecrBoro [r oueHna Ha AocroBepHocrra
Ha Marepl{aJra, Bbpxy xofiro ce rpaAflT rrprrHoclrre Ha Ar{ceprarlrroHHrrs rpyA.

flpe4craeeHusr or Mar, rHx. BeHquclae Eoffxoe Ar4ceprauuoHeH TpyA e cbc crpyr<rypa

rI cbAr,pxaH[e Ha Ha)^{Ho pr3cJreABaHe, crcrof,rrl ce or yBoA, o r<ofiTo sa 6aga 4e$annqzr ua

o6ema H npeAMera Ha LI3cneABaHe, ce OopMynupa pa6onrara xurroresa, se Ar{craHuuoHHoro

o6yreuue c noMoulTa Ha IlJlarfoprr,rrz 3a orAaneqeHo rrporpaMlrpaHe Moxe [a oavtypt4

npaKrlrrlecKla 1vr,r,erue. r c@epa'ra Ha BrpaAeHrrre cucreMu, peuranaixu npo6leua c Su:uuecxux
Aocrtn 4o ra6oparopno o6opyABaHe. Ha 'raslr ocHoBa Ha Koero ca 4efizHupaHu rlenra r4

SoprnrynupaHu 3aAaqHTe Ha AnceprauproHHr4rr rpy.(,

Cucreltaru3vparu v aHar[,t3wpatu ea cbuecrByBau]r4Te cHcreMH, TflxHara

SynrcquonanHocr u reHAeHrlalrre Ha r.,rxHoro pa3Br4Trre. PasueraH H Ar4cKyrr4paH e rrpoqeca no

rlpoeKrI{paHero 14 aHaJrLI3a Ha rexHoJloru}.r 3a peanr.r3arlnrra Ha Mo.qynHr,r nlarfropnau aa

orAaJIerIeHo [porpaMl,Ipaue. Auaru3br r.r Ar,rcKycprlrre 3acsrar KaKTo BrpaAeHu yrrpaBnf,Barrlrd

cllcreMpl, raKa 14 o6pasonareluu po6oru v vn[ycrpuaJrHr,r Marr]r,rHr,r.

flpe.uloxeu e eSexrueen eSerrunuo SoplranHo orrr4caHlre, rro3BoJrsBaruo Sopr'aa-rrv3aq:afl

npoqeca Ha npoeKTupaHe [r paspa6orxa. tr4z6paua e MoAynHara apxr.rrexrypa cbc cneAHr.rre

OCHOBH[T KOMTIOHEHTA:

o Web IDE;

r Message Broker;
r Laboratory Computer;
o Laboratory Equipment

B rpera rnaBa Aol<ropaHTtr onr4cBa rrpoeKTr4paHero u peanr,r3aunsra Ha HHoBarr,rBHa

o6pasoraremta nnarSopnaa, [peAHa3HaqeHa 3a orAaneqeHo flporpaMr,rpaHe Ha BrpaAeHu

)mpaBrtrBalqu cllcreMl4 vr po6oru:rzpanu ular$opMlr. @orycrr Ha paspa6orKara e nocraBeH

Btpxy c63AaBaHero Ha rGBKaBa I4 AocrbrrHa cpeAa :a o6yreHze, Korro ycnerxHo Aa orroBopn Ha

c:sBpeMeHHlare nperI43BI4KareJIcrBa B TexHnqecxoro o6pasoeauze. ZuuaelreHTarfztflTa Ha

nlarSoprraara ce 6asapa Ha pa3rrpeAerreHara apxr4reKTypa 3a orAaneqeH Aocrtrl go Su:zvecrr
o6erru,. Ha roea M.flcro cMsraM, qe cg [onyuara raSroJrotrafl c rrpoqeca Ha rrpoeKTupaHe Ha

cucreMara, olplcaH B rJIaBa 2. flo ao6pe e KoMrroHeHTHre, Kacaeuu npoexTupaHero Aa ca

o6eAasesn. flo roga HaqHH, 3a r{r4Tarervre Ha pa6orara ue 6:sle rro JrecHo Aa HanpaBflT

pa3rpaHlIqureJlHa ltuur4fl. MexAy rlpoqeca tro npoeKTr4paHe r4 npoqeca no lrMnreMeHTarlu[. Taxrs
loAxoA ynecHflBa MHoro KoHllenryannoro pas6ltpaHe Ha pa6orara. Tosa N,rHeHr{e e crporo
[penopbr{ureJrHo I,r He HaMaJIqea crofiHocrra Ha paspaOorxara.

B r{erBbpra rJIaBa ce H3cJreABa pa6orara Ha cb3AaAeHara nnarQopr',ra, loxropaurrr
noAxox.{a uHTepecHo, nocpeAcrBonr pa:pa6orxara Ha KoHKperHr,r ypouu 14 eKcnepuMeHrrr c qen

repn$rarcaqvrfl Ha paspa6oreua Berle nla'rSopvla flpe4craeetkr ca KoHrperHr,r 3a4laqu w Kasyeyr,

KoI'ITo Morar la 6tlar nprnoxeHr.r e o6pasoeareJrHu, rrpoqec, c Qoryc Bbpxy uo4o6pruaHe Ha
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o6yueuuero no [porpaMupaHe na po6oru 14 BrpaAeHr4 c]rcreMr{ qpe3 r43[on3BaHe Ha orAaneqeHa

nnarQopna.

Bcuqxa Ir3BoAIl v 3aKnloqeHufl, ca aepra$zqupaHH v. norBcpAeHr4 rrpe3 BHeApflBaHe B

KoHKpereH o6pa:onareneu npouec. Tosa N{r.r AaBa [bJrHoro ocHoBaH]re Aa nprreMa, qe

lonrleHl4Te pe3ynrarr4, npeAcTaBeHr.r B Ar.rcepraurroHHr4_s TpyA ca AocToBepHH H r{pe3 Trx MotaT

4a ce $opuyJrr4par HayqH[Te a [punoxHl4 rrpr.rHocr4.

5. HayuHu wlutn HayrrHo[pHJro?KHr.{ [prrHoclr Ha Ar{cepraur.roHHr{r rpyA

Ha roga Mflcro rqe ur{T}rpau flpaenlur4K 3a ycnoBvrflTa v peAa 3a npugo6unaHe Ha HayqHrl

crerIeHLI e TV-CoSua: $opvrynupane v o6ocHosxa Ha HoB Haf{eH upo6:reu (o6:racr);

Qopuynrapase u o6ocHoBxa Ha HoBa reoplr.f, (xuuoreaa); AoKa3BaHe c HoBtr cpeAcrBa Ha

c:ruIecrBeHLI HoBrI crpaHr4 B ctulecrB)tsaur.I HafrHn npo6reuu u reopvlr; cB3AaBaHe Ha HoBr.I

rlacu$uxalll4r.r, Merorr4 Ha r.{3cJreABaHe, HoBr{ KoHcrpyKurrr{, TexHoJrorrzH, npeflaparv) cxeMr4 3a

rerleHl4e I{ T.H.; non)n{aBaHe rz AoKa3BaHe Ha HoBr4 Qarru; ilonfraBaHe Ha [orBbpAr4TenHr4 Saxru;
3HaqilMH xyAoxecrBeHorBopqecKr4 rrocrr4xeHus. TasH rrocraHoBKa MV AaBa ocHoBaHrre Aa

[pLIeMa, Karo Ilrno npzHocrrre B ArrceprarluoHHrr.f, TpyA Ha Mar. r{Hx. BeHu}rcrae Hauee, Ho caMo

ckt lo3BoJI.,IBaM Aa ru o6o6urs no cneAHr4, Har{r.rH:

o HAYHHO-IPI,IJIOXHII IIPIIHOCII:
flpeAnoxeHu ca apxr4TexrlpHrz pe[reH]I.f, :la paspa6orBaHe Ha uoru urar@opMrr 3a

orraner{eHo nporpaMilpaHe Ha BrpaAeHr4 yrrpaBn.f,Barl}r cr{creMa u po6oru,

no3BonsBarqr4 HoBr4 HacoKr4 B npaKTr4qecKoro o6yreuue ro BrpaAeHr4

yrrpaBnf,Barrln cr4creMa u po6oruxa;

cb3AaAeHI{ {Oprvraluu MoAenr,r u anropr4TM uuua 6a3a, rro3BonrrBarq A peanv3arJr4s,

na nnarQopMr4 3a orAaJreqeHo nporpaMupaHe Ha BrpaAeHr{ }TrpaBnf,Barr:a cvareukr

n po6oru;

pa:pa6otena e neAarorilqecKa paMKa 3a rr3rroJr3BaHe Ha crrcreMh 3a orAaneqeHo

o 6yr euue B nperroAaB aHero Ha rexHlrr"rec Kr.r ALrc unn ItHHkr.

o fIPHJIOXHII fIPI4HOCII:
Ha 6asara Ha npeAnoxeHr4Te apxureKTlpHrr perxeHr4x e paspa6oreHa recroBa

uar$opnra 3a orAaJler{euo o6yreHr.re rro BrpaAeHn ylpaBn.,rBaurr4 c]rcreMrr [r

po6oruxa;

pa:pa6oreua e 6u6tuorexa Ha Pyhon,:a flporpaMlrpaHe Ha xyr\4aHorzAeH po6or

Misty II;
HHTerpHpaHLI ca pa3nl,Ir{Hr4 TrrrroBe xapAyepHr{ ycrpoficrua, BKJr}or{r4TeJrHo

MHKpoI(oHTponepHr.r nnar(poprurn (Arduino, ESP32), xyvraHor,rAHu po6ora (Misty

II), uu4ycrpu'arrHrl po6or?r (Dobot Magician) u 6egnnrorHr4 JrerareJrtll anaparll

(DJI Tello).

4



6, Oqenxa 3a crerleHTa Ha JrI,IqHoro yrracrne Ha Ar{cepraHTa B rrpr{Hocr{Te.

JIuuHo as, [o3HaBaM 6euo AoKTopaHTa, uo 6a:upafixu ce Ha flpeAcraBeHufl, MV

AIrcepraIIVoHeH TpyA, npeAJroxeHr.r, Mo.qer, peanv3r{paHara v anpo6upaua cprcreMa 3a

orAaJleqeHo nporpaMlrpare v cBbp3aHHTe c r,ax HafrHrr ny6lzxaquz y6egurelHo coqar se

noilf{eulzre pe3ynrarll ca r.r3KJuoqrrrerrHo Aeno Ha Mar. aHx. BeHqacnar EofiKos v ca

IIocTlIrHaTll nol pSKoBoACTBOTO Ha Har{Hrr{ My pl,KoBo.qrrTen.

7. IlpeqeHrca Ha ny6rnxaquure rro Anceprarrr{oHHrrfl TpyA: 6pofi, xapar$ep Ha
II3AaHI{flTa, B KOHTO Ca OTIregaTaHIt.

flucepraHruT r4Ma 6 ny6nnxaqur{ BT,B Bpb3Ka c Aprceprarlrrqra, B T.q.:

- u c6opnv\u c AoKna.{r4 Ha MexAyHapoAeH Ha} {eH $opy* (unlexcupaau) - 4 6p.;
- B HarluoHaJrHr,r u34aHlafl,-26p..

lae or ny6luxaqNrTe ca caMocro.rrrentr4, a ocrananllTe ca B cbaBTopcrBo c Hayr{Hr.r.f,

pr,KoBoAI4Te:r. flpe4craBeH e crrucr,K cr,c sa6er.[3aHl1 u]rrr4paHaq. CreA HanpaBeHara or MeH

npoBepKa, as sa6erqsax 5 Wr'tvpa],j.ufl, KbM AHeuHr4r MoMeHT. He orrcpux npr{3Harlr4 3a

IIJIATVATCTBO.

flpe4craneHlrre crarl{rr HaAxBBpnflT Mr.rHrrMarHr{re r43r4crBaHr4f, uy6lnraqr.r n sa OVIC

,,4oKTop" cT,rJIacHo 3axosa 3a pa3Br{TI4e Ha aKaAevlaqHufl. cbcraB r Peuy6nurca Erlrapur u

flpaanluuxa 3a ycnoraflTa x peAa :a npngo6r4BaHe Ha Ha1^rHLt crerreHz s TexH[.{ecxu
yI{LIBepcATer - Codrux e o6racr 5. Texu[.recKrz Ha],rs4, upofecuoHrurHo HarrpaBJreHr{e 5.3.

KouyHuxaqrroHHa I4 KoMnrortpHa rexHrrKa.
8. I{uorsnaHe Ha pe3yJITarI,ITe or Ar{cepraurroHHrrr rpyA B HayqHara rr coufiaJrnara

npaKTHKa. Halnque Ha rlocrl{rHar rrpflr( r{KoHoMrrqecxu eoexr r{ trp. floxynreuru,
HA KOTTTO Ce OCHOBaBa TBbpAeHr.reTO.

flolyreHnre pe3ynrarlr or .qaceprarluoHHrl.f, TpyA - flpeAnoxeHuflT MoAen u peaflv3upalara
cl'{creMa 3a orAaneqeuo o6yreune e anpo6upaHa B paMKrrre ua gefiHocrra Ha AoKTopaHTa, Karo

npenoAaBarel. HanpaneHHTe recroBe BoA.rrr go y6e4eHoro rBBpAeHHe, qe cr4creMara pa6otu
npaBl4nHo I,I llpe.{noxeHnflT oT AoKTOpaHTa MOAeJT e B CBCTOrHr,re Aa peanv3r.rpa cBo.f,Ta

Symqzonaluocr.
B lrarepza,'Iure, rIpeACTaBeHIr MIr 3a r{3rorB.sHe Ha Hacro.,rqara perreH3vrfl. HflMa npeAcraBeH

AoKyMeHT, .re pa:paooreHara cl4creMa e BHeApeHa, Ho rro ro3r{ Bbrrpoc ce HaA.rrBaM Aa flonyqa
r.r3qeplaTenHo MHeHr4e no BpeMe Ha 3aulHraTa.

9. Oqenxa Ha clorBercrBl{ero na anropeQepara c rr3rrcKBanttflTa3a r{3rorBflHero My,
KAKTO I,I HA AACKBATHOCTTA HA OTPA3flBAHE HA OCHOBHI{TC IIOJIOXEHIIS I{ IPIIHOCI,ITE
Ha ArrcepTarluoHHHq Tpyn.

B anrope$epara ca BKJIIoqeHIT rlenra Ha Ar4cepraunoHHt4r :rpy4, SopuaJrHoro orrucaHze,

apxlrrexT)?ara H MeroAonorvflTa Ha cB3AaBaHe Ha cr4creMara 3a orlaJrerreHo o6yreuue.
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flpe4cranen e v crrlrcbK ira ny6:ruxarJuure, orpa3{Barrlr4 rrpoBeAeHr,rre r43cJreABaHrrf,. B

CUHTe3I4paH BI{A Ca IIpeACTaBeHI{ CT,LICCTBCHI4 qaCTIZ OT CbAbpXaHIIeTO Ha IJIaBI{T9, KaTO e

3aIIa3eHa opLIrI4HanHaTa HoMepaUnfl Ha Ta6nvULITe u dturypnre or Ar4cepraUr4oHHru TpyA.

Ilpegcrarxnero Ha pe3ynrarl4Te e ra6ru.ren n rpaQzrreH BuA rr npeAcraBeHa.rrr copc KoA

ynecH[Bar Bb3[pfleMaHeTo r,r cb3AaBaT onrr.{MaJrHa [peAcraBa 3a rrocrlrtHaroTo or aBTopa I]pu
paapa6oreaHe Ha Auceprar{rroHHutr rpyA.

10. Mnenur, [peilopbxu u 6e,rexxu.

[ucepraquoHHltrr rpyA e ,I3rorBeH rrpeur{3Ho u e crpofiua rorur{ecKa [ocJreAoBareJrHocr.

llpanu BrleqarneHlre creleHTa ua un$opuupaHocr Ha aBTopa rro AaAeHara reMarlrKa. llora:ano
e 3HaqIITenHo IIo3HaBaHe I4 IIeIarOIUqeCKa IOAIOTOBKa IIpX c]3IaBaHe I{ I,I3IIOJI3BaHe Ha CLICTeMII

3a orAaJleqeuo o6yteHue. Ha MeH nvqHo vu 6e npeAocraBeHa Bb3MoxHocr Aa r{3rroJr3BaM

eJIeMeHTIT ua paspa6orKara. BrsxureH cBM or npocrorara H Bb3MoxHocrrrre Ha cr4creMara. Ha

MecTa B peueH3llfTa cbM HarrpaBrrn npenopbKr{, KoHTo ca floxeJraTeilHlr 14 cBbp3aHr4 c Har{HHa Ha

SoprraynupaHe Ha Haf{Hr4 Te3rr.

ll.3arclrcqeHlre c qcHa [oroxnTeJrHa I{JII{ orprrqareJrHa oueHxa Ha Al,IcepraurroHHnfl
TPYA.

fr.rceprauuoHHu.trT rpyA Ha Mar. usN. Besur4cnaB Haqes Ha reMa ,,flpoercrnpaHe rr
I{3CJreABaHe Ha UlarQopMH 3a oTAaJreqeHo ooyqeHne IIo BrpaAeHfi yflpaBr,rflBaulu cucTeMr{

u poOornxa" cb4bpxa uaytuoo6ocHoBaHr{ perxeHr{.f, Ha aKTyaneu npo6nelr. PeatruzwpaHa e

aAeKBaTHa ny6luuuocr Ha pe3ynrarure. Cuatalr, qe [peAcTaBeHrr.rrr A]rcepraq]roHeH rpyA

orroBap, Ha LI3I{cKBa]F,]1,flTa na 3axona 3a pa3Br,rrHe Ha aKaAeM[qHr4.q cbcraB n Peny6luxa
Etlrapur. flanarta cBo.f,Ta flonoxr.rrerHa orreHKa orHocHo npu4o6zraue Ha Haf{Ho-

o6pa:oaarenHara creIIeH ,,4oKTOp" or Mar. uHN. Beuqr{cJlaB Hauea, cbtnacHo 3axoHa sa

pa3BIzTI{e Ha aKaAeMLIqHHfl cbcrao r Peny6,rnra Errrapnx,llpazu.lHrlKa 3a rrprrnoxeHr{ero My [r

Ilparannuxa 3a ycnoBnflTa v pe1a sa npr.r4o6uBaHe Ha HayqHr.r crerreHr4 e TexHr.rqecKra

yHrrBepcrrer - CoQnr.

flpe4larau Ha yBaxaenaoro HayrHo xyptl Aa flptrc'brlr o6pasorareJrHa [r Haf{Ha crerreH

,rloxTop" Ha Mar. uHx. BenullcJraB Eoftxos Haqes s o6racr 5. Texnu.recxr4 HayKH,

npo$ecnonanHo HarIpaBJIeHIre 5.3. KorvryarrKarluoHHa u KoMrrlor:bpHa rexHr{Ka, AoKTopcKa
lporpaMa,,CncreMuo nporpalrapaHe".

14,02.2025r

rp. Eyprac

Peqeu:esr:

Stanislav
Denchev
Simeonov

Digitally signed by
Stanislav Denchev
Simeonov
Date: 2025.02.14
'I I:38:56 +02'00'

/llpo$. A-p Crauucrae Cul.{eoHoe/
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REVIEW

on the dissertation for the acquisition of the educational and scientific degree "PhD"

Professional field 5.3. Communication and computer technology

Author of the dissertation: M.Eng. Ventsislav Boykov Nachev

Topic of the dissertation: Design and research of platforms for distance learning in embedded
control systems and robotics

Reviewer: Prof'. Dr. Stanislav Denchev Simeonov, University "Prof. Dr. Asen Zlatarov" -
Burgas

In accordance with order OX-5 3 -02 dated 08 .01 .2025, of the Rector of the Technical University -
Sofia, regarding: The procedure for the defense of the Dissertation of Eng. Ventsislav Boykov
Nachev, on the topic: Design and research of platforms for distance learning in embedded control
systems and robotics, in the field of higher education 5. Technical sciences, professional field 5.3.
Communication and computer engineering, PhD program "system Programming" I am included
in the Scientific Jury. In accordance with the decision of the First Meeting of the Scientific Jury
dated 17.01.2025.1am appointed as a reviewer. I have been provided with a full set of materials
related to the dissertation, in accordance with the Regulations on the conditions and procedure for
acquiring scientific degrees at the Technical University - Sofia.

l. Relevance of the problem developed in the dissertation in scientific and applied
science terms. Degree and levels of relevance of the problem and specific tasks
developed in the dissertation.

The presented disserlation concems a topical topic regarding the design, creation and research of
platforms for distance learning, in the field of systems programming and robotics. The focus is on
the principles of development, implementation and research of a platform thus created. The issues
in this regard are topical and are in continuous development in modern times. The goal of the
dissertation is very precisely defined: "the design, development and research of platforms for
distance learning", and on this basis the tasks set for implementation are derived. Task three,
defined in the dissertation, namely: research of the training platform, makes a good impression.
An important challenge presented in the dissertation is the development of an innovative approach
to creating modular platforms for remote programming of embedded control systems and robots
in an educational context. With the help of figures and detailed analysis, the individual components
and the possibilities for their application are illustrated. The dissertation is dedicated to an

undoubtedly topical topic, which is gaining increasing importance. Distance learning is now an
indisputable component of education, not only in universities, but also in schools and vocational
centers.



2, Degree of knowledge of the state of the problem and creative interpretation of the
literary material.

The author of the dissertation has made analytical interpretations of the 109 literary sources
indicated in the literature reference, of which 96 are published materials in English, two in Russian,
three in Bulgarian, and the rest are references to materials on the Internet. The analyses and models
made, based on the cited sources, show knowledge of the state of the problem. The dissertation is
formed by an introduction, fbur chapters containing the main statement, conclusion, contributions,
a list of pr.rblications on the work and wo appendices. The total volume is 200 pages. After the
exhaustive sfudy, the state of the already available plattbrms (chapter l), follow in chronological
order - Design of a remote programming platform, Development of a remote programming
platform and Research and use of a remote programming platform fbr embedded systems.

3. Compliance of the selected research methodology with the set goal and tasks of the
dissertation.

The goal of the presented dissertation is clearly defined at the beginning. The research

methodology in the dissertation is selected in accordance with the set goal and tasks. To achieve
the goal set in the disserlation, namely: the design, development and research of distance leaming
platforms, the following tasks are defined:

. Study of the current state in the field of distance learning in embedded control systems

and robotics;
. Creation of architectural solutions and algorithms fbr the implementation of distance

learning platforms.

' Comparative analysis and selection of technologies for the implernentation of the
platform;

' Design, modeling and implementation of a test platfbrm;

' Development of methodologies for testing and using the test platform in the educational
process,

A chronological analysis and analytical interpretation of a large volume of information concerning
the issues related to the development and use of distance learning systems has been made. The
combination of formal models for describing system resources with comparative tables and critical
analysis regarding the choice of architecture has been successful.

Appropriate methods and tools have been selected, created and used, with which the author
achieves the contributions of the dissertation formulated in the conclusion. An appropriate

technological toolkit has been selected for the creation of the theoretical formal model, and

subsequently, its design, implementation and test.

I believe that the chosen research methodology fully corresponds to that set out in the dissertation.
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4. Brief analytical characterization of the nature and assessment of the credibility of
the material on which the contributions of the dissertation are built.

The dissertation presented by M.Eng. Ventsislav Boykov has the structure and content of a

scientific study, consisting of an introduction, in which, based on a definition of the object and
subject of research, the working hypothesis is formulated that distance learning with the help of
remote programming platforms can provide practical skills in the field of embedded systems,

solving the problem of physical access to laboratory equipment. On this basis, the goal is defined
and the tasks of the dissertation are formulated,

The existing systems, their functionality and the trends of their development are systematized and
analyzed. The process of designing and analyzing technologies for the implementation of modular
remote programming platforms is examined and discussed. The analysis and discussions concern
both embedded control systems and educational robots and industrial machines.

An effective formal description is proposed, allowing for formalization of the design and
development process. The modular architecture with the following main components was chosen:

o Web IDE;

o MessaBe Broker;

o Laboratory Computer;

o Laboratory Equipment
In the third chapter, the PhD. student describes the design and implementation of an innovative
educational platform designed for remote programming of embedded control systems and robotic
platfonns. The focus of the developrnent is on creating a f'lexible and accessible leaming
environment that can successfully meet the modern challenges in technical education. The
implementation of the platform is based on the distributed architecture for remote access to
physical objects. At this point, I think that a tautology occurs with the system design process
described in chapter 2. It is better if the components related to the design are united. In this way,
it will be easier for the readers of the work to draw a dividing line between the design process and
the implementation process. Such an approach greatly facilitates the conceptual understanding of
the work. This opinion is strongly recommended and does not reduce the value of the development.

The fourth chapter examines the work of the created platform. The PhD student approaches it
interestingly, through the development of specific lessons and experiments for the purpose of
verification of an already developed platform. Specific tasks and case studies are presented that
can be applied in the educational process, with a focus on improving the training in programming
robots and embedded systems through the use of a remote platfbrm.

All conclusions and conclusions are verified and confirmed by implementation in a specific
educational process. This gives me full reason to assume that the results obtained, presented in
the dissertation work, are reliable and through them scientific and applied contributions can be
formulated.
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5. Scientific and/or applied scientific contributions of the dissertation work

Here I will quote the Regulations on the conditions and procedure for acquiring scientific degrees

at TU-Sotla: formulation and justification of a new scientific problem (area); formulation and
justification of a new theory (hypothesis); proving with new means significant new aspects of
existing scientific problems and theories; creation of new classifications, research methods, new
constructions, technologies, preparations, treatment regimens, etc.; obtaining and proving new
facts; obtaining confirmatory facts; signiticant artistic achievements. This statement gives me
reason to accept, as a whole, the contributions in the dissertation work of M. Eng. Ventsislav
Nachev, but I only allow rnyself to summarize them as follows:

. SCIENTIFIC AND APPLIED CONTRIBUTIONS:

architectural solutions have been proposed for the development of new plattbrms for
remote programming of embedded control systems and robots, allowing new directions in
practical training in ernbedded control systems and robotics;

formal models and algorithmic base were created, allowing the implementation of
platforms for remote programming of embedded control systems and robots;

a pedagogical framework was developed for the use of remote learning systems in teaching
technical disciplines.

. APPLICATION CONTRIBUTIONS:

based on the proposed architectural solutions, a test platform for remote learning in
embedded control systems and robotics was developed;

a Python library was developed for programming a humanoid robot Misty II;
various types of hardware devices were integrated, including microcontroller platforms
(Arduino, ESP32), humanoid robots (Misty II), industrial robots (Dobot Magician) and

unmanned aerial vehicles (DJI Tello).
6. Assessment of the degree of the personal participation of the PhD candidate in the

contributions.

Personally, I know the PhD candidate vaguely, but based on the dissertation work presented to me,
the proposed model, the implemented and tested remote programming system and the related

scientific publications convincingly indicate that the results obtained are the exclusive work of
M.Eng. Ventsislav Boykov and were achieved under the guidance of his scientific superuisor.

7, Assessment of the publications on the dissertation work: number, nature of the
publications in which they were printed.

The PhD candidate has 6 publications in connection with the dissertation, including:

in collections of reports of an international scientific forum (indexed) - 4 pcs.;

in national publications - 2 pcs.
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Two of the publications are independent, and the rest are co-authored with the scientific supervisor.
A list of noted citations is presented. After my check, I noticed 5 citations, as of today. I found no
signs of plagiarism.

The submitted articles exceed the minimum publication requirements for the educational scientific
degree "PhD" according to the Law on the Development of the Academic Staff in the Republic of
Bulgaria and the Regulations on the Terms and Procedure for Acquiring Scientific Degrees at the
Technical University - Sofia in area 5. Technical Sciences, professional field 5.3. Communication
and Computer Engineering.

8. Use of the results of the dissertation work in scientitic and social practice. Presence
of achieved direct economic effect, etc. Documents on which the statement is based.

The results obtained from the dissertation work - the proposed model and the implemented distance
Iearning system have been tested within the framework of the PhD student's activities as a teacher.
The tests conducted lead to the convinced statement that the system works correctly and the model
proposed by the PhD student is able to realize its functionality.

In the materials submitted to me tbr the preparation of this review, there is no document presented

that the developed system has been implemented, but I hope to receive a comprehensive opinion
on this issue during the presentation.

9. Assessment of the compliance of the abstract with the requirements for its
preparation, as well as the adequacy of reflecting the main points and contributions
of the dissertation.

The abstract includes the purpose of the dissertation, the formal description, the architecture and

the methodology for creating the distance learning system. A list of publications reflecting the

research conducted is also presented. Essential parts ofthe content ofthe chapters are presented in
a synthesized form, while the original numbering of the tables and figures from the dissertation is
preserved.

The results presented in tabular and graphical form and the presented source code facilitate
comprehension and create an optimal picfure of what the author achieved in developing the

dissertation.

10. Comments, recommendations and notes.

The dissertation is prepared precisely and in a coherent logical sequence. The degree of
information of the author on the given topic is impressive. Significant knowledge and pedagogical
training in creating and using distance learning systems is shown. I personally was given the

opportunity to use elements of the development. I am delighted with the simplicity and capabilities
of the system. In places in the review I have made recommendations that are desirable and related
to the way of formulating scientific theses.
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11. Conclusion with a clear positive or negative assessment of the dissertation work.

The dissertation work of M. Eng. Ventsislav Nachev on the topic "Design and research of
platforms for distance learning in embedded control systems and robotics" contains scientifically
based solutions to a current problem. Adequate publicity of the results has been implemented. I
believe that the presented dissertation work meets the requirements of the Act on the Development
of the Academic Staff in the Republic of Bulgaria. I give my positive assessment regarding the
acquisition of the scientitrc and educational degree "PhD" by M. Eng. Ventsislav Nachev, in
accordance with the Act on the Development of the Academic Staff in the Republic of Bulgaria,
the Regulations for its implementation and the Regulations for the conditions and procedure for
acquiring scientific degrees at the Technical University - Sofia.

I propose to the esteemed Scientific Jury to award the educational and scientific degree "PhD" to
M.Eng. Ventsislav Boykov Nachev in the fleld of 5. Technical Sciences, professional field 5.3.
Communication and Computer Engineering, PhD program "System Programming".

14.02.2025

Burgas

stanisrav Denchev 3:I1y"iil:::J"'""''""
SimeOnOV Date:202s.02.14 I 1:40:3s

Reviewer: +02'oo'

/Prof. Dr. Stanislav Simeonov/
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