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BBPXY JIMCEPTALHOHEH TPY /1 32 NPUI0OHBaHe Ha OOPA3OBaTE/IHA M HAYYHA CTENCH LJOKTOP™
M0 NPO(ECHOHATHO HalPaB/ICHHE. S.1 Mamgmﬂo HH/KEHEePCTBO.
HAayuHa CreLHaIHoCT LABTOMATH 3a1sE HA NPOH3BOACTBOTO™

ABTOp Ha Mceprattmonnns Tpya: mar. nwA. bopsin Yasaapos Baaaumupos
Tema na ancepraunontns 1pya: LJIlporpamupane na npomuuiesn podboTH
¢ u3noJiBane na API*

Maroteui: aou. a-p nuzk. UBanka Bacuniesa Ileesa,
Pycenckun ynusepeutet A, KbHuep™

IMpeacTaBeHUaT 3a pelien3Hpane AucepTauHoHeH Tpya e ¢ odem 193 crpanuuu, ot kouto 177
CTPaHHLIH OCHOBEH TEKCT M 16 cTpaHuuu npuaokenus. ToH Cbhabpika yBO/, Ce/leM [J1aBH, CIIpABKa 3a
MPUHOCHTE, CMUCBLK Ha NyOJMKALMUTE M0 AUCEPTALMATA, CMHUCHK HA ChKPALICHHATA M CIIHCBK Ha
M3MON3BaHA JIUTEpaTypa. Chiabpzkall 138 auTeparypHu H3TOUHMKA, OT KOMTO 7 Ha KMpHAHUA, 53 Ha
natunuua v 78 untephet ajapecu. Braoyenu ca 89 durypu v 13 tabinuu.

JlnceprauMonHuaT Tpya e paspadoteH B Texuuuecku yHusepeuter — Cous 1moj HayuHOTO
pBKOBOACTBO Ha npod. a-p uuk. Ctuansu Hukonos Hukonos.

‘]. AI\'TyaJ]IIOCT Ha pa‘;paﬁo‘rsamm B JIHCEPTAUHOHHHA TPYI Il[)()6.fleM B HAYYHO H
‘HAYUYHONIPHIO0KHO OTHOIUEHHE

ABTOMATH3ALMATA U POOOTH3ALIUA HA TEXHOIOTHUYHUTE IPOLECH HAMHUPAT LLHPOKO MPHIIOKEHHE,
OTroBapsulo Ha HapacTBallMTE H3HCKBAHHWA 3a I'bBKABOCT, [POU3BOJAMUTECIIHOCT M Ka4deCTBO Ha
CLBPEMEHHOTO  MPOM3BOACTBO.  YCNEWHoTo  BrpazkiaHe Ha npomuiiaenn  podorn  (IP) B
aBTOMaATH3UpaHH CHUCTEMH U OCHIYypABaHC Ha TAXHATA C(bCl’\'TI'IBI'ILl pa60Ta MpH  KOHKPETHH
MPOMU3BOJICTBEHH YCIOBHSA € TACHO CBBP3aHO CbC Cb3AaBAHCTO Ha HeOOXO MMM 3a TAX yipasJisBaliu
MPOrpamu.

HHLLpIdUHUIIIHMI TPY/1 € NOCBETCH Ha akTyaicH npodiem, cebpsan ¢ nporpamupane na [P npu
usnonssare Ha API (Application Programming Interface) u tpancdep Ha ynpasassaiid nporpamMi Kb
HU3IMOJ3BAHHUTE pO6OTH.

. Cb31aBaHEeTO Ha NOTPeOMTENCKM MPHIOKEHHS 33  aBToMaTHs3upaHo paspadoTBaHe  Ha
© ynpasassaud nporpamu 3a [P u w3nonssane Ha pasiMiHd KOMIIOTbPHH CHCTEMH 3d TAXHOTO
YOpasjieHHe noanomara peiueBaHCTo Ha OCHOBHH 3a/la4H T1pH poGo'lu'saum Ha TCXHOJIOIHYHH
[pOUCCH H OTroBaps Ha HEOOX0MMOCTTA OT KBZU]H(bHqu'dHH CHECLUHAJIUCTH 110 NporpaMupaHc.

Toa mnpaBu wu3cieiABaHUs B JIMCEPTALMOHHMA TPYa NpodJaeM aKTyaleH B Hay4yHo M
Hl.l_\"lHOllpHJl())KHO OTHOUWICHHC.

2. CreneH HA NMO3HABAHE CHCTOSIHHETO HA NPOGJEMa M TBOPYECKA HHTEPNpETalHsl Ha
JHTEPATYyPHHSI MaTepHA

JIOKTOPaHTBT N03HaBa A00pe ChbCTOAHUETO HA PA3IIC/KAaHNA B IHCCPTAUHOHHHUA TPY L NMPOOJIEM.
ToBa cie/Ba OT HANPABEHUs B MbPBA [1aBa LeJICHACOYeH 0030p M 3a1bA00YCH aHalu3 Ha BHIOBCTE



[1P. ocobenocTiTe HA CHCTEMHTE 3a 1POrPAMHPAHE H VITPABICHHC. KAKTO H OCHOBHHTE MOMCHTH npH
ABTOMATH3MPAHE Ha Mnpoueca Nno Cbh3/1aBaHe HAa VIIPABIAABALLA NPOrpaMu ¢ Hinoassade Ha AP
OG30pBT ce OTIMYABA C ACHO H3I0KEHHE. KATO B HAKOW OT CACABALIMTE [JIABH CHILO HMa MaTepHas ¢
0030pEeH XapakTep. KOETO MOKe 7a ce 00SACHH ¢ JOrHyeckara noc/ie0BaTeIHOCT Ha pazpadoTkara.
[utipann ca 138 anreparypHu W3TOYHMKA, KATO OCHOBHATA YacT €a OT UVKISCTPAHHH aBTOPH M
MHTCPHET CTpaHHIM. NYOAMKYBAHW Npe3 nociacannte roamun. ToBa nokassa 100po nosiasate Ha
CbBPEMEHHOTO ChCTOSHHE HA MHIYCTPHAIHATA aBTOMATH3ALMS M POOOTHKA B CBETAa. AHAIH3HPAIiKH
OCHOBHHTE MOMCHTH B pa3zsutHeto Ha [IP 1 nocouenn npoGaeMu. AOKTOPAHTLT € Harpasui
odocHOBaHK n3BoaM. Ha tasm Gaza npasuino e GopmyIHpaHa 1eITa Ha AHCepPTaliOHHHA TPy U
3a/1a4HTE 3@ HEIHOTO NOCTHIaHeE.

3. ChoTBEeTCTBHE HA u';ﬁpauaTa METOIHKA HA H3CTCIBAHE ¢ MOCTABCHATA 1€/ H 3a/1a4H HA
JAHCEPTAUHOHHHSA TPV

PertapaneTo Ha nocTaBeHUTE 3a1a4i B AHCEPTALLHOHHHUA TPV Ce 63'3“]311 Ha HIHPOKO H3MOI3BAH
ChbBPCMCHCH HHCTPYMCHTAPHNY M. [TO3BOJAABAIL NPOBCKIAHC HA H3CICABAHUA B HIHTAINA cpeia npu
H3MOJIBBAHC  HA  H3BCCTHH  KOMITIOTBPHH  CHCTEMH. Hanonssanara MCTOIMKA Ha HM3cie/Bale ¢
NOJANOIALILA H CBOTBCTCTBA HA nocraBeHara Lel. : {r

Cunrawm MPHETHTE OT aBTOpa 1MOJINO/IH W PEUICHHS KAaTO MPaBHIHH. KOETO ce NOTBBPIKIABa OT

MOCTHIHATHTE B JAHCEPTAHOHHHA TPV pCIVITATH.

4. Kparka anaamruuna XapakTepHeTHRA HA €CTECTBOTO H OLCHKA HA 10CTOBEPHOCTTA HA
MaTepHaa, BPXY KOHTO ce IpajisiT IPHHOCHTE HA JIHCEPTAIIHOHHHS TPY /1

[TpeacTaBeHHs T IMCEPTALIMOHEH TPY/L Ce OTANYABA € ACHO M3IOKEHHE W KOPEKTHO H3MOI3BaHa
TepMunoiords. Besaka rnaBa 3aBbpluBa ¢ M3BOAM OT HANPABEHHTE AHAAM3M M M3CIIC/BAHMS,
CHOTBETCTBALUN HA I0CTABCHHTE 3aja4H. KOETO MOKA3Ba 3a1bi004eHOCT M LelechoOpazHocipor
H3BBpIICHaTa JeiiHoct. Ha Ga3a anaaus  Ha M3BECTHM MCTOAM M CpeICTBa 3a nporpa\mpaue\‘ Ha
HHINCTPHAAHH pOOOTH ¢ paspacoTeHa Ooolla MCTOAHKAa 3a reHepupata ta MapasisABauimn nmporpamu sa
[P ¢ winoassane Ha CARC (Computer Aided Robot Control) cuctemu. OTAC/ICHO € CrEUHANHO
BHIMAHHE HA CHIYPHOCTTA MPH TPAHC(hep Ha Janii B PEaHN IPOM3BOCTBCHH yeaoBus. Hanpasen e
CPaBHHTEICH AHAIIN3 HA MPEKOBHTE (DYHKIHH W NPOTOKOJIH B CbILECTBYBALIM ChBPEMEHHH CHCTEMH
3a nporpamupane Ha [IP. Pasrienann ca BBIPOCH. CBBP3aHM C MPEKOBATA CBLP3AHOCT NpH
ekcroarauns na TP, paspaGorena e kaacudukauns Ha BHIOBETC atakuTe cpelly podOTHIMPaHH
MPOH3BOJACTBEHH CHCTECMH M Ca NPE/ICTABEHH BB3MOKHH MOJANOAN 3a 3alMTa oT Tax. Pasrinenann ca
npujaokenus Ha APl B unaycTpuannara  aproMatH3auMs M B KOMITKOTBPHHTE CHCTEMH  3a
nporpasipane na TP, yiecnssan renepupane na yrpapassani copryep M alanTHpaHeTo Ha
POOGOTHTE KbM NPOMEHSILMTE C¢ VCIO0BHS Ha padoTa.

Pazpabotenata meToaHKa 3a Ch3laBaHe Ha  VMPABISBALIM  NPOrpaMu ¢ 1PHIOAKeHa 3a
nporpamupane na [P B cpena na Fanue ROBOGUIDE u ABB RobotStudio. kato aHaamsuT Ha
pe3yaTaTHTe 10Ka3Ba Heitnata (pYHKUHOHAIHOCT.

JLOKTOPaHTBT 3a1LAGOUCHO € anaan3upai HposIeMHUTe M0 pasiie/k1alnTe BLIIPOCH. KaTto e
H3013BAT CHBPCMCHHI  KOMIIOTLPHU  CHCTEMH 32 nporpavupane va [P w npoektHpane ‘na
POOOTHIMPAHO oGopyaBane. JlOCTOBEPHOCTTA HA PE3NITATHTE OT HANpPABEHUTE WACICIRAHMUS ce
JIOKA3BA 4PE3 CPABHABAHE 110 ONMPe/IeICHH KPHTEPHH HA PE3VATATH. NOIYUSHH MPH padoTa ¢ pasaHyHm
KOMIFOTBPHH CHCTEMH 1 € 1Ipe/IcTaBeHarTa npakruyecka pabora npu npoekTupane Ha podoTH3HpaHa
KJeTKa.



5. Haytmu /WU HAYYHONPH/IOKHH NPHHOCH HA JIHCEPTAUHOHHHS pyAa
OCHOBHHTE HAYYHOIPHIOKHH W TTPHIIOKHH TPHHOCH, CbhAbpiKalllil cc B JAHCEPTALLHOHHHUA TPY L
MOsKe j1a Obaar 0000LIEHH 1O CJIeIHHUS HAYNH:

5.1 Hay4yHONpHJIO/KHH NPHHOCH
e Paspa0oreHa € yHHUBEpCaiHa METOAMKA 3@ FEHEPUPAHC HA YNPaBIsABaLLM NPOrpamMH 3a
npomuisicHn  podorn ¢ wusnoassaHe Ha CARC  cuctemn M ca  aHalu3Mpadu
BBL3MOKHOCTHTE 3a M3noa3sane Ha APl npu HeliHOTO npuiiarate:
e PazpaGoreHa e knacMpuKauus 10 TpH [IPH3HAKA HA BWIOBETE aTakH cpeuly
pOoOOTH3MPAHM TIPOM3BOJACTBEHH CHCTEMH M Ca JIAJICHH TIPCIIOPHKH 3a 3allHTa OT TE3H
aTaKu.

5.2 IIpHI0KHH NPHHOCH

e Hanpasen e cpaBHMTENCH aHAIN3 HA HAH-YECTO M3NOJI3BAHUTE €3ULM 3a NPOrpaMHUpPAHC
OT BUCOKO HMBO, u3nomssanu B APl npu ekcruioarauus va [P u oGnacture Ha TAXHOTO
NPUIOKEHHE!

e PaspaGortenu M cpaBHeHH ca CbpBbpeH W Kamentcku koa 3a TCP/IP cebpssaHe ¢
W3Mos3BaHe Ha e3uimTe 3a nporpavupane Ha [P Fanuc KAREL u ABB RAPID:

e PaspaoTeH W aHaaM3MpaH € KOJ 3@ KPUITTHPaHe Ha JaHHW npu ekcnsoarauus va [P,
W3MOM3BALLN PA3THYHN €3ULM 32 NPOrPAMMPAHE OT BHCOKO HMBO, NOUIbpKaHu B API
npu ekcnaoarauuns Ha ['1P:

e PaspabGoten e cbpBbp. Hanucad Ha KAREL. kouto moske aa ce n3nonassa ¢ KJIMCHTCKa
[porpama. . Cb31ajeHa Ha PasIH4YHK  €3MUM  3a NpOorpaMupaHe OT BHCOKO HHBO,
nojutbpxanu B APl npu exkcrisioarauuns Ha [1P:

e Jlegmuupann ca OCHOBHMTE CTBIIKM [PH MPOEKTHPAHC HAa POOOTH3MPAHM KICTKH C
n3nosseane Ha pazinunn CARC cucremi:

e Pesyarature OT AMCEPTALMOHHHMSA TPY/1 MOKE J1a C€ H3I10/13BAT B HHKEHEPHATA [1PaKTHKA
M pH 00YUEHHE HA CTYJEHTH W IOKTOPAHTH.

[IpuHOCHTE B JMCEPTALMOHHMS TPy Ce OTHACHT KbM Cb3/1aBAHE Ha HOBM KJIAacH(pUKALMK.
JIOKa3BaHe ¢ HOBM CPEICTBA HA ChHIIECTBEHH HOBM CTPAHW B ChILCCTBYBALM HAay4HH NPOGJICMH.
Cb3/1aBAHE HA HOBM METOMKHM M NOAYUaBaHEe HA MOTBLPAMTENHN (haKkTH.

"6. Ouenka 3a CTENneHTa Ha JHUYHOTO YUACTHE HA JOKTOPAHTA B NPHHOCHTE

CunTaM, 4e AMCEPTALHOHHUAT TPY/. PE3yATATHTE H MPHHOCHTE Ca JIMYHO €10 HA AOKTOpaHTa
1M0/1 KOMIIETEHTHOTO PbKOBO/ACTBO HA HAYUYHUS MY PbKOBOAMTEN.

7. MpeueHka Ha NyOJAHKANMUTE 110 IHCEPTAUHOHHHS TPY/L

OCHOBHMTE pe3yJITaTH OT JAHMCEPTAUMOHHHMS TPy ca OTpaseHW B 5 Hayunu nyOiuKauuu. o1
kouto | camoctosTenHa u 4 B CbaBTOPCTBO, KATO B 3 01 TAX JOKTOPAHTBLT € MbpPBH ABTOP. HBC oT
CTATHHUTEC Ca B MHIACKCHPAHH H3J1AHWUA. He e NnpeacTaBseH pasiaCiMTECIICH MpOTOKOJ 34 KOJICKTHBHHTC
I])"ﬁ.ﬂﬂK&llHH Mo aucepranmara, HO MOJKe jia ce [pHUemMe, ve aBtopoT HMa p'dBHOCTOﬁHO yyacTHue B TAN.
Hsamam uHpopmatns 3a uuTHpanus Ha nyOJMKaLHUTE.

[MpeacraBernTe nyOAMKALMKA OTPA3ABAT JOCTATHYHO [bJAHO W TOYHO OCHOBHH MOMCHTH OT

JMCEPTALMOHHUA TPY/L W MOMYJISpU3HpaT H3BbplueHaTa padoTa.



8. M3noasBane Ha Pe3V.ITATHTE OT THCEPTAIHOHHHS TPY/I B IPAKTHKATA

[To moe MHeHHe. pesyaratuTe OT AMCEPTALMOHHUS TPYIL ca MPHIOKHMH B HHKEHepHaTa
MPAKTHKA TPH MPOCKTHPAHC W ONTHMH3AUMA HA POOOTH3MPAHKM CHCTEMH W TIPOrpaMHpaHe Ha
HHAYCTPHAIHKH poOoTH ¢ u3noaseade Ha APL Te moxke 1a ce u3no/3Bar 3a 00yUeHHe Ha CTVICHTH B
odjacTra Ha aBToMaTH3aUMA M podOTH3ALNS  HA MPOU3BOACTBOTO. Karto noTBbpKieHde 3a
MPHIOKHMOCTTA HA Pe3yITaTHTE OT padoTaTa Ha JOKTOPAHTA MOYKE 1a CC MOCOUH M3MOI3BAHETO UM
IPH petiaBale Ha 3a’1ayun no HayuHouscaenopareacku npoekt kbm HHC va TY — Codwms na tema
~M3caeasane Ha BLIMOKHOCTHTE 3a NPOIPAMHpPaHe HA NPOMMILIACHH POGOTH ¢ H3noa3BaHe Ha API™.

9. Onenka Ha CHLOTBETCTBHETO HA aBTOpeQ)epaTa C H3HCKBAHHSATA 34 H3TOTBAHCTO MY
/\BTOPC(I)CPHTBT € H3TOTBCH CbIUIACHO H3HUCKBaAHHATA H OTpaszsiBa ChIIHOCTTA H OCHOBHHTE

INPHHOCHH MOMCEHTH OT JHCCpTalHsaTa.

10. Muenus, npenopbKH 1 O€1eKKH

Hsamam chitecTBeHH GCIC/KKH, ¢ KOHTO J1a OCNOPBAM OCHOBHHTE HAYUYHOMPHIOKHH H IIPHIOKHH
MPUHOCH Ha Kanauaara. B aucepraumoHHus TPy HE OTKPHX HPHHIMIHH TPEUIKH M HEKOPEKTHO
H3N0A3BAHE HA YYIKIM TpyJoBe. 3a0e1a3BaT ce HAKOW TMPOMYCKH OT PeIaKiUHOHCH Napaktep M
LUHTHPAHE HA WANOIIBAHA IMTEPATY PA. KOUTO HE HAMAIABAT BAKHOCTTA HA MOJVUEHHTE PE3VITATH.

Ot onucanneto Ha kondurypauun | u 5 Ha npoekTHpaHaTa KieTKa NpasH BHeuaTiCHUe
FONSMaTa pasiimka B TOBAPOHOCHMOCTTa Ha aBata u3dpaun [P 3a padora ¢ eann u cbium Of)ef’l"u.
KOETO HE € MPAKTHYCCKH 000CHORBAHO. ¥ _

e e KoveHTHpan BLOpOca MPH KaKBH CKOPOCTH HA JBH/KCHME Ha podOTHTE ca NoJyueHH
BPCMEHATA 338 MAHHNNIMpale Ha OOCKTHTE B pa3padoTEeHHTE BAPHAHTH HA MPOCKTHpaHATa KIETKa.
[IpoBek1aHeTO 1Ha KOMMIOTLPHH CHMYIAIMH APH PasIHuHK, Peanil CKOPOCTH Ha JBHKEHHSA Ha
ni3dpanute 1P On [10B€10 10 pasuimpssaHe Ha BLIMOKHOCTHTE 3a aHAIN3 M H300p HAa ONTHMATHO
KOMIOHOBBUHO pCIICHHE.,

.'\l\"r.\fl.‘lllt)\ll I Ha pastiac/1ad v IIPU(UICM HOTOJIYHCHHTC Pe3yYITATH MH JdaBarl OCHOBAHHKC J1d
npenopbyam  Ha KaHaMI1ata J1a MpoabLAKH CBOMTC M3CICABAHMA. OTHOCHO [pOrpaMHpaHe Ha
npovuiienn podorn ¢ winonssave na APl u aa yseamun nyGaukaunute ce B CrelMa n3upanm
UYVIKICCTPAHHH M31aHHS. ‘

11. 3akinouenne

[TpeacTaBeHHAT IMCEPTALMONEH TPY 1 € 3aBLPLICH M0 00eM W ChAbP/KAHNE. pa3riekia aKTyaieH
MPOOJICM H € JIMYHO J1e/10 HA 10KTOpaHTa.

Bb3 ocHoBa Ha oSwara MU M0J0KHTE/IHA OLEHKA HA AHCCPTALHOHHHA TPY/1 H MaTepHAIHTE no
HErO. U3MbAHCHATA O0P30BATEAHA LIE HA JOKTOpaHTYpaTa i u3nckBanuata na 3PACPb. llpasunnuka
3a npuaaravero My u o llpasuinuka wa TY-Codua 3a ycooBusta M pela 3a npui1oOMBaHe - Ha
o0paszoBarTe/Ha M HayuHa CTENEH. 3HAUMMOCTTA HA MOCTHIHATHTE HAYYHONPHIOKHH M TIPHIOKHH
NpHHOCH. npeanaram Ha HayuHoto skypu. HaznaueHo cbe 3anosea Ne OK-5.1-104 / 04.12.2025 1. na
Pextopa na TY — Codma. 1a npuchan na war. uwk. bopsin Yasaapos Baammvupos oGpazosareiina
H HAYUHA CTEHEH LJIORTOP® B npodecHonantio nanpasieHue 5.1 MawiHHO HHKEHEPCTBO. HayuHa

CreHHaIHocCT SJABTOMATH3ALMS HA MPOHZROICTBOTO™.

Jlara: 09.01.2026 r. Peliersenr:
! nott. 1-p Meanka [leesa/
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The dissertation submitted for review has a volume of 193 pages. of which 177 pages are the
main text and 16 pages are the appendices. It contains an introduction, seven chapters, a reference
list, a list of publications on the dissertation, a list of abbreviations and a list of references
containing 138 literary sources, of which 7 are in Cyrillic. 53 in Latin and 78 internet addresses. 89
‘figures and 13 tables are included.

; The dissertation was developed at the Technical University - Sofia under the scientific
supervision of Prof. PhD Stiliyan Nikolov Nikolov.

1. Relevance of the problem developed in the dissertation in scientific and applied terms

The automation and robotization of technological processes are widely used, meeting the
growing requirements for flexibility. productivity and quality of modern production. The successful
integration of industrial robots (IR) into automated systems and ensuring their effective operation
under specific production conditions is closely related to the creation of control programs necessary
for them.
' The dissertation is dedicated to a current problem related to programming of RP using API
(Application Programming Interface) and transfer of control programs to the robots used.

. The creation of user applications for automated development of control programs for RP and
the use of various computer systems for their management helps solve basic tasks in robotization of
technological processes and meets the need for qualified programming specialists.

This makes the research in the dissertation a problem relevant in scientific and applied terms.

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

The doctoral candidate is well aware of the state of the problem considered in the
dissertation. This follows from the purposeful review and in-depth analysis of the types of IR, the
features of programming and control systems, as well as the main points in automating the process
of creating control programs using API, made in the first chapter. The review is distinguished by a
.clear presentation, and in some of the following chapters there is also material of an overview
nature, which can be explained by the logical sequence of the development. 138 literary sources are
cited, the main part of which are from foreign authors and websites published in recent years. This
'shows good knowledge of the current state of industrial automation and robotics in the world.
Analyzing the main points in the development of IR and the indicated problems, the doctoral
candidate has made justified conclusions. On this basis, the goal of the dissertation and the tasks for
its achievement are correctly formulated.



3. Correspondence of the chosen research methodology and the set goal and tasks of the

' 2, dissertation work

' The solution of the tasks set in the dissertation is based on widely used modern tools.
allowing for conducting research in a digital environment using well-known computer systems. The
research methodology used is appropriate and corresponds to the set goal.
I consider the approaches and solutions adopted by the author to be correct. which is
confirmed by the results achieved in the dissertation.

4. Brief analytical description of the nature and assessment of the reliability of the material on
which the contributions of the dissertation are built

The presented dissertation is distinguished by a clear presentation and correctly used
terminology. Each chapter ends with conclusions from the analyses and research conducted.
corresponding to the tasks set, which shows the thoroughness and expediency of the work
performed. Based on an analysis of known methods and tools for programming industrial robots, a
general methodology for generating control programs for IR using CARC (Computer Aided Robot
Control) systems has been developed. Special attention has been paid to security during data
transfer in real production conditions. A comparative analysis of network functions and protocols in
existing modern IR programming systems has been made. Issues related to network connectivity
.during IR operation have been considered. a classification of the types of attacks against robotic
‘production systems has been developed and possible approaches to protection against them have
been presented. Applications of API in industrial automation and in computer systems for
programming of IR, facilitating generation of control software and adaptation of robots to changing
‘working conditions, are considered. The developed methodology for creating control programs is
applied for programming of IR in the environment of Fanuc ROBOGUIDE and ABB RobotStudio.
" and the analysis of the results proves its functionality.

The doctoral student has thoroughly analyzed the problems on the issues under
consideration, using modern computer systems for programming of IR and designing of robotic
équipment. The reliability of the results of the research is proven by comparing according to certain
‘criteria the results obtained when working with different computer systems and with the presented
practical work in designing a robotic cell.

5. Scientific and/or applied contributions of the dissertation work
- The main scientific and applied contributions contained in the dissertation work can be
summarized as follows:

5.1 Scientific and applied contributions

« A universal methodology for generating control programs for industrial robots using
CARC systems has been developed and the possibilities for using APl in its implementation have
been analyzed:

+ A classification has been developed according to three characteristics of the types of
attacks against robotic production systems and recommendations for protection against these attacks
have been given.

5.2 Applied Contributions

« A comparative analysis of the most commonly used high-level programming languages
used in the API for the operation of the IR and their areas of application has been made:

~* Server and client code for TCP/IP connection using the IR programming languages Fanuc
KAREL and ABB RAPID have been developed and compared:



+ Code for data encryption during the operation of the IR using different high-level
programming languages supported in the API for the operation of the IR has been developed and
analyzed:

' * A server written in KAREL has been developed. which can be used with a client program
created in different high-level programming languages supported in API for the operation of the IR:

» The main steps in the design of robotic cells using different CARC systems have been
defined:

. * The results of the dissertation work can be used in engineering practice and in the training
of students and doctoral students.

The contributions in the dissertation work relate to creating new classifications, proving with
new means significant new aspects of existing scientific problems, creating new methodologies and
obtaining confirmatory facts.

6. Assessment of the degree of personal participation of the doctoral student in the
contributions

| believe that the dissertation work, results and contributions are the personal work of the
doctoral student under the competent guidance of his supervisor.

7. Assessment of the publications on the dissertation work
The main results of the dissertation work are reflected in 5 scientific publications. of which
‘1 is independent and 4 are co-authored, in 3 of which the doctoral student is the first author. Two of
the articles are in indexed publications. No separation protocol for the collective publications on the
- dissertation has been presented. but it can be assumed that the author has an equal participation in
them. I have no information about the citations of the publications.
The presented publications reflect sufficiently fully and accurately the main points of the
dissertation work and popularize the work done.

8. Use of the results of the dissertation in practice
% In my opinion. the results of the dissertation are applicable in engineering practice in the
*design and optimization of robotic systems and programming of industrial robots using API. They
‘can be used to train students in the field of automation and robotization of production. As
confirmation of the applicability of the results of the doctoral student's work. their use in solving
tasks in a research project at the NIS of the Technical University of Sofia on the topic "Research of
the possibilities for programming industrial robots using API".

9. Assessment of the compliance of the abstract with the requirements for its
preparation

The abstract has been prepared in accordance with the requirements and reflects the essence
and main contributions of the dissertation.

10. Opinions, recommendations and notes

I have no significant comments with which to dispute the main scientific and applied
contributions of the candidate. In the dissertation work. I did not find any fundamental errors and
incorrect use of other people's works. Some editorial and citation errors are noted, which do not
reduce the importance of the results obtained.



From the description of configurations 1 and 5 of the designed cell, the large difference in
the load capacity of the two selected PRs for working with the same objects is striking. which is not
practically justified.

The question of at what speeds of movement of the robots the times for manipulating the
objects in the developed variants of the designed cell were obtained is not commented on.
Conducting computer simulations at different. real speeds of movement of the selected IR would
fead to expanding the possibilities for analysis and selection of an optimal layout solution.

The relevance of the problem under consideration and the results obtained give me reason to
recommend that the candidate continue his research on programming industrial robots using APIs
and to increase his publications in specialized foreign publications.

11. Conclusion

The presented dissertation work is complete in volume and content, addresses a current
problem and is the personal work of the doctoral student.

Based on my overall positive assessment of the dissertation work and the materials on it. the
fulfilled educational goal of the doctoral studies and the requirements of the Law on the
Development of the Academic Staff of the Republic of Bulgaria. the Rules for his implementation
and the Rules of TU-Sofia for the conditions and procedure for acquiring an educational and
scientific degree. the significance of the achieved scientific and applied contributions. | propose to
the Scientific Jury. appointed by order No. OJK-5.1-104 / 04.12.2025 of the Rector of TU - Sofia. to
award MSc Eng. Boryan Chavdarov Vladimirov the educational and scientific degree "Doctor" in
professional field 5.1 Mechanical Engineering, scientific specialty "Automation of production™.
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