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PENEH3HUS

BBPXY JUCEPTAIIMOHEH TPy 3a Mpuao6uBaHe Ha oOpa3oBaTeliHa ¥ Hay4Ha

CTelleH ,,J{IoKkTop“ B 061acT Ha BucIe 06pa3oBaHue ,, TeXHUYECKH HayKU®,
npodecronanHo HanpasieHue 5.2 , EnekTpoTexHuka, eeKTpOHNKa K aBTOMAaTHKA®,

Hay4Ha crequandoct “Enextponuzanys”

Aemop na Oucepmayuonnus mpyo: wmar. uwx. Jumursp Wmues Wnues,
AOKTOPaHTCKO yuwiuine, PakyaTeT 3a TepMaHCKO HWHXCHEpPHO oOydeHHe W
IIPOMHUIILIEH MEHUDKMBHT, TexHudecku yHuBepcuteT — Codus

Tema na oucepmayuonnus mpyo: ,MeTOIN W CpencTBa 3a ONTUMH3HpaHE Ha
[IPOU3BONUTENIHOCTTA HA BrpajicHd CHUCTEMH 3a pa3lOo3HaBaHE Ha €JEKTPOHHHM
OTIHaIbIMN

Peyenzenm: pon. p-p wumx. bBopucnas TameB, ®ETT, Texuuuecku
Yuusepcuret - Codusi.

1. AKkTyaaHOCT Ha pa3paGoTBaHHsi B AHCEPTALMOHHHSI TPyA NpobjeM B
Hay4YHO U HAYYHONPHJIOKHO oTHOmeHHe. CTeneH H HHBA HA AKTYaJHOCTTA Ha
npo6/eMa U KOHKPETHHTE 3a1a4H, pa3paGoTeHu B JUCEPTALHATA

Temarta Ha mpeToXeHUs UCEPTAHOHEH TPYA ce (POKYCHUpa BEPXY aKTyaTHOTO
CbCTOSIHME Ha HpobieMa ¢ M3IA3JI0TO OT ymoTpeGa €NEeKTPOHHO M eIeKTPHIECcKO
obopynsane. Temara e BaXKHa H aKTyajHa, HE CaMO 3apaji HHTEPAUCIUINTMHAPHHS
CHM XapaKTep, HO ¥ MOpaid 3HAYMMOCTTA CH 3a 00JACTH, C aKTyalHH 3a pellaBaHe
npobieMu B THOCHENHHTE rofuHH. PaGorara e mocBeTeHa Ha pa3paboTBaHETO Ha
BrpaJlcHH CHCTEMH 3a pasllO3HaBaHEe Ha H3JII3I0 OT YHoTpeda €eNeKTPOHHO
obopynBaHe, KakTo M Ha pa3paboTKaTa Ha METOAM M MHCTPYMEHTH 3a OLICHKA
e(eKTUBHOCTTa HA TOJOGHM CHCTeMH. T031 Ipoliec € BaXeH MpH PEeNUKIAPAHETO Ha
U3XBBPIICHATa €JICKTPOHHA anaparypa, KOsATO € CEpHO3eH MpobiieM OT IJefHa TOYKa
Ha 3aMBpCABAaHETO HA OKOJIHATA Cpeja.

2.Crened Ha mO3HABaHEe CbLCTOSIHHETO Ha mpo6JjeMa M TBOpuYecKa
HHTEPHPETAMA HA JINTEPATYPHUSA MaTEPHAJI

HOKTOpaHThT pa3paboTBa HOB METOJ 3a COpTHpaHe Ha M3NA310 OT ymoTpeba
NeKTPOHHO 000py/BaHe, U3NON3BaiKH ChBPEMEHHM TEXHOJOTHH Karo codTyep 3a
pasmo3HaBaHe Ha U300paXkeHMsA W  KOHBONIOLMOHHM HEBPOHHH  MpEXKH.
JOmbIIHUTENHO, MPENTOKEHOTO PElIeHHe BKIIOYBA Xapfyep, KOHTO MoXke Oa ce
3axpaHBa OT aJITEPHATHBHU U3TOYHHIM HA EHEPIHS.

JIuteparypHoTo mpoyuBaHe obxBama moApo0eH aHAIW3 HA ChIIECTBYBAIIHTE
METOOH M CpENCTBAa, KOUTO Ce H3ION3BaT 3a COPTHpPaHEe Ha PEHUKIMPYEMH
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Marepuand. Bs3 OoCHOBa Ha TO3M aHauM3 ce OOOCHOBAaBA HEOOXOIUMOCTTIA OT
pa3paGoTBaHETO HA HOB METOX, KOWTO 1a nono00pyu TOYHOCTTA U €(DEKTUBHOCTTA HA
npolieca Ha pa3llo3HaBaHEe M COPTHPaHE Ha PELUKIUPYEeMH Marephaid. MeToabT €
0CO0EHO MO/IXOIAII 3a H3M0JI3BAHE B OTJAJICUYEHH PAOHH.

3. CroTBeTcTBHE Ha M30paHATA METOAHMKA HAa HM3C/ieJABaHEe ¢ NMOCTABEHATa
eJ H 3224 Ha JUCepPTALMOHHHUS TPYA

IlpeacTaBenuTe WU3CIENBAHMA, Ca JIOTHMYECKH CTPYKTYPHPAaHH M HaArpaxKnaT
npefuiiHy paspabotku. Cp3ganeH € IPOTOTHI, KOMTO BKIHOYBA MHUKPOKOHTDOJIED,
kamepa u LCD nucmneil. OcBeH oneHka Ha e(hEeKTHMBHOCTTA Ha [ETEKIUATA, €
HanpaBeH M aHalIW3 Ha EHEPruhHOTO MoTpebiieHHe Ha cucTemara. OcoGeHo
BHHUMaHHE € OTIeeHO Ha 0a3ara NaHHH, U3I0N3BaHa 3a O0yYeHHEe HA HEBPOHHHTE
MpPEXH, KaKTO U 38 TECTBaHE Ha YCTPOMCTBOTO.

IomyyeHuTe €KCIIEPUMEHTATHH De3yJNTaTH ca aJeKBaTHA BepU(HUKAIMd Ha
IpeJUIOKEHHUTE pelleHHs. Te HalTbIHO ChOTBETCTBAT C MIOCTABEHUTE LIEJ U 3a1a4M.

ABTOPBT Ha JUCEPTALMOHHHS TPYH € (OpMyIMpan Lel M 3a[auH, KOHTO ca
aKTyallHI ¥ CBOTBETCTBAT Ha [AMCEPTAlMOHEH TPyl 3a TNpumoOuBaHe Ha
obpa3oBaTeNHaTa U Hay4YHa CTeleH ,,JIokTop®.

4. KpaTka aHa/MTHYHA XapaKTepPHCTHKA HA €CTECTBOTO M OLEHKA Ha
AOCTOBEPHOCTTAa HA MaTepHAa/Ja, BBPXY KOHTO ce IpaasiT NPHHOCHTE HA
AMCEPTALMOHHUS TPYX

Hucepranuara ce cbeTou OT 127 cTpaHuuM, 6 IIaBH, 5 IMy6GIMKanMu M MMa
BKIIFOYEHH 146 muTepaTypHH H3TOYHMKA.

B mwpBa rmaBa € H3BBPHIEHO 33[bI00YEHO IMTEPATYpHO INPOydYBaHE Ha
robanuus mpoGneM ¢ H3IA3I0TO OT YHOoTpeba ENEeKTPOHHO M eIeKTPHYECKO
obopyBaHe.

BbB BTOpa rnaBa € moka3aHa pa3paboTkara Ha CHCTEMa 3a paslo3HaBaHe Ha
M3JSA3JI0TO OT YNOTpeda eNeKTPOHHO M eleKTpHuecKo obGopynsade. ITokaszaHu ca
OCHOBHUTE eTamu pa3paboTkaTa Ha XxapAyepHara u codTyepHaTa dacT Ha
paspaboTBaHaTa CHCTEMa, KaKTO M MOJEIIHUTE C KOUTO € 06ydeHa.

B Tpera rnasa e HampaBeH aHAIH3 Ha IPOU3BOJHUTENHOCTTA HA pa3paboTeHaTa
cucteMa. Msciensanu ca pesynrature ot paborara Ha cucTeMara. M3cieqBaHy ca mo
OTHOIICHHE: TOYHOCT Ha JEeTeKUHs, 3abaBsHe, M3MON3BaHA IIaMeT M KOHCYMHpaHa
€Heprus.

B derBbpra rmaBa e pasrienaHa 6asata ¢ JgaHHM 3a oOyueHHe Ha
pa3paboTBaHaTa CHCTEMA.

B Ilera rnasa e mokasaHa ONTHMHU3AIMS HA METOOUTE 3a Paslo3HABAaHE, KaTo €
HalpaBeHO W CpaBHEHME CIIPSIMO pe3yJITaTUTE IOIy4YeHH B I1aBa 3.
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Crnena 3akmodeHue U (opMyIUpaHe Ha HAYYHO-IPUIOKHWTE H IIPUIONKHH
IPHHOCH Ha [VWCEPTALMOHHHMS TPyd, KakTo ¥ GuGmmorpadcka CIpaBka Ha
U3I0JI3BaHaTa JINTepaTypa.

S.Hayynm wW/MAHM HAyYHONPHJIOXKHH H MNPHJIOXKHH NPHHOCH HAa
AUCEPTALNOHHUS TPYA

[lpuHOCHTE Ha MUCEPTALMOHHMSA TPYA MOXE Jia Ce pa3leNsT Ha HaydHO-
IPUIOXKHH U TIPHIIOKHH.

HayuHo-npunoxxuute mpuHOCH ca:

5.1.1. Hsswpiuen e noapobeH aHanu3 Ha rIoGatHus IPOGIIEM C eIEKTPOHHHUTE
OTNaAbLY ¥ HETOBUTE OCHOBHU IPUYHHHUTEIH.

5.1.2. HWspppmeH e moapoGeH aHalW3 HAa TEKYI[OTO ChCTOSHHE Ha
CbBPEMCHHUTE CHCTEMH 3a €JIEKTPOHHO COpPTHpPaHE Ha H3NIA3JIa OT YIOTpeda
€JIEKTPOHHA araparypa.

5.1.3. Ce3mameHa e Haii-ronmsMata W pasHooOpasHa 6asa OT [JaHHHM 3a
OTKpHBaHEe Ha €JICKTPOHHHU OTIaAbIM. ba3aTa naHHM € CTpyKTypHpaHa ¢ IIOMOIITa Ha
UNU-KEYS knacubukaiusra.

IIpunoxxHute npuHOCH ca:

5.2.1. PaspaboTeHa € H € ONTHMH3MpaHa BrpajieHa CHCTEMA 33 Pa3lo3HABaHE
Ha EJIIEKTPOHHU OTMaABIH, H3I0J3Ballla IPUHLKNA HAa MOJEN 3a OrPaHHYEHO
oTKpuBaHe Ha obekt, FOMO.

5.2.2. Pa3paboTeHa e IpHIOXKHA IIporpaMa 3a u3MepBaHe Ha e(eKTUBHOCTTA Ha
KIacu(pUKauiITa Ha eIEKTPOHHH OTIAIbLIH.

5.2.3. PaszpaboTena e BrpajeHa CHCTeMa 32 DPa3lO3HABAaHE HA E€JIEKTPOHHM
oTnaasLy, 6azupana Ha Arduino Nano 33 BLE Sense.

5.2.4. OGo6meHo € BIUSIHHETO Ha KIAaChT 0a3W JaHHH, pasJeluTelHaTa
CIOCOOHOCT Ha M300paKeHNeTo, OpOSAT Ha LUKIMTE Ha 0GyYeHHE M CKOPOCTTAa Ha
o0y4eHue BppXy eexTuBHOCTTA Ha Mozena FOMO.

CunraM, dYe NONyYeHHUTe De3yNITaTH Ca OPUTHMHANHM M CHOTBETCTBAT HA
U3UCKBAaHUATA 332 NUCEPTAlMOHEH TpyJ 3a NpupobuBane Ha obpa3oBaTeNHaTa M
Hay4Ha CTeleH ,,Jlokrop".

6. Ouenka 3a cTenenTa Ha JHYHOTO YYACTHE HA JUCEPTAHTA B MPHHOCHTE

Cropen nameHMAT 3a pelleH3WpaHe HAydyeH TPyA M HAOPaBEHHTE IO HETO
MyONUKaIM{, CYNTaM 4Ye IPHHOCHTE B HEro ca MNPEeANMHO JHMYHO HeJI0 Ha
JMCEPTaHTa, 10/ PHKOBOJCTBOTO HA HETOBUS PHKOBOIMTEL.

7. Ilpeuenka Ha myGJuKalHATe MO AMCEPTALMOHHHUS TPYA: Opoii, xapaKTep
Ha H3JaHHUATA, B KOUTO ca oTne4yaTand. OTpaskeHHe B HAYKATa — H3MOJ3BaHe H
IOUTHPaHe OT APYrd aBTOPH, B APYrH JIaGOpaTOPHH, CTPAHM H M.
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o mucepranysTa ca npencrapeHu 6 my6nukauwun. Tpu oT TAX ca pedepupaHy B
scopus, [iBe ca Ha rojumHaTa KoHpeperrus Ha FDIBA, mocrneanata e [puera 3a
ne4yaT ¥ Hal-BEpOATHO IIe OBAe ChINO pedeprpaHa B CBETOBHOM3BECTHH 06as ¢
JaHHY. J[Be OT IyOIMKalMKUTE Ca CAaMOCTOSTENHH, OCTAHAIMTE Ca B ChaBTOPCTBO C
HAY4YHHs pPbKOBOJIUTEIL.

PesynratuTe 0T NyONmKanuoHHAa IOEHHOCT HAJBMINABAT HM3HCKBAHMATA OT
npapuiHuka Ha TY- Codus, 3a npuchxaaHe Ha o6pa3oBaTe/HaTa U HAyYHA CTENEH
»»JOKTOP®.

8. M3moa3Bane Ha pe3yJTaTHTe OT AHCEPTALMOHHHSA TPyA B HAYYHATA H
CONMA/IHATA MPAKTHKA

Ilonyyenute pesynTaTd OT JMCEPTALUOHHHS TPYH Ca MPAKO HPHIONKHAMH HpHU
paspaboTkaTa u oneHKaTa e)eKTHBHOCTTA Ha MOAOGHY CHCTEMH 3a pa3llo3HaBaHe Ha
CIIEKTPOHHM OTHaabLK. PazpaboTeHUuTe METOOM U ANrOpPUTMH OMXa GHIIM MOJIE3HU H
Ip¥ PEaU3UPAHETO HA CUCTEMHM 32 Pasllo3HaBaHE Ha OOEKTH, MIPHIOKUMHU B JIPyTH
cdepu Ha HayKaTa M TEXHUKATA.

9. OueHka Ha CBOTBETCTBHETO Ha aBTopedepaTa ¢ H3HCKBAHHUITA 32
H3rOTBSIHETO MY, KAKTO M Ha aJeKBATHOCTTA HA OTPa3siBaHe HA OCHOBHHTE
HOJI0KEeHHSI H MPHHOCHTE HA THCEPTALHOHHHUS TPY/

IlpencraBenuar aBropedepar € ¢ obem 32 CTpaHMIM M CBHOTBETCTBA Ha
CBABPKAHMETO Ha JMCEPTAlMOHHHA TPYyJ, Karo I[pPenocTaBs TOYHA MU
IOCTIEAOBAaTEeNHA KapTHMHA HA OCHOBHUTE pa3lelld W TEMH, paslieJaHd B
AucepranusTa. B HaanoTo Ha aBTOpedepaTa e BKiIIOUEHA 0612 XapaKTepUCTHKA Ha
JUCEPTALMOHHUS TpPyJ, KOSATO 3acsira He CaM0 CTPYKTypara Ha TpyJa, HO H
000CHOBaBa AaKTyalHOCTTA Ha pasMIeXAaHus HaydeH mpobiem. Cien ToBa ca
U3JI0XKEHH LIeIUTe U 33[a4MTe Ha JUCepTaIHsiTa, KAKTO ¥ METOM0JOMMYHATa OCHOBA,
Ha KOATO ce 0asvparT HW3CICABAHMATA M H3BOAMTE HA aBTOpa, MOAYEpTABAMKH
HOBOCTTA M 3HAYMMOCTTa Ha HEroBUs Tpyld. ABTopedepaThT 3aBbpIlBa ¢ IIPUI0KECH
CIINCBK Ha IyONMKALMKUTE, CBBP3aHH C OCHOBHUTE TEMH OT AHCEPTAllHOHHHS TPYH,
KaKTO M KpaTKa aHOTallUs Ha aHTTIHHCKY €3HK.

Onenkara mu 3a aBropedepara e, 4e TOH OTroBaps Ha OGIIOIPHETHTE
U3MCKBaHUSA U OTpa3siBa BAPHO CHABPKAHUETO M IPHHOCHTE HA JUCEPTALMOHHHSA
TPYA.

10. MHenns, npenopbKH U 0eJIeKKH

Hobpe e B npunoXeHHs KbM TPyJa A2 ce MOKAXKAT IbJIHKUTE IIPHHLIHUIHA CXEMH
Ha pa3paboTBaHaTa BrpajieHa CUCTEMA.

3a HAKOM OT IOKa3aHHTE ENEeKTPOHHW YCTPOMCTBA 3a paslo3HaBaHe € Ho6pe
00ydenneTo na 6b/le M3BBPILEHO U ChC CHUMKH Ha YCTPOIMCTBOTO BB BH/A B KOWUTO



Hali-BepOSATHO 1ie OBJE IPHU NOMyYaBaHETO MY - B CIIydasi IIPEHOCHM KOMITIOTBP ChC
3aTBOpeH expaH (Qur. 5-2 + 5-6) ¥ Haif-BEPOATHO H3rACEHO YCTpOICTBO.

11. 3aka09eHne ¢ sicHa NOJOXKHTEIHA HJIH OTPHIATEJIHA OHEHKAa Ha
AHCEPTALHOHHHUS TPYX

Cuuram, e momydeHHuTe OT Mar. umx. Jumutsp Wines WnmeB pesynratu ca
OPHUI'MHAIIHU U HaI'bJIHO ChOTBETCTBAT Ha M3MCKBAHUATA 3a JUCEPTAl[HOHEH TPy, 3a
npunobuBane Ha oOpa3oBaTellHaTa M HaydHa CTeleH ,,Jlokrop". PaspaGoTkute B
JUcepTalyiaTa ca ONMCAHM KOMIIETEHTHO M B HEoOXOAuMaTa IIbIIHOTA, U3BOAUTE U
3aKIJIIOYEHUATa ca J00pe IOCTPOEHH M apryMeHTHpaHH. JIOKTOPaHTHT € IIOKPHII
MHUHHMaJIHUTE U3uckBaHus Ha TY-Codus.

Ilomyyenute B JHWCEPTALMOHHUS TPyH HAYYHO-TIPWIONKHA M NPHIOKHH
IPUHOCH, TEMOHCTPUPAHUTE BUCOKO 00pa30BaTEIHO HUBO M HATPYIIAH TEOPETHYECKH
U U3CIIeIOBATENICKH ONMHUT C MOCTUIHATH U NPAKTHYECKU Pe3yITaTH B €HA aKTyajHa
Hay4Ha o0NacT, MM JaBaT NOCTaThYHM OCHOBaHWs yGeleHO Ja IpenopsYaM Ha
yBaXaeMOTO JKypu Ja IpuchId Ha war. uHX. Jumutsp WimmeB HWiues
obpasoBarenHarta U Hay4Ha CTelleH ,,JIokTop“ B 06iacTTa Ha BHCIIE 06pa3OBaHHE
» |CXHHIECKH Hayku“, TpodecHoHamHO HampaeieHue 5.2 ,EleKTpoTexHMKa,
SJIEKTPOHUKA U aBTOMAaTHKA™, Hay4dHa creluanaoct “Enekrponusanus”.

Jlara : 15.10.2024 r. PEIIEH3EHT : (1)
rp. Codwusi. (mowu. m-p unx. bopucnas I'anes)

) e =
o [ Tv-coeun
*\}Q/\ a OETT

BAPHO C OPUruHANL




METT75-HG1-069

‘ REVIEW

of the PhD thesis for the acquisition of PhD educational and scientific degree.

Author of the PhD thesis: Eng. Dimitar Iliev Iliev, Faculty of German
Engineering Education and Industrial Management, Technical University of Sofia

Topic of the PhD thesis: "Methods and Tools for Optimizing the Performance of
Embedded Systems for Recognizing Electronic Waste"

Reviewer: Borislav Ganev, Assoc. Prof. PhD. Eng., F aculty of Electrical
Engineering and Technology, Technical University of Sofia.

1. Relevance of the problem addressed in the PhD thesis, in scientific and
applied-scientific terms

The PhD thesis focuses on the current issue of out-of-use electronic and
electrical equipment. The topic is important and relevant, not only due to its
interdisciplinary nature but also because of its significance in addressing problems
that have emerged in recent years. The work is dedicated to the development of
embedded systems for recognizing out-of-use electronic equipment and creating
methods and tools for assessing the efficiency of such systems. This process is crucial
in recycling discarded electronic devices, which represent a significant environmental
pollution problem.

2. Degree of knowledge of the problem and creative interpretation of the
literature

The doctoral candidate has developed a new method for recognizing out-of-use
electronic equipment using modern technologies such as image recognition software
and convolutional neural networks. The proposed solution also includes hardware
that can be powered by alternative energy sources. The literature review covers a
detailed analysis of existing methods and tools used for sorting recyclable materials.
Based on this analysis, the need for a new method that improves the accuracy and
efficiency of the recognition and sorting process is substantiated. The method is
particularly suitable for use in remote areas.

3. Compliance of the chosen research methodology with the objectives and
tasks of the PhD thesis

The presented research is logically structured and builds upon previous
developments. A prototype has been created, which includes a microcontroller,
camera, and LCD display. Besides evaluating detection efficiency, an analysis of the
system's energy consumption has been conducted. Special attention has been paid to
the database used to train the neural networks and test the device. The experimental
results obtained provide adequate verification of the proposed solutions, fully

1
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aligning with the set objectives and tasks. The author of the PhD thesis has
formulated goals and tasks that are both relevant and appropriate for a PhD thesis
seeking to obtain a "Doctor” degree.

4. Brief analytical characteristics of the material and evaluation of the
reliability of the data supporting the contributions of the PhD thesis

The PhD thesis consists of 127 pages, 6 chapters, 5 publications, and includes
146 literature sources.

The first chapter presents an in-depth literature review of the global problem of
out-of-use electronic and electrical equipment.

The second chapter shows the development of a system for recognizing out-of-
use electronic and electrical equipment, outlining the main stages of hardware and
software development for the system and the models it was trained on.

The third chapter analyses the system’s performance. The results are examined
in terms of detection accuracy, latency, memory usage and energy consumption.

The fourth chapter discusses the database used for training the system.

The fifth chapter presents the optimization of recognition methods and compares
the results obtained in previous chapters.

The PhD thesis concludes with a summary of the scientific and applied
contributions, as well as a bibliographic reference list.

S. Scientific and applied contributions of the PhD thesis

The contributions of the PhD thesis can be divided into scientific- apphed and
applied contributions.

Scientific-applied contributions:
e A detailed analysis of the global problem of electronic waste and its main
causes.
® A comprehensive analysis of the current state of modern systems for
electronic sorting of discarded electronic equipment.
o The creation of the largest and most diverse database for detecting
electronic waste, structured using the UNU-KEYS classification.
Applied contributions:
® Development and optimization of an embedded system for recognizing
electronic waste using the FOMO model for limited object detection.
e Development of an application for measuring the efficiency of electronic
waste classification.

e Creation of an embedded system for recognizing electronic waste based
on Arduino Nano 33 BLE Sense.
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 Generalization of the influence of the database class, image resolution,
number of training cycles, and training speed on the FOMO model's
efficiency.

The results obtained are original and meet the requirements for a PhD thesis to
obtain a PhD degree.

6. Evaluation of the PhD student personal contribution

Based on the scientific work under review and the publications related to it, I
believe that the contributions are primarily the personal work of the PhD student,
under the guidance of his supervisor.

7. Evaluation of the publications related to the PhD thesis

Six publications are presented in context with the PhD thesis. Three of them are
indexed in Scopus, two were presented at the annual FDIBA conference, and the final
one has been accepted for publication and is likely to be indexed in globally
recognized scientific databases. Two of the publications are individual, while the
others are co-authored with the supervisor.

The publications exceed the requirements of the Technical University of Sofia
for obtaining PhD degree.

8. Use of the PhD thesis results in scientific and social practice

The results of the PhD thesis are directly applicable to the development and
evaluation of similar systems for recognizing electronic waste. The developed
methods and algorithms would also be useful for implementing object recognition
systems in other areas of science and technology.

9. Evaluation of the abstract’s compliance with the requirements and its
reflection of the PhD thesis main points

The presented abstract is 32 pages long and corresponds to the content of the
PhD thesis, providing an accurate and coherent overview of the main sections and
topics discussed in the thesis. The abstract includes a general description of the Phd
thesis structure, justifying the relevance of the scientific problem. The objectives and
tasks of the PhD thesis, as well as the methodological foundation of the research, are
outlined, highlighting the novelty and significance of the author’s work. The abstract
concludes with a list of publications related to the PhD thesis and a brief annotation
in English.

I believe that the abstract meets the general requirements and accurately reflects
the content and contributions of the PhD thesis.

10. Opinions, recommendations, and comments

It would be beneficial to include full schematic diagrams of the developed
embedded system in the appendix of the work.
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For some of the recognized electronic devices, it would be useful to train the
system with images of the device as it is most likely to be received for instance, a
laptop with the screen closed and, most likely- powered off.

11. Conclusion with a clear positive or negative assessment of the PhD
thesis

I consider the results obtained by Eng. Dimitar Iliev Iliev to be original and fully
in line with the requirements for a PhD thesis to obtain the PhD degree. The work is
competently described in sufficient detail, and the conclusions are well-structured
and justified. The PhD student has met the minimum requirements of the Technical
University of Sofia.

The scientific-applied and applied contributions, along with the demonstrated
high educational level and accumulated theoretical and research experience with
practical results in a current scientific field, gives me reasons for a positive
evaluation of the PhD thesis. Based on this, I propose to the scientific jury to award
a PhD educational and scientific degree to Eng. Dimitar Iliev Iliev.

Date: October 15, 2024. Reviewer: ( "N )
Sofia. (Assoc. Prof. PhD. Eng. Borislav Ganev)
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