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CTAHOBHUIIE

BBPXY OUCEPTAIIOHEH TPYZ 3a IpuaobuBaHe Ha oOpa3oBaTeilHa W HaydHA CTEICH
»JlOKTOp*“ B 00acT Ha BHCIIe 00pa3oBaHuE ,, TeXHUYECKH HAYKH", IPO(eCHOHATHO
HanpasieHue 5.2 ,EnextporexHuka, e€leKTpOHMKa ¥ aBTOMAaTHKa'“, Hay4Ha
cnenuanHocT “EnexTpoHusaius”

ABTOp Ha aAucepTanMOHHMs Tpya: Mar. uHX. Jumutresp Wnues Wiues,
JloktopanTcko yuwinine, DakynTeT 3a TepMaHCKO WHXEHepHO oOydeHHe u
IIPOMUIIEH MEHUKMBHT, TexHnuuecku yHuepcuteT — Codus

Tema Ha nucepTanuOHHHUS TPYA: ,,MeToou M CpeAcTBa 3a ONTUMU3UpPAHE HA
IIPOM3BOJUTEIIHOCTTa Ha BIPaJeHU CHUCTEMM 3a pa3lo3HaBaHE Ha €JEeKTPOHHU
oTnaxbuu’

Unen Ha Hay4HOTO Xypu: mou. A-p umxk. JloGomup Banepues Bormanos,
Karenpa ,,Enexrponna texuuka®“, ®ETT, Texuudecku yHuBepcuret — Codus

1. AkTyajqHocT Ha pa3paGoTBaHUSl B AUCEPTANMOHHHA TPyA MpobdjieM B
HAYYHO H HAYYHONPHJIOXKHO OTHomeHHe. CTeneH M HHBAa HA AKTYAJHOCTTAa Ha
npodJjeMa H KOHKpPeTHHTE 3a1a4H, pa3paboTeHH B JUCEPTALHUSITA

JMCepTallMOHHUAT TPYH € aKTyalleH U ChIbpXka KaKTO HaydHH, Taka ¥ Hay4HO-
IPUIIOKHY NIpUHOCH. LlenTa e pemmaBaHe Ha po6ieM, KOHTO ©Ma BaXHO 00IIECTBEHO
3HaueHue. CIpaBsHETO CbC 3aMbPCSBAaHETO Ha OKOJHATA Cpella € Hali-aKTyaiHaTa
TeMa KbM HaCTOSLIMS MOMEHT, 3all[OTO TO JUPEKTHO BIIUSE Ha 31PaBETO Ha Xopara.

2. CTeneHn Ha mNoO3HABaHe CHCTOSIHHETO Ha mnpoGieMa M TBoOpYecka
HHTEpNpeTAlHS HA JHTePATYPHUS MaTePHAJI

ABTOpPBT MO3HaBa 3aABJIOOUYEHO TEMAaTHWKaTa, CBBp3aHa C PEIUKIAPAHETO Ha
€JIEKTPOHHA anapaTypa, KakTo M CBBbp3aHHUTE C TOBa OOJIAaCTH IO pa3lo3HaBaHE Ha
n300pakeHNs M HEBPOHHH MPEXH 33 BIPAJEHH CHCTEMHU.

3. ChoTBeTcTBHEe Ha M30paHATA METOAHMKA HA H3C/JEABAHE H MOCTABEHATA
1eJ1 M 321a4YH HA JUCEPTALHOHHHUS TPYA € MOCTHIHATHTE MPUHOCH.

N36panata MeTonuka Ha COpTHpaHe, KiacH(HUIMpaHe M aHAJIH3KpaHe Ha
BUJIOBETE €JEKTPOHHA amaparypa € [OAXOJfINa 3a pellaBaHeTo, ChINO0 U
CBHOTBETCTBA, Ha [IOCTaBeHaTa 3a1a4a. [[puHOCHTE Ha TpyJa ca AMPEKTHO CIEICTBHE
OT TOBa CHOTBETCTBHE.

4. Hayyam wn/miM HAyYHONPHJIOKHH W TNPWIOKHH TNPHHOCH HAa
AUCEPTALHOHHHUS TPYJ

Hayunume npunocu ca: aHanu3 Ha €NEKTPOHHHUTE OTIANbLU M BOACIIH
IPUYMHNUTENN;, AaHAU3 Ha CbBPEMEHHUTE BIPAJICHU CHUCTEMH 3a €JIEKTPOHHO
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COpTHpaHe Ha W3XBbpJIEHA amaparypa; H3MOJ3BaHA € BrpaJeHa CHUcTeMa 3a
pasrno3HaBaHe Ha eneKTpOHHI/i OTIaabIIK, U3MoJ3Bama kiacudukanusara Ha UNU-
KEYS.

Hayuno-npunosicnume npurnocu ca: cp3nanena e UNU-KEYS 6a3a ot nanHu 3a
OTKpHMBaHE Ha €JIEKTPOHHH OTIaIbLH ChC CBOOOAEH AOCTHIT; pa3paboTeHa e BrpajeHa
cHCTeMa II0 IIOPhbYKa 3a COPTHUpaHE Ha EJIEKTPOHHH OTHaAbLy; pa3paboTeHa e
BrpajicHa CHCTEMa 3a pa3llo3HaBaHe Ha SIEKTPOHHU OTNanblH, u3nonssama FOMO.

Ipunosicnume npunocu ca: pa3paboTeHa e MPUIIOXKHA IporpaMa 3a U3MepBaHe
Ha e(QEeKTUBHOCTTA Ha KJaCH(UKAIHMiITa HA €JeKTPOHHH OTIHaIbLiK; pa3paboTeHa e
BrpaJicHa CHCTEMA 3a Pa3llo3HaBaHe Ha eNEKTPOHHU OTIaIbIM, Oa3upana Ha Arduino
Nano 33 BLE Sense; 0000mieHO € BIUSHHETO Ha KJIachT 0a3d JaHHU BBPXY
edextuBHOCTTA Ha Mozena FOMO.

Cuutam, 4e MOJyUEHUTE Pe3YJITaTH Ca OPUTHHAIHY U HAITBJIHO ChOTBETCTBAT Ha
W3UCKBAaHUATA 3a JWCEpPTAIOHEH TPyA 3a NpuaoOmBaHe Ha oOpa3oBaTesiHaTa U
Hay4Ha cTeneH ,,Jloktop".

S. Ilpenenka Ha My0JUKANUHUTE MO JUCEPTALMOHHMS TPYyA: Opoi, XapakTep
Ha W3JaHHATA, B KOUTO ca oTnedyaTann. OTpakeHHe B HAYyKaTa — H3MOJI3BaHe H
HUTHPaHE OT APYrd aBTOPH, B APYTH JaAG0OpaTOPUH, CTPAHH H IP.

bposar Ha mybnukaruute e 6 /mrect/, U3gaHUATa B KOUTO ca ITyOJIMKyBaHU ca
peromupanu u naaexkcupanu B IEEE.

6. Muenmns, npenopbKHU U OeJIeKKH

Huceprauusra e oOpe HarpaBeHa, HAMa JIOTHYECKH WX CTHJIMCTUYHHU I'PEIIKU.

7.3aKk/04eHHe C SICHA TOJIOKHTE/IHA MJIH OTPHUUATENHA OIEHKa Ha
AUCEPTALHOHHUS TPYA

Cuuram, ge nomydenute ot Mmar. uHx. lumutep WMnueB UinmeB pesynraru ca
OPUTMHAJIHY ¥ HaIbJIHO CHOTBETCTBAT HA M3WCKBAHUATA 3a OUCEPTALIMOHEH TPyX 3a
npunobuBaHe Ha oOpasoBaTenHaTa M HayyHa cTeneH ,,Jloktop". PaspaboTkute B
JYCepTalysiTa ca ONMCAHW KOMIIETEHTHO M B HEoOXOAMMATa IbIIHOTA, U3BOJIUTE U
3aKIIOYEHHUATa Ca MHOro J00pe IOCTPOSHHM M apryMeHTHpaHH. JlOKTOpaHTBT e
IOKpWJI MUHUMaNIHUTE u3nckBanus Ha TY-Codus.

Ilony4yenute pe3ynTaTu ca OTIMYHHU M IpernopbuBaM Ha YBakaeMOTO XYpHU Aa
npuchau Ha mar. uHX. Jumutsp Wnues Wnues obpazoBarenHaTa U HaydHa CTENEH
»JOKTOp* B o0mactra Ha Buclle oO0pa3oBaHHE , [€XHUYECKA HayKH",
npodecroHaIHO HampasjeHue 5.2 ,ElekTpoTexHuKa, eIEKTPOHUKA M aBTOMAaTUKa®,
Hay4Ha cnenuaiHocT “EnekrpoHusanus’. ,

Hata: 03.09.2024 r. YJIEH HA )XKYPUTO : ( m)
rp. Codus (mout. n-p umxk. Jlro6omup Bornanos)
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OPINION

for the doctoral thesis for acquirement of educational and scientific degree “Doctor”
in the field of higher education "Technical Sciences", professional direction 5.2
"Electrical Engineering, Electronics and Automation", scientific specialty
"Electronization"

Thesis author: M.Sc. Dimitar Iliev Iliev, doctoral school, Faculty of German
Engineering Education and Industrial Management, Technical University of Sofia.
Thesis topic: “Methods and tools for optimizing the performance of embedded
systems for electronic waste recognition”

Member of the scientific jury: Lubomir Valeriev Bogdanov, Department of
Electronics, Faculty of Electronic Engineering and Technologies, Technical
University of Sofia.

1. Novelty of the developments on the problem of the dissertation in
scientific and scientific-applied terms. Degree and levels of relevance of the
problem and specific tasks developed in the dissertation.

The dissertation work is both current and contains both scientific and applied
contributions. It's about solving a problem of major social importance. Dealing with
environmental pollution is a current topic nowadays because it directly affects
people's health.

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

The author has a deep knowledge of the subject related to electronic equipment
recycling, as well as related to this field of image recognition and neural networks for
embedded systems.

3. Correspondence of the chosen research methodology and the set goal and
tasks of the dissertation with the contributions achieved.

The chosen methodology of sorting, classifying and analyzing the types of
electronic equipment is suitable for solving, and also corresponds to, the task given.
Practical contributions are a direct consequence of this compliance.

4. Scientific and/or scientific and applied contributions of the dissertation
work

= Scientific contributions are: analysis of e-waste and leading causes;
analysis of modern built-in systems for electronic sorting of discarded equipment; an
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embedded e-waste identification system using the UNU-KEYS classification was
used.

»  The scientific-applied contributions are: the UNU-KEYS open-access e-
waste detection database was created; a built-in custom system for e-waste sorting
has been developed; developed an embedded e-waste detection system using FOMO.

* The applied contributions are: an application program has been
developed to measure the efficiency of e-waste classification; an embedded e-waste
recognition system based on Arduino Nano 33 BLE Sense was developed; the
influence of the database class on the performance of the FOMO model is
summarized.

I believe that the obtained results are original and fully correspond to the
requirements for a dissertation work for the acquisition of the educational and
scientific degree "Doctor".

S. Evaluation of the publications on the dissertation work: number, nature of
the editions in which they were printed. Reflection in science — use and citation by
other authors, in other laboratories, countries, etc.

The number of publications is 6 /six/, the editions in which they were
published are reputable and indexed in IEEE.

6. Opinions, recommendations and notes.
The thesis is well done, there are no logical or stylistic errors.

7. Conclusion with a clear positive or negative assessment of the dissertation
work.

I believe that the received from mag. Eng. Dimitar Iliev Iliev's results are
original and fully correspond to the requirements for a dissertation for the acquisition
of the educational and scientific degree "Doctor" and they meet (and exceed) the
minimum requirements of Technical University of Sofia.

The obtained results are excellent and I recommend the esteemed jury to award
M.Sc. Dimitar Iliev Iliev with the educational and scientific degree "Doctor" in the
field of higher education "Technical Sciences", professional direction 5.2 "Electrical
Engineering, Electronics and Automation", scientific specialty "Electronization".

Date: Sept 03, 2024 MEMBER OF THE JURY : VVL)

Sofia, Bulgaria (Assoc. Prof. Lubomir Bogdanov, PhD)
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