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PELNEH3USA

BBPXY MUCEPTAILAOHEH TPy 3a IpuaoOuBaHe Ha 00pa3oBaTelIHA U HAYYHA
cTeneH ,,Jlokrop*“ B obnact Ha BuCIIe 00pa3oBaHUE ,, T eXHUIECKH HAYKH®,
npodecruoHaIHO HanpasiieHue 5.2 ,, EIekTpoTexHuKa, eJIeKTPOHUKA U aBTOMATUKA",
Hay4Ha crequanHocT “Enektponusanus”

ABTOp Ha AHWCepTALIMOHHHUSI TpyA: Mar. umk. Jumutsp Wnues Wimes,
HokropanTcko yuwmnume, Pakynrer 3a IepMaHCKO HH)XKEHEPHO OOyueHHEe H
IPOMHIIITIEH MEHUIDKMBHT, TexHudeckn yausepcuteT — Codus

Tema Ha AucepTanMOHHHSA TPYA: ,,MeTomaum W CpeACTBa 3a ONTHMH3UpPAHE Ha
IIPOM3BOJMUTEIHOCTTA HA BIPaJIcHM CHCTEMM 3a pasllO3HaBaHE Ha eJNeKTPOHHHU
oTHagbIH"

Penensent: mpo¢. ara urx. Tomop Crownos, MHCTUTYT 1m0 MHGDOPMAIOHHY K
KOMYHUKaIlMOHHU TexHoJorun — BAH

1. AxTyaaHocT Ha pa3paboTBaHHsl B JUCEPTANHOHHHUS TPYA NpoGjeM B HAYYHO
H HAYYHONPHJIOXKHO OTHOmeHHe. CTemeH M HHBa Ha aKTyaJHOCTTa Ha
npo0/jeMa M KOHKPETHUTE 3a1a4H, pa3paboTeHH B IHCEPTANHUATA

CopmecTByBa AucOanaHc MeXAy MPOM3BOACTBOTO HA HOBH €JIEKTPOHHHU CXEMH M
ypend M HaTpyIBaHETO Ha CTapd TaKWBa C M3TEKbJI CPOK Ha EKCILIOATaIlus,
neheKTHpaTd U TOBpeNeHH (ENeKTPOHHHM OTnaxbli). CTapuTe €NEKTPOHHH CXEMH
IIPEICTABIIABAT BUJ OTIAaLbLIM, KOUTO € MOJIE3HO Ja ce 00paboTBaT U IOTEHIIHMAIHO 12
Ce M3II0JI3BAT TEXHU PECYPCHH CypOBUHU. VIICHTUPHUIMPAHETO U pa3lo3HABAHETO Ha
€IIEKTPOHHUTE OTMAAbLU TEKYIO Ce U3IIBJIHABA OT YOBEIIKa qeiHOCT. IlepcreKTHBHO
pellleHre € ToBa pa3lo3HaBaHE Jla Ce W3BBPIIBA aBTOMATUYHO, KOETO IIE yBEIHYM
IIOJIC3HOCTTa OT M3IIOJI3BAHETO Ha MAaTepUAIUTe Ha EJIEKTPOHHUTE OTIaIbIH.
JlMcepTallMOHHUAT TPYA TEeMaTUYHO € HAacO4YeH 3a pa3paboTBaHe HA TEXHOJOTUYHHU
PEIIEeHHMs 32 aBTOMAaTUYHO pa3lo3HABAHE Ha eJICKTPOHHU OTIIaAbIIH. PelreHusITa KOUTO
ce pa3paboTBaT NpuyiaraT NPUHIUIN Ha pa3lio3HaBaHe Ha 00pasu 3a HAeHTU(DUIPAHE
Ha IICJIEBH 00EKTH.

Cunrtam 4e MONEe3HOCTTa M aKTyaJTHOCTTa Ha JUCEPTAIIMOHHHUTE H3CIICABAHMS €
JIECHO BUAMMA U pazbupaema. OueHsIBaM IOJOXUTEIHO TEMAaTHYHATa HACOYEHOCT U
aKTyaJHaTa pobiaeMaTrka Ha JUCEPTAIHOHHOTO H3CIEABAHE.



ETT75-HC1-069

2. CTemeH Ha I@O3HaBaHe CBHCTOSIHHETO Ha MNpodjeMa H TBOpPYECKa
MHTEPIpPEeTANHS HA JIUTEPATYPHHS MATEePHAT

OuensBaM IOJOXWTENHO CTEelEHTa Ha TMO03HaBaHe Ha npobiemMa cC
Pa3MO3HABAHETO Ha EJIEKTPOHHHU OTIambIM. Pasriexxnano e B 7.1 BUa Ha 0OeKTUTE
OT KaTeropusTa Ha €JIEKTPOHHH OTHaIbIM, TAXHA HOPMATHBHA KJIACH(HUKAIMS.
[IpaBeHa e oIleHKa 3@ TAXHOTO BB3EHCTBUE BHPXY YOBEIIKOTO 34PaBE, OKOJIHA Cpeaa,
UKOHOMUYKA. Te3H OIEHKH ca IIPaBeHH Ype3 MPUBEXKJAaHE Ha CbOTBETHU CTATUCTUYECKHU
nanHu. TeMaTHYHaTa OpHEHTAIMs Ha JUCEPTAlMOHHOTO H3CIIE[BaHe 3a
aBTOMATH3UpaHE Ha PAa3[IO3HABAHETO HA BUJA HA eJIEKTPOHUS OTNaabK 000CHOBABA U
IpeACTaBeHUs aHAJIN3 Ha Bb3MOXKHOCTUTE Ha BIPaJICHUTE CUCTEMU 34 U3IIBJIIHEHHE Ha
TakaBa aproMarm3auus. IIpencraBeHHs aHaNU3 OLCHABAa BB3MOXXHOCTHTE Ha
pa3TUYHUTE METOMW 3a pa3lio3HaBaHe Ha To3u Kiac obektu. Karto pesynrar or
HanpaBeHHs 0030p TUCEPTALMOHHUAT TPY[ [TOCTaBs CBOUTE 3a1aud 3a pa3paboTBaHe
Ha CHCTeMa W CBOTBETHO IIPOrPaMHO OCHUTypsBaHE 3a Pa3NO3HAaBaHE Ha KIIacoBe
€JIEKTPOHHH OTIAbIIH.

3. CroTBEeTCTBHE HA mﬁpaﬂaTa METOAHKAa Ha H3CJeJABaHEe C MmocraBeHarTa
HeJa M 3aJa4Y1 HA JUCEPTALMOHHUSA TPYA

I/I36paHaTa MCECTOJHUKa Ha H3C/IeABaHEC € JIOrH4YHa W II0CJICOOBATCIIHO
W3ObJIHSABaHA. T4 ChbABbpPXKa IPOCKTHPAHEC HA TEXHHUYCCKa KOMIIIOTbpHA CHUCTEMA B
KOATO (I)YHKI.II/II/ITC Ha pa3llO3HaBaHC N I/IJIEHTI/I(I)I/IKaHI/ISI CC HU3NBJIHABAT IIPOrpaMHO
CBHITIACHO M30aHu MECTOOH 3a pa3lIO3HABAHE Ha o6pa3p1 MCTOI[I/IKaTa Ha I/ISCJIGI[BaHeTO
€ CIICACTBUC Ha ITOCTaBCHATa 3aJavda Ha JUCCPTAIIMOHHHUA TPYH 34 pa3pa60TBaHe Ha
METOOU U CPEACTBA 3a pa3lIO3HaBaHC Ha CJIICKTPOHHU OTIIaIbIIH.

4. KpaTka aHaJINTH4YHA XapaKTePHCTHKA HAa eCTeCTBOTO H OLEHKAa Ha
JOCTOBEPHOCTTa HAa MaTepHaja, BbpPXy KOWHTO ce TrpaasiT NMPHHOCHTE Ha
ANCepPTALMOHHHS TPYA

JlucepTallMOHHUAT TPYX € pa3paboTBaH JOTMYHO CHIVIACHO HM3MCHBAaHUATA Ha
akaJleMU4Ha u3cienoBatelicka pabora. [maBa 1 aHamusupa mnpobiiema 3a
UACHTU(UIMpaHe Ha eNeKTPOHHM OTHagblu W JedUHUpaHe Ha MapaMeTph H
IPOMEHJIMBY, KOUTO TPsOBa Ja ce ION3BaT 3a aBTOMATHYHATA HIASHTU(UKaLus U
KJacuQuranms.

['maBa BTOpa MpencTaBs TEXHOJOTUYHOTO PEIlIeHHe, KOeTO € pa3paboTeHo KaTo
BIpaZicHa CHCTE€Ma, KOSATO M3IbJHSABa (YHKIMK [O paslo3HaBaHe. l3moissaH e
IporpamMeH Mojes, KOHTo € o0ydeH Ja pa3lo3HaBa TPH KJiaca €NeKTPOHHH OOEKTH
HapedeHu ,,oH, CITyIIaTKu, Hem3BecTHO . EnexkTpoHHara cucrema € o0y4aBaHa OT
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IpeIBApUTETHO HAIIpaBeHH CHUMKH. Taka eeKTpOHHaTa CUTeEMa MOXKe [ia paslo3HaBa
ne(UHUPAHUTE OOEKTH HE3aBHCHMO OT TSXHOTO PasllONOKEHHe B IPOCTPAHCTBOTO.
TouyHocTTa Ha HWAEHTU(PHUKAIMATA € OICHSIBaHA KOJMYECTBEHO IO 4 KpHUTEpHs
(Precision, Recall, F1-Score u Total Accuracy).

[Tpon3BOIUTETHOCTTA Ha pa3paboTeHaTa elNeKTPOHHA CUCTEMA € OLICHsABaHa Ype3
eKCIIEpIMEHTH B TpeTa riaBa. Tyk e ImpaBeHo U CpaBHEHHE Ha (QYHKIMOHAIHOCTTA Ha
IMCepTaliOHHATa pa3paboTKa C HM3BECTHU pelleHHs. [loNbIHEHHATa, KOMTO ca
nmpaBeHH ca C go0aBsHe HA BH3yalM3alWs Ha HWICHTHOUIMPaHHUSI OOEKT H
IpEeNOCTaBsIHE Ha JaHHM 3a 3aluC OT HamnpaBeHaTa uieHTHGuKanusa. Tesu
JOIBIHUTENHN QYHKIKH i 0011aTa paboTocrmocoGHOCT Ha pa3paboTeHaTa eleKTPOHHA
CHCTEMa 33 pAa3lo3HAaBaHEe Ca OLEHSBaHH II0 KPUTEpPUH Ha ,,KIACH(PHKAI[MOHHA
IIPOU3BOJMUTENHOCT , ,,0bp30aelicTBUE", ,,00eM U3MOI3BaHa MMaMeT®, ,,KOHCyMHpaHa
MOIIHOCT".

B rmaBa 4 IUCEpTallMOHHOTO W3CJIEIBAHE paslIMpsBa BHAA Ha €IECKTPOHHHA
OTIAAbLHK, KOWTO TpsAOBa Ja ce uaeHTuuuupar asToMaTu4Ho. IIpencraseHa e
BUPTyaJIHa BPb3Ka KbM HaOOp OT JaHHU, KOUTO ChABPXKAT 3HAUUTEIHO KOJIMIECTBO
aHOTUPAHU U300paKeHHUs, ChIbPKAIIK OOEKTH Ha eJIEKTPOHHH OTIaAbLU B Pa3IMYHO
NPOCTPAaHCTBEHO pa3MojioKeHHe u cheTosHUe. I[lpencraBeHn ca pesynraTH OT
CKCICPUMEHTH 3a YCIICIIHO OTKpHMBaHE Ha pa3iMYHU BUAOBE €JIEKTPOHHH M
eJIEKTPUYECKH 0OEKTH.

['maBa 5 uMa npeTeHNXs Ha MOAOOpABaHEe ¥ ONTHUMU3UpPaHEe Ha JUCepTalliOHHATa
pazpaboTtka. TepMUHBT ONTHMHU3UPaAHE € TI0JI3BaH 3a Mpolleck Ha o0ydeHue, 3aMsIHa
Ha Kiack(GUKAIIHOHHIS MOJIel, IPOMEHH B KOZa Ha IPOrPaMHOTO OCHTYpsiBaHe. B Tazu
rjlaBa He ca MpaBeHW (POpManHH H3YUCIEHHS OT JAeUHUpaHE W pellaBaHe Ha
CHOTBETHA OITUMHU3AI[MOHHA 3a/Jada, KOSATO JoKazBa omrtuMaiHocT. IlpencraBeHarta
HOBa BEPCHUS Ha CUCTeMaTa 3a HIeHTU(UKAIVS U pa3lo3HaBaHe pa3lo3HaBa JBa BUIa
00eKTH: pyTepH U KiIaBHaTypd. B Tasm riiaBa € mpaBeHO CpaBHEHHE MEKAY IBETE
BepcUM Ha pa3paboTKuTE KaTo I'bpBaTa CHCTEMa pasllo3HaBa CaMO CIyILIAlKW, a
BTOpaTa pa3lo3HaBa JBa oOekTa (pyTepH U kinaBuatypu). OLEeHKHUTe 3a CpaBHEHHUE ca
IpaBeHH 10 KPUTEPHH 32 TOYHOCT Ha CpaBHEHUE, U3I0JI3BaHa TaMeT, Obp30/IefiCTBYE,
KOHCYMHpPaHa MOIIHOCT.

Cuwuram, 4e qucepTalioHHaTa paboTa KOPEKTHO MPEACTaBs CBOUTE pa3paboTKH
Ha TEXHOJOTMYHATa CHCTeMa 3a pa3lo3HaBaHEe W HEOOXOAMMOTO IIPOrPaMHO
OCHTYpsIBaHe 3a HM3MbJIHEHHE Ha JEHHOCTUTE 0 HISHTHU(HUKAIUsi M pa3llo3HaBaHE.
Te3u nmeitHOCTH ce peanm3mpar 4Ype3 CpaBHEHHE Ha TeKyI] oOpa3 CbC 3aJI0KEHM
MHOXXECTBO TaKHBa IIPEJBAPUTEIHO aHOTHPAHU U300paKEeHUS.



S.Hayysu wW/MaM HAYy4YHONPHIOXKHH M NPHJI0KHH NPHHOCH Ha
AUCEPTAIIHOHHHUS TPYA |

Cuurtam, He MUCEPTALMOHHUAT TPy MMa HAy4HO-IIPHJIOXKEH NpHUHOC. ToH ce
CBhCTOM B MPOEKTUPAHETO HA TEXHOJIOTMYHO U MPOTPaMHO peEIICHUE 332 aBTOMAaTUYHO
UIeHTUGHUIMpaHe Ha KjacoBe O0EKTH, NMPUHAAJIEKAIIN Ha pas3jiesia 3a €IeKTPOHHH
OTHaIbLH.

[TpHIIOKHUAT IPUHOC CE CHCTOH B pa3pabOTBAaHETO HA TEXHOJIOTUYHATA CUCTEMa
32 aBTOMAaTW4YHO pa3lo3HAaBaHE Ha KIACOBE €IEKTPOHHU  OTHAgblUd M
JEMOHCTPUPAHETO Ha HeifHaTa (yHKIIMOHATHOCT U IOJIE3HOCT.

CuuraM, ye MoaydeHUTE Pe3yNITaTh ca OPUTMHAIHY U MOJE3HU. Te U3IbIHABAT
M3UCKBaHUATA 3a pa3pa0OTBaHE Ha IWCEPTAllMOHEH TPy 3a NpupoOuBaHe Ha
oOpa3oBaTeHaTa U Hay4yHa CTeneH ,,Jlokrop".

6. OHCHKa 3a CTCNCHTA HA JHYHOTO YYACTHEC HA TUCCPTAHTA B MIPUHOCHUTE

Hpe,HCTaBeHI/ITe H3CJICABAHUA B OHUCEPTALIMOHHUA TpPpyAd W IMNPUAPYXKABAIIUTE
Hay4YHH HY6J'II/IKaHI/II/I C aBTOPOBOTO YyYaCTHE€ MH JaBaT OCHOBaHHUEC Oda CUUTaM, Y€
AUCCPTAIMOHHUTE PE3YJITATU Ca HAIIPAaBCHHU JINYHO OT JOKTOPAHTA.

7. Ilpenenka Ha NyO0IMKANUHUTE MO AUCEPTAIUOHHMS TPYA: Opoii, xapakTep
Ha M3JaHHUSTAa, B KOUTO ca ornedyaTtann. Orpaxenne B HAyKaTa — H3M0JI3BaHe H
IMTHpPaHe OT APYTrd aBTOPH, B APYTH Ja00paTOpHH, CTPAHH H MP.

JlucepTalluOHHUAT TPyA TpeAcTaBs IIecT MyOJuKamue, CBBP3aHH C
paspaboTBaHara TeMatuka. [[paBu 10Opo BrieYaTIeHHE U CTpEMeEXka Ha JOKTOpaHTa 1a
myONIMKyBa CaMOCTOSITEIHO, KOETO € ITOKAa3aHO B JIBE OT NMPHJIOKESHUTE ITyOIMKaIlHH.
ITy6nuxaruu ca mpaBeHH Ha MEeXIYHApPOJAHH KOH(epeHIUH y Hac. 3a KauecTBOTO Ha
HanpaBeHHUTe ITyOIUKaIliy MOXe Jla ce ChIU U 10 (akTa, 4e Te3u KOH(pEpeHLUH: ca
HMHACKCUPAHY B MEXIyHapoAHH u3natenctBa karo IEEE u chOTBETHO MHAEKCUPAHU
B SCOPUS. TakuBa xondepenumu ca ELECTRONICS , SIELA, kouto ca
IIPOBEXAAaHH y Hac.

B marepuanute npepocraBeHH IO Mpoliefypara Ha 3allluTa He ca MpeACTaBeHU
JaHHY 32 LUTUPAHHUS.

8. Uznmon3BaHe Ha pe3yJTaTHTE OT JAMCEPTALMOHHHUS TPyA B HAy4YHATA H
COIIHATHATA MPAKTHKA

JucepralinoHHUAT TPy pa3paboTBa MPaKTUUECKH PeIIeHUs 3a pa3I03HaBaHe Ha
eJICKTPOHHU OTNangbLU. ToBa e MOJe3HO 3a IpaKTUKaTa U obmecTBoTo. OLEeHIBaM
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IIOJIOKUTEIIHO IIOTCHIIMAIa Ha JUCEPTALMOHHHUA TPy 32 M3II0JI3BaHE HAa IOJYYEHUTE
PE3yJITaTH B KOHKPETHU IIPUJIOKHU 3a1a4H.

9. Onenka Ha CHOTBETCTBHETO Ha aBTopedepaTa ¢ H3MCKBAHHATA 32
H3rOTBAHETO My, KaKTO M HAa aJeKBATHOCTTA HAa OTpa3siBaHe HA OCHOBHHTE
M0JI0KeHHsI U MPUHOCUTE HA JUCEPTALUOHHHUS TPy

Cuwnram, ge aBTOpedepaTa CbOTBETCTBA U KOPEKTHO MPEACTABS ChIBPIKAHUETO U
pe3yaTaTUTe Ha JUCEPTAllMOHHATA H3CIIEIBaHE.

11. MHeHusl, npenopbKH U Oe1eKKH
3abeeXXKH 10 ChIabpXKATeIHATA YaCT Ha JUCEPTAIlMOHHATa paboTa HIMaM.

[Ie mpemopb4yaM Ha JOKTOpaHTa Jia ObJie BHUMATENIEH C TEPMHUHA OITHMHU3AIIHSL.
ITocnennara ce u3mbJIHABA KaTo ce NedUHUPa ChOTBETHA 3a]a4a C 1ejeBa GyHKIH,
OTpaHMYEeHMS, ONPENEIs ce KOU IPOMEHIIMBYU Cca pelleHHs Ha 3ajadara. A 3amavara
Tpsi6Ba na (opManusupa nporecu otT paborata Ha pa3paboTBaHa cucTeMa. Takusa
Gopmanusay He ce ChABPXKAT B JUCEPTALMOHHUS TPYI. 3aT0Ba IJiaBa 5 MOXe J1a
IOpeTeHaupa 3a MOJUGHKAIUKA B IMPOrPaMHOTO ChABPXKAHHE Ha pa3paboTBaHaTa
CHCTEMA, KOUTO MOJIOKUTETTHO U3MEHSAT XapaKTEPUCTUKUTE U.

12. 3aka09eHHe ¢ SICHA MOJIOKUTETHA HJIM OTPHUATENHA OIEHKAa Ha
AHCEPTALHOHHUS TPy

OueHsiBaM MONOXWUTENHO HAPaBEHUTE HAYYHO-NPHIOKHA M IIPHIOXHH
IPUHOCH Ha TMCEPTAlMOHHUA TPy Ha Mar. uHX. Jumutsp Ve Unues. Cuutam, de
U3MCKBaHWATa Ha 3aKoHa 3a DPa3BUTUE Ha aKaJIeMUYHUS CHhCTaB B PemyOiuka
bbirapus, ITpaBuiHuka 3a HeToBOTO IprIarane U [IpaBuiia v MpoNeaypu 3a IpreMaHe
1 00yueHHe Ha AOKTOPaHTH M NpunobuBaHe Ha 00pa30BaTeIHATA M HAy4YHA CTENECH
»10kTop” Ha TY-Codus ca M3IBIHEHH B HpENCTaBEHHS IUCEPTALAOHEH TPY.
["opensnoxeHoTo MU JaBa OCHOBAaHHE Ja 1aM TIOJIOXKUTENHA OIIEHKA 33 MIPEACTABEHHUS
OUCEpTalMOHEH TPY I U Ja IpenopbyaM Ha HayuHoTO XypH 1a mprChIU HA Mar. HHXK.
Humutsp Minnes MnueB HayuHaTa CTeTeH ,,JOKTOP® TI0 MPpO(pEeCHOHAIHO HAIIPaBJIEHHE
5.2 ,EnextporexHuka, eneKTpOHMKAa ¥ aBTOMAaTHKA“, HAy4HA CIELMAIHOCT
“EnexTpoHu3anus’.

Hara : 27.09.2024 r. PEIIEH3EHT : ("VL)

rp. Codus ( mpo¢. ara nrx. Togop CTomnos )
[Ty cooua”
L OETT

| BAPHO C OPUIrMHAN Y. °
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1. Actuality of the problems in the PhD thesis

There is an imbalance between producing new electronic circuits and devices and
accumulating old, expired, defective, and damaged ones (electronic waste). Old
electronic circuits are a type of waste that is useful to process and potentially use their
resource raw materials. Human activity is currently identifying and recognizing old
electronics as e-waste. A promising solution is to make this recognition automatic,
increasing the usefulness of using e-waste materials. The dissertation is thematically
focused on developing technological solutions for the automatic recognition of
electronic waste. The solutions being developed apply image recognition principles to
identify target objects.

I find that the usefulness and relevance of the dissertation research are easily
visible and understandable. I positively assess the thematic focus and current issues of
the dissertation research.
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2. Degree of knowledge of the state of the problem and academic
interpretation of the literary material

I assess positively the degree of awareness of the problem of the automatic
identification of the e-waste. Chapter 1 examines the types of objects from the category
of electronic waste, and their normative classification. An assessment was made of
their impact on human health, the environment, and the economy. These estimates are
made by citing relevant statistics. The thematic orientation of the dissertation research
on the automatic recognition of the type of electronic waste also substantiates the
presented analysis of the possibilities of the embedded systems for the implementation
of such automation. The presented analysis evaluates the capabilities of different
methods for recognizing this class of objects. As a result of the overview, the thesis
sets its tasks for the development of a system and corresponding software for
recognizing classes of electronic waste.

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

The chosen research methodology is logical and consistently implemented. It
contains the design of a technical computer system in which the functions of
recognition and identification are performed in a programming way according to
comparison to objects with known image recognition. The methodology of the research
is a consequence of the defined task of the dissertation to develop methods and means
for the recognition of electronic waste.

4. A brief analytical description of the nature and assessment of the
credibility of the material on which the contributions of the dissertation
are based

The dissertation is developed logically according to the requirements of an
academic research paper. Chapter 1 analyzes the problem of e-waste identification and
defines parameters and variables to be used for automatic identification and
classification.

Chapter two presents the technological solution, which is developed as an
embedded system that performs recognition functions. A software model was used that
was trained to recognize three classes of electronic objects called "background,
headphones, unknown". The electronic system is trained from previously taken photos.
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Thus, the electronic system can recognize the defined objects regardless of their
location in space. The accureicy of the identification was evaluated quantitatively
according to 4 criteria (Precision, Recall, F1-Score, and Total Accuracy).

The performance of the developed electronic system is evaluated through
experiments in the third chapter. A comparison of the functionality of the dissertation
development with known solutions is also made here. The additions that have been
made are the addition of a visualization of the identified object and the provision of
recording data from the identification made. These additional functions and the general
performance of the developed electronic recognition system are evaluated according to
the criteria of "classification performance", "speed", "volume of used memory", and
"consumed power".

In Chapter 4, the dissertation research expands on the type of e-waste that should
be automatically identified. A virtual link is presented to a dataset that contains a
significant number of annotated images containing e-waste objects in different spatial
arrangements and conditions. Results of experiments for successful detection of
various types of electronic and electrical objects are presented.

Chapter 5 claims to improve and optimize the dissertation development. The term
optimization is used for learning processes, replacement of the classification model,
and changes in the software code. In this chapter, no formal calculations are made from
defining and solving a corresponding optimization problem that proves optimality. The
presented new version of the identification and recognition system recognizes two
types of objects: routers and keyboards. In this chapter, a comparison is made between
the two versions of the developments, the first system recognizing only headphones,
and the second recognizing two objects (routers and keyboards). Comparison
evaluations were made according to criteria of comparison accuracy, used memory,
speed, and power consumption.

I find that the dissertation correctly presents its developments of the technological
recognition system and the necessary software for the implementation of identification
and recognition activities. These activities are implemented by comparing a current
image with an embedded set of such pre-annotated images.

5. Scientific and practical achievements in the PhD thesis

I assess that the dissertation has a scientific and applied contribution. The
contribution contains technological and software developments, which allow to
implementation of solutions for the automatic identification of classes of objects
belonging to the section of electronic waste.
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The applied contribution consists of the implementation of the technological
system for the automatic recoghition of classes of e-waste and the demonstration of its
functionality and usefulness.

I find that the results obtained are original and useful. They fulfill the
requirements for the defense of dissertation work for the acquisition of the educational
and scientific degree "Doctor".

6. Assessment of the degree of personal involvement of the dissertation
student in the contributions

The research presented in the dissertation and the accompanying scientific
publications with the author's participation give me reason to believe that the
dissertation results were made personally by the doctoral student.

7. Assessment of dissertation publications

The dissertation presents six publications related to the developed topic. The PhD
student's drive to self-publishing is also impressive, as shown in two of the attached
publications. Publications were made at international conferences in our country. The
quality of the published publications can also be judged by the fact that these
conferences are indexed in international publishing houses such as IEEE and
accordingly indexed in SCOPUS. Such conferences are ELECTRONICS, SIELA,
which were held in our country.

No citation data is presented in the materials submitted under the defense
procedure.

8. Application of the results of the dissertation work in scientific and social
practice

The dissertation develops practical solutions for e-waste detection. This is useful
for practice and society. I positively assess the potential of the dissertation work for
using the obtained results in this specific applied task.
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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 work

I find that the abstract corresponds to and correctly presents the content and results

of the dissertation research.

10. Few assessments, recommendations, and remarks

I have no comments on the content of the dissertation. I will advise the PhD
student to be careful with the term optimization. The latter is performed by defining a
corresponding task with an objective function, constraints, and definition of which
variables are solutions to the optimization problem. The problem must formalize
processes, which are described in the Ph.D thesis about the development of the e-waste
recognition system. Such problem definitions and formalizations are not presented in
the dissertation. Therefore, chapter 5 can claim modifications in the program content
of the developed system, which positively change the characteristics of the designed
technical system.

11.Conclusion

I give a positive assessment of the scientific-applied and applied results in
the PhD thesis of Dimitar Iliev Iliev. I found that the legislative requirements of the
Law for academic growth in Bulgaria, and the Regulations for its application are
satisfied. This gives me the reason to recommend to the honorable Scientific Jury to
award Dimitar Iliev Iliev the educational and scientific degree "Doctor" in professional
field 5.2 ,Electrical engineering, electronics, and automation “, Scientific specialty:
Electronization® .
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