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BEPXY MCEPTAUHORCH TPy 3 NPUIOOHBAKE HA HAY4HA CTeneR WAOKTOP Ha HaykmTe”

ARTOp Ha THCEpTAHHOHHMS Tpya: Aol a-p aux. Pocen Muneruen

Tema na nwceprammonnns Tpys: Mevoan, amropurvu w cucremu 3a onpeleanne Ha
OPHEHTAUNA W CLCTOSHNHE HA WOABWAHH ODeKTH na flazata ua MEMS HHEPUHAIHE
CeH30PH

Mpogecnonanno nanpassenye: 5.3 Komyunkamonua u KOMIMTLPHA TEXHHKA

Haygna cnemmammoct: ABTOMATHIMPAHN CHCTEMH 14 ofpadoTka ua WHQOpManus u
ynpaenenne (n KOMYHHKALHMHTE)

Penensent: Wans Hoawes, 1-p nuw, npogiecop, Texmuueckn Vaumepcwrer —
Codmsa, Darvarer no Teaexomyrmkanm, karenpa PagnokoMyHskamum 1 BHeoTexHOTOMIH

1. Axryaamocr ma paspalorsannn B amcepTaunouuns Tpya upodiaem B wayuno n
HAYSHOUPHAOKHO OTHOUICHRE

Jeguunpanara nen u nocrascHmTe JAT3UH HA AHCEPTAUMOHAHA CA CEBLPIAHW O
AHATHIA i CHITE32 HA HOBH TIOAXOLH, MCTOIH | WITOPHTMH 32 N000pABaHE TApaMETPHTE Ha
MEMS unepumanimu CEHIOPH. NOBHINABAKE HA KAYCCTBOTO HA AAHHNTE OT CEH3OPHH CHCTEMM
H paspaboTRAHC HA CHCTCMH 33 OTIPEICIIHE HA OPHCHTALIMATE H CRCTORHMETO Ha OIBHAHH
obexTH,

Hapacrsamoro apunoxenne na MEMS HHCPUHANHHTE CEHIOPH B WHTCAMICHTHHTE
TPAHCTTOPTHH CHCTCMM, POODOTHKATA, ARTOMOMHITE NPEBO3HE CPEACTBA W CHCTCMHTE 3a
MOHHTODIHI Hi TEXHHYECKO CBCTONHEE € Gescnopen thakT. CuBpeMERAHTE HICKOBIOTKETHIT
MEMS censopu ce XAPAKTEPHIHPAT € PpEAWIA  OTPAHWYCHHA, KOETO ofycnans
HEOOXOAMMOCTTA OT paspaboTRale Ha HOBN METOaW 33 KoMIleHCaUMs W oOpaBorka Ma
ABHHNTE OT M3MEPBAHC. AKTYANTHOCTTA HA pemaBaHuTe MPOGAEMH B AMCEPTAlNONNAS TPVA
CC ASMOHCTPHPE HA ARe HMBA — BYHEAMEHTATHO, Apes YCLBRPINEHCTBAHE HA METOIHTE 33
obpaboTka Ha curmamm n MOJS/IHPAHE H3 CEH3OPHW CHCTEMM, W HPHIOKHO, Hped
pa3paboTRaHe HA NpaKTHYCCKH AITOPHTMIT 33 OUPEACNSHE HA OPHEHTAINS, IHHAMHTHO
CLCTOARME o AMATHOCTHKA HA MOARMAHM 0Gextn. Pemennre 3ama4n B ONCEPTARATA W
NOMYICHUTE PCIYNTATH AONPHHACAT 33 [ORAILABaHE Ha HAACKIAHOCTTA, TOYHOCTTE W
npunoxuMocTTa Ha MEMS-Gasupanwre cucrea s PEalIHN VCIIORAN.

Taxa gedunupanara ofnacr u APODASMATHRA Ha H3CHCaABaHE BescriopHo ¢ aKTyanHa
RAKTO B HAYHO, TAKA M B HAYYHO-HPHIOKHO OTHOIEHNT.

2. Crenen na moinasane ChCTORRNETO Ha npobdaema B TBOpYecka HHTEPNPETAHHS Ha
AHTEPATYPHHS MATECPHA,

HucepraunonnusT tpya e ¢ obem 327 CIpaHHL B ce CBCTUM OT VBON, 5 riasm.
MPHHOCH, CIHCBK HA MiNOI3BARA NHTEPATYPA, BKMouBam |97 UHTHPaHH H3TOYHAKA, CHMCHK
Ha MYOIHKAUHATE, CIIHCHK Ha HAYYHATE H HAYYHO — MPHAOKHHTE TIPHHOCH | | NPHIOKEHHE,
PaBorata chaspka obmo 236 Gurypu, 21 Tabaumm u coucsk Ha winonIsamTe OIHAYCHUA |
ChEPAIECHS,

AucepraunoninaT Tpya ACMOHCIPHPA BUCOKA CTeNeH Ha NOSHABAHE HA CHCTOSHHEETO
Hu H3cmeasaHuA npobieM, Koero mpofingasa oT HPHIOKEHHSE TOOXOA HE H3CIeIBane:
CHCTeMATHYCH aHaims wa MEMS HHCPLMWTHHTE CeHIOPH W TeXHHTE X#PAETEPHCTHER,
M3TOUHHIN Ha rPEUIKH, METOMH 3a KOMIICHCAIHE W CLEPCMEHHI MTOIXOMH 33 odpaborka Ha
CHTHAIHTE.
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Crpykrypata ra mncepraumsTa nokassa sarsioucHo MO3HABAHE HA CHILCCTRYBAMINTE
HAYTHW H HAYYHO NPHIOKHH JOCTHKCHHS. /lutepatypunsT 0630p He e W3nomBaE caso
UTHCATENHO, 3 € MOLIOKEH Ha KPHTHUCH AHATHY W TIOCTeNBAma TBOPYECKA MHTEPHPETAIMA.
Tora ce nokasma ypes paspaboTBaHeT0 Ha cobersen nogxomH  3a noxoGpssase
XapaKTepHcTHENTE wa MEMS  cemsopn, srmowmrenso HETHPHCEH30PHA  CTPYKTYpA,
aIropHTMH 33 ofpaborka ma curHamm upes Veiimner npeobpaiveane, ajanmTHEER |
KOMITACMEHTAPHH (BMATPH, KAKTO M MeToIH 1a OHPENCNIHE HA MPOCTPAHCTBEHA OPUCHTAIS
" MHAMETHE napameTpu. Taopdeckata MHTEpnperalms Ha npobreMaTHKATa € mo3BoIHNa
CLIIABAHCTO HA NPaKTHYCCKH NPHAOKAMH peuicHus, BATHIHPAHH Ype3 CHMVIAUHOREN W
CRCICPHMCHTAHH WICMCBAHAS B PeANHH yCIoBHS. TOBA CBHACTONCTBA He camo 3a ao6po
MOSHABAHE HA HAYYHOTO ChCTOSHHC Ha NPOGIEMA, HO M 33 CHOCOBHOCT 34 KPHTHHHA OlIEHKA,
CHHTES H HAATPAKIAHE HA CHIUECTBYRAIIMTE IHANME C OPHTHHATHH HAYUIH W Hay4HO-
MPHAOKHH PEIYITATH,

3. Cvoreercrene na mabpanara METOINKA HA H3CENBANE ¢ TOCTABEHATS e 1 3a/aun
HA AHCePTAUNOHHES TPV,

H3bpanara metommka ua wscnensawe & JHCCPTALMOHHIE TPV € B MLiIHD
CBOTBEICTRHC C ITOCTABCHATA 1CH W ACQHHHPAHNTE HICTEA0BATCHCKH 3anawl, Metonuxara e
JOTHBECKI CTPYKTYPHUPAHA W NOCACIOBATENHO CACABA H3TLIHEHIETO HA HOCTABCHHTE 3A70a4H,
B mepnure eranu e npunomen amammruwen IOIXO 38 MICTCABAHT HA APXUTEKTVPaTa,
RapaKTCPHCTHRHTC # IIYMORKTC mapaMeTpu na MEMS CCH30pHTE, BRIMOYHTEIHO MIN0DI3RAHE
Ha AMCTIEPCUS HA AJIRH U METO/IN 38 KOMIICHCHpaHe Ha HYAC80TO oTMecTBane, Cnensainme
CTaNH  BRIMYBAT paspaBoTeaBle W oneHka Ha XapAYepHH W COTVEPHH Meroam 1a
0100PABAHC HA XaPAKTEPHCTHENTE 4PC3 NETHPHCEHIOPHA CTPYKTYpa, yelBuer obpaborka,
A14NTHEHH W KOMITIEMeHTapHA GUATpH, kaxTo n Kanumanosy MTOPHTMH.

Ocobeno swkno npenumcrso pa METOLWKETE ¢ CLYCTABAHETD HA TCOPETHYHH,
CHMYIAUHOHEN M SKCTIEPHMEHTATHE HICTeABAHIN, KOSTO O3RNSR HANICH TN TIPOREPKA HA
Pa3paboTeHHTe MONCAW W WITOPHTME B pcamn  ycnosus, Hanonssavata setoauxa e
1CKBATHA, 0DOCHORANA M HAILIHO CHOTBETCTRA Ha HAYIHUTE [ENH H AAYMHO-HPHIOWHAS
X4paKTep Ha TUCEPTALMOHHNS TPV,

4. Kparka anaswrauna XAPAKTEPHCTHRA HA eCTCCTBOTO W OUEHKA HA JOCTOBEPHOCTTA
Ha Marepwaia. BhpXY KoiiTo ce rpaasuT npEnocuTe na ANCEPTAIHOHUHA TPV,

MpunocHte wa anceprammonnns TPYA Ca TOCTHTHATH Gnaromapenue Ha daxra, ge
H3AOKEHHAT MATCPHAT WME  KOMILIEKCEM, HHTEPIRCUHTUIHHAPEH #  EKCIICPHMEHTANND
obocHOBaH Xapaktep. Macieasanerto e DA3NPaHO HAa CHEpEMEHHK Hay4HH TIOCTAHOBRH A
oGnacrra wa MEMS mmepunanumre Cen30pH, 0OpaboTkaTa Ha CHIHAIH, HABHIAHONHHTE M
THATHOCTHYHHTE  CACTEMH, KaTC CHYETABY  TCOPCTHTHH  MOICNH, MATEMAaTHYECKH
ABHCHMOCTH, CHMYTAUHOHHH H3CNEABAHMA M NPAKTHYECKH ckcriepuMenT. [lonyvennre
PE3VITATH €a M3CHCABAHM HE CaMmM0 AHANMTHYHO, HO W HPE3  PCANHN  HIMEPBAHNHS M
CKCTICPHMEHTAIHO Npodupane.

Odofweno Mome 1a ce saxmioun, we MPHHOCHTE HA JIHCCPTAUMOMHHE TpyD ce
OCHOBABST HA HAICKACH, AOCTATHUNO NPEICTABHTCNEH H EKCHCPHMEHTAIHO MOTRHPICH
MATCpHI, KOCTO OOYCHABR BUCOKA CTENeH Ha :OBepHe B NOAY4EHHTE PE3VITATH B THXHATA
HPHIOKHMOCT B IPAKTHKATA.

S. Hay'iuu w/sin Ray-Ho-npHAOKEN NpHHOCH Ha ANCePTANHONHEN TPYI
Hayunnte  naywno-npunomnire npisocn aa NHCEPTAUMOHEKA TPYA MOraT 1a Guaar
KASCH(UINPaHN 110 ClHeTHUA HaTHH:



I. ®opmyaupane n ofiocnoska wa mon Hayuen npodaem (obnact). He ¢ dopmympan
HIUATO HOB (PYHAAMEHTANCH HaydeH npodneM, HO ¢ pa3sHTa CICIHHIHNI HayyHO-
MIPHIIOAHA O6IacT, CELP3dHA ¢ NOIo0piBaHe XApPAKTECPHCTHRHTE HA HHCKOOIOKETHR
MEMS  unepumanuu CCH3IOPH, TNOBMINABANE TOMHOCTTZ Ha HiMepBaTeHaTA
HH(BOPMALNA ¥ pasmHpsBaHe Ha HPHIIOKCHUCTO HM B CHCTEMH 33 Onpelensue Ha
OpHEHTAllMATa HA O0CKTH, IWATHOCTHEATA | MOHHTOPHHTA B ABTOMODITHHE H
HENCIONETHHS TPAHCIIOPT,

2. Dopuyanpane w obocHOBKS Ha HOBA Teopus (xmmoresa). OSocwopann
CKCICPHMCHTANTHO MOTRLPACHH Ca pexHua HHKCHEPHH XHITOTE3H, CBBP3aHN ¢
AHHAMHYHOTO KOMICHCHPaHE HA HYNCBOTO OTMECTBAHe Ha HHEPIHATHHTE. CEH3OPH
(mpanoc Nel); w3nonssanero ua goea HETHPHCEIBOPHA CTPYKTYPa 34 NoA00psBane Ha
MYMOBHTE XAPAKTEPHCTHKH M 9YeCTOTHHTE MEpaMeTpE  (npuAockH Ned uw Nes):
MORHIIABAHC HA TOUHOCTTA wpe3 idiposa oBpabotka wa curmamure u yeiinaer
npeobpasysane (npunoc Nef). m3momssanero Ha Kamvanor n KOMILTEMEHTApEH
GuaTRp 33 onpencnswe ua OPOCTPAHCTRCHOTD NONOKEHHE HA obeKTHTE (npHEOCH
Nall);m Nell),

3. Cuinamame ua moBM seTonm, KOHCTPYKuMM W cucremi. OcHoBmata wacT o7
TIPHHOCHTE TOHATA B TA3W KATErOPHA: HOBH METOZH 3a KOMTIEHCAUMS, (uTpanns n
aGpaboTka Ha CHTRAMN (npinock Nel, Ned, NeS, No6, Ne 10, Nel1, Nol4, No15 u Na20):
HOBH  KOHCTPYKIMH M apXwTekTypm — HCTHPHCCHIOPHA  CTPYKTVPE
MYITHIPOTOKONHA MPEAKA OT HHEPIHANHK ceHsopn (npuHocH Ned, NoS n Nel3): wosn
AHATHOCTHYHN, MIMCDBATENHH # MOMHTODHHIOBN CHMCTOMM 13 ABTOMOONTHHS |
HEACIONBTHUS TPAHCHOPT (npunock Nel5-23),

4. MHeayuasame w joxazsane nua HoBH daxTu. Excnepumenranno ca HOKB3ZHH:
SHATHTCIHO HAMIISBAHE HA TPSMIKATA OT HYNEBOTO OTMECTEARE — ot 10" 2o 10* nern
(npiroc Nel); nonoBpssane na IWYMOBHTE XAPSKTEPHCTHKN H YeCTOTHITE napaMeTpu
Ha MEMS censopire wpes HCTHPHCEH30DHA CTPYKTYpa (mpunocH Ned § NeS):
HRIMOKHOCT 3 OUpedeisHe HA OTHOCHTETHM TPEMECTRANHS B CYOMHITHMETPOBHS
AHANA30N ¢ Tpewka a0 0,1 mm (npunoc Nel3); mramommocTy 3a MOHHTOPHHAT H
AHATHOCTHEA HA TPAHCHOPTHH CHCTEMH ¥ 3KENe30ihTHA WHpacTpykTypa & peaTHo
spemMe (npraocH Ne20-23),

3. Moayuasawe wa wnoTBBpamTeTHR baxTi. Totesprena ¢ npunokumoctTa ua
W3RECTHH MCTONH H MOUXONH, KaTo: aHANHI Ha WYMOBHTE XapaKTEPHCTHKH wapes3
AMCHCPCHATAE Ha AITGH, CTATHCTHYCCKW MCTOIM 32 OHCHKA Ha napameTpaTe Ha MEMS
CCH30pH, mnomeaketo Ha Kamanosn u KOMIICMEHTAPHN DUIITPR 338 onpenensne
Ha MPOCTPAHCTBEHOTO MONOKCHHE; NPHIOKCHACTO Ha BPEMCBO-CCTOTHH MSTOAM 33
AHATHOCTHEA HA THHOMWYHH CHCTEMH.

Xapaxrep ua npunocnre 3a BHCAPABAHE

[panocnte nmar scwo H3paseH HAYYHO-UPHAOKEH M RHCAPHTEICKH xapakrep.
PaspaboTennte pemwenns HEMHDPAT [PHNOKEHHC B HHTSIHTEHTHHTE TPEHCIOPTHH CHCTEMH,
ABTOMOOHIHIA M KEICIONBTHHY TPAHCHOPT, CHCTEMATE 33 MOHHTOPHHT M JHMATNOCTIKA
HABHIBLHOHHATE CHCTEMH M OUCHKATA Ha EOMOpTa u BesomacHOCTTa Ha JBHKEHHE, KaTD
HACT OT pesyiITaTHTC ¢a BHEAPEHW upes paspaboTeHH LPOTOTUIH M ca 3aHUITEHH Che
Cauzerencrao 3a nonezen mozen No5143/27. 10.2020 v,

6. Ouenka 3a CremenTs Ha THYHOTH VIACTHE HA IHCEPTANTA B NPHHOCHTE.

Ha Gasara ua npernena ma nySmixaunnte, Brmovenn & NHCEPTALHOHNMA TPV, MoHe
Jld ce HanpaBy WIROA, Ye JHYHOTO V4ACTHE Ha MICEPTAHTA B PEATHIMPAHETO HA HAVIHHTE 0
HBYAHO-IPHIOKHHTE [PHHOCH € CHINCCTBEHO W ONPeletsmo. Buopexn manmumero ma



CHABTOPCTBO B HacT OT NYOIHKAUNHTE, TeMuTHYHATS MOCIENOBATEANOCT, [IOTHYECKATA
CBBPIGHOCT MEALY OTACTHHTE [IEBH M NPSKOTO CHOTBETCTBHE MeAly mybmikaupnTe H
(hopmymmpaniTe npuHocH mOKazsaT Rozemd POiS Ha /pIcCpTaHTa B paspaboTRaHeTo Ha
OCHOBHHTC MICH, METOIH i CKCTICPHMEHTAIHY TOCTAHORKH,

Hpeacrapenure nybaukanuy u HANPABCHHTE pa3paboTkl  HaBAT  NOCTATHYHO
OCHOBaHHC 14 CE mpHEMe, He UBTOPLT HMA BHCOKZ CTelleH Ha JTHYAO  y9acTHe B
PEATHINPAHETO HA MPHAOCHTE Ha AMCEPTAUHORENS TPYAL,

7. Tpemenxa na NYOIHKANNATE 1O AHCePTALMOHHIS Tpya: Opoii, xapakrtep na
HIIAHHATA, B KOWTO ca oTneuaTans, OTpakenwe n HAYRATA — HIN0A3BANE W UNTHpPaHEe
OT APyTH 3BTOPU, B APYIH Aadoparopun, cTpann u up.
Obomar Gpoit nvbmkamss mo AHCEpTAUHOHHMA TPYA € 38, kato Te ce pasnpenensT
0 CACIHHA HATHH:
1. ITo xapaxrep ua wiaannsita:
L1 Tybamkanwnn B sesiynapoann Haynunn cuncanns — 10 6p. (A6, A2, A2D.
A23, A26, A27, A28, A29, A31, A36), Or tax: nHiekcnpaun 8 Scopus/WoS — 5 6p,
(A6, A26, A27, A28, A29), a ocranannTe ca B MEWAYHAPOIHH pediepHUPaHM H3NAHKY,
L2, iybmuxauun 8 duarapekn Hayunm cnncanus — 6 Op. (AS, A9, A12, A14_Al6,
AlT).
L3. Jlokaaan ua payanu dopymn Brarapus — 3 6p. (A7.A10,A25). Ot mix:
HAUMOHAINA woudepennum — 1 Op. (A10), MeaIyHapoann wKondepenuun s
Buarapms - 2 6p. (A7, A25),
1.4, lokaaau ua mexaynapoaun koHGepenumun — 19 Gp. (A], A2, A3, A4, A8 ATl
Al3, AIS, AIR; Al9, A20, A24, A30, A32, A34. A35, A3T7. A7, A25) - 5
HHJICKCHPAHH B Scopus.,

2. Tlo xBapTaanOCT (Scopus/CiteScore)

Pasnpeaeneunero wa nybmmkammre o7 AMCCPTAUMOHHHSA TPYI, HWHICKCHPAHW B
Scopus, pasnpesienenn 1o ksapTHIHOCT Ca: Q1 - 5 nybanxammn (A6, A27, A28, A29. A26),
Q2 - 0 nydauxamun, Q3 — 3 MyGAHKARNM, ChITTACHO CHPABKATA OT SciVal/Scopus, Q4 — 4
MyDAMKANNM, CLTIACHO CHPARKATA OT SciVal/Scopus. O6mo nybaukammre, HHICKCHPAHH B
Scopus ca 12 6p., or kowto 42% ca B QI KoeTo MoOWe 13 ce OUeHH KATO MHOO nobsp
TOK33ATCH 32 KAUCCTRO M MCAIYHAPO/IHA PAsNO3HABAEMOCT Ha HAYMHHTE PE3VITATH,
Curnacno wancksaunsgta na 3PACPE. [TTI3PACPE. Tpaswmux sa yerosusma u peda sa
npudobusane na wayunu cmeneny ¢ Texnuueciu Yhusepcumem — Coghun;

I. Mo rpyna nokalarenm A: AHCEPTALMOHTH TPYA 38, J0kTop” - panwaHn 50 Touyxw:

2. Mo rpyna noxazarean b:/lucepraunones rpya 3a npuctaaane wa HC ~HAOKTOP Ha
uaykuTe” manmaun 100 roasn:

3. Mo rpyna noxasaresn T, meoGxommmi 06mo 100 TOMEHR, nocTaruatTi 252.2 touxn:

7. Hayuna nybaukamus g WSHARNA, XONTO ca pedepupann H HHICKCHDaHH B

CBETOBHOMIBECTHH Oa3i JaHHH ¢ Hay4Ha HHipopMmauma — nocturaatn 109.5 TOYKIT,

8. Hayma nybankanus s ne petepupann concanus ¢ HAYYHO pPeleHIHpaHE WiaH B

PEAAKTHPAHN KONCKTHEHM TPYAoBe- HocTHriaTs 142.7 Touks:

4. Mo rpyna noxazarean 1, neoGxomumi o610 100 ToukH, mocTuruaTi 210 roukn:

12. Hurupanys wog penensun & HAYYHH W3%auus, pedeprupann n HHAeKcHpann B

CBETOBHOM3BECTHM Oa3H JaHHW ¢ Hayyua uupopMaums win B MoHOTpadmn #

KONEKTHBHI Tomose — 210 royrn;

Obmo cnopen npexoctasennTe AdawH®  OT Scopus/SciVal, astoper HMa 55
nybanxammn, 127 uwrupanns (8 109 Aokymenta) ® h-index = 5, xoero noxasma
YCTOHYMBE HAYYUHA BKTHRHOCT W HAMHMHC Ha MYOAHKALIN ¢ MEKIVHAPOIHA BITHMOCT.




Ot 38 cratnm u goxaamm, CHBP3AHN C IHCEPTALMOHHMA TPYAL 10 TOIH MOMEHT Hma 43
UHTHPAHEA OT APYTH ABTOpPN,

Orpaskennero va Tpysa B HAYKATA MOKE J1a ce OICHH KaTO 306po H HAPACTRAIIO, Thil
KATO myOAWKAHKHTE Ca IHTHpaHu oT IPYTH 2BTOPH M €2 BKIIOYCHH B MEXIVHAPOIHH HAYIHH
a3 JaHuN KaTo Scopus n Weh of Science, koeTo npeamonara w3nomIBaHe Ha pe3yaTaTHTe H
H3BLH HALMOHATHATA HAyuHa cpeaa. Hanmumero ma IHTHPAHHA B MCAIYHADOIHH HSTOMHNINT
nyonukams 8 Q1 wsaanus w yuactie a MERIYHAPOIHH (POPYMI € JoKazaTencTeo 3a HayuHa
PAITIUIHABACMOCT H MOTSHUHAT 33 PAIBHTHETO HA WICTCIBANNSTA Ha aBTOpA.

Ocobeno nonomuTeasa onenxa 3ACTYAX3BA (DAKTHT, Y€ PEIVITATHTE OT IHCepPTAINATA
¢4 CBEP3AHH © 35 HayIHOMICACAOBATENCKH MIPOEKTA, KOETO MOTBRPAJABA TAXHATA
MPaKTHYECKA HACOYEHOCT H npHaokiMoct. Chejea ga ce noauepTac, Ye B ABa OT NpoeKTHTE
JHCEPTAHTLT & PhKOBOAMTEN.

8. Hinoassane ma pesyararure or AHCEPTANHONNMA TPy B HAYIHATAE H CoUMANHATA
npaxkTuka. Haawime nva nocrurnar TIPSk WkoHOMubeckn edext u np. Joxymenrn, na
KOHTO Ce 0CHOBARA TEBLP/AEHRETD,

Peaynrature or amcepraumonnus TPYA MMAT 4CHO W3paseHa W HAYTHO-TIPHIOWKHA
Hacouenoct. Paspaboteunte Meroam, amropiTym 1 cHcTeMi mat TIOTEHIHAN 33 BHEAPYBAHE
B TPaHCTIOPTHATA WHOPACTPYRTYPA, HHTETHTCHTHMTE TPAHCHOPTHH CHCTCMH, poloTHkata,
HARHTAIHATA U CHCTEeMEITE 33 TEXHHYECK TIaTHOCTHER,

HpaxTugeckara npuaosumoct ua PEIYATATHTE CC NOTBLPANABA OT YHACTHETO HA
AUCEPTAATA B 5 HAYUHORICTCAOBaTCICKN NpoekTa, Hamime ca JOKA3ATCACTRA 338 MINOM3BaHS
HA PESYNTATHTC B HAYWHATA NPAKTHKA, M3IPAINBANH Cce B NyO/MMKAIINK B MCHIVHAPOAHH
HINAHHA, HATHYHE HA (MTHPAHUS OT APYTH SRTOPH. ABTOPET HMa CBHACTEACTRO 3a [Tomesen
Moled eue Ne 5143/27,10.2020, nyGmuxysano 8 61omeriy Ne 202105.2 na 31.052021.

Mo oTnowenwe na coumammara NPAKTHRA, pa3padOTKHTE WMAT NOTeHIHATEH
NPHHOC 33 NOBMILABAHE GEIONACHOCTTA Ha FPAHCIOPTA, PAHHA AMATHOCTHEA HA MOBPEMN,
MOZOOpPSBAHE HA MOHWTODHHTAZ Ha REJNCIOMLTHATA WHPPacTpykTypa W ONTUMHIHpARE Ha
TEXHIHECKATA KCIIOATAUHS HA TPAHCTIOPTHI cpeacrea. Tosa wma wHaMpexTen ofmeciren
eeKT, CBLPIAH C HAMAISEAHE Ha PHCKA OT aBapuH, TOBMITaBaHe OCIONACHOCTTA W
HANCHIHOCTTA Ha TPAHCIIODTHHTE CHCTEMM | HGHGEPE'BHHE Hil YCIIOBHATE 33 CKCIIOATAIHS,

fpak  wxomommwecku edext, Hamue ca ODOCHOBAHH NPeANOCTABKA 33
MOTCHIHANCH WKOHOMHYICCKN eiekT, CREP3al ¢ HaMuMBAHe 1A PAIXOAHTC 38 AMATHOCTHES,
MPOQHNTAKTHEL W NOLIPEAKA € HINON3IBAHETO Ha nuckoGiomreTun MEMS pemenns smecro
N-CKBITH HIMEPBATCTHH CHCTCMN.

9. Onenka Ha CHOTBETCIBHETO A ABTOpedepaTa ¢ HINCKBANNATA 38 WITOTBHHETO MY,
RAKTO ¥ 14 A1eKBATHOCTTA HA 0TPANBAHE HA OCHOBHMTE TONOKENNS 1 NPEHOCHTE HA
ARCEPTAUHOHHESA TPY/L.

Hpeactasenusr asropedepar azexsarno UPENCTABE HAH-BAMHHTE MOMCHTH M
ACCTIGREHHS OT HCEPTAUHOHENS Tpya. UsroTeen e caraacio HOPMATHBHHTE H3HCKBaHHA HA
Texnnueckn Yausepcnrer-Cods.

10. Muens, npenopuiu u feaewim.
Penakunonnn sabenewsn:
L. Homepauunre na Tabn.4.4 u Tadmuua 4.3 ca pasmenenn. JIuncsa rabmuua ¢ nomep
4.2
2. B cnnceka Ha nyGmIkammmute Knu AHCCPTALHOHAHS TPYA nosmmnd A29 § A30 ce
mybnupar. Cnen nposepra na ABTOPCEATE NYDANKALUNM 110 THARH H IPHIOKEHITE M
MLIIHH TEKCTOBE Ce YCTAHOBM, 9e Te ca AB¢ Pa3iigHA HayTHH nyDmakaimi. [opamn




TOEA [IPH PENICHINPAHETO € TipHeTo, Ye NYOIHKALUMATE, CHLPIAHK ¢ AHCEPTAIHOHHAS
TPV, ¢a abmo 38,

11. 3axmovenne ¢ onenka na AHCEPTANHOHUNS TPy

Hucepraunonnnst tpyn e paipaboTen Ha AHCOKO HAYUHO &t HAYTHO-NPHIGKRO HHBO,
OTHiYaBa ¢e ¢ nofpa CTPYKTYpa, Joruyecka HOCHICAOBATEIHOCT M 3HATHTENCH OOeM
CKCNICPHMEHTATHN  m3cienBanns.  OcofeHo  momomurenno BOSYATIACHHE  TIPABET:
ROMIIACKCHUAT MOIXO OpH asanmsa va MEMS HHEPUHATHWTE CeH3opH, paspaboTsamero ua
CODCTBEHH METONM M AITOPHTMH 33 MOAOOPABAHE HA TeXHHTE XAPAKTCPHCTHRATE, KAKTO M
CRCIICPUMEHTANIHATA RepudHKANA Ha pesynratire B peani yenosus. Curea crpana ma
TPYAA ¢ | SCHATA BPLIKA MCKIY TEOPETHUYHHTE HICTCABAHHA H PEATHHTC NPHIOKCHHS He
CAMO B aBTOMODHIHISE M ACICIONBTHHS TPAtCTIOPT, HO ¢ MOTEHLMAN 33 PA3BHTHC H B apyre
obmacTi.

Mpencrasennst aucepraimoney TPYA OTFUBAPA HA RCHYKH MIMCKBANMS Ha 3PACPE,
[MIIBPACPE, xakto u Ha lNpasiomuka 3a yenosnsta peaa 3a npHAoOMBaKe HA HaywHM
crencHn B Texandeckn yuusepenrer — Codms. lpeanaram ua ysawaemoro HAYIHO KYPH

A3 HpHCHLAR HE 0N, 3-p unx. Pocen Munerues naywnara crencn WIOKTOP Ha
Hayskare”,
Hdara:10.07.2026 Penensent:.

npog. Hoans Hanes
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“~ 1"Vt the dissertation for the degree of Doctor of Science

Author of the dissertation: Assoc. Prof. Dr., Eng. Rosen | Miletiev

Topic of the dissertation: Methods, algorithms and systems for determining the
orientation and state of moving objects based on MEMS inertial SENsors
Professional field: 5.3 Communication and computer technology

Scientific specialty: Automated information processing and contrel systems (in

communications)

Reviewer: Tliya lliev, Dr. Eng., Professor. Technical University - Sofia,
Faculty of Telecommunications, Department of Radio Communications and Video
Techneologies

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

The defined goal and the tasks set for the dissertation are related to: the analysis and
synthesis of new approaches, methods and algorithms for improving the parameters of MEMS
inertial sensors, improving the quality of data from sensor systems and developing systems
for determining the orientation and state of moving objects.

The growing use of MEMS inertial sensors in intelligent transport systems, robotics,
autonomous vehicles, and technical condition momioring systems is indisputable, Modern
low-cost MEMS sensors are characterized by several limitations that necessitate new methods
for compensation and data processing. The relevance of the problems solved in the
dissertation is demonstrated at two levels — fundamentally, by improving the methods for
signal processing and modeling of sensor systems, and applied, by developing practical
algorithms for determining the orientation, dynamic state and diagnostics of moving objects.
The tasks addressed in the dissertation and the obtamned results demonstrate improved
reliability, accuracy, and appl icability of MEMS-based systems under real operating
conditions.

The research area and the research problems addressed in the dissertation are
undoubtedly highly relevant from both scientific and applied perspectives.

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

The dissertation comprises 327 pages and consists of an introduction, five chapters, a
statement of the contributions, a bibliography containing 197 references, a list of publications.
a list of scientific and scientific-applied contributions, and one appendix. The dissertation
mcludes a total of 236 figures, 21 tables. and a list of abbreviations and symbols.

The dissertation demonstrates a high level of familiarity with the current state of
research in the field. This is evidenced by the comprehensive review and systematic analysis
of MEMS inertial sensors and their characteristics, sources of errors, methods for
performance evaluation, and signal processing approaches.

The structure of the dissertation demonstrates a thorough understanding of the existing
scientific knowledge and scientific-applied achievements in the field. The liternture review is
not merely descriptive but is subjected to critical analysis and creative interpretation. This is
evidenced by the author's original approaches to improving the performance of MEMS
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mertial sensors, including the development of a four-sensor structure, signal processing
algorithms based on wavelet transforms, Kalman and complementary filters, as well as
methods for determining spatial orientation and dynamic parameters. The creative
interprefation of the research problem has led to the development of practically applicable
solutions, validated through both simulation and experimental investigations under real
operating conditions, This demonstrates not only a comprehensive understanding of the
current state of the art but also the ability to critically evaluate, synthesize, and extend existing
knowledge through original scientific and scientific-applied contributions.

3. Compliance of the Selected Research Methodology with the Goals and Objectives of
the Dissertation.

The research methodology adopted in the dissertation is fully consistent with the stated
goal and the defined research objectives, It is logically structured and systematically supports
the achicvement of the dissertation's objectives. The initial stage employs analytical methods
to investigate the architecture, characteristics, and noise behavior of MEMS ineriial SENSOTS,
including Allan variance analysis and zero-bias compensation methods. The subsequent
stages involve the development and evaluation of hardware and software approaches to
improve sensor performance with a four-sensor configuration, wavelet-based  signal
processing, and the application of Kalman and complementary filtering algorithms,

A major strength of the proposed methodology is the integration of theoretical analysis,
numerical simulations, and experimental investigations, enabling comprehensive validation of
the developed models, methods, and al gorithms under real operating conditions. This
integrated approach ensures the reliability of the obtained results and confirms their practical
applicability.

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 contributions of the dissertation are achieved because the presented material js
complex, interdisciplinary, and experimentally substantiated. The research is based on
international scientific data in the field of MEMS inertial sensors, signal processing,
navigation, and diagnostic Systems, combining theoretical models. mathematical
dependencies, simulation studies, and practical experiments.

In conclusion, the dissertation's contributions are grounded in reliable, highly
representative, and experimentally validated material. ensuring a high degree of confidence in
the results and their practical applicability,

5. Scientific and/or scientific-applied contributions of the dissertation work.
Scientific and scientific-applied materials can be attached o the dissertation work to
be classified as follows:

I. Formulation and justification of a new scientific problem (area). Although the
dissertation does not formulate an entirely new fundamental scientific problem, it
significantly develops a specific scientific and applied domain. This advancement is
recognized through: the enhanced performance characteristics of low-cost MEMS
mertial sensors: elevated measurement data quality: and the expanded deployment of
these technologies within orientation determination, diagnostics, and monitoring
systems for road and rail transport.

Formulation and justification of & new theory (hypothesis). Substantiated and
experimentally confirmed are by several engineering hypotheses relasted to: the
dynamic compensation of the zero offset of inertial sensors (coniribution No. 1)
composition of & new four-sensor structure to improve noise characteristics and
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frequency parameters (contributions No, 4 and No. 5); growing the accuracy through
digital signal processing and wavelet transformation (contribution No. 6); composition
of Kalman and complementary filters for determining the spatial position of objects
(contributions No. 10 and No. 11),

3. Creation of new methods, structures and systems. The main part of the contributions
falls into this category: new methods for compensation, filtering and signal processing
(contributions No. 1, No. 4. No. 5, No. 6, No. 10, No, 11, No. 14, No. 15 and No. 20);
new structures and architectures — four-sensor structure and multi-protocol network of
ertial sensors (contributions No. 4, No. 5 and No. 13); new diagnostic, measuring
and monitoring systems for road and rail transport (contributions No. 15-23),

4. Obtaining and proving new facts, The following facts have been experimentally
proven: a significant reduction in the error from zero offset - from 10 to |0* times
(contribution No. 1); improvement of the noise characteristics and frequency
parameters of MEMS sensors through a four-sensor structure (contributions No. 4 and
No. 5); the ability to determine relative displacements in the submillimeter range with
an error of up to 0.1 mm (contribution No. 15); capabilities for monitoring and
diagnosing transport systems and railway infrastructure in real time (contributions No.
20-23).

5. Obuaining confirmatory facts. The applicability of known methods and approaches has
been confirmed as: analysis of noise characteristics using the Allen dispersion;
statistical methods for estimating the parameters of MEMS sensors; composition of
Kalman and complementary filters for determining the spatial position; application of'
time-frequency methods for diagnosing dynamic systems.

Nature of the contributions for implementation: The contributions have a clearly
expressed scientific-applied and implementation nature. The developed selutions are used in
intelligent transport systems. road and rail transport, monitoring and diagnostic systems,
navigation systems, and the assessment of traffic comfort and safety, with part of the results
being implemented through developed prototypes and protected by a Certificate of Utility
Model No. 5143/27.10.2020.

6. Assessment of the degree of personal participation of the dissertation candidate in the
contributions.

Based on the review of the publications included in the dissertation, it can be
concluded that the personal participation of the dissertation candidate in the realization of the
scientific and applied scientific contributions is essential and decisive. Despite co-authorship
in some publications, the thematic coherence and logical continuity between the individual
chapters. together with the direct correspondence between the publications and the formulated
contributions, indicate the candidate's leading role in the development of the main ideas,
methods, and experimental methodologies.

The publications and developments provide sufficient reason to assume that the author
has a high degree of personal participation in the realization of the dissertation contributions.

7. Assessment of publications on the dissertation: number, nature of the editions in
which they were printed. Reflection in science — use and citation by other authors, in
other Iaboratories, countries, ete.

The total number of publications on the dissertation is 38, and they are distributed as
follows:

1. By nature of publications:



1.1. Publications in international scientific Journals — 10 issues (A6, A21, A22,
A3, A26, A27, A28, A29, A31, A36). OF which: indexed in Scopus/WeaS - 3
issues (A6, A26, A27, A28, A29), and the rest are in international refereed
publications.

|.2. Publications in Bulgarian scientific Journals — 6 issues (AS, A9, A12, Al4,
Al6, ALT).

1.3. Reports at scientific forums in Bulgaria — 3 issues (A7, Al0, A25), Of
which: national conference - 1 issue (Al0), mternational conferences in
Bulgaria - 2 issues (A7, A25),

1.4. Reports at international conferences — 19 issues (A1, A2, A3, Ad AR ALl
Al3, Al5, AlS, Al19, A20, A24, A30, A32, A34, A35, Al7, A7, A25)-5
mdexed in Scopus.

'

2. By quartiles (Scopus/CiteScore)

The distribution of publications from the dissertation work, indexed in Scopus,
by quartiles is: Q1 — 5 publications (A6, A27, A28, A29, A26), Q2 — 0
publications, Q3 — 3 publications, according to the SciVal/Scopus reference,
Q4 — 4 publications, according to the SciVal/Scopus reference. In total, the
publications indexed in Scopus are 12, of which 42% are in Q1, which can be
assessed as a very good indicator of quality and international recognition of
scientific resulis,

According to the requirements of the Academic Staff Development Act of the

Republic of Bulgaria (ASDARB), the Regulations for the Implementation of the ASDARR,
and the Regulations on the Conditions and Procedures for Awarding Academic Degrees at the
Technical University of Sofia:

1.
r

3

]

Indicator Group A: Dectoral dissertation — 50 points (required and achieved).
Indicator Group B: Dissertation for the award of the degree Doctor of Science (D.Sc.)
— 100 points,

Indicator Group G: A minimum of 100 points is required: the candidate has achieved
252.2 points, including:

(7. Scientific publications in journals indexed in internationally recognized
scientific databases — 109.5 points;

G8. Scientific publications in peer-reviewed journals not indexed in
international databases or in edited collective volumes — 142.7 points.

Indicator Group D: A minimum of 100 points is required: the candidate has achieved
210 points, including:
= DI2: Chations or reviews in scientific publications indexed in interationally

recognized scientific databases, as well as citations in monographs and edited
collective volumes — 210 points.

In total, according to the specified data from Scopus/SciVal, the author has 55

publications, 127 citations (in 109 documents), and h-index = 5, which indicates sustainable
scientific activity and the presence of publications with international visibility, Out of 38
articles and reports related to the dissertation work, there are currently 43 citations by other

authors,
The impact of the work in science can be assessed as good and growing. The

publications are cited by other authors and are included in international seientific databases
such as Scopus and Web of Science. The presence of citations in international sources,
publications in QI editions, and participation in international forums is evidence of scientific
recognition and potential for further impact on the development of the author's research.
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The dissertation results are from 5 research projects. This confirms the practical focus
and applicability of the work. It should be noted that in two of the projects, the doctoral
candidate s the coordinator,

8. Use of the results of the dissertation work in scientific and social practice, Presence of
achieving a direct economic effect, ete.

The findings of this dissertation have a pronounced scientific and applied orientation,
The developed methods, algorithms, and sysiems possess strong potential for implementation
within transport infrastructure, intelligent transportation systems, robotics, navigation, and
technical diagnostic systems,

The practical applicability of these results is validated by the candidate's participation
in 5 research projects. Evidence of implementation in scientific practice is further
demonstrated by publications in international journals and subsequent citations by other
authors. Additionally, the author holds a Utility Model Patent No, 5143/27. 10.2020, published
in Bulletin No. 202105.2 on May 31, 2021.

Regarding societal practice. the developments offer a potential contribution to
enhancing transport safety, enabling early fault diagnosis, improving railway infrastructure
monitoring, and optimizing the technical operation of vehieles. This vields an indirect public
impact by reducing the risk of accidents, increasing the safety and reliability of transport
systems, and improving overall operational conditions.

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

The presented dissertation abstract adequately reflects the most critical aspects and
achievements of the dissertation research. It has been prepared in strict accordance with the
regulatory requirements of the Technical University of Sofia.

10. Opinions, words and notes,

Editorial notes:

|. The numbering of Table 4.4 and Table 4.3 has been inverted. Additionally, Table
4.2 is missing from the sequence.

2. In the list of publications related to the dissertation, entries A29 and A30 are
duplicated, However, following a verification of the author’s publications by
chapter and their attached full texts, it was established that these represent two
distinct scientific papers, Consequently, for this review, the total number of
publications related to the dissertation is accepted to be 38,

11. Conclusion with an assessment of the dissertation work.

The dissertation work has been developed at a high scientific and scientific-applied
level, distinguished by a good structure, logical consistency, and a significant volume of
experimental research. A positive impression is made by the complex approach to analysis of
MEMS inertial sensors, the development of its own methods and algorithms to improve their
characteristics, as well as the experimental verification of the results. The strength of the work
lies in the clear connection between theoretical research and real applications not only in road
and rail transport, but also in the potential for development in other areas,

The presented dissertation meets all the requirements of the Development of Academic
Staff in the Republic of Bulgaria Act, the Regulations for its Application, and the Regulations
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on the Terms and Procedure for Acquiring Scientific Degrees at the Technical University of
Sofia. I propose to the esteemed scientific jury to award assoc, prof. dr. eng. Rosen
Miletiev the seientific degree "Doctor of Sciences",

Date:10.07.2026 Reviewer:.
ol
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