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33 JMCEPTAIIHOHCH TPy 3a npuao0MBaHe Ha HayyHATd CTCNCH "AOKTOp Ha
gaykutTe” M0 HAYIHA CHCHHATHOCT:
JABTOMATH3Hpann cHcTemMH 33 oOpaboTka Ha naopmanun W
ynpasjienue (B KoMyHHKauuuTe)"
B TPOGECHOHATHO HANPABICHHE!

5.3, KoMyHHKATIHOHHA H KOMITIOTLPHA TEXHHKA
ABTOp HA AHCEPTAIMOHHHA TPYA:

aom, a-p ueK. Pocen | MueTHeB

Tema Ha AHCEPTAIHOHHHA TPYA!

MeTtoan, AITOPHTMH H CHCTEMH 33 ONpeIeisHE HA OpHeHTANHATA M
CLCTOSIHHETO HA NOJBA/KHE 00eKTH Ha DazaTa Ha MEMS nHepumoHNH
CeH30pH

MaroTsHn peleHIngTa: npod. a-p HHK. Ajercanasp bexspcrH

1. AkTyagHocT Ha paspaloTBaHu#A B ANCEPTAIHOHHNSA TPy npodaem B
HAYYHO H HAYYHO-TIPHIOKRHO 0THOMCHAE

TemaTa Ha NPEICTABCHHMA AMCEPTALMONEH TPYI “MeToan, AITOPHTMH H
CHCTEMH 33 ORpEIcIAie HA OPHEHTAIANTA W CHCTORHIETO Ha NOARIAKHE 0DexTH
aa Gasara Ha MEMS uuepuHOHHN CEH3IOPH™ MOXE Ja C& ONpeac.ti OT ¢JHa CTpaHa
KATO CHUIECTBYBAIIA H AKTYAlHa OT MOMEHTA Hil BE3HUKBAHC HAa HeOOXOAMMOCTTA 33
onpenensHe HA OPHEHTALIHATE HA NOJBIDIH OBEKTH C 11eA TAXHOTO YITPaBIcHHE, a 0T
Apyra CTPaBa mopail NOCTOSHHOTO PA3BHTHE H MHHHATIOpH3INpale Ha HHEPUHOHHHTE
CeH30pH, MPEJICTARMTENN HA KOWTO €3 MEMS cersopiTe, BOJEHIM 0 3HATHTEAHO
peAyLMpaHe Ha PasMEpHTE Ha CHCTEMHTE 34 OpWEHTALMA W HABHTALMA, CHUCTAHO C
[IOBHIHABAHE Ha TOYHOCTTA W HALEHHOCTTA

2. Cremen Ha (03HABAHEC CBCTOSIHWETO HA npofizema # TBOpUYeCKa
HHTEPIPETAINS HA ANTEPATYPHIS MATEPHAA

3a CcrenedTa Ha [O3HABAHE CBCTOSHHETO HA npobiema H TBOPHCCKATA
MHTEpNPETALIMA HA IMTCPATYPHIA MATCPHAL MOKE A3 ce gobHe peanHa MpeacTasa oT
TBOPUECKATA HHICPOpETalus Ha NWTEpATYPHHE Marepuail B Inasa 1 ma
JMCEPTAIHOHHHA TPYA, KBJICTO Ha Gasara Ha npersie/l 1 00CTOCH KPHTHYSH aHAIMS Ha
muorobpoiing (197) 1 axTyalHH# B HACTORIIHA MOMeHT HaydHs myOIHKais, TACHO
CBLP3ANM ¢ TCMATHKATA HE AMCEPTALMATA, C4 feMEMpaHH MHOTO TONHO H [TPABHIHO
{eIATe B 3a/a9HTe Ha INCCpTalaTa.

3. ChLOTBETCTBHE HA H30pAHATA MCTOIHKE HA W3cAeaBAHE H I0CTABEHATA Hed

§ 38744 HA AHCEPTAUHOHHESA TPYA ¢ HOCTHIHATHTE TMPHIOCH
CuisTam, He MMz ITHIHO CHOTBETCTBHE HA H30panaTa METOIMEA HA HICAS/BAHES |
HOCTABCHATA 117 M 3a7a%H Ho Juceprauusra. Tosa CLOTBETCTRNE creaBa jia ce ThpCcH
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B HAITBIHO OCHOBATEHO Ie(hWHHMpAHATA 3HAUMMOCT M HEOOXOMMMOCT B HaydHO H
HAYYHO-IIPAJIOKHO OTHOLUEHHE OT H3C/IETBaHe B obnacTTa Ha OpOONEMATE [IpH
wanomsanero Ha MEMS HHEPIHORHMTE CEH30PH ¢ [e/ ONpeie/sne Ha OpHEHTALIHATA
# TEKYIIOTO CHCTOSHNE HA OBHKAK 0OeKTH. ToBa MOC TELPACHHE H3IATO CHBINANA ¢
BLINPHCTHA NPaRHiICH TMOAXOA, |ped xoiito mou, a-p wmk. Pocen Muneries ¢
dopMyIMpan MHOIO KOHKPETHO H TOUHO OeTIa H sa/fagnTe 8 CBOA JHCEPTallHOHEH
TPy, KaKTO Cle/IBa:

[lea Ha amcepramisra: AHAIM3 H CHHTES Ha HOBH IOAXOH, METOOH o
QIrOpUTMH 3a NofoOpaBaHe HA NapaMETPHTE HA MEMS HHEpUHAIHH CECH30DH.
[OBMINABAHE HE KAYSCTROTO Ha JAHHATE, NONYHABAHH OT CCRSOPHH CHCTEMH H
pa3paboTBaHE Ha CHCTEMH 33 ONPENEINHE Ha OpMENTAIMS B CHCTONHHE HA NOIBITRHH
obexcrw Ha Gazara Ha MEMS nuepiinaiIHi CeH30pH.

Tasu uen e peamssupasa 9pes (opMmy/iHpane o HIMHIHCHHE HA caegHnTe
Jajavmn

1. Anams Ba csmectsysanm MEMS pHepuMaidu CeH3OPH, BEIIOYBANL H
TxxHaTa 0a30Ba APXHTEKTYPa, H3C/ICIBAHC HA TCXHMIC OCHOBHH XAPaKTepHCTHKH H
TOYHOCTTA HA HHCKOGIOKSTHITE CEHIOPH, M3NOMIBAHHA 32 HIMCPBAHE Ha JHHeHHAR H
BITIORH YCKOPEHHA, MoOJlenyre 38 TEXHUA aHams H METOIMTE 33 TAXHOTO
KOMIIEHCHPaHE.

2. PaspaGotsame Ha MCTOJM M AiropuiMm 33 nojobpasane  Ha
xapaxrepacTikiTe Ha MEMS urepunaiit CCH30pH.

3. PaspaGoTsaHe Ha MCTOAW H AITOPHTMH 33 cucremn Ha Gasata wa MEMS
HHEPIHATHH CCH30PH 33 ONPEIeNAHE HA OPHCHTALAATA B NIPOCTPAHCTBOTO,

4. PaspaboTpane Ha METOTH M ITOPHTMH 33 CHCTEMH Ha Gasata wa MEMS
MHEPIMATHH CEH30PH 32 aHaTH3 Ha JHHAMIUROTO CHCTOSHEE Ha MOIBHKHH 0DSKTH,
TexuH NOJACHTEMH. KAKTO H CBCTONHHETO Ha neTHaTA Mpeka B obracTra Ha
asTOMOGHIHHA W KENE3OMBTHHR TPAHCOOPT.

5. Cranaafe Ha MPOTOTHIN HA HHQOPMALHOHHO - KOMYHHKAITHOHHH CHCTEMH
Ha ocHoBara Ha MEMS HHepLMATHH CEH30pH | TECTBAHETO HM B peaniHH YC/IOBHA,
KaKTO W TecTRAHEG HA @ITOPMTMH H NPOTPaMHi  Cped sa obpaborxkata Ha
AH(OPMALTHITA,

4. Kparka anaiNTHYHA XapaKTepHCTHRA HA CCTECTBOTO W OlleHKa HA
[OCTOBEPHOCTTA Hi MaTepuaia, BRPXY KoiiTo ce TpaisT TpHHOCHTE HA
ANCEPTAMONHIS TPYA

JliceprallHOsHAsT TPY/I € © obem 327 crpannny. PeanH3npaseTo Ha NpaguiHO
pOCTABEHAT2 Hell H CHLOTBETHHM 3a7atH HA IHCepTAIHOHHMA TPYA € oOeKT Ha
¢ole/IBAIITMTE [TIABH Ha JMCSPTALMATE, MEHLY KOHTO € [OCTHTHATA MOCASA0BATEIHOCT
B HIOKCHHETO, JIOTAUECKa BPE3Ka H METOHIHOCT B Npe/ICTABAHE HA HOBATE BAXKHH.
OTHOCHO NPHHOCHTE Ha [HCEPTALMATA, TeopeTHHHH W MPaKTHICCKH pemeHns B
ofnacTTa Ha TeMATWKaTa Ha JHCepTaliaTa.
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B rmasa 2 “*Meroan ¥ anropHTMH 3a nogoGpaBaHe HA XAPaKTCPHCTHKHTE HA
MEMS HHEPIHATIE CEH30PH™ ¢a TPEACTABCHH Xap/1y epHH METOIH 33 noae0pABaHE Ha
XapaKTepHCTHRHTE H METOIH 33 NoAoOpABaKe Ha XapaKTEpHCTHRATE upes ycHBiaeTHa
obpaboTka Ha CHIHATATE H 4pe3 ANANTHRHA GuATPH, KATO € NpoBeleH TeOpeTHten
aHAIA3, SKCTICPHMEHTATHO HICTCABAHE H CPABHHTENCH AHATS.

B Tpeta riapa Ha AHCEPTALHOHHHA TPYA “Macaeapaiie W pasBUTHE HA CHCTEMU
4 Gazara ga MEMS WHepUHATHH CEH3IOPH 33 ONpEXCHNHC HA OPHCHTAUMATA B
MPOCTPAKCTBOTO”, & ACHHHHUPAT KOOPAWHATHHTE CHCTEMM W TpaicopManuuTe 33
OHpEAeIAHETO HA IIPOCTPAHCTBEHATA OPHCHTAIIHA. [TpejicTaBeHo € ONUCANNE HA BITHTS
na Oitaep 8 cacremute ¢ MEMS censopn. H3sbpiueno € onpeaeins HA OPHEHTALHATA
¢ MEMS HHEpUMAIHE CEH30PH H ONPEACTINE HA NPOCTPARHCTACHOTO MOI0MEHHE Upe3
KOMITIHMEHTapeH GuImHp.

B rnaea wershpra Ha AHCEPTALMONHEHA TPYI “WacneapaHe W pasBATHE HAa
cuctem# Ha Gazata na MEMS HHEpUHATHK CEH30DH 38 ONPEe/aie Ha JHHAMHYHOTO
CECTOSHNE B ABTOMOOHIHHA TPAHCHOPT™ @ MPEANIOWEHE MY/ITHIIPOTOKOIHA MPERa ot
WHepIMaaHH censopd. H3ciaeasana ¢ IHHAMHMKATA HA JABIKEAHEe H MeToOWTe 34
IHATHOCTAKS 8 apToMobmiHig Tpancnopt. [ipeacrancHu ca HHEPIMATHH CUCTEMH 33
KOHTpOZ H YNPABICHHC HA JABHTATE/IH i 33 KOHTPOI H YIIpABICHHE HA IBHKCHHETO.
[Ipeokeri Ca WHEPLRATHIE CHCTEMHA 32 OUEHKS Ha BbACHCTBHETO HA ABTOMOOHIHIS
TPAHCIIOPT BLPXY OKOIHATA CPeld.

B rnaga nera “MEepumanHi cHCTEMH 33 H3C/ACABaHe Ha AHHAMHKaTa HA
ABMKEHHC H 34 JIMATHOCTHKA B AKCACI0ONBTHHA TpaHcTopT” ¢2 TIPE/UIOAEHH METOIH 34
HIMEPBAHE HA IKCASIHHA IIBT H HIMCpBATCIHA chcreMa Hn Da3aTa Ha MEMS
WHCpIRANHE ceusoph. [Ipeuiomen ¢ AITOpHTEM 33 obpafoTka Ha JaHAWTE OT
MEEPIHATHY CEH30PH A HHEPUMATHA CHCTEMA 38 HIMEPBAKE 1 aHaNH3 Ha CLCTORAHETO
HA IPAACKH KCIC30MBTHH THHHN HA Gasa amHaMukara Ha aswkeHuero. [Iposencso ¢
p3crieqRAHE W OLESHKA Ha BUOPALHWTE B TPaHBaHHA MOTPHCA.

5. Haywmm #/#as HayUHO-IPHACKHN HPHHOCH HA AMCEPTAMHOHANR TPYA
(CHOBIMTE PE3Y.ITaTH, MOCTHTHATH B HACTOAIIHA JMCepTAHOHEH TPy ¢
oGoBIIeHH | PeICTaBerH N0z (opMmaTa Ba CACIHITE NPHAOCH:

Hay4usn NpHHOCH:

- METO/H 32 KOMIICHCHPAHE Ha HYJICBOTO OTMECTBANE Ha AHEPIHATHH CEHIOPH
upe3 HINOI3BANE Ha JONbIHATEIHH CEHI0PH, KaTO MATHHTOMETPH, KAKTO ¥ 2l OPHTEM
33 ONpEIEIAHE HA TPENIKaTa OT HYJICBOTO oTMecTBANS WM uPE3 OlieHKa Ha ofIoTo
yCKOpeHHe Ha oDeKTa, H3BBPUICHHAT CpaBHHTE] AHAIH3 MOKA3BA, HE JHHAMAYHAT
EOMIICHCAHHA 2HATHTEIHO HAMATABE OTEIOHCHWETO B E[‘.IH.BHE.H]!IE ChC CTETHUHATA
KOMIICHCATTH.

- MerTon 3a nogobpsBaHe Ha XAPAKTEPHCTHKHIC HA MHEPUMATHH CEH3IOPH Ha
GasaTa Ha IPHJIATAHE HA YSTHPUCECHIOPHA CTPYKTYPa OT TaKHEA CEH30PH ¢ NOAXOA4IIE
OpHeHTAITHA Ha OCHTE HM, KATO €4 H3BS/ICHH TeOpEeTHYHH 3aBRCHMOCTH 33 JHCACPCHATA
H CTAaHAApTHOTO OTKJAOHEHHC HA PCIYTTAHTHATE VCKODCHMH, TOTEBPACHH
CHMYTAIIHOHHO H eKCIICPHMCHTAIHO,



- NPENOKSHH Ca CreuH(HYHN PeRHMH HA pafora HAa METHPHCEHIOPHATA
CTPYKTYpa B CHHXPOHEH ¥ ACHHXPOHHE PERHMH HA pabora, KOMTO BOMAT 10
nonoOpABane HA NAPAMETPHTE B CPaBHEHHC C CAHHHYCH MHEpPLHATEH CEH30P, KaTO:
HAMATIBANE HA UIYMOBHTE XAPaKTEePHCTHKH NPH CHAXPOHEH PEAHM, yBEIHUABANS HA
GeCTOTATA HA JNCKpeTH3alus 4 OBTH MPH ACHHXPOHCH DEXHM € paBHOMEpPHA
AHCKPETHIAIAS H BHIMOKHOCT 33 HECTOTCH QA3 Haj 4ecToTaTa Ha Haiigyuer ops
ACHHXPOHEH POKAM C HEPaBHOMEPHA JIHCKDETH3AIA;

- MPEJUIOIKEH € METOJ 33 MO0OPABAHE HA XAPAKTEPHCTHRHTE Ha CEH30PHTE Tpe3
obpaGoTka HA CHIHATHTE Ha Oasara Ha yeHBacT npeobpasysase, Ka10 ¢a pasriic/iant
300pa HA HHBOTO HA JISKOMITO3HIIHA, #300pa Ha METO/l 33 MIYNCIEHNE HA TIparosata
cTofiBoCT ¥ H3Gopa HA METOZ 32 IPHTIATaNe HA HITHCICHATA parokd CTOHHOCT;

- paspaboren e Momen Ha KaamaHOB ¢uaTEp 32 ONPEICIAHE HA
[POCTPAHCTBEHOTO Pa3jNoNarase Ha OBEKTH, TPOBEPEH € EKCICPHMCHTAIHO Che
CHCLMATH3NpPana MOCTAHOBKa H [PH CPABHEHHETO ¢ aHANOTHYHA MOJIEIH Ha WHPOKO
MANOTIBANH HA CEHIOpH Ce J0Ka3sa, "¢ MOJEIbT € KOpEKTCH, NPUAOKEM B paboTH
YCTIENIHO KAKTO MPH W3N0/IBAHE HA OiiIepOBH BIUIH, TaKa H Ha KBATCPHHOHI

- TIpE/UIOKEHA € CTPYKTYpa Ha KOMILIEMEHTAPEH quiTEP 33 ONpeAciine Ha
APOCTPAHCTBEHOTO Pa3NONOKEHHE HA oDeKTH, KOATO [O3BOASBA MOJIETHpAHC Ha
DuINTHATE OPONCCH [O-TOYHO B CPABHCHHE CBC CTPYKTYpaTa. Onpeac/ g
NPOCTPAHCTREHOTO NOJIUKEHHE CaMo Ha GasaTa OT JAHHHTE 33 CEH30PA HA MHHCHHH
YCKOPEHHH:

- npeinokeHa € CTPYKTypa Ha MYITHTPOTOROJIHE Mpeka OT HHEPIHATHH
CeH30pH ¢ OCICA0BATE/IRO HIIH [I3PATIC/IHO CRBPIBAHC Hi CCHIOPHTE, KATO Ca H3BEASHH
W3pa3N 33 MAKCHMATHEA Gpofi CBLP3aHH CeH30PH, KakTO W 33 MAKCAMATHATA CKOpOCT
1@ TpejaBaHe Ha JAHHH [0 MpeKara, Kato B rabanyen BEL € OpeicTaBcHa
sapscHMocTTa B(n), n3se/icHa ¢ B 00paTHaTA 3ABHCAMOCT n(B):

- NpEANOKCH € METOI H METOOAOrHA 33 AMATHOCTHEA HA OKauBAHETO HA
ABTOMOGHTH 110 NPHHYICHH KO/ieOaHMIA ¢ OlICHKa HA BPEMTTO Ha 43THXBaHE, CKOPOCTTA
ia 3aTHXBAHE HA KONCOAHMNTA, OCHOBHHTC IOMHHMpAN HECTOTH W TexXHHTE
AMITHTY/IH, 3aBHCAMOCTTA HA ONPECTICHATE HYECTOTH 1 AMILIMTY/IH B 3aBHCHMOCT OT
CHCTOSHNMETO HE MICASABAHMS ODEKT, ONpE/eNaHe HA CKOPOCTTA, TIPEMECTBAHETO Ha
cAeMEHTHTE M HATEIPATHE OUCHKS Ha CHCTORHHUETO HA cncremata na Oaszara na STFT
ananH3 W BPEMEBO — YECTOTHOTO Paslpe/ieicHue ¢ yellpeT MaKeTH, KaTo ca HiBCIeHH
wipasd 3a KoemmenTa Ha 3ATHXBAHC HA koncOaHRsTa W PECTIEKTHBHO 32
PELHIPOUHATA MY CTOHHOCT, KOATO ompe/iend CKOpOCTTa Ha IPOMAHA Ha 9eCcTOTATa HA
TPEITEHE,;

- IPEUIOHKER € METOTL 33 H3IMEPBAHC H OLCHABAHE Ha JIBHACHHETO HA He/IeIHHL
LT, KOHTO TO3BONSBA AHAIHI HA JHHAMIKATA HI JBHACHAE B PEanHO BpPCME H

OTKPHEAHE Ha KOMIIPOMETHPAHH YHacTELH OT HEne3IHHA BT,

Hayuuo-npiioxKHE DPHHOCH:
- HPE/IOKEH € AITOPHTHM 32 MpHAaraHe Ha MeToJla 9pes OLeHKa Ha ofmoTo
yCKOpEHAE Ha 0DCKTA 38 KOMIICHCHpaHe Ha HYIEBOTO OTMECTBAHE;



- ONPEICNCHA ¢4 MIYMOBHTE XapAKTEPHCTHKW Hpe3 CTATHCTHHCCKH QHATH3 H
upes aucniepcrs Ha Amsd wa MEMS mHepiManHi censopi of pavIH4HH KIACOBE B
MOKONCHRS H € SHATH3HPAHO HeHYNETOBO OTMECTBARE U HETOBATA HECTAOHIHOCT,

- IPSNOKEH € ANTOPHTHM 3a N0J00pABaHe Ha XapaKTEPHCTHKHTE Ha CEH30PHTE
qpmoﬁpaﬁmxaﬂacmmcaaﬁaﬂmmyeﬁmmupeoﬁpamﬁaﬁamm
TPEATNOKEHHT METOT;

- paspafoTeHa € M3IMEpBATEIHA CHCTEMA HA Gazata Ha YCTHPHCCHIOPHS
CTPYKTYPa OT HHEPHNAIHH CCHIOPH 3 eKCOSPHMEHTATHO H3CICIBANC Ha mapaMeTpHTe
Ha CTPYKTYPATa C Bh3MOIKHOCT 38 H3CJC/BAHE HA CHRXPOHHHEN ) acHHXPOHEH
pekuMHTE Ha paboTa Ha CTPYKTYpaTd;

- H3EBPIIICH € CPABKMTENCH AHATH3 HA PEe3yITTATHTE OT HIIHBHIYRACH CEHIOp M
qeTHPHCEH30PHA CTPYKTYPa OT HHEPUHATHE CEH30PH 1O OTHOLICHHE HA LIYMOBHTC
napamerpi Ha 6a3ata KA YCCTOTEH AHAIHS H AHATHS HA HCNCPCHATA #a AnsH;

- pa3padoTcHa € CHCTEMA 3a CKCOEPHMCHTAIHO pacneneade ua paboTaTa Ha
paspafoTesns aTropuTEM Ha Kammanos GuATHp 8 CTATHYHH A JHHAMMWTHE YCIOBIA,
KaTO Ca ONPEIesieHn H3PaiH, KOHTO XapaKTePH3NpaT BCTE ChCTOARI,

- paspaforena ¢ CHCTEMa 3& aHAIH3 Ha OHHAMHKETA M0 METoAa HA
puopaumonnns  creaa ¢ MEMS censopu,  KOATO 03BONABA OOpEJengHE Ha
OTHOCHTENHOTO HPEeMECTBAHEe MOWAY OTACIHH J€Talin B CYOMHIHMETPORHA
AMANAZ0H, @ TIPH CPABHHTENHMA AHATH3 HA TCOPETHHHD W3MepeHaTa xnabuma ¢
pe3yITATHTE OT CHCTCMATA B PAHHIHTE 0,6+1.0 mm, rpemkarTa OpH ONpEAcHAHE HA
x/iabupaTa e B pamkute Ha 0. 1mm;

- paspaGoTeHH ca HHEPIUAIHE CHCTEMH 32 KOHTPO:T W yIpaB/ieHHe Ha IBHTaTeNR
33 OnpejciR HA ChCTOAHHETO HM HA fa3a HA BpEMERH H 9ECTOTCH EHATH3 HA
pubpalmiTe, NPSINIBHKARN OT HEYPABHOBECCHHIT HHEPIHATHH CHAW, KaTo
nonyseHaTa OlcHKA e faWpa HA CpaBHSHWE HA SallACAHH pHOpOHarpaMy Ha
{3MpaseH W HeHINpaBeH JABHTATEN.

- paspaboTenn ca Xapayep H coQTyep Ha HHEpLHATHH CHCTEMH 33 KOHTPOA HA
JBIKEIMETO H YNpaBieHHE Ha GBTOMOOHIM, Gaswpann Ha Kammanos (iTHp, 33
onpe/iefAHe HA TPOCTPAHCTBEHOTO NONOKEHHE € PHIOASHHE B TACHBHH 1 AKTHEHH
CHCTEMH 33 KOHTPON Ha CTabHIHOCTTA: - paspaboTeHl Ca Xapiyep H copryep Ha
HHCPIMATHE CHCTEMH 3a OlICHKA Ha ph3zeiicTRMETO HA ARTOMOONTHHA TPaHCOopT
BHPXy OKOJHATa CPeia, KOWTO MOIBOAABAT HHTErPHPALE ga AOMLIHHTEIHH CCHIOPH,
KaTo CeH30p 3a (UHM MPaXOBH HACTHIH (DITH) uan eHEKTPOXHMHHHI CCHIOPH 38
MOHHTOPHHT Ha OT/C/ICHHTE TOKCHYHH rasoBe, TIO3ROIMBANIH JA CE YCTRHOBH BPB3Ka
MEKITY YCKOpCHHATA Ha ARTOMOOHTA H OTACCHHTE OITY w/uim o1 ASICHATE TOKCHIHIH
ra3ose;

- pa3paBoTeH € XapiLyep H COPTYEP HA HHEPUHATICH MOy 3d MYITHITPOTOKONHA
Mpeka H AITOpHTEM 38 paboTa Ha OCHOBHHA (master) ceH30p;

- I[I)&‘.‘.Z[}'IDHI.":H =] H.IB"DPHTBM 33 HIMEepBaHe # OOcHABAHC HA NBHAEHHETO HAa
seICIHNAT BT, KOHTO MO3BOJIABA AHATHI HA AMNAMEKATE HA JABIDKCHHE B PEaliHO
BpeMe M OTKPHMBAHE HA KOMIPOMETHPAHH yyacTBI OT HENCIHNs nbT Ha Gazara Ha
TpEANOKEeHHA METOL

- paspaboTesa ¢ MHEPUMANHA CHCTEMA 33 W3cneBaNe Ha B3AHMOISHCTBHCTO
geNe3eH [ThT - BO3HIO H 33 HIMEPBaHE H OLICHABAHT Ha ABHAKSHHETO HA KEICIHMAT IBT,

5



KOSITO O3BOJIARA FHATA3 HA IHHAMHKATA HA JIBHIKCHHES B PCamio BpEME, OTKpHBAHE HE
KOMIIPOMETHPAHH YYBCTHIM OT KEACIHHA [kT H MOHHTODHHT HA AOMYCTHMHTE
VCKOPEHHS TIPH JBIKCHHE Ha NOABHKHHA CLCTAR qa MocTMraHe Ha HeoDXOANMHA
koM(OPT NPH 1IPEBO3 HA THTHHITH CHITACHH H3UCKBAHHATA ua cranaapmute Ha EC (¢
wiganeso CBHICTENCTBO 3a HONC3ICH MOeN Ne5143/27.10.2020r.).

- paspaloTena € HHEPIHAIHA CHCTEMA 33 H3IMEPRAHE H BHATHS HA CHCTORHNUETO
HA IPajICKH JKENC30IbTHH JIHHHE Ha faza AMHAMHKAaTa Ha JBHMCHHE, KiaKTO H
ATrOpHTHM 38 00patoTka Ha AHHHTE, HA OCHOBATA HA KOXTO MOWE 18 CC Onpenein
HHBOTO Ha BROPAIMHTE HA MOMA HA TPAMBaiHA MOTpHCA H JIa €€ HAIPABH OLICHKA 33
koMdopTa HA IPaBOCTOAIIHTE METHAIH Ha Ga3aTa HAa ChLICCTBYBAIIATE CTAHIAPTH B
EC.

[MOCTHIHATHTE Pe3yITaTH ¥ NPE/ICTAaBEHITE PHHOCH B AHCePTANHOHHAE TPYA
ce MOTBEMKIABAT W HA OCHOBATA HA TAXHATA anpobains ¥pe3 AOCTATHYHHA opohi
mTHpaHd B Scopus (36) # TOYKH (210), NpH MAHHMATHY HIHCKBAHHE 33 TOGKH (100)
B HAYHHH W3J8HWA ¥ OTTICHATAHH HAcTH OT Tpyaa B MeACTYHApOIHH pedepHpani H
HHJICKCHPAHH CIHCaHNA, B COOPHHITH C A0KIRIH OF HEYYHH KOH(EpeHIH, YIacTHE B
neT HAYYHO-H3C/1eJ0BaTEICKH TPOCKTa (B 71Ba OT KOHTO KaTO PHKOBOJAWTEN & AOL. o-p
wik, Pocen MEIETHSE) W ¢IHA 3a8BKa 38 NATCHT (Na 112730).

6. OuenKa HA CTENEHTA HA THYHOTO YIACTHE HA 10KTOPAHTA B NPHHOCHTE

OrmcagiTe NO-TOpe HaySHH M HAYTHO-MPHIOAHH npaHocH (ErypHpaT B
OCTATHUHATE [0 00EM M ChABPKAHHE [TyOMHKAlHORHA neiiHoct HA ABTOPST. Te ca
NONYISPHIMPAHE B TIOAXOAAIM B YTBBP/CHH B obfacTTa Ha AHCCPTALMATA HAY'HH
dopyMs, KOETO 03Ha9ABA, €H€ PEIYITATHIC OT MCEpTALMATA ¢4 TIPHI0OHTH
CHOTBETHATA MONYNPHOCT H NPH3HANKE B HAYHIHMTE cpemn. B Tasn BPB3KA W IHHHOTO

¢ HA ABTOPHT B MPHAOCHTE ce NMPOABABA H € HEOCHOPHMO H IOTBBPACHO OT
HaHYHETO Ha 37 myOiuKainH.

7. Mpenenxa Ha HyOAMKAIHKTE 10 ANcepTRIMOIHIS TPYA

OcHOBHHTE NOCTH/AKCHESN B AHCCPTAllHOHINA TPyA td nonysspusnpans 8 37
sayunn nyomgauss, [TySmxanuuTe 0o AMCCPTAITHOHHHA TPYA €2 PasupeencHt 1o
ClenHMS HATHH: B DEICH3INPAHH HAYGHH CIHCAHHI— 13: pmoknaaM Ha HAyIHH
kordepertuu & 24. Haysuure myOIHKANHH B A3AAHHA Ha pedepHpaHi H HHJICKCHPaHH
B cpeTOBHOW3IBecTHM Da3n JaHHM C HaydHd usdopmanis ca 10 Gpos. Bomgxu
fyGAMKAIHHA 2 € TEOPESTHHHO H MPHIOKHO apageHie, CRBP3ANH ¢a ¢ AncepralusTa i
¢ mpodecHOHANHOTO HAMPARICHHE 5.3, KoMyHHKAIMOHHA H KOMIIOTEPHA TEXHHKA.
[Tpsesam myOAHKaIHORHATE ACHHOCT KATO BAITLAHO JAOCTATHYHA 110 00eM, Ha BHCOKO
HAyuHO HHBO W TOMYINpu3MpaHa B JOCTATHYHA CTENEH B HANHOBancH H
MeKTyHapojen HayucH MnaH,

[pasuiHaTa TpENCHKa HA nyBaMKaMKTe TO NCEPTAUMOHHMAN TPYA €
HIBBPIICHA YPE3 NMPELH3AO CPABHCHHE Ha VTEBpACHHTE (HITPACPD TlpunokeHHe 1.)
g Tabmmma MEHHMATHA & HAIHOHAIHH paMcKBapEs” 3a TpHjaoOHBAHE HA
oOpa30BATCIIHATA H HAYTHA CTENEH JIOKTOP Ha HayKHTe” C PEICTAaBcHATA CHpaBka 3d
npHEOCHTE OT jom, A-p mmi. Poced Munernes. Pesy/rarite O TOBa CpaBHEHHE
NOTEEPKIABAT HAITBIHO, BB3 OCHOBZ HA cleaHaTa TOCTSAOBATENHOCT TpH
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GHATM3NPAHE HA NPECTABCHHA JIOKAJATECTBEH MaTepdanl B JIOKYMEHTHIE HO
HACTOSIIATA HPOUCAYPE, NPCHITHIHEHWETO HA MHHHMAIHHTE HALHOHATHH
AAHCKBAHNE, KAKTO censa: Cruenk A manimanes Gpoit Touxn — 150 (3a ,ioxrop” -
50 7., 3a . 40KTOp Ha Haykute” - 100 1., — oGuio 150 Touxu); Crncex I MEHHMASCH
Gpoii Touxs — 100 (37 nySauxauns —obmo 142 Togrn); Crucuk JI: MAnRMaies Dpoi
rouxs — 100, Ipencrasens ca 36 6p. - o6mo 210 Touxm.

[Ipe/CcTaBeHHTE 32 HACTOALIHEA KOHKYPC 37 mayunu TYOIAKALHH Ca CaMO HacT
oT oOmaTR 3HAYNTENHA MO OOEM HAYYHa TPOJVKIMA HA JOU. JIp HHK. Pocen
MiLIeTHER, KOETO ONPECeHD iaBa OCHOBAHME 3a OTIHTHA OUCHKA NPH ONPCACIRHETO
Ha OBMATA XapaKTePHCTAKA HA HAYMHO-H3ICAC/I0BATE/ICKATA I HAYTHO-IPHIOKHATA MYy
HeiHOCT.

8. H3anoasBase Ha PEIYJATATHTE OT AHCEPTAMOHHHMA TPYA B HayHHAaTA H
CONBAIHATA NPAKTHKA

JIMCepTAMOBAHAT TPYA ChABPKAE MHOMKECTBO [IPAKTHHCCKH pemienHs Ha
pa3paboTBAHKTE TEOPETHYHO METOAH, ATTOPUTMH H CHCUTEMH 34 OlpejciNHe Ha
OPHEHTALHATA H CHCTOAHMETO Ha NOABHKHIH obexTi Ha 6azata ma MEMS HBeplHOHHA
censopi. TOBa HeCHMHEHO fAaBa PEATHO OCHOBAHME H HOKa3BA HAMHIHETO Ha
WANON3RAHE HA PE3Y/ITATHTE OT IHCEPTALHOHHHA TPYA B HAayHHATa H COIHANHATA
NPAKTHKE H AOTBIHHTEIHO C€ NIOTELPAZIAB: OT NpeACTaBEHHN B AHCCPTALHOHHAA TPY
CHMCEK 33 VUACTHE B NET HAYYHO-H3CICAOBATCICKH NPOCKTA (B OB& OT KOHMTO KaTo
PHROBOIHTCA € AOLL. - HHK. Poces MuuieTHes) i €IHA 3asABKa 34 [aTCHT (Ne 112730).

9, Ouenka Ha CLOTBETCTBMETO HA aBTopedepara ¢ WIHCKBAHHATA 33
MATOTBSHETO MY, KAKTO M HA AJEKBAHTHOCTTA Ha OTPAsNBRNC HR OCHOBHWTE
MOJI0/KeHHS i MPHAOCHTE Ha ANCEPTANHOHHM TPYA

OdopmareTo Ha asTopediepara € B CROTBETCTBAE © MIHCKBAHANTA H HAITHIHO
CHALPKR HAA-BUKHATE W CHIICCTBEHH TEOPETH'HE | MPaKTHYSCKH MOCTHRCHHUS B
JIWCEpPTANMATA, KOETO TOKa3Ba HCTOBATA AICKBAHTHOCT ChC ChLIBPKAHHCTO HA

AHCEPTALMOHHNAS TPYL.

10, MueHnu, npenopeRa 0 HeacKKn

OxonaTenHoto ohopMicHHe Ha JMCEPTAUMOHHHA TPyl € HARIOUUTENHO
[PElM3HO W HAILIHO B CHOTBETCTEAC C HIHCKBAHHATA B HAYHHO H PEAAKIHOHHO
oTHOmeHHE, B Hero ¢a OTCTPaHeHH BCHYIKH APOITYCKH H HETOWHOCTH, 130ca%3aHN B
THPROHAYANHATA PEAKIHA HaA AMcepranEATa M OTpaseHH B MOCTO MHaHHE,
NpeiCTaBeno Ha TIpEABapHTETHATA BLTpelliHa 3QUIHTA HA ymcepramgra. Hamsiauo
H3THIHO € PEICTARAHETO Ha HeIHAYHTEIHE pe/IaKIHOHHH 3a0enekKi, KOMTO BHHATH
MOJKe 7a CE JOINYCHAT B TAKEB oDeMHCT HayucH TPyl KaTo aucepralns 33 HAYUHATA
creneH “AOKTOp Ha HAYKHTE .

MonTe KOJErHANHN MNOKETaHHS KbM JO0IL A-p HHE Pocern MunerHes ca 34
FANTBIHO OCHOBATENHO OBACMO KApHEPHO pasBHTHE, KOSTO it C& OCHOBABA, KAKTO Ha
HOCTHIHATHTE B HACTOSIIHA IMCEPTAlOHEH TPYA gayvii pesy/ITaTH, Taka W Ha
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HECHMHEHO PEanHaTd BH3MOKHOCT Te Ja OBJaT PasBHTH B HayWHH IPOCKTH, HOBH
HayuHH nyOIHKAIHY KaTO ABTOP W PHKOBOANTE/ HA MIAIH YUeH H NOKTOPAHTH.

11. 3axnouenme

CuMTaM. 4e ODHIATa MOJOMKHTEIAA OLEHKA HA TEOPSTHYHHTC M NPaRTHHECKH
pE3y/TaTH, NOCTHIHATH TPH pajpaboTKaTé Ha HACTOALMA ANCEPTALHOHEH TPYIL
ne(HIHpANE KaTo HaySHH H HAYYHO-IIPHACKHH NPHHOCH, OTPAseHH B JOCTaThYeH Ha
Gpoii mayunH nyONHKamHK ¥ B NOAXOAAIIA HAYHHH CrMcanus W KOH(EpeHlHH, ca
HAMBAHO AOCTATBYHD OCHOB3HHE 3a SCHO MONOMHTENHO 3AKMOUCHHE OTHOCHO
BHCOKATA HAY4YHa KBATH(UKAIHA Ha ABTOPA HA THCEPTALHATA U HETOBHTC NOTBLPACHH
B JRCEPTAIMOHHHS TPY/ KAYECTBA HA H3ABEH YUCH B W30PaHATA OT HETO HAYHHA obGnact.
JaTORA CHNTAM 34 HAITHIHO OCHOBATEIHO NPHCHAIAHETO HA HAYMHATA CTCTICH *nOKTOp
wa naykure’ mHa aoun. A-p Pocen MuaeraeB & NPOPECHOHATHOTO
panpasnenne 5.3, KomyRuKanmwompa H KOMIIOTHPHA TeXHNEa [0 HaEY1Ha
CTIENMATHOCT »ABTOMaTHIHNpaHN cHcTemn 3a obpaborTia Ha uHpopmaus 1
ynpagaenue (B KOMYHHKANHATE)".

NMara: 28.06.2026 r. PenensenT:

npod. A-p AneKcasbp | BexapekH
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for a dissertation for the degree of Doctor of Science in the scientific

specialty:

"Automated Information Processing and Management Systems (in

Communications)"

in the professional field:

5.3, Communication and Computer Engineering

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

Prepared by the review: Prof. Dr. Eng. Alexander Bekyarski

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

The topic of the presented dissertation “Methods, algorithms and systems for
determining the orientation and state of moving objects based on MEMS nertial
sensors” can be defined on the one hand as existing and relevant from the moment of
the emergence of the need to determine the orientation of moving objects for the
purpose of their control, and on the other hand due to the constant development and
miniaturization of inertial sensors, representatives of which are MEMS sensors, leading
to a significant reduction in the size of orientation systems and navigation, combined
with increasing accuracy and reliability.

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

A real idea of the degree of knowledge of the state of the problem and creative
interpretation of the literary material can be obtained from the creative interpretation of
the literary material in Chapter 1 of the dissertation, where, based on a review and
thorough critical analysis of numerous (197) and currently relevant scientific
publications, closely refated to the topic of the dissertation, the goals and objectives of
the dissertation are defined very precisely and correctly.

3. Compliance of the selected research methodology and the set goal and objectives
of the dissertation with the achieved contributions

[ believe that there is full compliance of the selected research methodology and the set
goal and objectives of the dissertation. This correspondence should be sought in the
completely justified defined significance and necessity in scientific and scientific-
applied terms of research in the ficld of problems in the use of MEMS inertial sensors
for the purpose of determining the orientation and current state of moving objects. This
statement of mine fully coincides with the adopted correct approach, through which
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Assoc. Prof. Dr. Eng. Rosen Miletiev has formulated very specifically and precisely the
goal and tasks in his dissertation work, as follows:

Purpose of the dissertation: Analysis and synthesis of new approaches, methods and
algorithms for improving the parameters of MEMS inertial sensors, increasing the
quality of data received from sensor systems and developing systems for determining
the orientation and state of moving objects based on MEMS inertial sensors.

This goal is achieved by formulating and implementing the following tasks:

I. Analysis of existing MEMS inertial sensors, including their basic architecture, study
of their main characteristics and the accuracy of low-cost sensors used to measure linear
and angular accelerations, models for their analysis and methods for their compensation.
2. Development of methods and algorithms for improving the characteristics of MEMS
inertial sensors.

3. Development of methods and algorithms for systems based on MEMS inertial sensors
for determining orientation in space.

4. Development of methods and algorithms for sysiems based on MEMS inertial sensors
for analyzing the dynamic state of moving objects, their subsystems, as well as the state
of the road network in the field of road and rail transport.

5. Creation of prototypes of information and communication systems based on MEMS
inertial sensors and their testing in real conditions, as well as testing of algorithms and
programming environments for information processing.

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 dissertation is 327 pages long. The realization of the correctly set goal and relevant

tasks of the dissertation is the subject of the following chapters of the dissertation,

between which consistency in the exposition, logical connection and methodicality in
ting the new important, regarding the contributions of the dissertation, theoretical

and practical solutions in the field of the disseriation’s topic have been achieved.

In Chapter 2 “Methods and algorithms for improving the characteristics of MEMS
inertial sensors”, hardware methods for improving the characteristics and methods for
improving the characteristics through wavelet signal processing and through adaptive
filters are presented, and a theoretical analysis, experimental research and comparative
analysis have been conducted.

In the third chapter of the dissertation “Research and development of systems based on
MEMS inertial sensors for determining orientation in space”, the coordinate systems
and transformations for determining spatial orientation are defined. A description of
Fuler angles in systems with MEMS sensors is presented. Oricntation determination
with MEMS inertial sensors and determination of spatial position by means of a
complimentary filter are performed.

In the fourth chapter of the dissertation “Research and development of systems based
on MEMS inertial sensors for determining the dynamic state in road transport”, a multi-
protocol network of inertial sensors is proposed. The dynamics of movement and
diagnostic methods in road transport are studied, Inertial systems for engine control and
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management and for traffic control and management are presented. Inertial systems for
assessing the impact of road transport on the environment are proposed.

In chapter five, “Inertial systems for studying traffic dynamics and for diagnostics in
railway transport”, methods for measuring the railway track and a measuring system
based on MEMS inertial sensors are proposed. An algorithm for processing data from
inertial sensors and an inertial system for measuring and analyzing the condition of
urban railway lines based on traffic dynamics are proposed. A study and assessment of
vibrations in a tram car is carried out.

5. Scientific and/or scientific-applied contributions of the dissertation work
The main results achieved in this dissertation work are summarized and presented
in the form of the following contribufions:

Scientific contributions:

_ methods for compensating for the zero offset of inertial sensors by using additional
sensors, such as magnetometers, as well as an algorithm for determining the error from
the zero offset or by estimating the total acceleration of the object, the comparative
analysis performed shows that dynamic compensation significantly reduces the
deviation compared 1o static compensation;

- a method for improving the characteristics of inertial sensors based on the
implementation of & four-sensor structure of such sensors with appropriate orientation
of their axes, with theoretical dependencies for the dispersion and standard deviation of
the resultant accelerations, confirmed by simulation and experiment;

- specific operating modes of the four-sensor structure in synchronous and
asynchronous operating modes are proposed, which lead to an improvement in
parameters compared 10 & single inertial sensor, such as: reducing noise characteristics
in synchronous mode, increasing the sampling frequency by 4 times in asynchronous
mode with uniform sampling and the possibility of frequency analysis above the
Nyquist frequency in asynchronous mode with non-uniform sampling:

- a method for improving the characteristics of sensors by processing signals based on
wavelet transformation is proposed, considering the choice of the decomposition level,
the choice of a method for calculating the threshold value and the choice of a method
for applying the calculated threshold value;

- a Kalman filter model for determining the spatial location of objects is developed, it
is experimentally verified with a specialized setup and when compared with similar
models of widely used sensors, it is proven that the model is correct, applicable and
works suceessfully both when using Euler angles and qualernions,

- a complementary filter structure for determining the spatial location of objects is
proposed, which allows modeling of physical processes more accurately compared to
the structure determining the spatial position only based on the data for the linear
acceleration sensor;

- a structure of a multi-protocol network of inertial sensors with serial or parallel
connection of the semsors is proposed, expressions for the maximum number of
connected sensors, as well as for the maximum data transmission speed over the
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network, are derived, and the dependence B(n) is presented in tabular form, and the
inverse dependence n(B) is also derived:

- a method and methodology for diagnosing the suspension of cars by forced oscillations
is proposed with an assessment of the damping time, the rate of oscillation damping,
the main dominant frequencies and their amplitudes, the dependence of the determined
frequencies and amplitudes depending on the state of the object under study,
determination of the speed, displacement of the elements and an integral assessment of
the state of the system based on STFT analysis and the time-frequency distribution with
wavelet packets. and expressions for the damping coefficient of the oscillations and,
respectively, for its reciprocal value, which determines the rate of change of the
oscillation frequency, are derived;

- a method for measuring and assessing the movement of the railway track is proposed,
which allows for the analysis of the dynamics of movement in real time and the
detection of compromised sections of the railway track.

Scientific and applied contributions:

- an algorithm for applying the method by estimating the total acceleration of the object
to compensate for the zero offset has been proposed:

- the noise characteristics of MEMS inertial sensors of different classes and generations
have been determined by statistical analysis and by Allen dispersion, and non-zero
offset and its instability have been analyzed;

- an algorithm for improving the characteristics of the sensors has been proposed

by processing the signals based on wavelet transform based on the proposed method;

- 'a measuring system has been developed based on a four-sensor structure of inertial
sensors for experimental study of the parameters of the structure with the possibility of
studying the synchronous and asynchronous

modes of operation of the structure;

- a comparative analysis of the results of an individual sensor and

a four-sensor structure of inertial sensors in terms of noise parameters has been
performed based on frequency analysis and Allen dispersion analysis;

- a system for experimental study of the operation of the developed Kalman filter
algorithm in static and dynamic conditions has been developed, and expressions have
been determined that characterize both states;

- a system for analyzing dynamics using the vibration bench method with MEMS
sensors has been developed. which allows determining the relative displacement
between individual parts in the submillimeter range. and in the comparative analysis of
the theoretically measured clearance with the results from the system within the range
of 0.6=1.0 mm, the error in determining the ¢clearance is within £0. lmm:

- inertial systems for engine control and management have been developed to determine
their condition based on time and frequency analysis of vibrations caused by unbalanced
inertial forces, with the resulting assessment being based on a comparison of recorded
vibrograms of a working and faulty engine:

_ hardware and software of inertial systems for motion control and vehicle control,
hased on the Kalman filter, have been developed o determine the spatial position with
application in passive and active stability control systems; - hardware and software of
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inertial systems for assessing the impact of road transport on the environment have been
developed, which allow the integration of additional sensors, such as a fine particulate
matter (PM) sensor or electrochemical sensors for monitoring the released foxic gases,
allowing to establish a connection between the accelerations of the vehicle and the
released PM and/or released toxic gases:

- hardware and software of an inertial module for a multi-protocol network and an
algorithm for the operation of the main (master) sensor have been developed;

- an algorithm for measuring and assessing the movement of the railway track has been
proposed. which allows for the analysis of the dynamics of movement in real time and
the detection of compromised sections of the railway track based on the proposed
- an inertial system has been developed for studying the railway-vehicle interaction and
for measuring and assessing the movement of the railway, which allows for analysis of
the dynamics of movement in real time. detection of compromised sections of the
railway and monitoring of the permissible accelerations during the movement of the
rolling stock to achieve the necessary comfort in the transportation of passengers n
accordance with the requirements of EU standards (with the issued Certificate of Utility
Mode! No. 3143/27.10.2020);

- an inertial system has been developed for measuring and analyzing the condition of
urban railway lines based on the dynamics of movement, as well as a data processing
algorithm, on the basis of which the level of vibrations on the floor of a tram car ¢an be
determined and the comfort of standing passengers can be assessed based on existing
EU standards.

The achieved results and the presented contributions in the dissertation ar¢ also
confirmed on the basis of their approbation through the sufficient number of citations
in Scopus (36) and points (210), with minimum requirements for points (100) in
scientific publications and printed parts of the work in intemational refereed and
indexed journals, in collections of reports from scientific conferences, participation in
five scientific research projects (in two of which Assoc. Prof. Dr. Eng. Rosen Miletiev
is the head) and one patent application (No. 1 12730).

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

The scientific and scientific-applied contributions described above appear in the
author's publication activity, which is sufficient in volume and content. They have been
popularized in appropriate and established scientific forums in the field of the
dissertation, which means that the results of the dissertation have gained the
corresponding popularity and recognition in scientific circles. In this regard, the author's
personal participation in the contributions is evident and is undeniable and confirmed
by the presence of 37 publications.

7. Assessment of publications on the dissertation work

The main achievements in the dissertation work have been popularized in 37 scientific
publications. Publications on the dissertation work are distributed as follows: in peer-
reviewed scientific journals — 13; reports at scientific conferences — 24, Scientific

13



publications in refereed and indexed editions in world-renowned databases with
scientific information are 10, All publications are of theoretical and applied importance,
are telated to the dissertation and the professional field 5.3. Communication and
computer technology. 1 accept the publication activity as completely sufficient in
volume, at a high scientific level and popularized to a sufficient extent in national and
international scientific terms.

The correct assessment of the publications in the dissertation work was carried out by a
precise comparison of the approved (PPRASRB Appendix 1.) in the table "Minimum
national requirements” for acquiring the educational and scientific degree "Doctor of
Sciences” with the submitted report on the contributions by Assoc. Prof. Dr. Eng. Rosen
Miletiev. The results of this comparison fully confirm, based on the following sequence
when analyzing the presented evidentiary material in the documents under this
procedure, the fulfillment of the minimum national requirements. as follows: List A:
minimum number of points - 150 (for "Doctor” - 50 points, for "Doctor of Sciences" -
100 points, - total 150 points); List D: minimum number of points - 100 (37 publications
- total 142 points); List E: minimum number of points - 100. 36 publications were
submitted - total 210 points.

The 37 scientific publications submitted for this competition are only part of the total
significant scientific output of Assoc. Prof. Dr. Eng. Rosen Miletiev, which definitely
gives grounds for an excellent assessment in determining the general characteristics of
his scientific research and scientific-applied activities.

8. Use of the results of the dissertation in scientific and social practice

The dissertation contains numerous practical solutions to the theoretically developed
methods, algorithms and systems for determining the orientation and state of moving
objects based on MEMS inertial sensors. This undoubtedly provides a real basis and
proves the existence of the use of the results of the dissertation in scientific and social
practice and is additionally confirmed by the list of participation in five scientific
research projects (in two of which Assoc. Prof, Dr. Eng. Rosen Miletiev is the leader)
and one patent application (No. 112730).

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

The design of the abstract is in accordance with the requirements and fully contains the
most important and essential theoretical and practical achievements in the dissertation,
which shows its adequacy with the content of the dissertation work.

10. Opinions, recommendations and notes

The final design of the dissertation work is extremely precise and fully in accordance
with the requirements in scientific and editorial terms. It has eliminated all the
omissions and inaccuracies noticed in the initial odition of the dissertation and reflected
in my opinion, presented at the preliminary internal defense of the dissertation, It is
completely unnecessary to present minor editorial remarks, which can always be
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allowed in such a voluminous scientific work as a dissertation for the scientific degree
of "Doctor of Sciences”.

My collegial wishes to Assoc, Prof, Dr. Eng. Rosen Miletiev are for a completely
justified future career development, which will be based both on the scientific results
achieved in this dissertation work, and on the undoubtedly real possibility of their
development in scientific projects, new scientific publications as an author and
supervisor of young scientists and doctoral students.

11. Conclusion
I believe that the overall positive assessment of the theoretical and practical results
achieved in the development of this dissertation work, defined as scientific and
scientific-applied contributions, reflected in a sufficient number of scientific
publications and in appropriate scientific journals and conferences, are fully sufficient
grounds for & clear positive conclusion regarding the high scientific qualification of the
author of the dissertation and his confirmed in the dissertation work qualities of a
prominent scientist in his chosen scientific field. Therefore, | consider it completely
justified to award the scientific degree “Daoctor of Science™ to Assoc, Prof. Dr. Rosen

~ Miletiey in the professional field 5.3. Communication and computer
technology in the scientific specialty “Automated information processing and
management systems (in communications)™.

-

Date: 28.06.2026 Reviewer:

(Prof. Dr. Alexander Bekyarski)
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