Wik dd—wix € JF
1 0. et es

N
T

w -

0 B E UEH3 M S

BbPXY ANCEPTAUNOHEH TPYA 3a npugobusaxe Ha HayyHa CTeneH .4OKTOp Ha HaykuTe”

ABTOp Ha AUCEPTALMOHHMUS TPYA: [0U. A-p WHXK. Pocex MuneTtues

Tema Ha aucepTauuowHus Tpya: MeTogw, antOpuTMKW W CUCTEMM 33 onpeaensHe Ha
OpHEHTaLNA W CbCTOAHWE Ha NOABWKHW 00eKTH Ha Basata Ha MEMS uHepuuantu cexaopu”

PeuenseHT: npot. 4-p uHx. Becka Feopruesa

1. AxTyanHocT Ha pazpaBoTBaHWsA B AUCEPTALMOHHWS TPya NpobBnem B Hayy4Ho 1
HaY4YHO-NPUNOXKHO OTHOWEeHue

MukpoenekTpomexanuuriute cuctemn (MEMS) ca ¢ LUMPOKO NPUNOKeHWe 8 MHOM
0bnacti, HanpuMeEp B asTOMOOWNHATE WHAYCTPUS W asuauuaTa. Kakto e W3BecTHO
WHEpUWan+HuTe CEH30PK, KOWTO ca BaanpaHu Ha Tasw TEeXHONOIKA, NPEAU3BNKAXa PesonioLus
B TpaHcnopTa, B CHCTemuTe C BUpTyanHa peanHocT (VR), cuctemute ¢ goGaseHa peanHocT
(AR) n Ap. Tean cucTemu Ce OTNMYABAT C BUCOKA CTENEH HA WHTErpaUMs W NO3BCNSBAT
AWDEKTHO CEBLP3BaHE KbM ApPYrU uudposn cuctemu. OcHoBHUTE Npobnemn ca cabLp3aHy ¢
HAKOM TUNUYHU PAKTOPU, BNUAELIM HEraTUBHO BBPXY TOMHOCTTA Ha MHEPLMANHWTE CEeH3opH,
KaTO OTMECTBAHE B HYNEeBOTO nNOKas3aHwe, CfoXHA TemnepaTypHa 33aBWCUMOCT OT
XUCTEpE3NCEH TN, YYBCTBUTENHOCT KbM NUHERHW YCKODEHMR NPM XUPOCKONUTE, LUYM,
HEOPTOrOHanHOCT MEXAY OCWTE MpU MHOTOOCHM CeH3opu W Ap. 3aToBa BLAPOCHT 3a
W3y4YaBaHeTo W KOMNEHCMPEHETO Ha HEeraTUBHUTE akTopu W ABNEHUA, BAWAEWLN BBLPXY
TOYHOCTTE8 Ha CEH30pUTE, € OCHOBHA 3aflaya npuM pa3paboTBaHeTo Ha MeToauTe U
anroputmuTe 32 oBpaboTka Ha MHDOPMAaLUATA, NONy4YeHa OT TAX.

B Tasn Bpb3ka gou. 4-p Munetves ce e HacouMn KbM DELUABAHETO Ha aKkTyaneH
npobnem, cBbp3aH ¢ paspaboTBaHETO HAa HOBM NOAXOAW, METOAM M ZnNropuUTMM 2a
nofobpaBaxe Ha napameTpute Ha MEMS uHepuuanuu CEH30pW, C Uen noBulLiaBaqHe Ha
KAYeCcTBOTO Ha AaHHWTE, NOMYYEHW OT CEHIOPHWTE CUCTEMW. B AucepraumoHHus Tpya ca
NPeanoxeHn edexTUBHM METOLN W anropUTMK 3a cucTemu Ha Basarta Ha MEMS wHepumanyv
CEeH30pM 33 aHanu3 Ha QWHAMUWYHOTO CLCTORHWE Ha NOABWKHKM OBSKTU, TEXHW NOACUTEMM,
KaKTO U CBCTORHWETO HAa NbTHaTa MpeXa B oDnacTTa Ha asTOMODWIHWA W Hene3onbTHUS
Tpancnopt, Cb3aafeHn ca nNpoToTUNM Ha MHOPMALMOHHO — KOMYHMKAUWOHHN CHCTEMW Ha
ocHosaTa Ha MEMS wHepuwaniu ceH3opu v & U3BLPLISHO TECTBAHETO UM B PeanHu yCnoBus.

MocTUrHaTMTe peaynTaTH ONPSAENAT HAYYHWA, HAYYHO-NPUNONMHUS W NPUNOKEH

XxapaKkrep Ha gucepTaunaTta,

2. CreneH Ha no3HaBaHe Ha CLCTOAHMETO Ha npobnemMa M TBOpYeCKa
MHTEPNpeTaUMsa Ha NUTEepaTypPHUS MaTepuan

PaspaGoTexata aAucepTauvs ce ocHOBaBa Ha noapofHo W 3aALN6OYSHO u3cnensaHe
Ha CuLCTOAHMETO Ha npobnema, 3a koeTo ca w3non3BaHu 197 W3TOYHMKE NWTEpaTypHW
W3TOYHUKA OT aBTOPUTETHU DOPYMM U KHWUMM Ha aHFMWACKK W Dunrapcku 2auk. Hanpaeenu ca
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ChOTBETHU CpPaBHEHWUA W W3soau. Ha Tasv OCHOBA NPaBWNHO ca (POPMYNUpaHK uenta
OCHOBHUTE 3a03a4¥ Ha ANCEPTaLMOHHUA TPYA.

3. CwnoTBercTsue Ha wabpaHata MeTOAMKa Ha u3crnefBaHe C NOCTaBeHaTa Uen v
3afiauyd Ha AMCepTauMOoHHKMA TpYA

Peayntatute, NOCTATHATH NpU NpUNaraHeTo Ha npegnoxexnTe NOAXOAW, METOON,
anropuTMW W METOZONOTWA Ha W3CMNefBaHe Hanb/iHO ChOTBETCTEAT Ha opMynupasaTuTe
Wenu W 3agaym Ha awceprauyuata. [O-p MuneTuees ymeno e CTPYRTypupan CBOR
AWMCEpTaUMOHEH TPYA B METOAWYHO OTHOLWIEHWE, W3NON3EaNKKN HATPYNaHWTE Hay4YHW 3HaHWA WU
OBArOroAMiLeH NPaKTUHECKW ONKUT B Task 0BNacT, 1 N0 TO3N HAYWUH ybeauTenHo € npeacTasun
JHA4YMMKU Pe3yNTaTH, NOMy4YeHn B PE3ynTaT Ha NPOBEASHNTE U3CNEeABaHNA.

4. KpaTka aHanuWTMyHa XapaKkTepucTMKa Ha ecTecTBOTO W OueHka Ha
[OCTOBEPHOCTTa Ha marepuwana, BbpXy KOWTO ce rpagAT nNpWHOCUTE  Ha
AvcepTauMoHHUA TpyQA

[ucepTauMoHHUAT TPYA e paspaboteH B obem oT 326 cTpaHuLM U Ce CBCTOW OT YBOA, 5
rMaBuW, NPUHOCK, CMUCHLK Ha W3NON3BaHa NUTepaTypa, CNUCEK Ha nyGnukauuuTe, CNUChLK Ha
HAYYHWUTE W HAYHHO — MPUAOKHMTE NPWHOCK, CMIUCHK Ha UMTUPanuATa W 1 npunoxetxve, B
AMCEepTauMATa ca npegcTaseHy obwo 239 courypw, 30 Tabnuum 1 CMIWCHEK Ha MINON3BaHWTE
O3HaYSHUA U CHKP3LLEHNA.

B nupea rnasa ca ONpeaencHy XapakTepucTUKWTE Ha MEMS ceH3opuTe, KakTo
BAVAHUETO HA TRXHATA CTOMHOCT BbpXy TOYHOCTTA Ha CUCTEMMUTE, BKUEHTWDAHO € BbDXY
HAYUHWUTE 33 TAXHOTO NoaobpsABsaHe C NOMOLUTA Ha coqTyepHH (4pe3 yuthposa obpaboTka Ha
CWrHanuTe) unid XapayepHu MeToan.

Fnaea BTOpa & CBbP3aHa C NPeANoKEeHW KOHKPEeTHA MeToau W aAnNFropuTMK 33
nopobpABaHe Ha xapakTepucTukute Ha MEMS wHepuuantu ceHsopw. B Tasu Bpb3ka ca
M3CNEeABaHU XapakTepuCTUKUTE Ha WHAWBUAYANHWTE MEMS ceH30pW W HeTUPUCESH3OPH3
CTPYKTYpa C NOMOWTa Ha 4YecToTeH aHanud W Allan awanus. 3a onpegensHe Ha
BLIMOKHOCTUTE Ha YETMDWUCEH3OpHaTa CTPYKTYpa 3a NOTUCKAHE Ha LYMOBETE e HanpaseH
TEOpeTUYEH aHanu3, nocNeABaH OT CHUMYNauWoHHO uacnejeaHe W eKCNepMMEeHTaNHo
WsMepeaHe, HanpaBeH € aHanwuad Ha NOoNyYeHWTES AaHHW. Kato pesynTtat & nNocTUrHato
IHAYUTENHO HAMAaN\BaHe Ha HMBOTO Ha CNEKTPanHWTe CbCTaBKW, KaTo pefyuupaHeTo Ha
HMBATa UM Bapupa oT 6dB npwu vecTotv mexway 1 1 10Hz go 20dB npw MHOro HUCKW YECTOTH
(dur.2.13). MNpeanoxeH e NOAXOA W CLOTBETEH KOMINEKCEH anropuTeM 33 pefyyupade Ha
WYMOBETE Ha OCHOBaTa Ha YEWBNETHO AMCKPETHO, CTauWoHapHO YEWBNETHO W YEWBNETHO
naketHo npeobpasyeaHe, Kkato w3bOpPLT Ha HAW-NOAXOAAWMA METOA W CBOTEETHWTE
napaMeTpu C3 pEanu3npaHn Ha OCHOBATa Ha W3YMCneHW obexTuBHK Kputepuu kato SNR,
CNR, MSE.

B rnaea Tpera ca paspaboTeHn W MW3CNEAEaHd CMCTEMW Ha fiazara Ha MEMS
WHEepUManHW CeH30pWU 33 OnNpefensHe Ha OpWEHTaUWATa B NPOCTPaHCTBOTO. Mpeanoxex e
mozen Ha KanwmaHos cunTbp 3a OnNpejensHe Ha MPOCTPAHCTBEHOTO PasnonOXeHue Ha
obexkTy, KOWTO paboTW KOPEKTHO KaKTC NPU v3nofiBaHe Ha OWinepoBl bIMKW, Taka WU Ha
keaTepHuoHu. PaspaboteH e moaen w CTPyKTYpa (®wr.3.25) Ha xoMnnemeHTapeH unTep 3a
onpeaensHe HA NPOCTPAHCTBEHOTO Pa3NONoXeHue hHa ofektn, KOATC NO3sOnABa
MopenupaHe Ha PUINYHWTE NpouecH.



Mnasa yeTsLpTa NpeAcTass w3cnejsaHe W paipaboTeaHe Ha CMCTEMM Ha BazarTa Ha
MEMS uHepumaniy CeH30pW 33 ONpefieNfHe Ha AMHAMUYHOTO CBCTORHME B aBTOMOBUITHKA
TpaHcnopt. [IpEANCKEHa e CTpyKTypa Ha MyNnTMNPOTOKONHATa CeHsOpha MpexXa, c
nOCreAoBaTeNHo M NapanenHo CBbP3BaHE Ha CeHIopuTe ¢ Len makcumanha CkopocT 3a
npegasaHe Ha [JaHHu no Mpexata. HanpaseHwTe TEOpeTUYHW ¢ eKcnepuMeHTanHm
W3cnenBaHus OeMOHCTPUMPaT BL3MOXHOCTTa 33 BHeApABaHe Ha MEMS ceH3opuTe B cUCTEMM
3a [AWArHOCTWKa W YNpaBneHue KakTo Ha OTAENHW eneMeHTW, Taka U Ha Uenu Bbanu W
arperaTti Ype3 onpefenAHe Ha YCKOPEHWR, CKOPOCTW W NpemMecTsalna B8 mawab or YacTn oT
MUNMMETBPA A0 HAKOMKO AECeTkW caHTumeTpu. [MpeanoxeHn ca uHepumnanhu chcTeMu 3a
KOHTPON W YNpaBneHWe Ha ABMraTeny, MHEpUWanHn CHCTEMW 33 KOHTpON Ha OBWXEHUETO W
ynpasneHne Ha aBToMoOUNN, KaTO ¥ UHEPLIMaNHW CUCTEMK 33 OLISHKE Ha Bb3OSNCTBUETO Ha
apToMOBMNHUA TPAHCNOPT BLpPXY OKONHara cpeja.

B rnasa neTa ca NpeAcTaBeHW MHEpLWanHy CUCTeMu 3a W3cneaBaHe auHamukaTa Ha
ABWKEHME W 33 AMArHOCTMKE B JKENesonbLTHUS TpaucnopT. TipeanokeHa e uamepsarenta
cucTema Ha Bazata Ha MEMS uHepumanHu CBHI0PM C BB3MOKHOCT 3a W3MEDPBAHE no Tpw ocu,
Ha yCKOpeHWe, bITIOBa CKOPOCT, MarHnTHata WHAYKUWA Ha 3EBMHOTO marsuTHo none. B
cucTemarta e erpafed GPS npuemHMK 3a noxanuanpaHe Ha MECTONONOXKEHWETO W cKopocTTa
Ha OBWKEHWE Ha TPaHCTOPTHOTO cpeacTeo. HanpaseHo & W3MEpBaHe U aHanuz Ha
CLCTOSHMETO HA TPAACKM KENE3OMLTHU NWHWW, OCHOBAHO HA AMHaMMKATa Ha ABUKEHWE.
wacneasanu ca subpaunute B TPaMBaitHa MOTPWUCa, NPEANOXEH & anropuTtm 33 obpaboTka
Ha NoNy4YeHuTe AaHHW,

5. TMpuHOCK Ha AMCEepPTaUMOHHUA TPYA
e HayuyHu npuHocu

»Mpeancxex e NOAXO4 33 KOMNEHCHPAaHE Ha HYNEBOTC OTMECTBaHe Ha MHepLUUanHuTe
CEeH30pM YpE3 U3N0N3BAHE Ha MarHUTOMETPHU KaTo AOMBHUTENHN CEHI0PH.

»TipeanoweH & meToq 3a nopofpsBaHe Ha XapakTEpUCTWKWTE Ha UHEpUWanHW
ceHsopu Ha DasaTa Ha npwnaraHe Ha 4YeTMpuceH3opHa CTpykTypa OT TakWaa CEH30pW C
nogXoasila OpMeHTauUua Ha ocuTe MM (®wur.2.1), kaTo ca u3seleHn TeOpeTU4HN 3aBUCAMOCTH
33 AUCNEepcUATa W CTaHAapTHOTO OTKNOHEHWE Ha pe3ynNTaHTHUTE ycKopeHus 8 uspasu (2.5),
KOWTO Ca NOTEBPASHU cumynauuorHo (1.2.1.2 — Tabn.2.1) u eKkCnepuMEeHTanHo (r.2.1.3 =
Sur.2.12 n our.2.13).

»MpeanoxeH e noaxoa 3a nofobpABaHe Ha XapakTepucTUKMTE Ha CceH3opuTe 4pes
ofpaboTka Ha curHanuTe Ha Gasarta Ha yeusneTt npeobpaaysare (1.2.2).

»Pa3spaboTed & moaen Ha KanmaHoB (MUNTLP 38 ONpejensHe Ha NpoCTpaHCTBEHOTO
pasnonoXeHne Ha obextv (7.3.3), KaTo mopena e TMNpOBEREH eKcnepuMeHTanHo Ha
cneuwannsupara noctaxoska (®ur.3.11) » CpasHeH C aHanorviHR MOQENW B ChUlecTByBawm
cenaopw kato BNOO55 n ADIS16405, kato mogena paboTh KOPEKTHO KaKTO NpW M3nonssake
fa OWnepoBn bIMW, Taka W Ha KBATEPHUOHW.

»pepnoxexdn ca Mogen W CTPYKTypa (®wr.3.25) Ha KomnnemeHTapeH unTLP 3a
onpefenaHe Ha NPOCTPaHCTBEHOTO pasnonoMeHne Ha obexTn, KOATO MoO38onABa
MOAEnupaHe Ha MUaNHHUTE NPOLECcH No-TOYHO B CpasHeHue Che CTpyKTYpaTa, onpegensuia
NPOCTPaHCTBEHOTO NONOXeHuWe camo Ha Dasata OT AaHHuTe 33 ceHaopa Ha NUHENHW
YCKOpEHWS,



»Mpeanoxenu ca moaen W CTPYKTYpa Ha MyNTANPOTOKONKA MpeXa OT WHEPUMANHW
ceHaopw C nocneaosaTento (Dur.4.1) unu napanenHo (dur.4.2) cabpasaHe Ha ceH3opuTe,
KaTo Ca W3BSOEHW W3pasn 33 MakcuManHus Hpoit CBBbP3aHA cexzopu N (4.3), KaKTO ¥ 33
MakcuManHaTa CKopocT 3a npeAasane ha faHHu No Mpexata.

»lMpeanoxeHa e MeToaMKa 33 AWarHocTuka Ha OKa4YBaHeTO Ha agToMobDunn No
NpUHYAEHW koneBanua (1.4.2) C oleHKa Ha BPEMEeTO Ha 3aTUXBaHE, CKROPOCTTA Ha 3aTUxBaHe
ua KoneDaHwATa, OCHOBHUTE AOMWHMPALLW 4ecToT W TeXHWTE aMNNUTYyau, Kakto W
33BUCUMOCTTa Ha ONpeAeneHnTe YecTOTH W amnnuTyaun o7 ChCTOSHUETO Ha W3CNepBaHuA
obext. Ts BKNO4BAE WHTETpanHa OUEHKa Ha CbCTORHWUETO Ha cucTemara Ha Dazata Ha Short
Time Fourier Transform (STFT) aHanus ¥ BpEeMERO — YECTOTHO pasnpeAenexue Ha ocHoBaTta
Ha yeiiBneT nakeTHu npeofpa3ysaHua.

»MpeanoxeHa e METOANKE (1.5.1) 3a uamepeaHe W oueHABaHE Ha HaaBWMILEHWETO Ha
WenesHus NbT, KOATO NO3IBONABA aHANW3 Ha AWHAMWUKATa H3 ABWKEHWE B peanHo Bpeme U
OTKPUBAHE Ha KOMMPOMETURAHW y4acThbLM OT )KenesHua neT.

¢ HayyHO-MpUMOXHU MPUHOCH

»NpennoxeH e anfopuTem 33 npunarake Ha MeToAa 33 KOMMeHCcHpaHe Ha HynesoTo
oTMEecTEaHe Ha WHEPLUMaNHUTE cenzopwn (Pur.1.48), kato CpaBHWTENHWA aHanus noxassa, 4e
anropuTbMeT 33 AMHaMUYHa KOMNEeHCauuna Hamanasa CTOMHOCTATE Ha OTKNOHEeHWETO OT 10"
no 10° MbTH B CPaBHEHKE ChC CTATHHATA KOMMIEHCALINA.

»PaapaboTena e usmepsarenta cucTema Ha basarta Ha yeTHpUCEH3opHa CTPYKTYPa 0T
WHepLMan{n CeHsopu 3a eKCnepUMeHTanHo u3cneasaHe Ha napaMeTpuTe Ha CTPyKTypata
(1.2.1.3) C BLIMOXKHOCT 32 WacnensaHe Ha peXMMWTE Ha pafota Ha CTpyKTypara (cuHxpoHeH
1 ACUHXPOHEH).

»HanpaeeH e cpasHUTENneH auWanus Ha pesynrarute ot UHAWBMAYaneH CeHaop M
yeTHpMCEH30pHA CTPYKTYpa OT WHEpLMANHN CEH30PW (1.2.1.4) no OTHOLUEHKE Ha WyMoBUTE
napaMeTpy 4pes HecToTeH aHanwus W aHanua Ha aucnepecusTa Ha AfBH.

»PaspaboTena e cucrema 3a eKCNEPUMEHTANHO W3Cneasate Ha paboTtata Ha
npeAnoMeHns anropuTeM Ha KanmaHos hUNThP B8 CTATAYHW W AVHAMUUHY YCrOoBUS (1.3:3),
kaTo ca onpeaeneHn uapasu (cTp.141), xouto xapaKkTepusupar aseTe CbCTORHMWA.

»Paspabotena e cucrema 3a aHanua Ha AuHamukata no MeToAa Ha BUOpaUNOHHUA
cresn ¢ MEMS cex3aopy (1.4.2.3), KOATO NO3BONABA onpeaenAHe Ha OTHOCUTENHOTO
npemecTeaxe Mexay oTAenH! peTainu B CyOMUNUMETPOBUS nuanasoH

»PaapaboTenu ca vHepuuantu cHCTEMW 33 KOHTPOMN W ynpaBneHue Ha gBwratenu
(1.4.3) 3a onpeaenna Ha CLCTORHMETO WM Ha OCHOBaTa Ha Bpemesi W YecToTeH aHanud Ha
euSpauuuTe, NPEAVSBNKaHN OT HeypaBHOBECBHWUTE WHEepLUWanHu cunm

»PaspaboTeHu ca uHepuuantu CHCTEMM 33 KOHTPON Ha ABWKERWETO 1 ynpasneHue Ha
asTomoBunn (1.4.4), basupani Ha KanmaHoB bWNTBp, 38 onpeaensHe Ha NPOCTPaHCTBEHOTO
nonoXeHWe ¢ NPUNoKEHUE 8 NACUBHUA W AKTWBHW CUCTEMMW 33 KOHTPON Ha cTabunHocTTa.

#PaspaboteHu ca vHepuwWanHu cucTemin 3a oueHka Ha gb3AeWCTBHETO Ha
asToMOBWNHWUA TPaHCNOPT BBPXY okonHaTa cpefa (1.4.5), KOUTO NO3BONABAT uHTErpUpaHe Ha
[AOMBLNHWTENHW CEH30PM, KaTo cen3op 3a (MHM Npaxosy 4acTuln (DY) unu enexTPOXUMAHIA
CEH30pW 3@ MOHUTOPUHT Ha OTAENEeHWTE TOKCUMHW ra3ose.



»MpepnoxeH e anropuTeM (dwur.5.11) 3a usmepsane ¥ OUEeHRBaHE Ha HaABWLLIEHUETO
Ha WEMe3HWAT MbT, KOMTO NO3BCNRBAT aHaNW3 Ha AMHAMUKATa Ha ABWKEHWE B DEanHo gpeme
W OTKPUBAHE Ha KOMNPOMETVPaHW y4acTbLV OT KENEIHNA NBT.

»Pa3paboTera e wHepumanta cucTema 3a uacneasade Ha B3aUMOOENCTBUETO
weneseH mMbT — BO3WNO W 32 uaMmepaaHe U OUEHABaHe Ha HaQBULLIEHWETO Ha WEnesHuaT MbT
(1.5.2), KORTO NO3BONABA aHanNN3 Ha AMHAMWKATA Ha ABWKEHWE B peanto gpeme, OTKpUBaHe
Ha KOMNDOMETUPAHW Y4acTbUW OT XKENe3Hus BT W MOHWUTOPMHT Ha ONYCTUMUTE YCKOPEHWA
NpW ABMKEHWE HA NOABUKHUA CbCTas.

»PaapaboTera e nkepunanta cuctema 3a WaMepBaHe W aHanui Ha CbCTOAHWETD Ha
rpagacku sWenesonbTHY NuHUKM Ha Basa guHamukaTa Ha pBwkeHue (1.5.2), KakTo U anropuTuLMm
aa oGpaboTka Ha [aHHUTE (®wr.5.33), Ha ocHOBaTa Ha KORTO MOXNeE [13 Ce onpedenyt HWBoTo
Ha BubpauuuTe Ha NoAa Ha TpameaiiHa moTpuca.

6. Mpeuexka Ha nyBnukauuuTe no AUCepTaUUOHHKA TPYA

MNyGnukaumute no AMCEpTaUUOHHUA TPyA Ca obuwo 38, OT kouto S5 CTaTMM B
MEXQYHAPOAHW CNNCaHUA ¢ KBapTun Q1. 4 - B cnucaHus Ha DbATapckn E3nK, 28 pownaja oT
MENOYHapOAHW Hay4YHW xondbepernuun, 1 goknag oTF HauuwoHanHa KoHdpepeHuws. Ot
npeacTaseHuTe  nybnukaunu 11 ca wHaOWKkcHpaHw B Scopus. MpeacraseduTe Hay4yHw
nybnwkauun ca B CbaBTOPCTBO, KaTto g 11 oT Teau nybnukauun, A-p P.MuneTtues e MbpBu
chasTop, a B 14 - BTOpKU CraBTOP. Ot npeacTaBexuTe NyBnukaumm Moxe na ce onpeaenst
Bpos TO4KM NO noxasaTen I (252.2 TO4KM), KOETO HaaBWLLaBa MuHUManauTe uanckeanws. Mo
nyGnukauuuTe Aocera ca sabennsaiv 42 UMTUPaHWA, OT KOWTO 16 uMTMpaHus B Scopus, KaTo
6pos Ha TOUKWTE NO nokaszaten [1 e 210 TO4YKH, KOETO HaaBuwasa neobxogumuTe 100 TOUKK.
MpeacTasexata HayyHa npoaykuwa € oTpaxenue Ha pabortara no paznuyHuTE Tnasu or
avcepTauuoHHua  Tpya W UMIOCTpUpaT  MPU3HaHWeTo UM, nonyYeHo g[o cera OT
mexayHapoAHaTa Hay4Ha oBLWHOCT.

7. OueHKa 3a CTeneHTa Ha NUYHOTO y4acThe Ha aucepTaHTa B NpUHOCUTE

Wmaiikw npegews, 4e B noseve OT nonoguHata nybnukauun A-p MuneTvee wma
BOQELLO MACTO, KaKTo WU npeacTaseHata LUANOCTHA HayuHa NpoayKums, CYWUTaM, HE NPUHOCUTE
Ha NPeACTaBeHWUs AUCEepPTALUMOHEH TPyA Ca AbN¥aT B ronAamMa CTEneH Ha HerosoTo NU4HD
y4acTue.

8. WMsnonaeaHe Ha pesynratute OT AWCepTaUMOHHMA TPYA B Hay4Hata “
couuanHara npakTuka

Pesyntatute oT pucepTauusTa npeacTasnfsar 4acTy OT OeRHOCTUTE NO 5 Hay4HO-
u3acnefoBaTencky NpoekTa, kaTto Ha 2 ot Tax (aor.ATK02/2-2008r, € ®HW PaspaboteaHe W
WicneaBakKe Ha asTomaTuanpaHa WHGOPMALMOHHO-KOMYHNKSLINOHHS cucTtema Ha Baslata Ha
WHEPLMOHHW MWKPOMEXaHWYHI CEH30PW 3a KOHTpON W ynpasneHne Ha auHaMuuHW oBeKTH B
peanHo speme’ W C EnekTpoTpaHcnopT Afl - por. 2852-7/2014r — W3amepeaHe Ha NUHERHU
ycKopexua no TPW OCh C 1 cuctema Ha Dasata va MEMS uHepuuanti CEeH3opW, MOHTUpaHAa
Ma Tanwroea pama’) aou. A-p MuneTnee e Oun pbKoBoguTEn W 1 noneseH MOAEN
(CewuaeTenctso 3a noneseH mogen MaTeHTHO BEAOMCTED Ne5143/27.10.2020r.

MpeacTaseHn ca 3Hauumu pesyntath u NpuHoOcK B aucepTauMoHHns TPyA 3aToBa
cmATaMm, ye Te Buxa MOrAM Aa HamepaT WHpoKo npunoXeHue B WICNEABaHUTE oBnacTi Ha
HayuHaTaTa U CoLManHa NpaxkTuka.



9, OueHKa Ha CHLOTBETCTEMETO Ha aBTopedtepara C M3IUCKBaHWATaA 3a
M3roTBAHETO MY, KaKTO U Ha afleKBaTHOCTTa Ha OTpa3fABaHe Ha OCHOBHUTE NONOXEHUA U
NPUHOCKUTE Ha ONCEPTaUNOHHWA TPYA

AsTopedpepaThT afeksaTHO OTpa3fBa CHOLPKEHMETD, KakKTO W HaydyHWTe, Hay4yHO-
NPWUMOKHUTE, W NPUNOKHW NPUHOCK HA AucepTauusTa. Cyntam, Ye TOM HambeNHO CbOTBETCTEA
E CTPYKTYPHO OTHOLWEHWEe Ha OCHOBHWTE NONOXEHWA Ha JAUCEpTaUWOHHWA TpYA,
npeacTaBeHUTE M3BOAW W NPUHOCKU KbM BCHKA rMaBa, KaTo CbliecTBYBa CLOTBETCTEME MEXIY
HomepaTta Ha churypw, Tabnuuu v dopmynu. B npeacTasenus Buj asTopediepaTsT OTroBaps
Ha M3NCKBaHWATA 33 WIrOTBAHETO Ha asTopediepaTuTe Ha QMCESPTALMOHHUTE TRyaAOBE Cnopea
obpazeua va TY-Codus,

10. MpenopbKK U KPUTHHHW Benexkn

OcHOoBHUTE MW NPENopbLKK Ca ChegHuTe:

1. TpefACTaBeHUTE HaYYHWUTE W HAYYHO-MPUNOXKHUTE npuHock Bw Buno aobpe aa ce
CPEBHAT NO OTHOLWEHUE Ha Hail-DNN3IKUTe UBBECTHU METOAMN.

2. C uen onpocTasaHe Ha anropwTema ot Gnokosa cxema 5.33. Bux npenopb4ana aa
ce wanonasa camo Bnoka cebp3aH ¢ peayuupase Ha LWYMOBETE Ha OCHOBATa Ha YeWBNeTHO
naxkeTHo npeobpa3syBaHe, YWeTO npeaumcTeo e obocHoBaHo B rasa 2.

3. CuuecTtsyea paznuwyue B wpudTa Ha npeacTaseHuTe (opMynn.

Hanpasenwte 3abenewxku W NPenopbEM  HE HaManAeaT QOCTOWHCTBATAE Ha

AVCepTaLMoHHWA TPpYA,

11. 3akno4yeHue

Ha ocHOoB3HWE Ha W3INOWEeHDTD OaBaM NonNoXMWTEnHa ousHka Ha npegcTaBeHWA
auvceprauuvodHed Tpya Ha Tema ,Mevogu, anropuTMH M CUCTEMM 33 OnpefensHe Ha
OpMeHTauus W ChLCTORHWE Ha noaBukHW oGexktw Ha Gasata Ha MEMS wxepuwantu
ceHsopu” c astop A-p. wex. Pocen Munetwes. CwmsTam, 4e TOW € paspaboTeH s
CHOTBETCTBME CbC 3aKoHa 3a passWTWe Ha akagemwqHus cbetas 8 Penybnuka benrapus,
MpaBunHKKa 3a HETOBOTO NPUNAraHe W ChOTBETHUA NPABUTHUK HA TEXHWHECKUS YHUBEPCHTET
— Cothus. 3arosa npegnaram Ha YBaXaemoTO H3y4HO XypW Aa MpUCEAW Ha AOU.O-P HHHK.
Pocen Munertues HayyHa crened ,JIOKTOP HA HAYKWTE" 8 npodecuoranto
Hanpaenexdue 5.3 KoMyHMKaUMOHHA M KOMMNOTEPHa TeXHWKa, Hay4Ha cneuwanHoct
JABTOMaTMaupaHu cucTemu 3a obOpaboTka Ha uWHopmauusTa W ynpasnexue” (B
KOMYHMKaUnuTE).

13.07.2026 1. PeueHseHT: 7
Cocpur (npoth. a-p wHx. B.Mecpruesa)
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REVIEW

on a dissertation for the acquisition of the scientific degree “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”

Reviewer: Prof.Dr.Eng. Veska | Georgieva

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

Microelectromechanical systems (MEMS) are widely used in many fields, for example,
in the automotive industry and aviation. As is known, inertial sensors based on this technology
have revolutionized transportation, virtual reality (VR) systems, augmented reality (AR)
systems, etc. These systems feature a high degree of integration and allow direct connection
to other digital systems. The main problems are related o some typical factors negatively
affecting the accuracy of inertial sensors, such as zero offset, complex temperature
dependence of the hysteresis type, sensitivity to linear accelerations In gyroscopes, noise,
non-orthogonality between axes in multi-axis sensors, elc. Therefore, the issue of studying and
compensating for negative factors and phenomena affecting the accuracy of sensors is a
fundamental task in developing methods and algorithms for processing information received
from them.

In this regard, Assoc. Prof. Dr. Miletiev has focused on solving a current problem
related to the development of new approaches, methods and algorithms for improving the
parameters of MEMS inertial sensors, in order to increase the quality of data obtained from
sensor systems. The dissertation proposes effective methods and algorithms for systems
based on MEMS inertial sensors for analyzing the dynamic stale of moving objects, their
subsystems, as well as the siate of the road network in the field of road and rail transport.
Prototypes of information and communication systems based on MEMS inertial sensors have
been created and their testing in real conditions has been carried oul. The achieved results
determine the scientific, scientific-applied and applied contribution of the dissertation.

2. Degree of knowledge of the state of the problem and creative interpretation of the
literary material
The developed dissertation is based on a detailed and in-depth study of the state of the
problem, for which 197 literary sources from authoritative forums and books in English and
Bulgarian were used. Relevant comparisons and conclusions have been made. On this basis,
the goal and main tasks of the dissertation have been correctly formulated.
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3. Correspondence of the chosen research methodology and the set goal and tasks
of the dissertation with the contributions achieved
The results achieved in the application of the proposed approaches, methods,
algorithms and research methodology fully correspond to the formulated goals and objectives
of the dissertation. Dr. Miletiev has skillfully structured his dissertation work in a
methodological sense, using the accumulated scientific knowledge and many years of practical
experience in this field, and thus has convincingly presented significant results obtained as a
result of the conducted research,

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

The dissertation is developed in a volume of 326 pages and consists of an introduction,
5 chapters, contributions, a list of used literature, a list of publications, a list of scientific and
scientifically applied contributions, a list of citations and 1 appendix. The dissertation presents
a total of 239 figures, 30 tables and a list of used symbols and abbreviations.

The first chapter defines the characteristics of MEMS sensors, as well as the influence
of their value on the accuracy of the systems, emphasizing ways to improve them using
software (through digital signal processing) or hardware methods.

Chapter 2 is related to proposed specific methods and algorithms for improving the
characteristics of MEMS inertial sensors. In this regard, the characteristics of individual MEMS
sensors and a four-sensor structure are investigated using frequency analysis and Allan
analysis. To determine the noise suppression capabilities of the four-sensor structure, a
theoretical analysis was performed, followed by simulation studies and experimental
measurements, and the obtained data was analyzed. As a result, a significant reduction In the
level of spectral components was achieved. with the reduction in their levels varying from 6dB
at frequencies between 1 and 10Hz to 20dB at very low frequencies (Fig.2.13). An approach
and a corresponding complex algorithm for noise reduction based on discrete wavelet,
stationary wavelet and wavelet packet transforms are proposed, with the selection of the most
appropriate method and the corresponding parameters being implemented based on
calculated objective criteria such as SNR, CNR, and MSE.

In chapter 3, systems based on MEMS inertial sensors for determining orientation in
space are developed and investigated. A Kalman filter mode! for determining the spatial
location of objects Is proposed, which works correctly both when using Euler angles and
quaternions. A model and structure (Fig.3.25) of a complementary fitter for determining the
spatial location of objects is developed, which allows modeling of physical processes.

Chapter 4 presents research and development of systems based on MEMS inertial
sensors for determining the dynamic state in road transport. A structure of the multi-protocol
sensor network is proposed, with serial and parallel connection of the sensors for the purpose
of maximum data transmission speed over the network. The theoretical and experimental
studies conducted demonstrate the possibility of implementing MEMS sensors in systems for
diagnostics and control of both individua! elements and entire nodes and aggregates by
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determining accelerations, velocities and displacements on a scale from fractions of a
millimeter to several tens of centimeters. inertial systems for engine control and management,
inertial systems for traffic control and vehicle management, as well as inertial systems for
assessing the impact of road transport on the environment have been proposed.

in Chapter 5, inertial sysiems for studying the dynamics of movement and for
diagnostics In railway transport are presented. A measuring system based on MEMS inertial
sensors is proposed with the ability to measure along three axes, acceleration, angular
velocity, and the magnetic induction of the earth's magnetic field. The system has a built-in
GPS receiver for locating the location and speed of the vehicle. Measurements and analysis of
the condition of urban railway lines based on the dynamics of movement have been made,
vibrations in a tram car have been studied, and an algorithm for processing the obtained data
has been proposed.

5 Contributions of the dissertation work
. Scientific confributions

» An approach to compensate for the zero offset of inertial sensors by using
magnetometers as additional sensors is proposed.

~ A meihod for improving the characteristics of inertial sensors is proposed, based on
the implementation of a four-sensor structure of such sensors with an appropriate orientation
of their axes (Fig. 2.1), and theoretical dependencies for the dispersion and standard deviation
of the obtained accelerations in expressions (2.5) are derived, which are confirmed by
simulation (Section 2.1.2 — Table 2.1) and experimentally (Section 2.1.3 — Fig. 2.12 and Fig.
2.13).

» An approach to improve the characteristics of sensors by processing signals based
on wavelet transformation (section 2.2) has been proposed.

» A Kalman filter model has been developed for determining the spatial location of
objects (section 3.3), and the model has been experimentally verified on a specialized setup
(Fig. 3.11) and compared with analogous models in existing sensors such as BNOO55 and
ADIS 16405, and the model works correctly both when using Euler angles and quaternions.

> A model and structure (Fig. 3.25) of a complementary filter for determining the
spatial location of objects have been proposed, which allows modeling of physical processes
more accurately compared 10 the structure determining the spatial position only based on the
data for the linear acceleration sensor.

% A model and structure of a multi-protocol network of inertial sensors with serial
(Fig.4.1) or parallel (Fig.4.2) connection of the sensors are proposed, and expressions for the
maximum number of connected sensors n (4.3) are derived, as well as for the maximum data
transmission speed over the network.

- A methodology for diagnosing the suspension of cars by forced oscillations Is
proposed (p.4.2) with an aesessment of the damping time, the damping rate of oscillations, the
main dominant frequencies and their amplitudes, as well as the dependence of the determined
frequencies and amplitudes on the state of the object under study. It includes an integral
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assessment of the state of the system based on Short Time Fourier Transform (STFT)
analysis and time-frequency distribution based on wavelet packet transforms.

» A methodology (p.5.1) is proposed for measuring and assessing the cant of the
railway track, which aliows for analysis of the dynamics of movement in real time and detection
of compromised sections of the railway track.

« Scientific-applied contributions

» An algorithm for applying the method for compensating the zero offset of inerial
sensors is proposed (Fig.1.48) and the comparative analysis shows that the dynamic
compensation algorithm reduces the deviation values from 101 to 104 times compared fo
static compensation.

» A measurement system based on a four-sensor structure of inertial sensors has
been developed for experimental study of the parameters of the structure (section 2.1.3) with
the possibility of studying the operating modes of the structure (synchronous and
asynchronous).

» A comparative analysis of the results of an individual sensor and a four-sensor
structure of inertial sensors (section 2.1.4) in terms of noise parameters has been made by
means of frequency analysis and Allen dispersion analysis

» A system for experimental study of the operation of the proposed Kalman filter
algorithm in static and dynamic conditions has been developed (section 3.3), and expressions
have been determined (p. 141) that characterize the two states.

» A system for analyzing dynamics using the vibration bench method with MEMS
sensors (section 4.2.3) has been developed, which allows determining the relative
displacement between individual parts in the sub millimeter range

» Inertial systems for engine control and management (section 4.3) have been
developed to determine their state based on time and frequency analysis of vibrations caused
by unbalanced inertial forces

» Inertial systems for traffic control and vehicle control (section 4.4) have been
developed, based on the Kalman filter, for determining the spatial position with application in
passive and active stability control systems.

» Inertial systems for assessing the impact of road transport on the environment
(section 4.5) have been developed, which allow the integration of additional sensors, such as a
fine particulate matter (PM) sensor ar electrochemical sensors for monitoring the released
toxic gases,

» An algorithm (Fig.5.11) for measuring and assessing the inclination of the railway
track has been proposed, which allows for real-time traffic dynamics analysis and detection of
compromised sections of the railway track.

> An inertial system for studying the railway track-vehicle interaction and for
measuring and assessing the inclination of the railway track has been developed (Section 5.2),
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which allows for real-time traffic dynamics analysis, detection of compromised sections of the
railway track and monitoring of permissible accelerations during rolling stock movement.

» An inertial system for measuring and analyzing the condition of urban railway lines
based on traffic dynamics has been developed (Section 5.2), as well as a data processing
algorithm (Fig.5.33), based on which the vibration level of the fioor of a tram car can be
determined.

6. Assessment of dissertation publications

The publications on the dissertation work are 38 in total, of which 5 articles in
international journals with quartile Q1; 4 - in Bulgarian-language journals, 28 papers from
international scientific conferences, 1 paper from a national conference. Of the submitted
pubiications, 11 are indexed in Scopus. The submitted scientific publications are co-authored,
as in 11 of these publications; Dr. R. Miletiev is the first co-author, and in 14 - the second co-
author. From the presented publications, the number of points under indicator G can be
determined (252.2 points), which exceeds the minimum requirements. The publications have
so far received 42 citations, of which 16 citations in Scopus, with the number of points under
indicator D being 210 points, which exceeds the required 100 points. The presented
scientific production is a reflection of the work on the various chapters of the dissertation and
illustrates the recognition they have received so far from the international scientific community.

7. Assessment of the degree of the dissertation candidate's personal participation in
the contributions
Considering that Dr. Miletiev has a leading position in more than half of the publications,
as well as the entire scientific production presented, | believe that the contributions of the
presented dissertation are largely due to his personal participation.

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

The results of the dissertation represent parts of the activities of 5 research projects, of
which 2 (contract DTK02/2-2008 with the National Science Foundation "Development and
research of an automated information and communication system based on inertial
micromechanical sensors for control and management of dynamic objects in real time" and
with Elektrotransport AD - contract 2852-7/2014 - "Measurement of linear accelerations along
three axes with 1 system based on MEMS inertial sensors mounted on a bogie frame") Assoc.
Prof. Dr. Miletiev was the leader and 1 utility model (Certificate of utility model Patent Office
No, 5143/27.10.2020.

Significant results and contributions are presented in the dissertation work, so | believe
that they could find widespread application in the researched areas of scientific and social
practice.

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
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The abstract adequately reflects the content. as well as the scientific, scientifically
applied, and applied contributions of the dissertation. | believe that it fully correspends in
structural terms to the main provisions of the dissertation work, the presented conclusions and
contributions to each chapter, and there is correspondence between the numbers of figures,
tables and formulas. In the presented form, the abstract meets the requirements for the
preparation of abstracts of dissertation works according to the TU-Sofia template.

10.Recommendations and critical remarks

My main recommendations are the following:

1. It would be good to compare the presented scientific and scientific-applied
contributions in terms of the closest known methods:

2. In order to simplify the algorithm from block diagram 5.33. | would recommend using
only the block related to noise reduction based on wavelet packet transform, the advantage of
which is justified in chapter 2.

3. There is a difference in the font of the presented formulas.

The remarks and recommendations made do not diminish the merits of the disseriation.

11.Conclusion

Based on the above, | give a positive assessment of the presented dissertation on the
topic "Methods, algorithms and systems for determining the orientation and state of
moving objects based on MEMS inertial sensors” with the author Dr. Eng. Rosen
Mitetiev. | believe that it was developed in accordance with the Act on the Development of
Academic Staff in the Republic of Bulgaria, The Regulations for its implementation and the
relevant regulations of the Technical University — Sofia. Therefare. | propose to the
Honorable Scientific Jury to award Assoc. Prof. Dr. Eng. Rosen | Miletiev the
scientific degree "DOCTOR OF SCIENCES" in the professional field 5.3 Communication
and Computer Engineering, scientific specialty "Automated Information Processing and
Management Systems" (in communications).

13.07.2026 Reviewer:
Sofia (Prof. Dr. Eng. Veska Georgieva)
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