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1. AKTyaJHOCT Ha pa3paGoTBaHuUs B IACEPTAUHOHHMS TPYA npodiaem

V3MepBaHETO Ha TEMIIEpaTypa M Maca Ca JBa ChIICCTBEHU npo0rneMy, KOUTO BB3HHMKBAT NpH
pa3paboTBaHETO HA MHIyCTPHAIHA CHCTEMH 33 YIPABJICHHE. BBIpeKH ycrexure B Ta3u obracr,
NMo0GPSABAHETO HAa CKOPOCTTA M TOYHOCTTA Ha H3MEPBAHE Ha TC3M BEIMIMHI B NPUCHCTBHETO HA
WHTEH3MBHM IIyMOBE OCTaBa €[HA CepHO3Ha 3ajada. Tosa o0ycnaBs HEOOXOIUMOCTTa OT
3arpI60YEHN M3CICBAHNS, KOUTO MMAT KAKTO TEOPETHIHA, TaKa M IpPAKTMECKa HACOYEHOCT.
ETo 3amo mpeicTaBeHaTa paboTa € akTyallHa, M3BBPIICHUTE M3CIE/BaHIA Ca IEPCIIEKTUBHH U

TOJIYy4YCHUTE PE3YyITATH Mmorar aa 6’LIIaT IIPUIOXKEHH Ha IIpaKTHKA.

2. CtelleH HA MO3HABAHE HA CHCTOAHHMETO HA npoﬁneMa U TBOpPYECKA

MHTepnpeTanus Ha JUTEPATYPHHHA MaTtepHaj

TekcThT Ha JUCEPTAIOHHATA paboTa MOKa3Ba, Y€ aBTOPKaTa Ce ¢ 3aro3Hala 3aIBJI00YEHO CBHC
CHBPEMCHHHTE METOJM 33 aHANM3 M CHHIE3 HA CHCTCMH 32 yMPaBICHHC B NPUCBCTBUETO Ha
LIyMOBE, KaTo IOJyYCHUTE PE3yNTaTH JEMOHCTPHPAT, He T4 MOXCE /a M3I10J13Ba YCIIEIHO TE3U
METO/IM 3a TIOMydaBaHe Ha HOBH PE3YNTATH IPU IPOEKTUPAHETO HA CHCTEMH, XapaKTepu3Hpany
ce ¢ mo-1o6po KadecTBo Ha mporecute. B mucepranmara ca IUTHPaHH 93 nuTepaTypHH
M3TOYHHMIIM, OTHACAIIHU ce IO TeMaTa Ha JUCepTalHOHHATa paboTa, TIpH KOETO € TI0Ka3aHo J06po
BIajlecHE HA MaTepHaia B paslVIekJaHaTa Hay4dHa o6macT. V3BBpIIEHO € CpaBHEHHE C
W3BECTHHTE OT JIATEPATypaTa pe3ylITaTH, KOETO € Nalo BE3MOXKHOCT Jia C€ HalpaBH 00EeKTHBHA

IPEICHKA 3a npeauMcTBaTa 1 HEAOCTAaTBIIUTE HA IpEeIIOKECHUTC OT HEesa METOOU.



3. ChoTBeTcTBHE HA H30PAaHATA METOAMKA HA U3CJIeIBaHe C MOCTABEHATA
1eJI M 331244 HA JUCePTANMOHHUSA TPYA

MeToaukaTa 3a H3CleBaHe B JuUCEepTalMOHHaTa paboTa ce OasMpa Ha M3IOJI3BAaHETO Ha
pe3yiTaTuTe Ha ChbBPEMEHHATa TEOpHs HA YINPAaBICHHETO M IO-CIENMAIHO Ha TEOpUATa Ha
onTuManHaTa (uitpauus. ucepraHTkata € pa3paboTina HOBM M € YChBBPIICHCTBAIA
CHIIECTBYBAIlld METONW W aNTOPUTMH 3a moaoOpsBaHE Ha AMHAMMKATa Ha HM3MEpPBaHUATA B
CHCTEMHTE 3a YIIpaBJICHHE, 0COOCHO 3a CIydauTe Ha 3HAYMTEIHO CHOTHOLIEHHE Ha MOIIHOCTTA
Ha IyMa KbM Ta3H Ha MOJE3HUS CUTHAJT U IIPH MOZEN Ha M3MEPBAHETO 3aBUCHM OT M3MEpBaHATa
BeMYMaHa. B IAOCT, TOMYyYEHWTE pe3ydTaTH NOTBBPXKAABAaT HAIBIHO BAJIUIHOCTTa Ha
u30paHaTa METOIMKA Ha U3CIIEBAHE.

4. KpaTka aHAJIATHYHA XAPAKTEPHCTHKA HA €CTECTBOTO H OIlEHKA HA
JA0CTOBEPHOCTTA HA MaTepHaJIa

IIpencraBenara AUcepTANMOHHA paboTa ce ChbCTOHU OT 7 IIaBH M ChIBpxKa 06mo 148 crpaHuIiy.

B rn.l, CJIE] KOMIICTCHTCH MNPEIVICO Ha HpO6JIeMI/IT€ N METOAHUTIC, CBbP3aHU C U3MEPBAHCTO HA
JAHAMHYHO IIPOMCHANIA C€ BEIUYHHH (OCHOBHO TEMIIEpaTypa H Maca) B CHCTCMHTC 3a
YOpaBJICHHUE, € HAIIpaBEH U3BOJA, Y€ HaM-IIOAXOISIIH 3a LEeITa ca METOIUTE, IIpH KOUTO HE CE€
H310J13Ba MOACIT HA U3MEPBAHETO. CDopMmepaHa € OCHOBHATa 1I€JI HA JUCCPTAIITMOHHUSA TPYA, a
HMMCHHO Ia 6’L,I[aT pa3paﬁoTeHn HOBH 4 1a Obaar YCBBBPIICHCTBAHU CHIECCTBYBAIIUTC MCTOIHU U
AJIrOPpUTMHU 34 HOIIO6pHBaHC Ha JAWHAMHKaTa Ha H3MCPBAHHUATA B CHCTEMH 3a YIIPABJIICHHC,
ocobeHo B ClIIy4auT€ Ha HHCKO CBHOTHOIIICHHUE CI/IFHaJI/IHYM U IIpA MOAEC Ha M3MEPBAHETO,
3aBHCHM OT U3MEpBaHaTa BEJIHIHWHA.

B . 2 e mpemioxkeH MomuduIMpaH METOI 3a NOAOOpsABaHE Ha M3MEPBAHUATA B CHCTEMH 32
ympasjieHue, TIPH KOMTO He ce U3MO0M3Ba MozeNl Ha mpoueca. Karo uirocTpaTMBHE NPUMEpH ca
pasmieflaHd TPOIECUTE 3a M3MEpBaHE Ha TEMIIEpaTypa M Maca B CHCTEMa 3a YIPaBIICHHE.
IMpennoXeHuAT METO € CpaBHEH ChC cTaHAapTeH ¢uaTep Ha KanMan, HaCTpoeH mo Mojerna Ha
W3MepBaTeHus nporec. M3ciensanu ca CBOMCTBaTa Ha METOAA NMPH Pa3sIMYHH CTOWHOCTH Ha
JIMCIIEPCHATA Ha H3MepBareNHHs IIyM. [lodydeHHTe pe3ydTaTd IIOKasBaT IMpEAMMCTBara Ha
MoAMMHUIMPAHUSA METOJ 3a OA0OpsIBaHEe Ha U3MEPBAHUATA, JOPH U IIPU M3IIOJI3BaHE HA CEH30pH
C MO-HUCHK KJIaC Ha TOYHOCT.

B r1. 3 e npemnoxed MeTod 3a monobpsBaHe Ha IWHAMEKAaTa Ha M3MEpBaHuUATa, OasupaH Ha
Momuduimpan HenuHeeH ¢unTep Ha KammaH. To3u MeTon € NPWIOXKHMM 32 M3MEpBAaHHS BbB
BPEMETO, NIPH KOUTO MOIETBT HAa U3MEPBaHE 3aBUCH OT U3MepBaHaTa BenuuuHa. Karo npumep 3a
IPHJIOKEHUETO HA TO3H METOJ Ce pasriexia nogoOpsBaHe Ha JUHAMHUKATa HAa U3MEPBAHETO Ha
IpOMeEHSIIA ce BbB BpeMeTo Maca. OCHOBHATA 1€l € Aa C€ YBEIMYH CKOPOCTTa M TOYHOCTTa Ha
TpoIeca Ha U3MepBaHe. 3a [EIUTe HA CPABHEHUETO € IPOSKTHPaH M CTaHAapTeH JTMHEEH QUITHP
Ha Kanman 3a nomo6psBaHe Ha JMHAMHKATa Ha W3MepBaHE, KOMTO € CHHTE3HpaH 3a QUKCUpaHa
CTOMHOCT Ha HeW3BecTHara Maca. [lomydeHHTE pe3ynTaTH MOTBHPXKAABaT IpeAMMCTBaTa Ha
IpeUIOKeHHs. MeToT, 0a3upaH Ha HenuHeeH QuiTep Ha KanmaH.



B m1.4 e mpennoxeH HOB METOI HEW3ION3BAI MOJENT Ha HW3MEPBAaHETO 3a MOAOOpsSBaHE Ha
IIPOMEHAINTE CE BHB BPEMETO MTWHAMUYHHM HM3MEPBaHHUsA, Oa3MpaH Ha OPTOTOHAIEH MOZAEN Ha
Jlarep. 3a pas3iuKa OT CHIECTBYBAIUTE METOOH, MPEAJIOKEHUAT METOJ MOJEIUpa Ipoueca Ha
HU3MEpBaHE C OPTOroHaNieH Mozaen Ha Jlarep BMecTo chc cnenu¢udeH MOIENl OT THUI KpaiHa
UMIYJICHA XapakTepucTuka. I[lo To3M HaYMH TOW ChYeTaBa IPEAUMCTBaTa HA METOIUTE
HEU3NOM3Ball MOZIET ¥ NOAXOAa B MAECHTU(UKAIMATA, IPH KOHTO C€ M3MOI3BAaT OPTOrOHAIHM
Mozend. MeToobT € BATMIUPAH C MPUMEPH 32 U3MepBaHe Ha TEMIIEpaTypa U Maca.

B 1. 6 ca MpemyoXeH! IBa HOBH MeTOAa, Oa3MpaHd Ha MHOTOMOJENEH JHMHEEH (QUITHD Ha
KanMan m Ha MHoOromoneneH mmHeeH Hoo ¢uurbp, KouTo nomoOpsBaT AMHAMMKATa Ha
IPOMEHSIM ce BHB BPEMETO H3MepBaHMA. MeroauTe ca 0cOOEHO NMPUWIIOKHMMH B CIy4adl Ha
U3MEpBATENCH MPOIEC, YUUTO MOJEN 3aBUCH OT HW3MEpBaHaTa BEIMYHHA BKJIIOYMTENHO M 3a
NPOLIECH C BHCOKO CHOTHOIIEHHE IIyM KBbM IIONIE3€H CHUrHal (CEH30pH C IMO-HUCBK KJIac Ha
touHocT). [lomyynute pesynraT moka3sar, 4e JOpH M camo ¢ 3 ¢uiaThpa B MojenHaTa OaHKa,
ITOPUTMUTE IMOAOOPABAaT 3HAYUTENTHO AWHAMMKaTa Ha ceHsopa. IlpeanoxkeHure MeTOAM
MPECTaBAT Bb3MOXHOCTH 3a ObJEIIN TEOPETUIHH U3CIIEIBaHUs, CBBP3aHU ¢ OpOosl Ha MOJIETIMTE
B MojieTHaTa 6aHKa, ¢ pa3IHYHU aJITOPUTMHU 3a OIpeAeIIsIHE Ha TEITIOBHUTE KOS()HUIUEHTH U JIp.

B nocnennara, 7-a maea, € U3BBPIIEH CPABHUTENIEH aHAIM3 Ha pa3pabOTEeHUTE METOAM, KaTo 3a
L[EIUTE Ha CPaBHEHUETO € IPOBENEH CHMYJAlMOHEH EKCIIEpUMEHT NpH MPOMHANIM CE BBB
BpEMETO TeMIeparypa u Maca. QopMyITHpaHy ca U IPHHOCHUTE Ha TUCEepTaIiOHHATa paboTa.

IMo muceprammonHara pabora ca HampaBeHH 5 MyOIUKAIMKU, KaTO TPH OT TAX Ca MHACKCHUPAHH B
Scopus u 2 — 6B Web of Science.

B pa60TaTa Ca ChUCTAaHU YCICHIHO TEOPETUYHMU H3CICABAHHA C IIOJYy4YaBaHE HaA HAY4HO-
IMPpAJIOXKHU PE3YJITATH, KOCTO € [OaJI0 BB3MOXHOCT Ha OHUCEPTAHTKATA [Aa IPEACTaBH C€IOHO
HAITbJIHO 3aBBPIICHO HU3CJICABAHC. CDopMmepaHH Ca IICT HAYYHO-IIPHWJIOXHHU U [IBa IIPUITOXHHU
IIpUHOCA, KOHUTO HAIIBJIHO CBOTBCTCTBAT Ha H3JIOKCHHATC B JUCEPTAIMATA PEIYITATH.
H310XXE€HUETO € TOTHIHO IIOCTPOECHO, ITOCJIEAOBATECIIHO H ACHO.

S. OcHOBHHM HAYYHO-NIPHJIOKHU M IPHI0KHHA IPHHOCH

KaTo mo-chIecTBEHH Hay4YHO-TIPUIIOKHU IMPUHOCH, TIOMYYEHU OT JUCEpTAHTKaTa, MOrar Ja ce
oTOeexar:

- Ilpemnoxen e MOOUGHUIIMpaH MeETOA 3a MOAOOpsBaHE Ha M3MEPBAHMUATA B CHCTEMM 3a
yIpapieHHe, IPU KOUTO HE Ce U3MO0JI3Ba MOoJIeN Ha mporeca. ToH € MoIy4eH KaTo ChUIECTBYBALL
METOJ] € JOpa3BHT 3a OICHABAaHE HAa IPOMEHAIIA CE€ BHB BPEMETO HM3MEpPBaHA BEJIMYMHA.
IMpemioxxeHuaT MoguduuIHApaH METON € CpaBHEH cbC craHmaptHus ¢unrep Ha Kanman,
HACTPOCH MO MojeNa Ha W3MepBaTeIHuA mpoiec. [IpeioxkeHo € Ja ce u3BbpIIBa 000CHOBaH
n300p Ha pela Ha OICHSBAaHHA MoJeN Ha 0a3ara Ha WHGOPMAIMOHHMSA IOKa3aTesl Ha AKaMKe.
WscnenBanu ca cBoiicTBaTa Ha MeEToJa IPH pPa3IMYHHA CTOMHOCTH Ha JUCIEPCUATA Ha
u3MepBaTeHUs miyM. [lodydeHHTe pe3ynTaTd MOKa3BaT MpeAUMCTBaTa Ha MOAM(UIMPaHHUS
MeTOJ 32 NoNoOpsBaHe HAa U3MEPBAHUATA, JOPH U IIPU HU3IMOJI3BAHE HA CEH30PH C HHCHK KJIac Ha
TOYHOCT.



- Ilpemtoxen e Merox 3a NomoOpsBaHe Ha JWHAMMKAaTa Ha M3MEpBaHMATA, OasupaH Ha
Momubunupan pasmuped ¢uitep Ha Kanman. To3sm Meron € NpHIOKHMM B Clydas Ha
MIPOMEHSIIA Ce BBB BPEMETO M3MEpBaHa BEIMYMHA, KOIaTO MOAEIHT HA U3MEPBAHE 3aBHUCH OT
TasH NPOMEHIMBA. PaboTOCMOCOOHOCTTa My € MpOBEepeHa 3a cilydas Ha mojoOpsBaHe Ha
IMHAMHKaTa Ha M3MepBaHe Ha Maca. CpLIO Taka 3a LEIUTe Ha CPaBHEHHETO € MPOCKTHPaH
nuHeen ¢GuiThp Ha Kanman 3a ¢ukcupaHa CTOHHOCT Ha HeusBecTHara Maca. Ilomydenute
pe3ynTaTH MOTBBPXKIaBaT IPEJUMCTBATA HAa MeTONa, OasHpaH Ha paslIMpeHHs QUITHD Ha
KanMan npea Meto/a, 6a3upaH Ha TMHEHHA KalMaHoBa (QUITpalys.

- TIpeanoxeH € MeTOJI HEW3MOM3BaIl MOJeN 3a MoA0OpsBaHe Ha IIPOMEHSANIUTE CE BBB BPEMETO
JVHAMUYHY M3MEpBaHusA, 0a3upaH Ha opToroHaneH Mozen Ha Jlarep. To3u MeTox € MOAXOAS]
3a amepuoJUYHM TIPOLECH Ha U3MEpBaHe. 3a pas3aMKa OT ChIIECTBYBAIUTE METOIU
HEU3IOI3BAIIK MOJEJ, IPEAIOXEHUAT METOT MOZIETIMpa MpoLeca Ha U3MEPBAaHE C OPTOrOHAJICH
Mojen Ha Jlarep BMecTo chC crenudpUYeH MoZen OT THI KpaWHa MMITYJCHAa XapaKTepHCTHKA.
[MpenioKeHUIT METOJ OlleHSABa M3MEpBaHATa BENMYMHA OBP30 M TOUHO C MOJEI OT IO-HHUCHK
PE OT OLIEHEHHS C KOHBEHIIMOHAJICH METOJ HEM3IONI3BaIl MOJIEN, OCOOEHO IMPU HUCHK KIlac Ha
TOYHOCT Ha CEH30pa.

- IIpeanoxen € MeTOA HEM3IOJ3BAI MoAeN, Oasupan Ha yHkimsa Ha Kayn, xo#To nmogobpssa
JMHAaMHMKAaTa Ha M3MEPBaHHATA, KOUTO C€ IPOMEHAT BBB BPEMETO. METOABT € IPUIIOKUM B
CIy4yail Ha OCIJMJIMpamny/KojedaTesieH MpOoLEeC Ha U3MEPBAaHE C BUCOKO CHOTHONICHHUE IIYM KbM
noiezed curaaia. OCHOBHATA pa3liMKa MEXIY NPEINOKEHHs METOJ H KOHBEHIIHOHAIHUSA METOM
HEW3IMOJI3BAIl MOJEN € THIBT MOJeN, H3MON3BaH 3a IIpeiCTaBgHe Ha [IWHAMHKara Ha
u3MepBanero. IlomydeHuTe pe3ynTaTH [AoKa3BaT paborocmocobHocTTa Ha OasWpaHus Ha
¢dyukimara Ha Kayl MeTox W IOKa3BaT HETOBHTE IPEIUMCTBA, KaTO IIOCTHTaHe Ha TOYHA
CTOMHOCT Ha HEM3BECTHA M3MEPEHA BEIMYMHA 32 KPAaTKO BpeMe (IPHONIHM3UTENHO ABa IIBTH I10-
OBP30 OT KOHBEHIMOHAIHUS METOJT) C HUICHK Pell Ha OLICHABaHUS MOJEI.

- Ilpeanoxenu ca ABa HOBU MeTofa Oa3upaHH Ha MHOTOMOJENEH IHHeeH GuThp Ha Kanman u
Ha MHOromojeneH TuHeeH HodunTsp, KouTo nmoxoO6psBaT JUHAMHKATa Ha IPOMEHSIIHN CE BHB
BpEMeTO M3MepBaHus. MeTomuTe ca NPUIOKHMHU B CIydadl Ha M3MepBArTelleH MPOLEC, YUHTO
MOJIEN 3aBHCH OT U3MEpBaHaTa BeJMYHMHA BKIIOYUTEIIHO M 3a MPOLIECH C BUCOKO CHOTHOILIEHHE
IIyM KbM IIOJIE36H CHUrHai (CEH30pH C HHMCBK Kinac Ha TodHOCT). Ilomydnure pesynraru
MoKa3BaT, 4e JOPH M caMo ¢ 3 (uiuTbpa B MojenHara 0aHKa, aNTOPUTMHTE IOA0OpsBaT
3HAYMTEIHO JUHAMHKATa Ha ceH3opa. [IpeanoxkeHWTe METOMU IPENCTaBAT BBH3MOXKHOCTH 32
ObJeIU TEOPETHYHH W3CIE[BAHMA, CBBP3aHM C Opos Ha MOJIEIMTEe B MoOJeNHara OaHKa, C
Pa3IMIHU ATTOPUTMH 32 ONPEAENIHE Ha TEITIOBHUTE KOCHUIIMEHTH U IP.

KaTto mpuioxeH NpuHOC TpsiOBa JAa ce OTOenex W, 4e 3a IporpaMHara peanu3anus Ha
NPEIOKEHUTE METOMM 3a MNONOOpsBaHe AMHAMMKATa HAa H3MEpPBaHHMATA € pa3paboTeHo
codryepHo ocurypsBane B cpenara Ha MATLAB/Simulink. MHOro n00po BreYaTiieHHe NpaBu
¢akThT, 4e¢ PpaboTOCOCOOHOCTTa U e€(EeKTUBOCTTAa Ha pa3pabOTEHUTE METOIH Ca IPOBEPEHH C
ronsM Opol CHMYJIAIMOHHY H3cieqBaHus. 110 To3u HayuMH B paboTaTa ca CHYETAHH YCIEUIHO
TEOPETHYHH M TPWIOKHA METOAM, OCHUTYpSBalld M3IIBIHEHHETO HA IIOCTaBCHUTE B
JMCepTanuaTa 3aJayH.



6. OneHka 3a cTeneHTa HA JHYHO y4yacTHe Ha JMCEPTAHTA B IPHHOCHUTE

ChOBpXaHUETO Ha MyONMKAMUTE IO JUCEPTALMOHHMSA TPYA KaTErOPHYHO TIIOKas3Ba, dHe
TI0JTy9IE€HHTE TIPHHOCH Ca pe3yiTar OT JIUYHaTa paboTa Ha AUCEPTaHTKATa, CIEABAKH HACOKHUTE,
JIaJIeHA U 0T HEMHUTE HayYHH PHKOBOIUTEIIH.

7. TlpeneHka Ha MyOIHKANMATE MO AUCEPTANHOHHHUA TPYA

ITo paboTaTa ca HampaBeHHW 5 myOIMKaIMu, KaTo 2 ca B CIHCaHMA y HAc, a 3 ca JOKIaau Ha
MEXIyHApOIHU KOH(EPEHIHH, KOUTO ca HHAECKCUPAHU B CBETOBHHU 0as3u JaHHU. ChIbpKaAHHETO
Ha ny6IMKAIIMMTE OTTOBaps HAITBIHO Ha ChABPXKAHUETO Ha AUCEPTallMOHHATa pabora.

8. U3nos3Bane Ha pe3yjJraTrure 0T JUCEPTANMOHHMA TPYX B HAYyYHATA MU
COIMAJIHATA MPAKTHKA

IpennoxeHuTe OT TUCEPTaHTKAaTa METOH 3a MOJOOpsBaHE HAa JUHAMHKATA Ha U3MEPBaHUATA B
CHCTEMHTE 3a YIpaBJIEHHE I HAMEPAT TPIIOKEHNHE B HAYYHO-HU3CIe0BaTeICKaTa U ydeOHara
pabora Ha katenpa ,,Cucremu u ynpasineHue B Texuudeckus yHUBepcUTET — Codus, KakTo U B
JIPYTH TEXHUYECKH YHUBEPCUTETH y Hac. Te Morar Aa ce M3I03BaT YCIEUIHO IPH YIIPABICHUETO
Ha KOHKPETHU MH]IyCTPUAIHH CUCTEMH 3a yIpaBICHHE.

9. OneHka Ha CHOTBETCTBHETO Ha aBTOopedepara ¢ HM3MCKBAHMATA 32
H3rOTBAHETO MY

ABTOpe(bCpaT'LT Ha JUCEpTAIlMOHHATA pa60Ta € HalmMCaH B CbOTBCTCTBHE CBHC CBIICCTBYBAIUTE
H3HCKBAaHHUA U OTPa3saBa aJ€KBATHO ITIOTYYEHHUTC B pa60TaTa pe3yjaTaTu.

10. Muenus, npenopsbKA H 0eJIeKKH

}:[I/IcepTaIII/IOHHaTa pa60Ta IIpaBd MHOTO lIO6pO BIICYHATJICHHUE C HpO(beCI/IOHaHHOTO BJIagCCHE Ha
METOOUTE Ha CBBPEMCHHATa TEOPHA HA YIPABICHHUETO, KOETO € Jal0 Bb3MOXHOCT Ha
JOKTOpaHTKaTa [a IIOJIy4Yd HOBH PE3YJITATH. KM pa60TaTa Osxa OTIIpAaBCHHU pPEAUIA 3a0€JIC)KKH
Ha €Tana Ha NpEaABapUTCIHOTO OﬁC’L)KlIaHC, KOHTO OfiXa B3E€TH npeaBua Ipya NoATOTBAHETO Ha
OKOHYATC/IHUA BAapHAHT HA JUCCPTAIlAOHHATA pa60Ta.

3abeexKy U MPEATI0KEHHS 33 TIOHOOPEHHS:

1. IlpaBu Bredarienue, ye B paborara ca pasreJaHM CaMO BPEMEBH METOJIHM 3a aHANM3 Ha
JMHAMHUKaTa Ha H3MepBaTeNlHs Iporec. B Teopuara Ha HM3MEPBAaHHUATA IPEIACTABISABAT
HHTEPEC M CIHEKTPAJTHUTE (YECTOTHHTE) METOOH, KOMTO B HAKOM CiIydad ca IO-
uH(pOPMATHBHH OT IVie[HAa TOYKa Ha ¢u3uKaTa Ha mporeca. Hamp., npencrasnsaBa nuaTepec
CBIIOCTaBSIHETO HA YECTOTHUTE XapaKTepUCTUKU Ha Guirhpa Ha KanmaH cbC crekbpa Ha
W3MEpBaHUA CUTHAM U T.H.



2. Wsrnexnaa nojoasio ¢pasara ,,METOJ, HEU3MOI3BAl] MOJIE] Ha U3MEPBAHETO " 1a CE CMEHHU
C C TO-KpaTKoOTO ,,0e3MOJieieH MeTod Ha HM3MepBaHe, a ,,MeToA 3a MojoOpsBaHEe Ha
U3MEpBaHUATA, HEW3IION3BAlll MOJET Ha H3MEpBaHETO - C ,,0e3MOJENeH MeToJ] 3a
moio0psiBaHe Ha U3MEpPBAHUATA .

3. Bwmecto Matlab/Simulink TpsiBa na ce 3amucea MATLAB/Simulink.

O‘ICBI/I}IHO €, € TC3U 3a0eNIe)XKH He HaMalsaBaT IIPUHOCHUTE Ha JUCEPTAITMOHHATA pa60Ta.

11. M3npJIHEHHE HA HAYKOMETPHYHUTE H3NCKBAHHSA

JlexiapupaM U3IIBIHEHHETO Ha HOPMAaTUBHUTE M3UCKBAHUA IO OTHOILIECHUE HA HAIMOHAIHUTE M
HUHCTHTYTCKUTE HAYKOMETPUYHHM JAHHM 32 o6nacT ,,5. TeXHH4ecKu HayKu' 3a MpUI0OWBaHE Ha
oOpasoBarenHara ¥ Hay4Ha CTelleH ,,JJOKTOp“ IO rpyma Mmoka3arenu Kakro ciaeasa: A =50 ., I’
=53 T, T.€., mpu Heobxomumu 80 1. ca u3mbiaHeHH 103 T.

3AKVIFOYEHUE

OcHOBHUSAT IIPpUHOC Ha JUCCpTAllMOHHATa paGOTa € IPUIIOKCHUETO HA CbBPEMEHHUTE METOIH 3a
O CHABAHC, pa3pa60TeHH B TCOpHUATA H YIIPABICHHUETO, KbM H3MCEPBATCIHUTC IMIPOLCCH,
XapakTe€pusupamum €€ ¢ TMHaMHKa. ToBa € mano BB3MOXKHOCT Aa C€ Imojry4ar HOBH pPE3YITaTH,
KOMTO BOJAT J10 HOIIO6p$[BaHC Ha CKOpOCTTa U TOYHOCTTAa Ha U3MCPBAHUITA.

III/ICCpTaIII/IOHHaTa paGora IIpaBd MHOTO lIO6pO BIICYATIICHHUE CHhC CTECrHarara OopraHu3aliuiad Ha
H3JI0)KECHHUETO, OTCHhCTBUETO HA PAa3ChXICHHA, KOUTO HE Ca IO CBIIIECTBOTO HA pa60TaTa, KaKTO U
C CKCIICPMMCHTAJIHUTE PE3YJITaTH, C KOMTO € WIHOCTPUPAH aHalIn3a Ha CbOTBCTHUTC MCTO/IH.

B®3 OoCHOBa Ha TMOJYYEHHUTE OT AMCEPTAaHTKaTa CHIIECTBEHH IPHHOCH, JaBaM IIOJI0KHTETHA
OIICHKA Ha JHCepTallMOHHaTa paboTa U CU MO3BOJISIBAM Ja IPENOphYaM Ha YBaXXacMOTO XypH Ja
OpUCHIM Ha Mar. HHX. MupocinaBa bonueBa Bapaxapcka oOpa3oBaTenHaTa W HaydHa CTENCH
,,JOKTOp*.
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1. Relevance of the problem developed in the dissertation work
Measuring temperature and mass are two essential problems that arise in the development of
industrial control systems. Despite the successes in this field, improving the speed and accuracy
of measuring these quantities in the presence of intense noises remains a serious task. This
determines the need for in-depth research that has both a theoretical and a practical focus. That
is why the work presented is up-to-date, the research carried out is promising and the results
obtained can be applied in practice.

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

The text of the dissertation shows that the author has become thoroughly familiar with the
modern methods of analysis and synthesis of control systems in the presence of noises, and the
obtained results demonstrate that she can successfully use these methods to obtain new results
in the design of systems , characterized by better process quality. In the dissertation, 93 literary
sources are cited, referring to the topic of the dissertation work, in which a good mastery of the
material in the considered scientific field is shown. A comparison was made with the results
known from the literature, which made it possible to make an objective assessment of the
advantages and disadvantages of the methods proposed by her.

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

The research methodology in the dissertation work is based on the use of the results of the
modern management theory and in particular the theory of optimal filtration. The doctoral
student has developed new and improved existing methods and algorithms to improve the
dynamics of measurements in control systems, especially for the cases of a significant ratio of
the power of the noise to that of the useful signal and with a measurement model dependent on



the measured quantity. Overall, the obtained results fully confirm the validity of the chosen
research methodology.

4. A brief analytical description of the nature and assessment of the
credibility of the material

The presented dissertation consists of 7 chapters and contains a total of 148 pages.

In Ch. 1, after a competent review of the problems and methods related to the measurement of
dynamically changing quantities (mainly temperature and mass) in control systems, it was
concluded that the most suitable for the purpose are the methods in which no measurement
model. The main goal of the dissertation is formulated, namely to develop new and improve
existing methods and algorithms for

improving the dynamics of measurements in control systems, especially in cases of low signal-
to-noise ratio and with a measurement model dependent on the measurand.

In Ch. 2, a modified method for improving measurements in control systems is proposed that
does not use a process model. Processes for measuring temperature and mass in a control
system are considered as illustrative examples. The proposed method is compared with a
standard Kalman filter tuned to the measurement process model. The properties of the method
at different values of the measurement noise variance were investigated. The obtained results
show the advantages of the modified method to improve the measurements, even when using
sensors with a lower accuracy class.

In Ch. 3, a method for improving the dynamics of measurements based on a modified nonlinear
Kalman filter is proposed. This method is applicable to measurements over time where the
measurement pattern depends on the measurand. As an example of the application of this
method, the improvement of the dynamics of the time-varying mass measurement is
considered. The main goal is to increase the speed and accuracy of the measurement process.
For comparison purposes, a standard linear Kalman filter is also designed to improve the
measurement dynamics, which is synthesized for a fixed value of the unknown mass. The
obtained results confirm the advantages of the proposed method based on a nonlinear Kalman
filter.

In Ch. 4, a new method not using the measurement model is proposed to improve the time-
varying dynamic measurements, based on an orthogonal Lager model. Unlike the existing
methods, the proposed method models the measurement process with an orthogonal Lager
model instead of a specific finite impulse response type model. Thus, it combines the
advantages of model-free methods and the identification approach that uses orthogonal models.
The method is validated with examples of temperature and mass measurements.

In Ch. 6, two new methods based on a multi-model linear Kalman filter and a multi-model
linear Hoo filter are proposed, which improve the dynamics of time-varying measurements. The
methods are particularly applicable in the case of a measurement process whose model depends
on the measured value, including for processes with a high ratio of noise to useful signal
(sensors with a lower accuracy class). The obtained results show that even with only 3 filters
in the model bank, the algorithms significantly improve the sensor dynamics. The proposed
methods present opportunities for future theoretical research related to the number of models
in the model bank, with different algorithms for determining the weighting coefficients, etc.



In the last, 7th chapter, a comparative analysis of the developed methods was carried out, and
for the purposes of the comparison, a simulation experiment was carried out with time-
varying temperature and mass. The contributions of the dissertation work are also formulated.
5 publications were made on the dissertation work, three of which were indexed in Scopus
and 2 in Web of Science.

The work successfully combines theoretical research with obtaining scientific-applied results,
which gave the doctoral student the opportunity to present a fully completed study. Five
scientific-applied and two applied contributions were formulated, which fully correspond to
the results presented in the dissertation. The exposition is logically constructed, coherent and
clear.

5. Main scientific-applied and applied contributions

The following can be noted as more significant scientific and applied contributions received
by the doctoral student:

- A modified method for improving measurements in control systems is proposed that does not
use a process model. It was obtained as an existing method was further developed for estimating
a time-varying measurand. The proposed modified method is compared with the standard
Kalman filter tuned according to the measurement process model. It is proposed to make a
justified choice of the order of the evaluated model on the basis of Akaike's information index.
The properties of the method at different values of the measurement noise dispersion were
investigated.

The obtained results show the advantages of the modified method to improve the
measurements, even when using sensors with a low accuracy class.

- A method for improving the dynamics of measurements based on a modified extended
Kalman filter is proposed. This method is applicable in the case of a time-varying measurand
when the measurement model depends on that variable. Its performance has been verified for
the case of improving mass measurement dynamics. Also for comparison purposes, a linear
Kalman filter is designed for a fixed value of the unknown mass. The obtained results confirm
the advantages of the method based on the extended Kalman filter over the method based on
linear Kalman filtration.

- A model-free method for improving time-varying dynamic measurements based on an
orthogonal Lager model is proposed. This method is suitable for aperiodic measurement
processes. Unlike the existing non-model methods, the proposed method models the
measurement process with an orthogonal Lager model instead of with a specific finite impulse
response type model. The proposed method estimates the measurand quickly and accurately
with a lower-order model than that estimated by the conventional method using no model,
especially at low sensor accuracy class.

- A model-free method based on a Kautz function is proposed that improves the dynamics of
time-varying measurements. The method is applicable in the case of an oscillating/oscillating
measurement process with a high noise-to-useful ratio. The main difference between the
proposed method and the conventional model-free method is the type of model used to
represent the measurement dynamics. The obtained results prove the workability of the Kautz
function-based method and show its advantages, such as achieving an accurate value of an
unknown measured quantity in a short time (approximately twice as fast as the conventional
method) with a low order of the evaluated model.



- Two new methods based on a multi-model linear Kalman filter and a multi-model linear
Hoofilter are proposed, which improve the dynamics of time-varying measurements. The
methods are applicable in the case of a measurement process whose model depends on the
measured value, including for processes with a high ratio of noise to useful signal (sensors with
a low accuracy class). The obtained results show that even with only 3 filters in the model
bank, the algorithms significantly improve the sensor dynamics. The proposed methods present
opportunities for future theoretical research related to the number of models in the model bank,
with different algorithms for determining the weighting coefficients, etc.

As an applied contribution, it should be noted that for the program implementation of the
proposed methods for improving the dynamics of the measurements, a software provision has
been developed in the MATLAB/Simulink environment. A very good impression is made by
the fact that the workability and effectiveness of the developed methods have been verified
with a large number of simulation studies. In this way, theoretical and applied methods are
successfully combined in the work, ensuring the fulfillment of the tasks set in the dissertation.

6. Evaluation of the degree of personal participation of the dissertation
student in the contributions

The content of the dissertation publications clearly shows that the contributions received are
the result of the dissertation student's personal work, following the guidelines also given by
her scientific supervisors.

7. Evaluation of publications on the dissertation work

Five publications have been made on the work, 2 of which are in magazines in our country,
and 3 are reports at international conferences, which are indexed in global databases. The
content of the publications fully corresponds to the content of the dissertation work.

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

The methods proposed by the doctoral student to improve the dynamics of measurements in
control systems will find application in the research and teaching work of the "Systems and
Control” department at the Technical University - Sofia, as well as in other technical
universities in our country. They can be used successfully in the management of specific
industrial control systems.

9. Assessment of the compliance of the author's reference with the
requirements for its preparation

The abstract of the dissertation work is written in accordance with the existing requirements
and adequately reflects the results obtained in the work.

10. Opinions, recommendations and notes

The dissertation work makes a very good impression with the professional mastery of the
methods of modern management theory, which enabled the doctoral student to obtain new



results. A number of comments were made to the work at the preliminary discussion stage,
which were taken into account when preparing the final version of the dissertation work.

Notes and suggestions for improvements:

1. It is worth noting that only time methods for analyzing the dynamics of a measurement
process are considered in the work. In the theory of measurements, spectral (frequency)
methods are also of interest, which in some cases are more informative from the point
of view of the physics of the process. the frequency characteristics of the Kalman filter
with the spectrometer of the measured signal, etc.

2. It seems appropriate to replace the phrase "method not using a measurement model"
with the shorter "modelless measurement method" and "measurement improvement
method not using a measurement model" with "modelless measurement improvement
method ".

3. Instead of Matlab/Simulink, MATLAB/Simulink should be written.

Obviously, these remarks do not detract from the contributions of the dissertation.

11. Fulfillment of the scientometric requirements

I declare the fulfillment of the normative requirements regarding the national and institute
scientometric data for the area "5. Technical Sciences" for the acquisition of the educational
and scientific degree "doctor" according to a group of indicators as follows: A = 50 items; D =
53 items, i.e., with the required 80 items. 103 items have been completed.

CONCLUSION

The main contribution of the dissertation work is the application of modern evaluation
methods, developed in management theory, to measurement processes characterized by
dynamics. This has made it possible to obtain new results that lead to an improvement in the
speed and accuracy of measurements.

The dissertation work makes a very good impression with the tight organization of the
exposition, the absence of reasoning that is not on the essence of the work, as well as with the
experimental results that illustrate the analysis of the relevant methods.

Based on the substantial contributions received by the dissertation student, I give a positive
assessment of the dissertation work and allow myself to recommend to the esteemed jury to

award the M.Sc. Eng. Miroslava Boncheva Baraharska, the educational and scientific degree
"doctor”.

12.12.2024 Jury member: / 77’5/

/prof. Petko Petkov/
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