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BBbPXY AMCEPTALIMOHEH TPYA 3a MPUA0OMBaHE Ha 00pa3oBaTe/iHA U HAYYHA CTEleH ,,IOKTOp*
Agtop: mar. un:xk. Mupocaapa bonuesa bapaxapcka

Tema nHa AUCCPTALIMOHHUA TPy : MeTtoau 3a HOHOﬁpHBaHe Ha JHHAMHKaATa Ha H3MEPBAHUATA B
CUCTEMH 3a ylipaBJ/IeHHE

UneH Ha HAYYHOTO KypH: npod. a-p Tamo Tarmies

1. AKTyaJHOCT Ha pa3pa0oTBaHUsI B AMCEPTALHOHHHS TPy MPOOJeM B HAYYHO H HAYYHO-TIPHIOKHO
OTHOLLIEHHEe

Bce moBeue HapacTBa Ba)KHOCTTA Ha M3MEpPBAaHUATA B MHAYCTpHUATa M Outa. ToBa BOAM 10 3aCH/IEH HaydeH
UHTEpPEC KBbM M3CIEIBAHUA 3a MOJOOpsiBaHE Ha TSAXHATA JMHAMKMKA M TOYHOCT. Bbp3uTe u3MepBaHus ca
0COOEHO Ba)KHU 3a CMCTEMHUTE 3a YMpaBlA€HWE Ha HMHAYCTPUATHWUTE MPOLIECH, T.K. M3MEPBATEIHOTO
3aKbCHEHME BOJH JI0 MPOOJEMU B yIIPaBIEHUETO U OTTaM B Ka4eCTBOTO Ha cMcTeMaTa Kato 1siio. MiMeHHo u
TOBA € 00J1aCTTa Ha W3C/IeABAHUATA B UCEpTaLlMOHHATA paboTa, KOETO 5 MPaBH HECHMHEHO aKTyaJlHa.

2. Crenen Ha NO3HaBaHe ChCTOSIHHETO HA MP0GJeMa H TBOPYECKA HHTEPIPETAIMS HA JUTEPATY PHHS
mMaTepua

3a nenMTe Ha JUTEpaTypHUs 0030p W OMNpejeNsHe Ha ChCTOSHUETO Ha npobsieMa aBTOPBT € MPHIIOKHUII
oubaunorpadus ot 98 u3rounuka, kato 68.3% ot TAx ca uzgageHu caen 2000 r. BCMUKM M3TOYHWLM MMAT
NPSAKO OTHOLIEHME KbM TPOOJIEMHTE, TPETMPaHU B JuUcepTauMoHHMsA Tpyd. Hampasen e mnpernen Ha
CBUIECTBYBAIUMTE METOM 3a NMOJOOPsBaHE Ha AMHAMHUKaTa Ha M3MepBaHuaTa. OT W3I0KEHUETO CH JTHUH, Y€
JIOKTOPaHTBT € J00pe 3alo3HaT KakTO C METOJMTE, WM3MOJ3BAall¥ MOJE] HAa H3MEpPBAHETO, Taka W C
0e3MozenHuTe METOAU, Oa3UpaHy Ha OLEHsABAaHE HAa U3MEpBaHATa BE/IMUMHA B peaHO BpeMe. M3BbplueH e u
KPUTMYEH aHalM3 Ha OTJENHMTE TIPYNM METOJM CIHOpe] M3MCKBaHaTa anpuopHa uH(opmaius,
OrpaHMYEHHUATa NPU NPUIOKUMOCTTA UM, TPYAHOCTTAa MPHU W3MOJA3BaHeTO MM U ap. Ha Gaszara Ha ToBa €
dopmynupaHa OCHOBHAaTa leJ Ha AMCepTalusTa W 3aJauuTe, KOUTO TpsaGBa Ja ObJaT pelieHn 3a
IIOCTUraHeTo U. Bcuuko ToBa MM J1aBa OCHOBaHKE Ja TBbP/S, Ye JOKTOPAHTHT M03HABA B AOCTATHUYHA CTEIEH
CBCTOSHUETO Ha IpoljieMa U MOXe TBOPUYECKM Ja o MHTepNpeTHpa, B pe3yaTaTr Ha KoeTo ¢ GopMmyiupaHa
KOHKPETHATa LIEN Ha JIMCEPTALMOHHUS TPYJ U ca MOCTaBEeHM 3aJauuTe, KOUTO TpsAOBa ja ObJaT peuieHu 3a
MOCTUTAHETO .

3. CroTrBeTcTBHEe Ha H30paHATa MeTOJMKA Ha MH3CjeIBaHe C MOCTABEHHTE He1 M 33Ja4d Ha
AUCEPTALUOHHUS TPYA

J1o6poTO 1No3HaBaHE Ha CbBPEMEHHOTO ChCTOSIHUE Ha MpobiemMa € ano Bh3MOXKHOCT Ha JOKTOpaHTa Ja Objie
JIOpasBUT €IMH OT Oe3MOJAEIHHUTE METOAM 3a MojoOpsABaHE HHA JUHAMHMKATa Ha HM3MepBaHusiTa. ToBa €
TIOCTUTHATO Ype3 KOMOMHUpaHE Ha ChLIECTBYBALIMSA METO/l C PEKYPCUBEH METO/]] Ha Hall-MaJIKUTe KBaJpaTH C
NOCTOsSIHHA Cllela Ha KOoBapMauWOHHaTa MaTpuua. [IpaBuiHO € WASHTUDUIMpPAH €IMH OT OCHOBHHTE
npoOnemMH, a IMEHHO HEOOXO0AMMOCTTA OT BUCKO peJ Ha OLEHABAHUSA MOAEC MPU CEH30PHU C MO-HUCHK KIac
Ha ToyHOCT. M306paH € moaxo i noAxo/] 3a MOAEIUpaHe ¢ OPTOTOHANHU MOJENH € Lesl peayuupaHe Ha
pena Ha oueHsBaHuA Mozel. [Toaxosino e Mmoauduupan HenuHelHust GuaTbp Ha Kanman ¢ e oueHsBane
Ha MU3MepBaHaTa BEeJUUMHA, KOETO € pa3BUTHE Ha MOJX0Ja ¢ JMHeeH GuaTbp Ha KanmaH, npu usMepsaresieH
MOJIe] 3aBHCel] OT U3MepBaHaTa BeJlnduHa. Pa3paboTeHu ca W jBa MeTola GazupaHd HA MHOTOMOJICTHUS



noaxon 3a OLCHABAHE HA CBHCTOSHUI. Cuntam 4e HOKTOPAaHTBLT € M36pan noaxojdima METoauKa 3a
NOCTUIraHE Ha LieJITa U 3a/la4MTe Ha JUCepTaluOHHAaTa pa60Ta.

4. IlpunocH Ha JUCePTALMOHHUS TPy

Kanaugarsr e gopmynupan 5 HayyHo- NpUIOKHM npuHoca M | mpumoskeH mpuuoc. CMstam, ue Te ca
NPaBUIIHO QOPMYJIMPaHK W HANBIHO I mprHeMam. CuuTam, uye MPUHOCHTE ChOTBETCTBAT HA MOCTABEHATA
0en W 3aja4¥ Ha JAMCepTalMOHHMS Tpyd. HayuHo-mpunoskHuTe npuHOCH B amceprauusTa MoraT Aa ce
00001IAT B CAEIHOTO:

[Ipensioken € MonupULUMpPaH METOA 3a MOAOOPABaHE HA M3MEPBAHUATA B CHCTEMH 34 ynpaBJieHUE,
MpY KOMTO He ce M3MojI3Ba Mojes Ha npoieca. Toil e MmomydeH KaTo ChIIECTBYBAIN METOJ € I0PA3BUT 3a
OLICHSBaHE Ha MPOMEHSAIIA CE BbB BPEMETO U3MepBaHa BEIMYHMHA.

Ipeanoxen e MeTox 3a monoOpsiBaHe Ha AMHAMUKATA HA U3MepBAaHMATA, 6Aa3upaH Ha MOIU(ULMPaH
pastmmpen GpuaTep Ha Kanman. Tosu MeTon € 0c06eHO MPUIIOKKMM B Cllyuali Ha MPOMEHSIIA Ce BbB BPEMETO
U3MEpBaHa BEJIMUNHA, KOTaTO MOJIENIBT Ha H3MEPBAHE 3aBUCH OT U3MEpBaHaTa POMEHIINBA.

[Ipennoxen e MeTon 3a nofoOpsABaHe HA MPOMEHSLIMTE CE BbB BPEMETO AMHAMUUYHHM W3MEPBaHMS,
Oasupan Ha oproronanen mojen Ha Jlarep. Tosu Meroi e MOAXOAANL 3a ANEPUOJMYHM MPOLECH Ha
U3MepBaHe.

IIpepnoxken e wmeron, OGasupan Ha ¢yHkums Ha Kayi, KoiTo noao6psBa AMHAMHKATA HA
M3MEPBaHUATA, KOUTO C€ MPOMEHAT BBB BpeMmeTo. MeToabT € 0COOEHO MNpUIOKMM B cilydail Ha
ocLuMpary/KosiebaTeleH MpoLec Ha U3MEPBaHe C BUCOKO ChOTHOLIEHHE [IYM KBbM [TONE3eH CUIHAIL.

Ilpennoxenn ca fBa HOBM MeTOJa, 6Aa3UPaHK HAa MHOrOMOJENEH jiuHeeH GuaThp Ha Kanman u Ha
MHOTOMOJZieNieH nuHeeH Hoo GuaTbp, KOWTo nonobpsABaT AMHAMHKATAa HA MPOMEHSAIIM CE BHB BPEMETO
u3MepBaHus. MeTojnre ca 0cOOEHO NMPUIIOKUME B ClTydaii Ha M3MEpBATeNleH MPOoLec, YHUTO MOJEN 3aBUCH
OT U3MEPBAHATA BEJMYMHA, BKIIOYUTEIHO U 32 MPOLECH C BUCOKO CHOTHOINCHHE IIYM KbM MOJIE3EH CHIHA
(ceH30pH ¢ MO-HUCHK KJ1ac Ha TOUHOCT).

Ipunoxxuu npuHocH

3a mnporpamHara peanm3alds Ha MPEMTOKEHHUTE METOAM 3a MOJ00OpsBaHE AMHAMHKATA Ha
M3MEpBaHUsATa € pa3paboTeHo coTyepHO ocUrypsiBaHe B cpeaata Ha Matlab/Simulink
S. Ilpenenka na myGIMKAIMHTE MO AMCEPTANMOHHHUS TPYI

Pesynrature ot paborara ca npejcrasenu B 5 myGankauuu. Tpu oT nyGiankauuuTe npejacTapispsar
AOKJAK Ha MEKIYHAPOIHU KOH(PEPEHLUH, TPYJOBETEe OT KOMTO CE MHAEKCUPAT B CBETOBHATA 06a3a JaHHH
Scopus u Web of Science. J[e ot ny6mukauuure ca cratiu B roguinnuka Ha TY-Codus. ToBa Mu nasa
OCHOBAHME J1a OLIEHs MOJIOKUTENHO NMyONMKAMOHHTA A€HHOCT Ha KaH/IMaTa W Jia CYUNTaM, Y€ pe3yTaThTe
OT AUCEPTALMATA Ca CTAHAIIM JOCTOSHME HA HAyYHATa OOLIHOCT B CTpaHaTa U 4y KOMHA.

6. MHeHus1, 6eTe:KKH U PENnopbLKH

[IpencTaBeHnaT aucepTallMOHEH TPYJA OCTaBs MHOTO J0OpO BreyaT/leHHe KAKTO MO OTHOIIEHHE Ha
pasriaexIaHuTe NpoONeMH, Taka M C OTIMYHOTO TPadUYHO W CTHIUCTHYHO opopmueHue. JIOKTOPaHTBT €
AOKJIaJBaJl HEKOJKOKPATHO pe3ysnTaTuTe OT IMCEPTaLMsATa Ha MEXAyHapoJHU KoHbepeHuuun B Buarapus u
YHrapus. B OKoHuaTenHMs BapuaHT Ha MaTepuasa, HANpaBeHWTE OT MeH NpPEernopbKd U 3abeNe:KKH ca
OTpa3eHH.

7. 3akawuenue

HpHHOCHTG Ha JOKTOPaHTa ro xapakTepusupar Karo INEpCreKTUBCH MJaJl U3CJIea0BaTe ¢ rnoa4epTrad
CTpEMEXK 3a IoJlydaBaHE Ha HOBHM HAy4YHU H HAay4YHO-NIPUJIOKHU PE3YJITaTH W BHEAPSIBAHECTO MM B



npakTuKara. JIOKTOpaHTHT € AEMOHCTPUPAN 3a1bA00UEHN MO3HAHUS U BUCOKA KBaJU(UKALMS B 001aCTHTE
Ha OLICHSIBAHETO, MOJICIUPAHETO U U3MepBaHeTO [oaydyeHure HayUHO-NPUIOKHU U MPUIOKHHU pe3yaTaTH ca
HOJIKPENEH! ChC 3HaYMTENIeH Opoil myOaukauuu. MuHUMaTHUTEe U3UCKBaHKs Ha npaBuiHuka Ha TY-Codus
3a yCIIOBMATA M pejla 3a NpuAoOMBaHE Ha HAy4YHM CTeMeHW B uacTra oOpa3oBaTe/iHa M HaydyHa CTErNeH
»JJOKTOp® ca IPEeU3ITbJIHEHH.

Benuko ToBa MM aBa OCHOBaHHME Jla OLEHS HAIBJHO TOJIOKUTENHO MPEACTABEHHS MH 3a
pelieH3UpaHe OUCEPTALMOHEH TPYJd M JAa Npeajioka JOKTOpPaHThT mar. uH:K. MupocaaBa bonueBa
bapaxapcka na mosayuynm o0pas3oBaTellHa M Hay4yHa CTeNeH ,JOKTOP® 10 Hay4yHa CIEUHATHOCT
,»IIpHJIOJKEHNE Ha NPUHLMUIIMTE W METOJAMTE Ha KuOepHeTHKara B pa3jiMuHu 00JacTH  Ha Haykarta“,
npodecnoHanHo HampasieHue 5.2 ,,ETeKTpoTexHuKa , eJeKTPOHHKA U aBTOMATHKa*

7t/

Codus,18.12.2024 Ynen na HX: .....700......0....

/ Tlpod. n-p mnxk. Tawo Taues /

W
{ GAKYLTLT "";
| ‘1‘Ag?‘€‘rr&7;ATm(Aj m/)q

F)zg/%ﬂ, £ ,/17 U T 2UH-GAL

1

y



DAEG-Hen-057

QARYNTET ABTOMATUKA

Bo. N? 1-5/18. 12. 2IR2H
STATEMENT

On the dissertation for obtaining the educational and scientific degree "Doctor"
acquisition / acquiring

in professional area 5.2 Electrical engineering, electronics and automation, scientific specialty
"Application of the principles and methods of cybernetics in various fields of science"
Author of PhD Thesis: MSc Eng. Miroslava Boncheva Baraharska

Dissertation Title: Methods for Improving the Dynamics of Measurements in Control
Systems

Member of the Scientific Jury: Prof. Dr. Tasho Tashev
The basis for this opinion is Order No. OZH-5.2-74 of 18.10.2024 of the Rector of the Technical
University of Sofia

1. Relevance of the Problem Developed in the Dissertation in Scientific and Applied Aspects

The importance of measurements in industry and everyday life is continuously increasing. This
drives scientific interest in improving their dynamics and accuracy. Rapid measurements are
particularly crucial for industrial process control systems, as measurement delays can cause
control issues, which, in their term, have a negative impact to the overall system quality. This is
precisely the focus of the research in this dissertation, making it undoubtedly relevant.

2. Familiarity with the Problem and Creative Interpretation of the Literature
Degree of knowledge of the state of the problem and creative interpretation of the
literature materials

To review the state of the problem, the author has utilized a bibliography of 98 sources, 68.3% of
which have been published after year 2000. All sources directly relate to the issues addressed in
the dissertation. A review of existing methods for improving measurement dynamics has been
conducted. It is evident that the doctoral student is well-acquainted with methods using
measurement models and model-free methods based on real-time estimation. A critical analysis
of these methods has been performed based on required a priori information, applicability
limitations, complexity, and other factors. Based on this, the main objective of the dissertation
and the tasks needed to achieve it have been formulated. This demonstrates that the doctoral
student is sufficiently knowledgeable about the problem and capable of interpreting it creatively,
resulting in a clear definition of the dissertation's objectives and tasks.

3. Appropriateness of the Research Methodology to the Set Objectives and Tasks
Correspondence of the chosen research methodology and the set goal and tasks of the
dissertation with the contributions achieved



The thorough understanding of the problem's current state enabled the doctoral student to further
develop one of the model-free methods for improving measurement dynamics. This has been
achieved by combining the existing method with a recursive least squares method with a constant
covariance matrix trace. A key issue has been identified correctly: the need for high-order
models estimation for sensors with lower accuracy. An appropriate approach using orthogonal
models has been chosen to reduce the order of the estimated model. The nonlinear Kalman filter
has been suitably modified for measuring values dependent on the measured variable, extending
the linear Kalman filter's approach. Additionally, two methods based on the multi-model
approach for state estimation have been developed. I believe the doctoral student selected an
appropriate methodology to achieve the dissertation's goals and tasks.

4. Contributions of the Dissertation
More important scientific and applied contributions contained in the dissertation work

Scientific-applied contributions

The candidate has outlined five scientific and applied contributions and one applied contribution,
all of which I find properly formulated and fully acceptable. These contributions align with the
dissertation's objectives and tasks. The scientific and applied contributions can be summarized as
follows:

A modified method for improving measurements in control systems that does not use a process
model has been proposed. The method develops an existing approach for estimating time-
varying measured values.

A method for improving measurement dynamics based on a modified extended Kalman filter has
been proposed. This method is particularly applicable when the measurement model depends on
the measured variable.

A method based on an orthogonal Laguerre model for improving time-varying dynamic
measurements has been proposed. It is suitable for aperiodic measurement processes.

A method based on a Kautz function for improving time-varying measurements has been
proposed. This method is particularly applicable for oscillating measurement processes with a
high noise-to-signal ratio.

Two new methods, based on a multi-model linear Kalman filter and a multi-model linear Hoo
filter, have been proposed for improving time-varying measurements. These methods are
particularly applicable when the measurement model depends on the measured variable,
including processes with a high noise-to-signal ratio (low-accuracy sensors).

Application Contributions

Applied contribution

Software for the implementation of the proposed methods in Matlab/Simulink has been
developed.



5. Assessment of Publications Related to the Dissertation
Evaluation of publications on the dissertation work

The research results have been presented in five publications. Three publications were reports at
international conferences indexed in Scopus and Web of Science. Two were articles in the
annual journal of TU-Sofia. This supports a positive evaluation of the candidate's publication
activity and demonstrates that the dissertation's results have been disseminated to the scientific
community nationally and internationally.

6. Opinions, Notes, and Recommendations

The presented dissertation leaves an excellent impression in terms of the issues addressed, as
well as its outstanding graphical and stylistic presentation. The doctoral student has repeatedly
reported the dissertation's results at international conferences in Bulgaria and Hungary. My
recommendations and remarks have been incorporated into the final version of the material.

7. Conclusion

The doctoral student's contributions characterize them as a promising young researcher with a
strong drive to achieve new scientific and applied results and implement them in practice. The
doctoral student has demonstrated profound knowledge and high qualifications in evaluation,
modeling, and measurement. The scientific and applied results are supported by a significant
number of publications. The minimum requirements of the TU-Sofia regulations for obtaining a
doctoral degree have been exceeded.

For these reasons, I fully support the reviewed dissertation and recommend that the doctoral
student MSc Eng. Miroslava Boncheva Baraharska to be awarded with the educational and
scientific degree ""Doctor' in the scientific specialty "Application of Cybernetics Principles and
Methods in Various Fields of Science," professional field 5.2 "Electrical Engineering,
Electronics, and Automation."
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Sofia, 18.12.2024 Member of the Scientific Jury: ........c..c.........
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