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CTAHOBI{IIIE

Bbpxy AplcepralluoHeH TpyA aa npI,t4o6raBaHe Ha o6pasonareJrHa Lr HayqHa crerreH ,,4oKTopoo

An:rop: Mar. rrulr{. Mupoclana Eouqesa Eapaxapcxa

Teua sa AplceprauuoHHl4.u rpyA : MeroAu sa uoAo6pflBaHe Ha ArrHaMr,rKara Ha r.r3MepBaHr.rflTa B

crlcTeMr.r 3a yrrpaBJr eHr,re

r{len ua Hayr{HoTo xypl4: [IpoS. A-p Tauro Taurer

L. Axrya.nHocr Ha paspa6oreaHilfl. B Ar.rceprarluoHH[q rpya upo6JreM B HayqHo r,r Hayrruo-flpr.rJroxHo
OTHOIXEHI.IE

Bce none.Ie HapacrBa BaxHocrra Ha il3MepBaHrrflTa B I4HAyarpr4rrah 6ura. Toea BoAH Ao 3acI4JIeH Hayr{eH

I4HTepec KbM ll3cneAr,aHur :a no4o6pflBaHe Ha rf,xHara Elalnalr,lalria rz roqHocr. E:np:zre lr3MepBaH[fl ca
oco6euo BaxHV 3a cr{creM[rre 3a yrrpaBJreHr4e Ha r4t1yarpvaJrHr4Te rrpouecH, T.K. t43MepBareJrHoro

3aKbcHeHLIe BoAp{ Ao npo6reun B y[paBneHr4ero v orraM B KaqecrBoro Ha cr4creMara Karo uflJlo. I4ueuuo u
ToBa e o6nac'rT a Ha ItcneABaHVflTa B rr4ceprauuoHHara pa6ora, Koero fl rtpar,V HeabMHeHo aKTyanHa.

2. Creueu Ha rIo3HaBaHe cbcrorHr{ero na npo6reMa n rBopqecKa lrHTepflperauuq Ha .ureparypHuq
MaTeprraJr

3a uerzre Ha nnTeparypnar o6sop r4 orrpeAenflHe Ha cbcroflHlrero Ha npo6neMa aBTop:br e npr4noxr4n

6u6tuorpa(pux or 98 lr:ro.{HLIKa, Karo 68.3% or rflx ca v3AaAeHr4 cneA 2000 r. Bcuuxu r43ror{Hr4ur4 r4Mar

rrpflKo orHoIIIeHI4e ntu upodreMlrre, Tperr4paHr4 B Ar4ceprarrr4oHHr4tr rpya. HanpaBeH e rrpetneA Ha

cbIriecrByBaIrII,ITe MeroAI4 sa uo4o6pxBaHe Ha Ar4HaMr4Kara Ha a3Mepr;a:n:lflTa. Or usroNeHr4ero cLt trrrttL4, q,e

AoKTopaHTbr e lo6pe 3ano3Har KaKTo c Mero1r4Te, r43rro:r3Barrrr4 MoAeJr Ha r43MepBaHero, TaKa 14 c
6esNIorerHI4Te MeroAr4 , lazupauu Ha ouelurBaHe Ha r43MepBaHara Benrryll:'.rua B peanHo BpeMe. I4:nrprueu e u
KpI,ITurIeH aHanws Ha orAenHr,rre rpynr4 MeroAH arropeA r43r4crBaHara anplropHa un$optraqrax,
otpaHzr{eHurra npu rpr4nox}.rMocrra r4M, TpyAHocrra npr4 r43rron3BaHero r4M u gp. Ha lazata Ha roBa e
tpoprrayllrpaHa ocHoBHara Iren Ha Ar4ceprarJt4flTa 14 3anLav-vre) Kor4To rptlna ga 6:slar perxeHr4 3a

rlocrl4raHero u. Bcpr.{Ko roBa Mu [aBa ocHoBaHI4e Aa rBtpAfl, LIe AoKTopaHT"br IIo3HaBa B Aocrar"brlHa creneH
cbcro.flHl4ero ua npo6.reua r4 Moxe rBoprrecKpr Aa ro r4HTeplperr4pa, B pe3yJrrar Ha Koero e tpoplry,rupaua
KoHrperHara uen Ha AI4cepraIII4oHHI4, TpyA Lr ca rrocraBeHr sa4aqvre, Kouro rpx6na la 6rAar peueHr4 3a

nocrurane'ro fi.

3. CroreercrBl,Ie Ha n:6panara MeroArrxa Ha r.r3cJIeABaHe c [ocraBeurdre ueJr v 3aAaqu Ha

ArrcepTarIuoHHr{fl TpyA

,(o6poro rIo3HaBaHe Ha cbBpeMeHHoro cibcrotrHr4e ua upoOne*ra e Aano BE3MoxHocr Ha AoKTopaHTa Aa 6Tr.ue

ropa3BLIT eAI4H or 6esNdoAerHI4Te MeroAr4 3a rroAo6prnaue HHa AtrHaMLrKara Ha r43MepBatr4flTa. Toea e

Ilocrl4rHaro upe: rou6lrHl4paHe Ha ctrrlecrByBaur{fl MeroA c peKypcr4BeH MeroA ua Hafi-ualKr4Te KBarparr,r c

nocro.flHHa cne,4a Ha KoBapr{arlr4oHHara Marpr4rla. flpaea;ruo e u4euruSkrur4paH eAr4H or ocHoBHr4Te

npo6reuu, a I4MeHHo geo6xoAnuocrra or Br,rcKo peA Ha orleH.flBaHl4fl MoAeJI npl4 ceH3opr,r c no-HHcbK KJrac

Ha ror{Hocr. I4s6paa e rroAxoArru noAxo.4 3a MoAenr4paHe c oproroHanHr4 Morenu c uen peAyuprpaHe Ha

peAa Ha oueHflBaHUJI MoAeJI. IlolxoAquo e noguSurlr4paH ne:ranefinux $r.rirmp ua KalnaH c rlen oueHflBaHe

Ha I43MepBaHara Benuql4Ha, Koero e pa3Bprrr4e Ha noAxoAa c JIuHeeH $unrup sa Ka:ruau, [pr4 r43MepBareJ]eH

MoAen 3aBI4ceIq or I43MepBaHara BeruquHa. Paspadoreuv ca v ABa MeroAa 1azupauu Ha MHoroMoryetrrlrfr



noAxoA 3a oUerulBaHe Ha cbcro.fiHl4f,. Cquratt qe AoKTopaHTbr e u:6pal [oAxoAarUa MeroAuKa 3a
locrrdraHe Ha IIeJrra 14 3araql4Te Ha Aprceprarlr4oHHara pa6ora.

4. Ilpnuocr.r Ha ArrceprarlroHHrrq rpyA

KasAIaAatrr e $opuynupan 5 Hayuuo- [pr4noxHa rrpr4Hoca u 1 upuroxeH rrpr{Hoc. Cnarrau, qe re ca
[paBVnHo $opuynupaHr,r u HatrbnHo rI4 npveMana. Cquram, qe rrpuHoclrre cborBercrBar Ha rlocraBeHara
UeJI 14 3a,(aqu Ha AI4cepraIIHoHHI4.tI rpyA. HayqHo-npr4noxHr4Te rrpr4HocH B lr4ceprarlvflTa Morar Aa ce
o6o6uqr B cne.(Horo:

llperloNeH e uo4u(plrql4paH Meroa sa uoao6prBaHe Ha r43MepBaHkrflTa B cr4creMr4 3a yrrpaBJreHr.re,

npn rofi'ro He ce LI3IIoJI3Ba MoAeJI Ha [poueca. Tofi e [onyqeH Karo sbruecrByBarq MeroA e Aopa3Br4T 3a
orleHflBaHe Ha rrpoMeHrrrla ce BlbB BpeMeTO r43MepBaHABerIl/lIsuHa.

Ilpe4loxeu e MeroA :a nolo6psBaHe Ha AI4HaMr4Kara Ha r43MepBaHHflTa,lasuparu Ha nrorurQraur4paH
pa3lxvpeH $ralrup sa Kamraas. To:u MeroI e oco6eHo npr4JroxrrM y cttyuait Ha upoMeHf,ula ce BbB BpeMero
I43MepBaHa BeJIVqI,IHa, KOIaTO MOAeJrbr Ha r43MepBaHg 3aBlrCI4 OT r,r3MepBaHara npoMeHJrprBa,

flpeAloNeu e MeroA :a no4o6paBaHe Ha rrpoMeHflrut4Te ce BbB BpeMero ruHaMVeHLr H3MepBaHprf,,
6asupau Ha oproroHaJleH MoAer ua Jlarep. Tosz MeroA e rroAxoAtru 3a a[epuoAr4qHr4 ilpouecr4 Ha
r43MepBaHe.

Ilpe4noNen e MeroA, 1asupau Ha SyHxqax Ha Kayu, xofiro noAo6pflBa Ar.rHaMr4Kara Ha
u3MepBaHI4flTa, KoI4To ce npoMeHf,T BBB BpeMero. Merogm e oco6eso [pr4J]oxt4M n cnyuaft Ha
oclll4nl4pal{/role6areleH rlpoUec Ha I43MepBaHe c BI4coKo ctorHorrleHze rrlyM KbM [one3eH cvtHaJT.

flpegloxeHu ca ABa HoBI,I Mero aa, 6asupaHr4 Ha MHoroMoAeJreH JurHeeH (pr.tnr"rp sa Ka:rlrau a na
MHoroMoAeJIeH JII4Heen Hoo ([ulrsp, KoI4To noAo6pf,Bar Ar4HaMr4Kara Ha [poMeH.srUr4 ce BbB BpeMero
I43MepBaHI'Is. MeroAure ca oco6eHo flpl4noxwur B ctrytafi Ha r43MepBareJreH flpouee, qr4r4To MoAen 3aBVcH
oT I'I3MepBaHara BenI4rI[Ha, BKJI]OSHTeJIHO U 3a rrpoqecr4 c Br4coKo cborHorrreHr4e rxyM KbM rrone3eH cl4tHan
(cercopu c ro-Hr4cbK KJrac Ha'rouuocr).

IlpuloxHra rrpr4Hocr4

3a nporpaMHara peanu3auus Ha [peAnoxeHr4Te MeroAu 3a no4o6pxnaHe Ar4HaMHKara Ha
]r/rsMepBaHr4flra e pa:pa6oreHo co$ryepuo ocr4ryp.flBaHe B cpeAara ua Matlab/Simulink
5. Ilpeueuxa Ha uy6.runaqur{Te rro AuceprarluoHHr.rfl TpyA

Peeyl:rarure or pa6orrta ca nperaraBeHtt e 5 ny6nvKa1iav. Tpra or ny6nzxaquprre rrpeAaraBJrflBar

AoKnarI4 Ha MexAyHapo.qHI4 r<on([epeHqr4lr, TpygoBere or KoHTo ce r{HAeKcr4par B cBeroBHara 6aza Aauupr
Scopus u Web of Science. [re or ny6rumaqzvre ca crarvr4 B roA]rrrrHnxa Ha TY-CoSraa. Tosa MH AaBa
ocHoBaHI4e .{a oUeH.fl nonoxurenuo ny6luraIII4oHHTa 4efinocr Ha KaHAr,rAara v ila cqr{TaM, qe pe3ynrarr4Te
or Auceprawlra ca craHalrur.qocro.sHrre Ha HayqHara o6ulsocr B crpaHara u uyN6uua.

6. Muenus,6elexrcr.r u flpetropbKr.r

flpegcraneuuflT ililcepraul4oHeH TpyA ocraBtr MHoro ,4o6po Bner{arneHxe KaKTo tro orHorIreH1e Ha
pa3rJlexAaHure npo6leMl4, TaKa 14 c orrt4qHoro rpa$rauHo r4 crr4Jrr4crt4r{Ho o$opiraleuue. fioxropaHTbr e

AoKnaABilJI HeKoJIKoKparHo pe3ynrarr4Te or Ar4cepraur4rra Ha MexAyHapoAHr4 xoHtfepeuqrau s Ermapnfl t4

Yurapur. B oxoH'IarenHlr.f, BapI,IaHT Ha Marepr4ana, HatTpaBeHr4Te or MeH npeilopbKr4 u sa6ereNxa ca
oTpa3eHr4.

7.3aK.[ro.reuue

IlpuHocure Ha AoKTopaHTa ro xapaxTep[I3r4par Karo nepc[eKTfiBeH MJraA r43cneAoBaren 0 [oAuepraH
cTpeMex 3a iloflyr{aBaHe Ha HoBr4 HayqHr4 u Hayr{Ho-npr4JloxHr4 pe3ynTaTr4 vI BHeApf,BaHeTO UM B



npaKTlaKara. florropaurbr e AeMoHcrpupan sa4u6oueHz rro3HaHr4fl ]1 Bt4coxa rnanr,rszraur{r B o6lacrprre
Ha oueHflBaHero, MoAenr4paHero r4 r43MepBaHero llolyueHr4Te HayqHo-rrpr4noxHr4 H rrpunoxHr.r pe3ynraru ca
loAKperIeHI4 cbc 3Har{I4TeJIeH 6pofi uy6nvlra\r4tt. Muunua:rsr4Te r43r.rcKBa:e;afl Ha rrpaB}rJrHr4Ka na TV-Co$ur
3a ycJIoBI,IflTa v peila :a upu4o6l4BaHe Ha Hayr{Hr4 crerreHH B qacrra o6pasonare rr[a kr HayqHa crerreH

,,[oKTop" ca nperastrGJIHeHT{.

Bcaqro roBa MI4 raua ocHoBaHI4e ila orleH, HanbJrHo Irorox[TenHo rrpeAcraBeHl4.f MI4 3a

peIIeH3I,IpaHe Azcepraul4oHeH Tpyr, u Aa rrpeAnoxa AoKTopaHTbr Mar. HHIK. Mnpoc.rana EoHqesa
Eapaxapcxa aa rroJryqu o6pasonarelHa 14 HayqHa crerreH ,rgoKTop" no Hayr{Ha crleuna,THocr

,,flpu.roNenve Ha npI4HuI,InI{Te 14 MeroAvrre Ha rcu6epHerurara B pagn:utqtkt o6lacra Ha Haytara",
upo$ecuouaJluo HarIpaBJIeHLIe 5.2,,ElexrporexHl4ra, eJreKrpoHtrKa I4 aBToMurvtKa"

Co$ur,18.12.2024 r{,'IeH Ha Hx{: /'a-Ll
/ llpo$. A-p uHlK. Talro Tarrlee /
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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

Disserlation 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
Iiterature 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

t



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

Scientifi c-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 l\4atlablSimulink 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 repofts 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 scientiflc 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."

Sofia, 18.12.2024 Member of the Scientific Jury:
/'"?-l

/ Prof'. Dr. Eng. Tasho Taslrev /
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