ABTOp HA AHCEPTANHOHHAS TPYA: 00Y. O-p WHIIC. Pocen Muzemues.

Tema na aucepraunonuns Tpya: JMemoou, arcopumi 4 cucmei sd onpedeinne
HA OPUCHMAYUR U CBCMOSHUE HA NOOBUNCHU obexmu Ha 6azama na MEMS

UHEPHUATHY ceHzopu’,

YjieH Ha HAYHTHOTO KYPH: npod. 0-p UHIKC. Mapun Mapuiios, Bucuee

coennoss3ovuHo yaunuue ,, leopeu Benkoscku ", op. Joana Mumpononus.

1. AxTyaamoct Ha paspaboTBalisA B AHCePTAUHONNNE TPVA mpobaem.

[Mpes mocieaHUTe JBE NASCETHICTH MUKPOEIEKTPOMEXaHHYHHTE CHCTCMH
(MEMS) ca B OCHOBaTa Ha HHOBalHH B pa3intHH 061aCcTH Ha 9OBEIIKaTa JeHHOCT,
KaTO TPAHCTIOPT, BHPTYANHA PeasHOCT, HABHTALMA HA ABTOHOMHH H AMCTAHUMOHHO
yIpas/isABaHA HA3eMHH M BBIAYXOMIABATENHH CPEACTER, clefeHe Ha JKHIHEHHTE
napaMeTpu Ha HoBeK W Ap.. C TAXHA NOMOUL Ce MOCTHTA 3HAYHTENIHO HaMangBaHe Ha
Tern0To ¥ Pa3sMEPHTE Ha pa3sAMYHH YCTPOHCTBA. Hapen ¢ Ge3crnopHHTe MPeIHMCTBA Ha
Te3H CeH30PH 3@ THX Ca XapakTepHH H HAKOH HEA0CTAaThIM KATO HAMHYHETO HA UIYM B
H3XOIHHTE CATHAIH OT TAX, OTMECTBAHE, SYBCTBHTEIHOCT KbM BHOpalHK, 3aBHCHMOCT
HA TeXHWTE XapaKTepHCTHKM OT Temmeparypara A Jp. 3a peliaBaHeTo Ha TeE3H
npoGieMy MHOTO aBTOpPH ny6HKyBaT paspaboTKe M H3C/ISABaHMA, NOCBETCHH HA
nonoGpABaneTo i cTabMIM3HPAHETO HA NAapaMeTpPHTE H xapaxtepuctrkuTe Ba MEMS
WHepIHOHHM CceH3opH, HempexsCcHATOTO nyOaMKyBaHe Ha HOBH H3CHenBaHMA H
aNrOPHTMH € NOKasaren, ye npobieMuTe He ca pelleHH, KDETO HECbMHEHO ZI0Ka3Bsa,

4e pa3pabOTKHTE B AHCEPTAHOHHHSA TPYJ Ca C BHCOKA CTEIMEH Ha aKTYalIHOCT.
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2. CremeH HAa NO3HABaHe CbCTOAHHETO HA npobiema H TBOpYECKa
HETePIPETAITHA HA IHTEPATY PHIA MATEPHAT.

Be: ChMHEHHE KAHAMAATHLT € 3aMO3HAT OTIHYHO CBC CbCTOSHHETO Ha
npodIeMHTe, pasriexlasl B aucepTaiuEoHEna TPy, Tosa ce NOTEBPAAABA KaKTo OT
ronemus 6poit (197) nocoueny TUTEPATYPHE W3TOUHHIM, Taka H oT dakra, 4¢ 26 o7
X ca oT nocnenuute 6 roguHK. KanauIaTsT & HANpaBiil 3aab00YEH aHanH3 Ha
H3cAe BaHHUATa Ha JpYTH aBTOPH flo TeMarHEaTa, KOETO MY € Mo3BOIAKHI0 [da
(hopMy/IHpa MPEH3HO H KOHKPETHO NeTa | jajaqnTe Ha AMcepTAnMOHHMS TpyA. B
JMCepTAIMATA KAHJMAATBT € MPEANOH] HOBH NoOAXoaW 3a MpeodossBaHe Ha
HepeiieHUTe B MyOIMKALMKTE HA APYTHTE aBTOpH NPOOAEMH, KOETO MOKa3sa, 4e TOH

yMee /1a HHTepTIpeTHpa TBOPHECKH HAyIHATS ny6IMKanm.

3. CpoTBeTCTBHE HA H30paHATA METOINKA Ha HIcTeqBaHe H NOCTABEHATH
et | 3a1a4H HA AHCepTAHOHRAA TPYA € HOCTHIHATHTE [IPHHOCH.

{lenTa HA AHCEPTAUMOHHNA TPY/L € AHATH3 H CHHTES Hd HOBH MOJIX0/IH, METO/IH
W aNTOpPHTMH 3a nojodpsaBane na napaMeTpHTe Ha MEMS uHeplHOHHH CEH3O0PH,
[OBWLIABAHE HA KauecTBOTO Ha JAHHWTE OT CEH3OPHH CHCTEMH ® pa3paboTsaHe Ha
CHCTEMH 33 ONpeIe/IsHe HA OPHEHTAIHA H ChCTOAHNE HA onsuAAE o0ekTH Ha basara
ga MEMS. Tosa e mnpokooOXBaTHA Le H HIHCKBA pelaBaHeTo Ha MHOIO 3adati,
kouTo ca nodpe dopMynHpany B HCCPTALHIATA.

B jHcepTAlMOHHH TPy Ca H3MON3BAHH METOAMTC Ha MareMaTH4ecKoTO
MoOJeaHpaHe, CTaTHCTHYEeCKaTa obpaboTka # UHppoBaTa obpaboTKa Ha CHIHAIMN.
Metonikara Ha micaeasanero e nodpe cTpyKTypHpana u OasupaHa Ha AOKA3aHH
MEeTONH 3a aHATA3 HA pe3yJTarTHATe OT HaydHH picnensanns. [s ¢ DazupaHa Ha
HocienoBaTeNHOTO MpHAaraHe M ChHETABAHETO  HA TeopeTHUHUS  aHANH3,
KOMITIOTHPHHTE CHMYZTAITAH H CKCTIEPHMEHTANHA u3ceBaHKs. 34 MeH € De3cTopHo,
4e p3moM3BAHMTE MeTOAM 3a ofpaboTka M p30panara MeTOIMKA HA W3CIC/BAHUATA
CHOTBETCTBAT HAMTBHO Ha HENTa Ha JAHCEPTAHOHHIR TPYA H OCHTYPABAT PEIIABAHETO
Ha (hopMmyTHpAHHTE 3a/atH. [locTHrHATHTE NPHHOCH HECHMHEHO OTTOBOPAT M3LANO
Ha MOCTABEHATA L.

Cren 3ano3HaRane ¢ BCHUKH TPENOCTAaBEHA MH MATEPHANIH 3a MEH HAMA

cpMHeHHe, H¢ IMCePTallHOHHHMA TPYA H Hay4IHOW3CI/Ie/I0BaTENICKaTa pabora Ha



KAHTHIATA He CAMO MINBIHABAT, HO H B 3HAGHTEIHA cTeneH HaaXBBpIAT
HAMICKBAHMATA HA HOpMATHBHATA ype/l0a.
He cbM OTKDHT U HE MM € H3BCCTHO 33 HATHINETO Ha2 JI0Ka3aHo [10

3aKOHOYCTAHOBEHMA PeJl IIArHaTCTBO B THCEPTALMATA H MyGMKalMTe 1o Hed.

4. Hayanu B/HA8 nayTHONpHAGKIH ApHHOCH HA AHCEPTAUNOHRHA TPV

[Mpuemam GopMyIUPAHATE OT KAHMAATA OPHHOCH, KATO OLEHABAM HAYHHWTE
NpHHOCH KaTo paspaboTBaHE Ha: HOBH METOIM (mozxonmM) 3@ mojodpsaBaHe Ha
XapaKTepPHCTHKH Ha AHCPUHOHHHTE censopd (I'nasa 1 u I 1asa 2); HOBH METOIH 33
AMArHOCTHKA W H3MepBaHWA B 4BTOMOOMIHHE H KeNe30NbTHHA TPAHCIOPT (FmaBa 4 u
[‘naga 5); HOBH CTPYKTYpPH 3a oDpaboTka Ha CHIHATHTE W JaHHMTE OT HHEPLHOHHUTE
censopn (I'nasa 3 u I'nasa 4).

HayqHONTHIOKHITE  TIPHHOCH XapakTepHiHpaM KaTo pazpaboTBaHe Ha
anTOpHTMH 3a 00paboTka, HOBH TeXHHYECKH pelleRus U cofryeph 3a o6paboTka B
pasaidHI CHCTEMH, H3N0M3BANIH HHEPIHOHHH CEH30PH.

TlpunokHHTE ApUBOCH C€ w3pasgBar B u3pabOTBaHETO, TECTBaHETO H
BHE/IPABAHETO HA palIHIHH yeTpoiicTBa ¢ HHEPLUMOHHY CEH30PH B NIPAKTHKATA.

Ja MeH IHAYMMOCTTa Ha NPUHOCHTE B AMcepTALMOHENS TPYI ca Oe3CnopHH,

KaTo 1T¢ C4d HI}HI!(})&G{MH KaKTD B HaVKaTa, TARKa H B T'Ipﬂl{'l'ﬂliﬂ’fﬂ..

5. lpenerka ya NyGIHKAUAHTE 110 AHCepTAUHOHHENA TPV

[lo nYCepTalHOHHHAT TPY/ ca NPEelCTABEHA 38 nybauKauK 0T KOHTO llcas
Scopus, KOETO € ZOKa3aTencTso 3a BUCOKOTO HMBO Ha H3JIaHMATA B KOHTO TE €&
myGanKyBasy. Topa ce MOTBBpKIAARA ¢ oT hakTa, ue 5 oT Myd/IHKAUHATE Ca B KBapTHII
Ql, a 3 B KBapTHI Q3. Foasma 4acT OT OCTAHANHTE nybanKalMy ca B H3AHHA B
yyROMHA HIH HA MEK/LYHApOIHH koudepenumy 8 bearapus.

[Ty6anKalmuTe Ha KanauaaTa ca NpeTH3IBHKANH HHTEPEC HE CAMO B bearapus,
HO H B Yy/KOMHZ, 33 KOETO CBHACTEICTBAT paa 20 myOaHKalMn HA 9Yy)KACCTPAHHH
aBTOPH B KOMTO T€ Ca LIATHPaHH. Uact 0T MyO/MKalMKTe ca A0BeIH H 10 perncTpupan
[oe3eH MoJaelL.

3uauHTeIHOTO OTPAKEHHE B HAYKaTa Ha nyGaMKaUMKTE ¢ NOTBHPA/ABA # OT

ToB4. Ye ABTOPBT MMA HHISKC HA Xupil 5.



6. Muenns, npenopsK i DCIEKKH.

Ja MeH AMCEPTAIMOHHHSA TPyl € eIHH HANBJIHO 3aBLPIICH BHCOKOKA4eCTBEH
gayueH Tpy/. To# GescnopHo npejiara HOBM pellieHHs Ha ChLISCTBYBAIH npobIeMH,
KATO Te Ca TPHIOKEHH HeNOCPEACTBEHO B PAaKTHKATA. 3a MeH AucepTalHOHHNS TPYI
e 100pe CTPYKTYPHpaH H odyopMeH, KaTo pesynrarure ot m3cieBaHugTa ca aodpe
[ipeiacTaBeHd B rpadudeH 1 tabauyed 8HA. KapauaaTsT ¢ HampaBHil ACHH H TOYHH
w3BoaM Ha 6a3aTa HA MOJyHMeHHTE pe3yaTaTh. B jcepTalMaTa ce OTKPHBAT H3BECTEH
Opoii HeCBHIUECTBEHH TEXHHHCCKH rpellKH TpH TEKCTOBETE 104 durypate #
030BABAHETO Ha NPEIXOAHM MaTeMaTHYecKd CHOTHOIEHHA, KOeTOo HE Hamanssa
HeliHaTa CTOHHOCT.

[IpenopbuBaM Ha KaHjauiaara Jd pasiiipy CBOMTE W3CIEABAHHA KbM
NPHIOKEHHETO HA  AHCPHHORHWIC cemsopd Ha Oopaa Ha  OesMHNOTHH
FB3AYXOTIABATE/IHH CPEACTBA, KOSTO © ocoOeHo aKTYamHO B MMOCHSAHHTE HAKOAKO

TOOHHH.

7. Jararoenne

OueHssaM  NOJOKHTENHO  H3BbpLICHATA pabota M [MONyueHHTE B
AMCEpTAUHOHHHA TPY/ Pe3ynTaTH. JlcepTAlMOHHHAT TPYA OTTOBapA Ha 3akoHa 3a
pasBHTHE Ha aKaleMHUYHIE CHCTAB B Penydanka bearapus, [IpaBninHKa 38 HETOBOTO
npunaratie | [Ipasuminka 3a yCIHOBUATA | pena 3a npuaoGHBaHe HA HAY4HI CTCHCHH
& Texunuecku yrusepeurer — Codus. M3n0keHOTO OT MEH MH JaBa OcHOBaHHE 13
penopbaaM Ha yBAKaeMOTO HayuHo KypH Ja NPHCBIH HA 10U AP nix. PoceH

MuneTHeB HayuHaTa cTerned ,JIOKTOp Ha paykute” B o0nacT Ha BMCINC
obpazoraHHe 5. Texuuueckn HAYKH, npod)eCHOHATHO HanpapJIeHHe
5.3, KomyHMKallHoHHA B KOMIIOTbPHA TexHHKa, HaydHa  CheiHaiRocT
LJABTOMaTH3HPAHH CHCTEMH 34 obpaboTka Ha uE(OpMANHATa H ynpasneHue (B

KOMYHWKALTHHTE).

Tara: 08.07.2026 1. 4JIEH HA XKYPUTO:
npod. 1-p HHAK. Mapus MapnHoB
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Aprs OPINION
I'-L ARLSE (8 /L 2 - - i g
m{_: H_ \:?n a dissertation for obtaining of

Scientific degree ..Doctor of Science”
Author of the dissertation: Assoc. prof. Eng. Rosen Miletiev, Ph.D.

Dissertation topic: ,, Methods, algorithms and systems for determining the orientation

and state of moving objects based on MEMS inertial sensors ™,

Member of the scientific jury: Prof. Eng. Marin Marinov, Ph.D, Georgi

Benkovski Air Force Academy, town of Dolna Mitropoliva.

1. Relevance of the problem developed in the dissertation.

Over the past two decades, microelectromechanical systems (MEMS) have been
at the heart of innovations in various areas of human activity, such as transport, virtual
reality, navigation of autonomous and remotely controlled ground vehicle and aircraft,
monitoring of human vital parameters, etc. With their help, a significant reduction in
the weight and dimensions of various devices is achieved. Along with the undeniable
advantages of these sensors, they are also characterized by some disadvantages, such
as the presence of noise in their output signals, biases. sensitivity to vibrations,
dependence of their characteristics on temperature, etc. To solve these problems, many
authors publish developments and research devoted to improving and stabilizing the
parameters and characteristics of MEMS inertial sensors. The continuous publication
of new research and algorithms 1s an :ndicator that the problems have not been solved,
which undoubtedly proves that the developments in the dissertation are of a high degree

of relevance.

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

Without any doubts, the candidate is well acquainted with the state of the

problems considered in the dissertation. This is confirmed both by the large number
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(197) of cited literary sources and by the fact that 26 of them are from the last 6 years.
The candidate has made a thorough analysis of the research of other authors on the
topic, which allowed him to formulate precisely and specifically the goal and tasks of
the dissertation. In the dissertation, the candidate has proposed new approaches t0
overcome the problems unresolved in the publications of other authors, which shows

that he is able to creatively interpret scientific publications.

3. Compliance of the chosen research methodology and the set goal and

tasks of the dissertation with the con iributions achieved.

The goal of the dissertation is to analyse and synthesize new approaches,
methods and algorithms for improving the parameters of MEMS inertial sensors,
increasing the quality of data from sensor systems and developing systems for
determining the orientation and state of moving objects based on MEMS. This is &
broad goal and requires the solution of many tasks, which are well formulated in the
dissertation.

The dissertation work uses the methods of mathematical modelling, statistical
processing and digital signal processing. The research methodology is well structured
and based on proven methods for analysing the results of scientific research. It is based
on the consistent application and combination of theoretical analysis, computer
cimulations and experimental research. For me, it is undeniable that the processing
methods used and the chosen research methodology fully correspond to the goal of the
dissertation work and ensure the solution of the formulated tasks. The achieved
contributions undoubtedly fully meet the set goal.

After reviewing all the materials provided to me, | have no doubt that the
candidate's dissertation and research work not only meet, but alse significantly exceed,
the requirements of the regulations.

I have not discovered and am not aware of any plagiarism proven in accordance

with the statutory procedure in the dissertation and the publications based on it.

4. Scientific and/or applied contributions of the dissertation.
I accept the contributions formulated by the candidate, evaluating the scientific

contributions as developing: new methods (approaches) for improving the



characteristics of inertial sensors (Chapter 1 and Chapter 2); new methods for
diagnostics and measurements in road and rail transport (Chapter 4 and Chapter 5).
new structures for processing signals and data from inertial sensors (Chapter 3 and
Chapter 4).

I evaluate the applied contributions as the development of processing algorithms,
new technical solutions and processing software in various systems using inertial
SEnsors.

Practical contributions are expressed in the fabrication, testing and
implementation of various inertial sensor devices in practice.

For me, the significance of the contributions in the dissertation are undeniable,

as they are applicable both in science and in practice.

5. Evaluation of the publieations on the dissertation.
There are 38 publications on the dissertation, 11 of which are in Scopus, which

is evidence of the high level of the issues in which they were published. This is also
confirmed by the fact that 5 of the publications are in quartile ()1 and 3 in quartile Q3.
A large part of the remaining publications are in issues abroad or at international
scientific conferences in Bulgaria.

The candidate’s publications have aroused interest not only in Bulgaria, but also
abroad, as evidenced by over 20 publications by foreign authors in which they are cited.
Some of the publications have also led to a registered utility model.

The significant impact of the publ ications on science is also confirmed by the

fact that the author has a Hirsch index of 3.

6. Opinions, recommendations and nofes.
For me. the dissertation is a fully completed high-quality scientific work. Tt

undoubtedly offers new solutions to existing problems, as they are directly applied in
practice, For me, the dissertation is well structured and designed, with the results of the
research well presented in graphical and tabular form. The candidate has made clear
and precise conclusions based on the results obtained. The dissertation contains a
number of minor technical errors in the texts under the figures and the references to

previous mathematical relationships, which does not reduce its value.



| recommend that the candidate expand his research to the application of inertial
sensors on board of unmanned aerial vehicles, which has been particularly relevant in

the last few years.

7. Conclusion

I positively assess the work done and the results obtained in the dissertation. The
dissertation complies with the Act on the Development of the Academic Staff in the
Republic of Bulgaria, the Regulations for its implementation and the Regulations on
the conditions and procedure for acquiring scientific degrees at the Technical
University - Sofia. The above gives me reason to recommend to the esteemed Scientific
Jury to award Assoc. Prof. Eng. Rosen Miletiev, Ph.D the scientific degree
"Doctor of Sciences" in the field of higher education 5. Technical Sciences,
professional field 5.3. Communication and Computer Technology, scientific specialty

*Automated Information Pfuecssing and Control Systems” (in communications).

Date: 08.07.2026 . MEMBER OF JURY:
Prof. Eng. Marin Marinov, Ph.D
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