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FHPXY nucep'fa@cuil ' g:a umnﬁmﬁc Ha 0GPa3OBATEIIHA W HAYYHE CTENEH JoKTOp”
ABTOp HA DTAIHONMMS TPY: Mar, HIK, Jumurep | Acenon
Tema Ha ancepraunonunn TPy OIMTuYHE METOAN 33 IHCTAHLIOHHD HICNC/ABAHE HA DHEKTH
Umen na mayunoro Kypu: Jou, 1-p unx. Mao Hparanos

. AxTyaanocT aa paspalorsanng B ANCEPTAUNONHIA TPYI NPOGIEM — ONTHIHATE
MCTOAH 32 MMCTAHUMOHHO H3CheaBaHe Ha 0DeKTH BKAIOYBAT H3NOMIBAHETO HA JAHHMN,
3anuceanit T BIUIHMUA, Oan3kKa uudpatepsen W KPaTKO-BLIHORNA HHOPAYEPREH CIEKTHP Ha
CACKTPOMATHHTHHTE BBAHH. BraMmokEW uemi npu tesH oOpaboTin ca MucHTHOMKALMS,
KapTOTpadHpaHe ¥ NPOALMKHTEAHO Hal/NOJCHHC 9pe3 NACHEHM H AKTHBHH CEH3OPH.
Cpeactso 3a HICHSIBAHC B HACTORIIHS THCEPTALMOHEH TPYA C& HMEHHO NACHBHHTE TEPMATHN
uHppatiepseri censopn. [NpuiokenneTo MM B NPEKTHKATA € WIKTIOYHTEHO HIHPOKO —
AMCTAHUMOHHY MICICABAHMA, TEPMOTPE(YHA, MCAMINHA, CHTYPHOCT M HaGmOgeHHEe W ap.
HMeHHO BCHYKH T¢ NPABAT HACTOALUMS JHCEPTAIMONEH TPY/L H3KTIOMHTETHO SKTYA/IeH, Hail-
BCYC OT r1e/iNa TONKE Ha NPAKTHYECKHTE NPHACKCHHUS HA MONy9YeHHTe PeIy/ITaTH,

2. Crenen na no3AaBane CLCTOMANETO HA mpobaemu — JOKTOPEHTET € MIBLPUINA
ofInMpen Nperied Ha ONTHYHUTE METOIM W CPCACTBA 3a ANCTAHLMOHHO HACHEIBAHE HA
oBexry, peacraseni ca OCHOBHN NPHHIMIH Ha uHdpatepsenaTa Tepyorpadus. Omucany ca
CTATHCTHYECKHTE MeTOAM 3a o0pafoTka Ha pesy/rratin or uidpadepscna TepMorpadng Kato e
COBPHATO OCOOCHO BHHMEHKE Ha TPHICKCHHETO Ha Te3d MeToan, Bowaky Tean pasrnenaanna
ce ODasupar Ha ChAbpxanWeTo Ha 127 CuLBpeMeMHM JIMTEpATYPHH HITONHMKE OT
CNEURATHIMPAHHE HAYYHE H3NaHH4 B obaacTTa,

3. CroTeercrsie na W3dpanaTa METOAHKR HA ME3CIEIBANE — HBIPABEH € BHAIM3 Ha
ALIMOMHOCTHIC HA CTATHCTHYCCKHTE METOMH 32 00paloTka M MHTEPNPETANAS HA JAHHW OT
ARCTAHUAOHHO Habmonenwe Ha oDeKTH, B HACTHOCT CHOPTHCTH KaTo ©€ HINOI3BAT
TEXHHHCCKHTE FhIMOKHOCTH Ha OuiMuHata pagvoMerpus. Ha tasw Gasza ca paspaborens
AITOPHTMH 32 ChOMpane 1 oGpadboTKa Ha HHOOPMAIHY 33 CLCTOSHHETO HA CHOPTHCTH 4pe3
ONTHYHA PAIHOMETPHS. BCHYKY Te Ca TeCTRAHH NOC/ILAVBATENHO B PEANHA Cpeaa,

JoKTOpanTLT e W3MOA3EAN 38 OTNPABHA TOYKAa (HIMYHMTE NPHEIANH Ha
MHpauepscHaTa TepMorpadiis [0 OTHOUIEHHE HA HITBYBAHCTO Ha HOBCIUKOTO THIO.
H3nossann ca NOAXOH 38 MOACANPAHE HA FPEIIKA MPH ONTHYMHaTa pansoMetpus. Harpanen
€ TEOMETPHHEH MOZEN HO XBBPIAMA peKa, KONTO € MINONIBAH [PH [UIAHHPaHe HA
ckcriepusenta. OrueTens ¢a XapakTepHCTHRMTC Ha TepMokameparta B (H3MOTOrHuHETe
ACTIERTH Ha TepMoperyaaunsTa. Ha Tas ocnosa e paspaboten anropuTsm 3a cnbupane W
CTATHCTHYECKA 00paboTxa Ha TepMOBHIYATHA HHPOPMALINS 53 AMCTAHIMOKHO HICTSIBAKE HA
CHOPTHCTH 110 BpEME HA TpeHupusra. Harpajena ¢ Gaza JaHHH ¢ NOAXOMAIIA CTPYKTYpa 34
JANHC HA TEPMOBH3YanHaTa HpopMamia, [IpioKes € CTaTHCTHYECKH MOAX0] 33 8HATHI Ha
PE3YNTATHTE OT TCPMOTPACKH MICHCHBAMMA B TPCHHpORLuHMA npouec. Ouenenn ca
pesyaratiTe 0T pafoTa ¢ Tepmanti aasHn. [pn excnepumentansara o6paborka Ba 1anuuTe
€ OOpeacieHa HANCHHOCTTE HA HAlPABEHWTC MIMEPBAHHA 33 TPYIA 0T CHOPTHCTH KATO €
HINO/3BAH MO/ 33 KOMOHHHPaHa CTaHIapTHa HeonpedeneHoct. Hanpasesa e cparuuTeMa
OUEHKA HA PE3YNTATHTC OT NPOBEASHITE EKCICPHMCHTAIHH WIMEPRAHNA,
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MHCTAHUMOHHO W3L/TEABAHE 4Yped OnTHuHa PATHOMETPDHA H KOpenallMOHEH SHANMI Ha
MEBDIIRIIA PLKE HE ciopTHeT. Bes BPB3KA © TO3H OPHHOC € H NOCHeABAIOTO paspalorsane 1a
TEOMETPHUEH MOJeT Ha PLKA HA CIOPTHCT 38 AMCTAHLHONHO H3CAC/IRAHE YPC3 TEPMO BI3YATHA
urdopmauns. Tpernsr HBYHHO-TIPHIIOKEH NPHHOC © CRLP3aH ¢ MeTOMMKa 3a OLEHKE ©
KOMOHHMpaHa crauaapTHa HEOMPE/CACHOCT HA pesyaTaTHTe, MOAYYeHW W celipaun B
HITpacHa 0a38 AaHHK OT TepMo BHSYRUIHH 3AIHCH, KOATO C& MINONIBa OPH NPOBeRIaHe Ha
CKCHEPHMEHRTAINH HICACABAHUA Ha FPyna oT CIOPTHCTH,

B 4 oGocobenu yacri ca npencrasenn u JRIBEHHTE PUA0KHH npaHoch. Te ca cenpaany
¢ pa3pabOTBAHETO Ha EITOPHTHEM 3a cu0Mpane na WHPOpMAIMS upes onTHYHA PAAHOMETPHA
Ha 00CKTH, B HYACTHOCT — cnopTHeTs. Ha BTOPO MACTO MoNasa paipaboTkaTa Ha WITOPHTEM 38
ofpaboTka Ha TepMo BH3VaTHa wHpopMauns, Gazupas ma craTHoTHYeCKHM METOOH OT
OUCTAHUMOHHO WIC/eABaHe Ha obekTd METOANWTE HE ONTHYHATA PUIHOMETPILS.
PaspaSoTeaneTo ua noaxonsma no CTPYKTYPd Gasa JaHHW 32 TEPMO-BHIHOHHMTE ANy e
TPETHAT NPHHOC OT TA3H rpyma. ExcnepuMentaminre 0DpaloTki A AaHHM, MOAYHeHH OT
SITHCHTE HA TCPMO MITLYBAHHATA HA TENATA HA CHOPTHCTH $hopMHpa TeTBBPTHAT MpHHOE B
PYRATE HA UPHIOKHETE NPUHOCH.

5. Ilpeuenxka wna NyGAHKAIANTE — OpeicraBeHd c¢a 5 Hayuun myGmikaiEy,
nHgekcapain B SCOPUS. Mee or tax ca ADKIIANH OT MEHAYHAPOAHH HAYTHH kondepeHany,
a 3 — JOKAAnN OT HALWOHANHH KOH(EPEHIIN © MEKIYHAPOIHO y4acrie. Bewukn e ca na
BHITMACKH €3HK. OGeMBT M ChIbpKAHHETO WM OTPAINBA CHIICCTHEHHTE MOMEHTH OT
NPEACTABCHUTE B AMCEPTAITHOHEH TPYA H3ICACABAHHA, KOCTO CBHACTE/CTBA 33 MIHPOKOTO
PA3NIPOCTPAHEHNAT HA PEIYNTATHTE, NONYYEHH OT AOKTOpaHTa.

6. Mnenusn, npemopuLkn u Gemewxn — HEMAM CBIlecTBEHM 3abenekkn mo
CRALPKAHMETO HA NMPEACTSBEHHS AHCCPTAHONEH 1pyA. lpenopsusam sa goxropanta aa
NPOALIKH CBOMTC H3COSTBAHMA B 0DN3CTTa C© pazpaboTsane HE NO-CNOKHN MATEMATHYECKH
MOnemH, 06XBaIIAUIH WANOTO MOBEHIKO TS0 Ha CHIOPTHCTH © 1ed N0-HHTErPUPAHE OLIeHKa #a
THXHOTO (PHIHYECKO CBCTORHNE 10 BPEME Ha CMOPTHH MEPONPHATHA.

7. 3akmonenne — IHCEPTALINOHHHAT TPYA HE MAr, M, Hamutsp AceHon Ha
rema  Onraann MeTomp 4a AHCTAHIIHOHHO WicneaBade ua obexTH" ChLOBDHEL JOCTATEYHY 10
00EM OPHIHHANHH CKCTIePHMEH T PE3YIITaTH it TCOPETHHHH MOAETH, KOHTO NOAKPensT

3a m3nbHeHRe. HImb ey ca ocHoBHMTE WaHeKBaNHY 15a 3PACPE, npasnuiunka 3a Herosoto
npiiokenke # HIYPITHC na TY-Codus 3a npuacGnpane na 00paIOBATCIHATE H HAVYHA
cremen . JlokTop®, koero Mu AaBa ocHoBaRMe A2 NOAKpEns NpuoOHBIHETO Ha NOCIEIHATA OT
Mar. Mux, JUMUTED AceHos:

Jara: 20.04.2026 . YIEH HA JKYPUTO:
(mom, a-p mux, Heo Mlparasos)
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on the disaﬁrﬁgﬁbﬁ?ﬁib%ﬁquisiﬁan of the educational and scientific degree of "doctor”

Author of the dissertation: M.Eng. Dimitar Asenov
Topic of the dissertation: Optical methods for remote sensing of objects
Member of the scientific jury: Assoc. Prof Dr. Eng. Ive Draganov

L. Relevance of the problem developed in the dissertation - optical methods for remote
sensing of objects include the use of data recorded from the visible, near-infrared and short-
wave infrared spectrum of electromagnetic waves, Possible goals of these processing are
identification, mapping and continuous monitoring through passive and active sensors. The
means of research in the present dissertation are precisely passive thermal infrared sensors.
Their application in practice js extremely wide - remote sensing, thermography, medicine,
security and surveillance, etc, All of them make the present dissertation extremely relevant,
especially from the point of view of the practical applications of the obtained results,

2. Degree of knowledge of the state of the problem — the doctoral student has carried
out an extensive review of optical methods and means for remote examination of objects, The
basic principles of infrared thermography are presented. The statistical methods for processing
the results of infrared thermography are described, with particular attention paid to the
application of these methods, All these considerations are based on the content of 127 modern
literary sources from specialized scientific publications in the field.

3. Compliance with the chosen research methodology — an analysis of the possibilities
of statistical methods for processing and interpreting data from remote observation of objects,
in particular athletes, using the technical capabilities of optical radiometry, On this basis,
algorithms for collecting and processing information about the condition of athletes using
optical radiometry have been developed. All of them have been tested consistently in a real
environment.

The doctoral student used as a starting point the physical principles of infrared
thermography in relation to the radiation of the human body. Approaches for modeling errors
in optical radiometry were used. A geometric model of a throwing arm was built, which was
used In planning the experiment. The characteristics of the thermal camera and the
physiclogical aspects of thermoregulation were taken into account, On this basis, an algorithm
for collecting and statistical processing of thermovisual information for remote examination of
athletes during training was developed. A database with an appropriate structure for recording
thermovisual information was built. A statistical approach was applied to analyze the results
of thermographic studies in the training process. The results ol working with thermal data were
evitluated. During the experimental data processing, the reliability of the measurements made
for a group of athletes was determined using a model for combined standard uncertainty, A
comparative assessment of the results of the experimental measurements was made:;

4. Scientific and applied scientific contributions — in the dissertation work, 3 scientific
and applied contributions are proposed. The first of them is related to the development of an
approach for remote sensing using optical radiometry and correlation analysis of an athlete's
throwing arm. In connection with this contribution, the subsequent development of a geometric
model of an athlete’s arm for remote sensing using thermovisual information is also related.
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The third scientific and applied contribution isrelated to a methodology for evaluating with a
combined standard uncertainty the results obtained and collected in a built database of
thermovisual records, which is used when conducting experimental studies of & group of
athletes,

The declared applied contributions are also presented in 4 separate parts, They are related
to the development of an algorithm for collecting information using optical radiometry of
objects, in particular — athletes. In second place is the development of an algorithm for
processing thermovisual information, based on statistical methods from remote sensing of
objects using optical radiometry methods. The development of a structurally appropriate
database for thermo-vision data is the third contribution from this group. The experimentsl
processing of data obtained from the recordings of the thermal emissions of the bodies of
athletes forms the fourth contribution in the group of applied contributions.

3. Evaluation of publications — 5 scientific publications indexed in SCOPUS are
presented. Two of them are reports from international scientific conferences, and 3 — reports
from national conferences with international participation. All of them are in English, Their

volume and content reflect the essential points of the research presented in the dissertation
work, which testifies to the wide dissemination of the results obtained by the doctoral student.

6. Opinions, recommendations and notes — [ have no significant comments on the
content of the presented dissertation. | recommend that the doctoral student continue his
research in the field by developing more complex mathematical models covering the entire
human body of athletes with the aim of a more integrated assessment of their physical condition
during sports events,

7. Conclusion — the dissertation work of M.Eng. Dimitar Asenov on the topic
“Optical methods for remote sensing of objects” contains sufficient original experimental
results and theoretical models that support the stated thesis through the set goal and correspond
to the solution of the tasks set for implementation. The main requirements of the ZRASRB, the
regulations for its application and the PURPNS of TU-Sofia for the acquisition of the
educational and scientific degree “Doctor” are met, which gives me reason 1o support the
acquisition of the latter by M.Eng. Dimitar | Asenov,

Date: 20.04.2026 JURY MEMBER:
o
(Assoc. Prof. Dr. Eng. Ivo Draganov)
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