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U o [P BBPXY JHCEPTAIHOHEH TPYA
ﬁ'upr:;nuﬁnnaﬂe Ha 00pasoBaTe/Ha H HAYYHA CTENeH ,A0KTop”
ABTOp H3 JHCEPTALHONHER TPY: Mz uhve. lAMATED Acenos
Tewma na ARceprammrONHNs TPYA: ,, OUTHYHN MeTOAN 38 THCTAHIHORHO HICHCBARE HA 00eKTH
Tpodecnoraniio nanpasnenne: 5.3 KoMyHHKaIHONHA H KOMIIOTBPHE TEXHHKA,
Hayuna cneunannoct: ,, Kafeanu u onmiusnu KOMYHUKAUHORNN CHCHEMU ™
Hnen Ha HAYMHOTO KYpH: 0L, 1-p HEx. Hsan Heanos

1. AxTyasHocT Ha paipaGoTBAHHN B AHCEPTAUMOHHHMH TpY1 Hpobiem B HAYHHO H
HAYIHONPHIOAHO 0OTHOMEHHE

B ceBpemenHaTa Hayka M TEXHHKa ONTHUHHTE METOIH 32 HAGMIOAEHNHE M IMATHOCTHKA
3aEMaT BOC MO-BAXKHO MACTO, NOPAIH CBOATA CNIOCOOHOCT JIa OCHIYPABAT AeTailiiHa, HeHHBa3HBHA
H HECTO B PCANHO BpeMe HHPOPMAIIHA 33 CHCTOAHHETO HA pasinHyni ofexTu U cuerem, Eaum ot
Hali-e)eKTHBHHTE ¥ IUHPOKO HIION3BAHH METO/IH B TA3H [PYNA e HH}paycpBeHaTa TepMorpahns
— TEXHHKE, GasHpaHa HA PETHCTPHPAHETO H BHIYAAHIALMNTA HA HH(DPAYEPBEHOTO (TomTHEHQ)
HITBYBAHE, EMHTHPAHO OT BCMYKHE TENA ¢ TeMneparypa Han abco/morHara Hyna. Ypes agamms Ha
TOBa ALYUCHHE Ce Ch3AABA TEpPMOTpaMa — u3o0paxeHwe, KOETO OTPasfBa TEMIEPATYPHOTO
PajNPEAC/CHHE BBLDPXY MNOBBPXHOCTTA Ha M3c/ienpanus o0EKT H paskpHBA TEPMHYMHATA
XETEPOreHHOCT Ha ThKAHKETE WIH MaTEpHATHTe,

[lenTa Ha macTOSIUA AMCEPTALMOHEH TPYA € Ja ce pa3paboTH, M3caexBa H asanH3Hpa
OO 334 IHCTAHUMOHHO H3CjaeIBaHe HA O0exTH wupes onTH4HE Metomd. QOKYCLT Ha
JHCEPTALHATA ¢ H3CICIBAHe HA HATOBAPEHOCTTA HA CHOPTHCTH MPH TPEHHPOBLYHA H CIOPTHA
JeiiHocT. MsmonspaneTo ma OnNTHHeH METO[ NO3BONBA OGBP3a AHCTAHIHOHHA OLEHKE Ha
CHCTOSHHETO Ha ONOPHO ABMTATEIHHA ANapPAT Ha CIOPTHCTHTE,

2. Crenen Ha MO3HABAHE CHCTOSHMETO Ha npofieMa H TBOPYECKA HHTEpHpeTalns Ha
AUTEPATYPHEN MATEPHA

[pencTaBernaT MaTepuai NOKa38a, Ye NOKTOPAHTET 3AMLIGOUEHO & npoy4un roasm Opoit
OT 3JHAYHMHTE HAYYHH NYOAHKamHMH B 00J4acTTd Ha ONTHYHH METONH 23 JHCTAHIHOHHO
Hicieasane Ha obextH. OOmmaT Gpoil Ha UNTHpaHWTe IHTepaTYPHH WiTouHMIH e 127, Kato
TONAMA HACT OT THX €2 MyONHKYBAHH Npe3 TMOCHeAHHTE AeceT FOAMHH, KOSTO @ CHAeICTBHE OT
aKTYaTHOCTTa Ha Temarta. Bs3 ocHosa Ha ToBa mpasMnHO ca QopMyampanH medaTa Ha
THCEPTAIIHOHHNEA TPY/l H 3aa4nTe 33 HeliHoTo mocTHTane,

3. CrorBercrsne Ha H30pPAHATA METOINKA HA H3CTeTBAHE H MOCTABEHATA e/ H 3AAAYH HA
HCEPTATHOHHNS TPYA ¢ NOCTHIHATHTE IPHHOCH

B KOHTEKCTa Ha HACTOAIOTO H3C/IeBaNe, HRppaiepseHaTa TepMorpadua ¢ n3Gpana karo
OCHOBEH METOZ Nopai Cnoco0HOCTTA i 1a OCHTYPABA AeTaliHa, KoA4ecTBeHa HrdOpManNs 33
TEMNEPATYPHHTE H3MEHCHHA Ha KOKHATA MOBLPXHOCT, KOMTO €3 HWHIMKATOD 3a BHIDPCINHH
(QHIHONOTHYHM MpONECH KATO KPBBOOOpAlCHHE, MYCKYITHA AKTHBHOCT H TePMOpEryIans.
Huppauepsenara Tepmorpadus ce OCHOBaBa Ha NPHHIMIATE HA TOIHHHOTO H3THYBAHE,
ONHCAHH OT 3BKOHHTE HA TEPMOJMHAMHKATA W KBAHTOBATA MeXanuka. B chepemennara wayka u
TEXHHKA OOTHYMHTE METOAM 3a HalAFOOCHWE M AHATHOCTHKA HIPAST KIHOUYOBa pons B IIHPOK
CHEKTHP OT npunoweHnd, Cpea 14X ocobeHo 3HAdMCHHE MMAT JHCTAHUHOHHWTE Ge3KOHTAKTHH
METO/H, KOHTO NPEAIAraT Bh3MOMHOCT 3a el 3IeH aHATHS Ha (JHIMYHUTe cBolicTea Ha ofexkTHTe
Ge3 mupeKTer KoHTaxT ¢ Tax. Emnn ot Haif-edekTHBHNTE MeToM B Ta3s o6nacT ¢ HE(patepenata
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TepMOrpais, KOATO MO3BONABE BH3YANM3AIMS W KOIMYECTBEH AHANH3 Ha TEMICPATYPHHTE
pasnpeneneHis BEPRY H3CISABAHHTE NOBEPXHOCTH.

B rnasa | e RanpaseH npernell Ka ONTHYHK METOJM H CPE/ICTBA 34 JIHCTAHIHOHHO
H3CIenBaHe Ha 00eKTH,

I'nasa 2 e moceeTena Ha aHANH3a HAE BEIMOKHOCTHTE HA CTATHCTHYECKHTE METONH 3a
00paboTRa i HHTEpTPETAIMS Ha JAHHK OT JMCTAHIIHORHO HAGMO/IEHHE HA OGEKTH - CIOPTHCTH,
TOJIYYEHH Ype3 ONTHYHA PAIHOMCTPHA,

B rnasa 3 ca pasrnenaHW anropHTMH 3a crOupame m o6paGoTka Ha mEpoOpMamus 3a
CBCTOAHHETO Ha ODEKTH - CHOPTHCTH, YPe3 ONTHYHA PATHOMETPHA.

['nasa 4 e nocBereHa HAa CKCHEPUMEHTATHH HICHEABAHHA, KBAETO C4 HANpaBeHH
CKCHEPHMEHTAIHH H3IMEPBAHHS Ha IPyNa 0T COOPTHCTH 3a Ch3faBaHe Ha 0ala JaHHH OT TEPMO
BHIYATHH HIMCPBAHHE, KaTO € ONPEAeieHa HANSKIHOCTTA HA NPOBEACHHTE €KCICPHMCHTATHE
H3MEPBaHHA H € HaNpaBeHa CPEBHHUTENHA OLEHKA,

Ha Gazara Ha ropeHinoXEHOTO, CYHTAM, 9€ € HANHIE IBIHO CHOTBETCTBHE MEXIY
130paHaTa METOAMKA Ha M3C/Ie/IBaHE C NOCTABEHATA e H 3aJaYH Ha THCEPTALHOHHHA TPV,

4. Hayunu n/nan Hay9HOIPHIOAKHH IPHHOCH Ha THCEPTAHOHNNS TPYA

Hayaso-npunosxau npaHocH:

1. Mpeanoxker e moaxon 3a IHCTAHIHOHHO M3CIENBAHE ¢ ONTHYHA PATHOMETDHE H
KOpe/allHOHEH aHANHI Ha NaHHEH OT 00eKT (XBBPALINATA PBKA HA CIOPTHCT).

2. Paspaforen € reoMeTpHYeH MOJEN HAa KOHKpeTeH ODEKT (Xsnpimma phka) 3a
IHCTARIHOHHO H3CIEABaHe Ype3 TepMo BH3yanHa nEdopmanns (I'nasa 2, naparpag 2.5, dur, 2.2,
H3pas 2.24).

3. Mpemnoxena e oueHka ¢ KOMOHHHpaHa CTaHIapTHa Heompejenenoct (I'nasa 4,
naparpag 4.4 TaGaumu 4.12 1o 4.21), Ha pesyaratuTe, NONydeHH H cx0panu B cuuTesnpana Gasa
OT TCPMO BH3YAIHH JaHHH, OPH MPOBCHAHE HA CKCOCPHMEHTANHH H3CHSABAHHA Ha Ipyna
CIIOPTHCTH

[punoxun npusocy:

1. PaspaGoten e anropuTsm 3a cxOupane Ha HA(OPMAIIHS Ype3 ONTHYHA PATHOMETPHS Ha
obexTi - cnoprHeTH ([masa 3, naparpad 3.1, ¢wr. 3.1).

2. Paspaboten e anropursM 33 0GpaboTRa Ha TepMo BH3yanHa HHbopMais, Gasupas ua
CTATHCTHYECKH METOJH, OT MHCTAHIHOHHO H3CjieiBaHe Ha 0DEKTH ¢ METONHTE Ha ONTHYHATA
PATHOMETDHA.

3. PaspaGoTBaBe Ha MOAXOMAIIA CTPYKTYpa Ha 0asa JaHHH 3a cnOmMpase Ha TepMo
BH3yaTHA HMEQOpManmms ¢ uen craTHcTHYecka oGpaloTka NpH JAHCTAHUMOHHH H3CAC/BAHE HA
obextn (I'nasa 3, maparpad 3.2, Tabmuna. 3.1).

4. M3BEpmEHO € eKCHEPHMEHTATHO W3CHeBaHe Ha paspaboTeHHES noaxod 34
AHCTAHIHOHHO H3CHeABaHe Ha OOCKTH C ONTHYHH MeETOMH, 4ypes chOupasne W obpaborka Ha
HH(OPMAIHS OT ONTHYHA PaTHOMETPHSA, NPHIOKEH 3a rpyna cnopricty (I masa 4, maparpad 4.3,
TaGmamm 4.2 10 4.11).

Cuawuram, ye Tesy NPHHOCH NPEBHIHO OTPA3ABAT MOCTHIHATOTO OT ABTOPA B MPOUECA HA
NPOBE/ICHHTE H3CICABAHNHA H HECHMHEHO IIC HAMEPAT CBOATA NMPaKTHYECKA IPHIIOKIMOCT.

5. Ilpeuenka na nyGANKaNEATE N0 IHCEPTAUHOHHAN TPYA

Tlo Temara Ha MHCEpTANMOHHES TPYJ CA NPEACTABEHH 5 MYOIHKANHH B MEXIYHAPOIHH
KOH(pEpeHIHN, HH/eCKHpaHy B Scopus, B Hay4HaTa o6iact Ha aucepTaumsta, OT HanpapeHaTa
COpABKa 33 NHTHPAHHATa ce BIKAA, 9e B Dasara namauw SCOPUS e mammgern | umrar Ha
NyOAHKAIHHTE 0 AHCEPTALIHATA.

Beuuko Tosa noxassa, ge paboTata € nony4iia HeoGxonumara myGarssoct, ChiHoCTTA
 00eMa Ha HaupaseHWTe MYGIHKAIIHE B TOKTATH HAITBLIHO OTpalaBaT paspalorennte npobaemMu
OT JIHCEPTALHOHHHSA TPYA.

6. Mauenns, npenopsKn H feaewku,
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KbM npejicTapesuaT QHCEPTALHOKEH TPY MOTAT 12 Ce OTNPABST CHeHHTE NPENOPEKH H
KPHTHYHH OemexKH:

' B TexcTa Ha AMCEPTAalMOHHHA TPYA Ce CpEiaT OnpexeNen Gpofi SymaHIm,
NPEBONHCHH, CTHIAHCTHYHH ¥ TIEYATHH IPELIKH;

. [IpenopruBaM 10KTOpaRTa fia NPOBIDKH DasBHTHETO cH B W3GpamaTa oT Hero
obnacr.

. Kak ©u noEimano HAa TouWHOCTT, yBenmuasaHe Ha Gpos M MecTata Ha
H3MEPBaHHATA HA XBBPIAINATA phKa?

7. Zakawygenne

Brnpekn otnpasenuTe 3abenexiH H3pasiBaM MOMOKHTEIHO MHEHHE 33 TIPEIOCTABSHHA
MH JHCepTalioHeH TpyA. CnaseHH ca H3HCKBAHHATa 33 IPHCHAIAHE Ha o6pa3oBaTe/Ha # HAYYHA
cTeneH ,J0KTop”, IlonydennTe pesyNTaTH B IHCEPTALMOHHHES TPYA NPEACTABIABAT OPHIHHEATCH
HEYIHO-NIPHJIOKEH NPHHOC.

Bb3 ocmoa Ha mnpeoCTaBeHMTE MATEPHATH NO AHCEPTAIHOHHHS TpYJ, TAXHATA
AKTYRIHOCT, NPEACTABCHH HAYIHO-NPHIOKHEH H TPHIOAKHY NPHHOCH, CYHTAM 38 OCHOBATENHO Jid
mpeUioka Ha YBakaeMHTe wieHoBe Ha HayunoTo AypH A28 HONKDENAT NPHCHAIAHETO Ha
00pasoBaTe/lHa H Hay4Ha CTeNeH ,JOKTOP™ Ha Mar, uux. JlnMuTED Acenos.

14.04.2026r. YIEHHAKYPHUTO .. ...
rp. Codus /aon. g-p nex. Mean Heasop/
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Opinion

on a dissertation work
for the acquisition of an educational and scientific degree “doctor”
Author of the dissertation: MSc. Eng. Dimitar ' Asenov
Title of the dissertation: “ Optical methods for remote sensing of objects"
Professional field:5.3. Communication and computer equipment
Scientific specialty: Cable and optical communication systems
Scientific jury member: Assoc. Prof. Dr. Eng. Ivan Ivanov

L. Relevance of the problem developed in the dissertation in scientific and scientific applied
terms

In modern science and technology, optical methods for monitoring and diagnostics occupy an
increasingly important place, due to their ability to provide detailed, non-invasive and often real-
time information about the state of various objects and systems, One of the most effective and
widely used methods in this group is infrared thermography - a technique based on the registration
and visualization of infrared (heat) radiation emitted by all bodies with a temperature above
absolute zero. By analyzing this radiation, a thermogram is created - an image that reflects the
temperature distribution on the surface of the object under study and reveals the thermal
heterogeneity of the tissues or materials.

The aim of this dissertation is to develop, research and analyze an approach for remote sensing
of objects using optical methods. The focus of the dissertation is the study of the workload of
athletes during training and sports activities. The use of an optical method allows a quick remote
assessment of the state of the musculoskeletal system of athletes,

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

The presented material shows that the doctoral student has thoroughly studied a farge number
of significant scientific publications in the field of optical methods for remote sensing of objects.
The total number of cited literary sources is 127, and a large part of them were published in the
last ten years, which is a consequence of the topicality of the topic. Based on this, the goal of the
dissertation work and the tasks for its achievement are correctly formulated.

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

In the context of the present study, infrared thermography was chosen as the primary
method due to its ability to provide detailed, quantitative information on skin surface temperature
changes that are indicative of internal physiological processes such as blood circulation, muscle
activity, and thermoregulation. Infrared thermography is based on the principles of thermal
radiation described by the laws of thermodynamics and quantum mechanics. In modern science
and technology, optical methods of observation and diagnosis play a key role in a wide range of
applications. Among them, remote non-contact methods are of particular importance, which offer
the possibility of precise analysis of the physical properties of objects without direct contact with
them. One of the most effective methods in this field is infrared thermography, which allows
visualization and quantitative analysis of temperature distributions on the investigated surfaces.

Chapter 1 reviews optical remote sensing methods and tools
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object research.

Chapter 2 is devoted to the analysis of the possibilities of statistical methods for processing
and interpretation of data from remote monitoring of objects - athletes, obtained by optical
radiometry,

Algorithms for collecting and processing information about the state of objects - athletes,
by means of optical radiometry are discussed in chapter 3.

Chapter 4 is devoted to experimental studies, where experimental measurements were
made on a group of athletes to create a database of thermo-visual measurements, the reliability of
the experimental measurements was determined and a comparative assessment was made.

On the basis of the above, I believe that there is complete correspondence between the
chosen research methodology and the set goal and tasks of the dissertation work,

4. Scientific and/or scientific-applied contributions of the dissertation

Scientific and applied contributions:

1. A remote sensing approach with optical radiometry and correlation analysis of data from
an object (an athlete's throwing arm) is proposed.

2. A geometric model of a specific object (throwing arm) was developed for remote sensing
using thermo-visual information (Chapter 2, paragraph 2.5, Fig. 2.2, expression 2.24).

3. An assessment with a combined standard uncertainty is proposed (Chapter 4, paragraph
4.4 Tables 4.12 t0 4.21), of the results obtained and collected in a synthesized database of thermo-
visual data, when conducting experimental studies of a group of athletes

Applied Contributions:

1. An algorithm was developed for collecting information through optical radiometry of
objects - athletes (Chapter 3, paragraph 3.1, fig. 3.1).

2. An algorithm for the processing of thermo-visual information based on statistical
methods was developed from the remote study of objects using optical radiometry methods.

3. Development of an appropriate structure of a database for collecting thermo-visual
information for the purpose of statistical processing in remote object surveys (Chapter 3, paragraph
3.2, Table, 3.1).

4. An experimental study of the developed approach to the remote study of objects with
optical methods, by collecting and processing information from optical radiometry, was carried
out, applied to a group of athletes (Chapter 4, paragraph 4.3, Tables 4.2 to 4.11).

I believe that these contributions correctly reflect the author's achievements in the process
of the conducted research and will undoubtedly find their practical applicability.

5. Evaluation of the publications on the dissertation

On the topic of the dissertation work, 5 publications in international conferences, indexed
in Scopus, in the scientific field of the dissertation are presented. From the citation reference, it
can be seen that 1 citation of the dissertation publications is available in the SCOPUS database.

All this shows that the work has received the necessary publicity. The nature and volume
of the publications and reports fully reflect the developed problems of the dissertation work.

6. Opinions, recommendations and notes

The following recommendations and critical remarks can be addressed to the presented
dissertation work:

* There are a certain number of foreign, spelling, stylistic and typographical errors in the
text of the dissertation;

* I recommend the PhD student to continue his development in his chosen field.

* How would increasing the number and locations of pitching arm measurements affect
accuracy?

7. Conclusion

Despite the remarks made, I express a positive opinion about the dissertation work
5



provided to me. The requirements for awarding the educational and scientific degree "doctor” have
been met. The obtained results in the dissertation represent an original scientific and applied

Based on the materials provided for the dissertation work, their relevance, presented
scientific-applied and applied contributions. | consider it reasonable 1o propose to the Honorable
members of the Scientific Jury to support the awarding of the educational and scientific degree
"doctor" to M.Se. Engineer Dm:utnt- Asenov,

Date: 14.04.2026 Scientific jury memb _
[ Assoc: Prof. Dr. Eng. Ivan lvanov /


user
Rectangle

user
Rectangle


