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LJKabGeand o ONTHYHE KOMYHHKAUROTIR cHeremu®

8 NpoCCHOHATIO RATIPABACHHE:

5.3. KoMyHHRAIHOHHA # KOMIIOTHPHA TeXHHKA

ABTOp HA AHCCPTALHOHHIA TPYA:

mar, uik. JumMursp Acenos

Tema Ha IHCCPTAITHOHHNA TPV
Onrriiii METO/IH 32 AHCTARINONHO HICAEIBARE ua obexTn

peucHsent: npod. 1-p Wi, Cuexana [Liemkosa-berapexa

1. ArTyaanoct Ha paspaborsanui B JAHCEP TR0 TPy npofaem B Hay4Hno 1
HAYHHO-TIPHAGKHO OTHOMICHIC

Temara Hi [IPEIACTABCHHA gqucepratinones  TPYL “OnrHaHl MeToaH 33
AMCTAHIIHONHO HicaeaBalNe Ha 0BeKTH™ ChECEM CCTECTBCHO PasKpHBa HAMTHHETD
1A AKTYIHOCT, CERP3aHi ¢ [HHPOKOTO PAMIPOCTPAHCHIE Ha s{ETOAHTE ¥ CPEICTRATA HA
repmorpaguaTa. Taiy akryanmoct M MOMYJIAPHOCT Ce yBemuuusad 0T Ciid cTpana
nopaim HATHYHETO B HACTORHS MOMEHT HA BCE Ill!-ﬂl‘lEKTHBHH anaparHA EpEﬂCIBﬂ 30
MCTHHIMOHHO MICICIRAHE HA oGeKrTH, 4 OT JIpyTa cTpana OT THCHO CHBP3aHNTe C T30
aaparii CPeiCcTRA AMTOPHTMH H TIPOTPAMEH CHCTEMH 11 e(heKTHBHO AHCTAHIHORHD
wiciepaie Ha ODEKTH B OTTPEleiIcHH criemmdTHE, HO TPAKTHHECKH ocobeno nonelny
ofnacts, & caysas B obnacTE HA cropra.

2. Corenent 1A Ho3HABAHE ChCTORHUETO HA npodaevi i TROPUCCR WHTCPIperanns
f12 ANTCRUTYPHIN MaTepiind

Crenedra Ha TO3HaBaHe CHCTORHHETO HA npoGneMa # TROPHECKS
WHTEPOPETIA Ha THTEPUTYPHER marepnan ce 3afenwisa B 1CTHA JINCEPTAMOHTH
rpyt. Ho  Mowe 3a ce MOAMCPTAC, ye gpel CHIHOCTTA Hi T8l 1 JHpermes mu
ONTHYMHN METOAN N CPeAcTRA 34 AMCTAMIMONNG MICTEABANE HA ofexkTn®™ Ha
JMCEPTaIHORHHA TPYA HYPe3 [IpoBEICHIA B HER miTepatypen o030p Ha fazara Ha 127
AMTEpPATYPHU  HITOHHHIUL €€ aprymMesTiHpa Temarhxata  Ha JHCePTRIINATA,
HEOGXOIMMOCTTa OT HOBH TO-C(PERTHEHH METOIN a3 MHCTRHIMOHHO M3CHeABalic Ha

-

oberTH 1 ce AeHHIPaT NpasHIHO neira i 3ajadnTe Ha IMCEPTalMaTa.

3. CnoTRETCTBIe Ha WiHpanara METOIHKA [ HCACABAHE H DOCTABENATA Hea H
SN FE INCCPTAIIHOHHRS TPYA € NOCTHTHATHTE PHHOCH

(“ROTBETCTRICTD Ha nifpanata METONKA Ha {3cieIBARE W I1OCTaBeHaTa uel n
sasauH HA JHCCPTAlMOMANA TPYA € HOC WrHATHIE TIPHHOCH € 700pe obocHuBaHO |
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crie/ing g e NoAYUEpIas, ye [IOCTABEHATA LSl M 3aJa4H Ha AMCEPTAIHOHHNS TPYIL ¢
nedunapan B TACHO CBBP3AHH € HOCTHIHATHIC pesyaTatn W IIPHHOCH B
AHCEPTALHOHHUE TPYA. B Tona TBHpACHHE CACABA 1A CC BEMOMH ODOCHOBAHOCTTA Ht
LeanTe W jajauuTe B AHCEPTAIHOHHUA TPYL HANBIHO OCHOBATSIHO AethrHEpanaTa
maunmoct # ueobxogmMoctT B HAY'IHO W HAYIHO-TIIPHIIOKHO OTHOIIEHHE OT
ycnensaHBd B WipaHaTa HaywHa uGmacT — oOpaboTka ua umdopmammsta OF
WANDAIEAHETO HAa ONTHMHH MCTOIR 34 AHCTAHTHOHID H3CAC/BAHC Ha oDCKTH, ©
oHpeeIeHa KOHKPETHA Uei — aHaI3 Ha eheKTHBEHOCTTA Ha chOTe3aTe/IHaTa ACHHOCT
criopraemh, [peanoie ¢ TIpaBHICH TIOAXOL, 1O RoOfiTo JOKTOpaHsT € hopMyanpai
COMHO M B CHHTE3UPAH BHIL KAKTO He/IT, TAKA { IANAYHTE B CBOK aMceprainoneH TpYIL
KaKTO cHe/BAl

Ileat wa AHCEpTALNATAL Jla ce paspabors, m3cacasa H AHATAIMPE [IO7IX0A 34
AHMCTAHIHOHHO HICASABARE RHA oBeKTH wupe3s OITHYHH METON. QoryesT Ha
JAMCCPTALIMATA € H3CASARIHRE HA HATOBAPSHOCTTA HA CIOPTHCTH TIPH TPEHHPOBBHHA H
crioptia jeiinoct, M3nomsaneTto Ha OITHYER MeToq no3sonssa Obp3a JICTaHIHOHHE
OUEITKA HA CHETORHHTTO HA ONOPHO JBHFATETHUN ANAEPAT HA CUOPTHCTHIE.

Taan uen ¢ peamusupand 4pes (opmysMpase ¥ HITHANCHES Ha caeanHTe
AR

I, Jla Cc GHATMIAPAT BRIMOKHOCTHTE Ha CTATMCTHHECKHTE METOH 38 obpaborka
i HUTSDIPETAIMA HA NEHHR OT AucTannHoRRo wabmojacHHE Ha OOeKTH -
CROPTHCTH, NOMYHCHHI HPE3 ONTHYHA paIHOMETPHA

2. Jla ce paspabOTAT AIrOPHTMA 3 crOupane # ofpaboTka Ha uHopMaia 34
CLETOSHWCTO Ha ODEKTH - CHOPTHCTH Hpe3 OTITHYHA PAIHOMCETPHA

3. Ja ce u3tneasar eKCHePHMEHTLIHO pazpaboTeHHTE anropHTMi 33 chbupaie |
crarncTutecka obpadoTka Ha urOpMALHA TIPM ZCTAIONRRD wicaeIRANe Ha
OGeKTH - CIOPTHCTH Ype3 ONTHEHA paAHOMETRHA

4, KpaTka Snaannrina AAPAKTEPHETHKA HA  €CTECTBOTO i oucHKA  HA
HOCTOBEPIOCTTA 1A MaTepHalid, BLPXY KoifTo ce IpaaNT npHEOCHTE HA
AMCEp TALIOIEIS TPYA

JlscepTalOHARAT TPYA € € obem 122 crpaumny, Pealiupaticro Ha APaBUIHo
HOCTABCHATA HeN M CHOTRETHH 3ajaun Ha AMCEPTAIMOHERA TPY © obexT HA
cReasaniuTe I'71aBy Ha ;IEL:EPT&HH!IT&. MEWIY KOHTO ¢ oCTAIHATa um:ﬂémmmmmuﬂ
A HANOACHHETO, IOTHHYECKA BPRIKA U MCTOIHOCT B MPEJICTABAHE HA HOBATE BAKIH,
OTHOCHO TPUHOCHTE HA AWMCEPTALMATA, TeOpCTHHHH M MPAKTHHECKH pellenng 8
oBacTTa Ha TEMATHKATA Ha JIHCCPTALMATA. _

OfexT HA W3CHENBANe B I7asd 7 ¢a CTATHCTHUECKH METO/M 334 obpaboTka o
MHTCPAPETAIMA Ha JauHn OT AHCTAHIMORHO HADMIDACHHE HA obeKTH - CHOPTHCTH,
[OIVHEHH Ypes ONTHHHA PAIHOMETPHA.
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B Tpeta r1asa Ha JMCepTaHoONkIA TPy “AArOpHTME 34 crompane i obpadoTka
ga  uHQopMalEs 33 CHCTORHHCTO HR obexT - CHOPTHCTH, 9pe3 ONTHYHA
pajHOMETPRA™ €3 TIPEJCTABCHM GHOKOBA CXCMil Ha AITOPHTEM 34 cnOupane o
craTnerHuecka 0OpalOTKA HA  TEPMOBHIYATHZ undopmampa  Ha Oasata  Ha
NPCUIKSHIA  TEOMETPHYCH  MOJET s MCTAHITHOHHO WICHEARAHE HA ofeKTH,
CTpyKTypata ja Gazara JaHHm 34 ChOMPAHE HA TEPMO RU3YATHATA HHOpMALEA C Led
craTHcTHdecKa 0OpaboTka mpH IRCTAHIMOHHD H3CAS/BAHC HA ohCKTH, HanpaseH &
CTATHCTHYECKN aHanH3 Ha TCPMATHHIC qapmm.  TlpejcrakeH € aHamM3  HA
eKCHEPHMEHTATHATE JAHHY, TOIYHeHH Wb OCHOBA 18 Pa3padoTeHiH aaTOpHTEM H
craTicTHIecKaTa UM oOpaboTKa,

B rupa GErEBPTA B4 RCCPTRLMOHHUR Tpya ca IpelcTaBeHH
eKCICPHMEHTRINWTE PE3YIITaTi Ha paspaboTeHHA METOA U anropHTHM 3a chbHpane H
craticratecka 00paboTKa Ha TEpMO pisyania #udopMmalms OpH AHCTARIMOHHO
wicnesnade Ha ofexTm. PesymgraTaTe €4 MoMydeHH Bh3 OCHOBA HAa PCamliy
excnepamMenT Ba 10 cueTesareii o XAHAGAn 33 CeaeM AHETOMIPTHH 3OHNH Ha
XKELPIEIETE PBKA [P, (o BpeMe Ha choresaume ®oCAcd IPHEOMBAHE  HA
creretannero. HaMmepsaHnsTa €8 HIBhpIIEHH C pudppatepsena KaMepa FLIR E40 upn
KONTPOIMPAHH YEIOBUA B CHOPTHA qaid ¢ NOCTOAHHE TemuepuTypa fe3 BhLEIIHN
grsocepiy  mmsuni. Tlpejcranena ¢ CpasMWTeNHAa OUCHKA Hi pesyiataTHTe 0T
APOBEHEHHTE CKCACPHMCHTATHI J3MEpBAHNA HA IPYIIA OT CHOPTHCTH TIPH CL3JIABANE
. Baza AHHW OT TEPMOBH3IYATHH HIMEPBAHIA. upe3 onpefeNeHaTa cTOAHOCT HA
HANCAKIHOCT ¢ TIOMOIITA HA Mojem 34 goMOHHupana cranjapTHa HEOTIPEASIEHOCT.
Beska O MIABHTE 3a8HpLIBA C HIBOIA | hOpMY THPAHH TIPHROCH HI JOKTOpAHTA.

5. Hayuus u/izin HAYTHO-TIPIOAI UPHHOCH 1t ANcep TANHOHENR TPYA
OcHOBHUTE PEIYIITATH, NMOCTHIHATH B {ACTOSIIHY [MCEPTAIIHOHEH TPy Ca
GBOGIICHN 1§ TIPEACTABCHH B CHHTEPai Bil 107 OpMATH HA CASIHITTE NPHHOCH:

Hayso-npiaoEHin HPIHOCH:

TlpeanoxeH € TIOILXOML 34 AMCTAHIHOHHD H3CASABAHE € OQITTHYHA PATHOMETPHHE H
KOpEAAIOHEH AHAIITS HA JRHHE 0T oboKt (XREPAAMIIATA PhKa H CHOPTHET).

PaspaboTed © IeoMeTpHYeH MO/ Hil KOHEpETEH ODCKT (XFHPANIIA PLKL) 38
THCTAHIHOHHO W3CTISIBAHE HPET TEPMO BITTYa/IHA uHhopMmanis (I"saaBa 2, naparpad
2 5, dmr. 2.2, wspas 2.24).

[pejomenn ¢ ONCHEE € koMOMHIpaHa cTanuapia ieonpeaeienoct (1 msa 4,
naparpad 4.4 TaGmuu 4.12 g0 4.21), na pesyiTaTHIe, NOIyHeHH # chOpauy B
cuHTeinpana Da3a oT TEpMO AH3VATHE JIAHAW, TpH IpOBCAIAHE Hal eKCTIEpHMEHTAIHH
WicTeABalna Ha IPyTa crnopTicT!

M praaoaHn npaRocH:

- paspabored € AITOpHTRM 34 cpOupane Ha WHpoOpMAIHA HPE3 OTITHYHE
pIHOMETPH HA wBekH - cnoprictd (Inasa 3, naparpad 3.1, dur. 31

-
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- paspaboTeH € WITOPHTEM 33 obpaboTka Ba TEpMO BHIYATHA HH(OPMATIIE,
Gaaupan Hd CTATHCTHYECKH METOMM, OF HCTAHIIOHHO H3CHE/Nane Ha obexTH ¢
METJIITC HA ONTHTHAT pannoMeTpast;

- pazpaGoTBane Ha DOAXOAAIE crpyKTypa Ha 6a3a J1aHuH 3a cHLONPAnE Ha TEPMO
wirynana  uHQopmanns ¢ ued craTHerigecka  OOpabOTKA TPH  IHCTAHIHOHHN
s esnase ua obexn (I'nasa 3, maparpad 3.2, Tabmaua. 3.1

- HBBLPIIEHO ¢ CKCIIEPHMCHTAIHO uscneapasie Ha paspaboTeHEs OOAXOA 33
CTAHIHONHO HICTEIBANE Ha OOCKTH ¢ OITIHIR \feTOIIH, Tped chGupane u oOpatoTka
pa WiIhOPMaLHA OT OTITHHHA pATHOMETPHA, MPHIACKEH 38 rpyna enopruetit (Faasa .
naparpad 4.3, Tabmum 4.2 jo 4.11),

6. O1enica Ha CTENCHTA HA JHHHOTO VHACTHE HA JOKTOPRNTA B OpHIOCHTE

Omstcaniire Mo-rope HaydHo-TIPHIoKI | [IPHIOKHE PHIOCH dmrypupar B
JOCTATLYHATA 110 0DeM B ChIBPARRHIE nyGMKAIMONHA NEHROCT HAa foKTopaHThT. Te
£a NONYARPHIAPAHH B MOAXOAIN 1 YTBRPAZHA B oBAaCTTA HA ANCCPTAIANTA HAYIHH
(popyMt, KOeTo o3HauaRa, He pe3yNTHTHTE OT JMCCPTALMATA ca npuiaobumH
CLOTHETHIT MOMYIRPHOCT i APHIHAHNE B payymTe cpean. B Tasu BpLIKd B JNTHOTO
yUECTHE HA IOKTOPANTRATA 1 TIPHHOCHTE €& MPONRABA 1 € HEOCTIOPHMO W TOTHEPACHO
or HannuseTo Ha 5 nybOmHEanMy B CHABTOPCTRO ¢ PHKOBOTTENNT Ha JOKTOpaHtd \
KOACKTHE,

7. Upenenia i nyDHKAARTE 110 AHCEPTANNOHHIS TPYA

OcHonaHTe NOCTHRCHWA B IHCEPTAHONHAA TPYA &4 MONYIEPH3HPaHH B 5
paysHi TYOIHKAINTH, B HRYSHR xondeperiuy, Bowdrd nyGaMKaII# €4 ¢ TCOPETHYRO
# TIPIIMEHO 3HAYCHHE, CBLP3Ai ca ¢ AHCEPTAIARTA H € npodiecHoHAIROTO
panpawicnue 5.3 Komyinmkannonsa  u KOMIK TR TeXHIERDL [Tpuemam
[y GANKAIMOHHATA JCHHOCT Kato HATILTO JOCTAaThuHA 10 0beM, HA BHCOKO HAYHHO
{MBO i TONYIAPH3APANA B AOCTATHTHA CTENCH 8 HAITHOHAACH U MEK/(YHAPOACH HAYICH
AaH,

8. Haoassane ua pesyararmie oF AncepTammoning  TpYa B Hayynara M
COUMATHA TR NpaK IR

KaTo KOHKDETHH PEaini J0KasaTencTaa 34 HATIOSBAHETO HA pesyrTarHTe oF
JiMCepTALHOHINY TPYA B Haywmra i COlMAIHATA NPAKTHEA MO®e I Ce TpaeMe
APeAIoKEHATE o puspaboTeHa METOIHKR 34 oleHKa HA (YHKIIHOHANHATE ARTHBILA
qpe3 TepMOrpadeKi NOIXOA OpH [OAIOTOBKA HA CHIOPTHCTH 32 CHCTSIANNA.

9. QueHKa Na ChOTBETCTRHETO it apropedepara ¢ MIHCKBANMIATA 33 M3rOTBAHETO
My, KAKTO W HA ANeKBAHTHOCTTA HA OTpalgsanc Ha OCHOBIHTE TOJI0KEHNT W
PHITOCITTE 1A IHCEPTALIOIHIT Tpyi



OneRKaTi Hit ChOTBETCTRACTO HA apropediepaTa ¢ HINCKBAHUATA 33 HITOTRAHETO
My, KaKIO H Ha alieKB8aTHOCTTA Ha OTpa3fBAHE HA OCHOBHHTEC OONOMKEHAR H TPHHOCHTE
Ha JHCepTauHOHHHA TPYIL € [ONOARNTEIHA H HOTRLPAJIABA HATTLIHO HATHHHCTO 1A
APABKIIIHO CTPYKTYpHpaue Ha asTopediepara cropell HIMCKBAHNATA 1 [peACTABAHE B
HOCTATHUHA CTEneH HAR-BaXIHTE HOCTHAREHHA, OTHOCHO pa3pabOTCHHTE AATOPHIMH,
TIPOrpaMHil peanmialiny H THXHOTO OTpa3fBaHe B MPUHOCHTE Ha OHCEPTALHOHHHA
TPYIL

10, Mienus, HPENOPHKHN it DeIekRi

KM JIHCCPTRIMOHHHSA TPYA MOTAT Jd C& [IOCOYAT CHASITHTE 3ADENCHKKIN:

- ype3 IOCOYEHHTE TTAPaMeTPH Ha HANOA3BAHATA TPO{eCHONANHEA TEPMO Kamepa
ua dupmara FLIR e HeofxXOMHMO 2 C8 apryMcHTHpa Jail geffHaTa pasiCcaHTeaHa
CTIOCODHOCT @ JIOCTATHYHA 34 [apaHTHpanc Ha TOYHOTO TIO3HLIHOHAPAHE HA ofnacTia
1A MIMEPMANE Jid TeMICPaTyPaT Ha Pukatd HA CIOPTHCTA]

. MamabuT Ha dur,3.1 noIwoIIBa 13 €3 YR, 74 TIO-SCHE BUIYRIH3AINA]

- ppenopBLUHTENIo ¢ B TERCTa AL CTP. 98. npejn Tabaumrie 0T 4.1 10 4.10 nace
onupile (0-CTAfNHD CHEMaHeTO H CrOTIHOCTHTE 34 TEMIEeparypara, 1.6 Jadl ©
BUAVIIHD ©OT TepMOrpadicriTe F3oOpAKEHH] WD ABTOMATHYHO gpe3 ChOTBETCH
uirepdieiic (no BeAka BEPOATHOCT USB) AMpEKTHO OT TEPMO KaMepatd,

. p MATMABANTE YaCTH HA BCAKA OT TaGmuumre ot 4.1 a0 4.10 encasa aa ce
aedmunpa eAHHALEATE (' 33 MIMEPBAHATA TEMIECPATYDE, HE3ABHCIMO, ye B rpacdaTa 33
_koMOunHpana HEONPEACISHOCT™ TH € MOCOUEHA.

- [pEICTABEHOTO B [asa 4 eKCIICPHMEHTATHO HICIC/IBAHE upes paspadoTeHid
CIETHCTHYECKH METOJ1 38 JNCTAHUHDHHD wacnicamatne Ha OOeKTH Hpe3 cpOHpane M
o0paboTKa Ha TEPMO BH3YanHa dopMaliEs, IPHITHEEND 38 TPYTa cnoprHern (1 mBa
4, naparpad 4.1, Tabmmum 4.1 no 4.10) e muoOro HOAPOGHO | OCODEHO MOACHOC
KOMEHTHPAHD 33 BCEKH OT YUacTBAINHTE B FIcAeABaneTo CIIOPTHCTH. Ho Gn 6uno ome
IO-1T0AS3HO B ehEeRTHEAD, KO HA Gasara HA TEIH PEIYJ/ITaTH Ce nedHHUpaT CLOTRCTHH
APENOPLEN KbM TPCHLOPHTE 34 foaoGpEBaNE HiL PEIYITATROCTTA H CHOPTHLTHTE B
TLITEHH CHOPTHN ChUTEIUHEA.

[MocovernTe 3a0CICKER €a CaMO PeIaKIHONTH, HOIHAYMTENHH M MOrar Ja
OCHYARIT HA JOKTOPAHTA, KaTd npenophKEK B GhACHl HETORH payaHy myOnHEanny B
HaysHA TPOSKTH,

11, Jaraosaenne

Currray, 49€ ODIIATA MONOKMTEIRA OLCHKA HA TEOPETHHHHTE H TIPAKTHHECKH
peayaTaTH. OCTHIHATH TIpH paspaloTkata Ha HACTOAMIHA AHeEpTanHoHeH TPYIL
siedmIHpani KATo BayTHO-MPHIOAIH H [PHIOAKHYM TIPHACCH, OTPASEHH B [OCTATHYCH
ia GPOi Hay4HK TYOIHKAIEE W B [OANOMTIIIA HAVYHA CIRCanHd | kondepeHimy, ca
HAMLIHO FOCTATEYHO OCHOBAHHME 34 HCHO HONOIHTENHO 3AKUOHEHEe  OTHOCHO
KBATH(PURALATA HY JOKTOPARTET W AErOBHTE TIOTBBPASHH B IHCEPTALHOMHAR TPYA
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cauecTsa Ha yved B n3DpaHATA OT HEro nayuua oBmmeT. 3aToRa CYHTAM 33 HATRJHO
OCHOBATCTHO ¥ TPEHIOPBUBAM HA YBAKACMOTO HAYHHO EYpH Jla OpHCHIH HA
oOpasoBATEANATA W HAy1Ha cTench Logtop” Ha ac. mar, wmk, JHparep I
Acenon 5 HpOGECHOHAIHO HAIPABJICHHE 5.3. KoMyHHKaIMOHHA W KOMINOTLPHA
rexmiKka no faywma creunammoct Kadeauu n ONTHYHN KOMYHHKaUWOHHE

cucTeMIL

Jlara: 14.04.2026 1. Tk IS

(npod. a-p Caexana [Tremrona-bekapcka)
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15. 0y, (55 55 B /A

M ! ”.' ,'_?(’
of a dissertation for the aﬁisitiun of the educational and scientific degree "doctor” in
the scientific specialty: "Cable and optical communication systems”

REVIEW

in the professional field: 5.3, Communication and computer technology
Author of the dissertation: M. Eng. Dimitar [ Asenov

Topic of the dissertation: Optical methods for remote study of objects
Reviewer: Prof. Dr. Eng. Snezhana Pleshkova-Bekyarska

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

The topic of the presented dissertation "Optical methods for remote study of objects”
quite naturally reveals the presence of relevance, related to the widespread use of
thermography methods and tools. This relevance and popularity is increasing on the one
hand due to the current availability of increasingly effective hardware for remote study
of objects, and on the other hand, due to the algorithms and software systems closely
related to these hardware for effective remote study of objects in certain specific, but
practically particularly useful areas, in this case in the field of sports.

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

The degree of knowledge of the state of the problem and creative interpretation of the
literary material is noticeable throughout the dissertation work. But it can be
emphusized that through the essence of Chapter 1 "Review of optical methods and
means for remote study of objects” of the dissertation work and through the lierature
review conducted in it on the hasis of 127 literary sources, the topic of the dissertation,
the need for new more effective methods for remote study of objects and the purpose
and tasks of the dissertation are correctly defined.

3. Correspondence of the selected research methodology und the set goal and tasks
of the dissertation work with the achieved contributions

The correspondence of the selected research methodology and the set goal and tasks of
the dissertation work with the achieved contributions is well justified and it should be
emphasized that the set poal and tasks of the dissertation work are defined and closely
related to the achieved results and contributions in the dissertation work. This statement
should include the justification of the goals and tasks in the dissertation work, the fully
justified defined significance and necessity in scientific and scientific-applied terms of
research in the selected scientific field - processing of information from the use of
optical methods for remote study of objects, with a specific goal - analysis of the
effectiveness of the competitive activity of athletes. A correct approach 15 proposed,
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gecording to which the doctoral student has formulated accurately and in a synthesized
form both the goal and the tasks in his dissertation work, as follows:

Purpose of the dissertation: To develop, research and analyze an approach for
remote study 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 for a rapid remote assessment of the condition of the
muscnloskeletal system of athletes,

This goal is achieved by formulating and implementing the following tasks:

|. To analyze the capabilities of statistical methods for processing and interpreting data
from remote monitoring of objects - athletes. obtained by optical radiometry.

2. To develop algorithms for collecting and processing information about the condition
of objects - athletes by optical radiometry

1. To study the experimentally developed algorithms for collecting and statistical
processing of information during remote monitoring of objects - athletes by optical
radiometry.

4. Brief analytical description of {he nature and assessment of the relinbility of the
material on which the contributions of the dissertation are built

I'he dissertation is 122 pages long. The realization of the correctly sct goal and relevant
tasks of the dissertation is the subject of the following chapters of the dissertation,
between which consistency in the exposition. logical connection and methodically in
presenting the new important, regarding the contributions of the dissertation, theoretical
and practical solutions in the field of the dissertation's topic have been achieved.

The object of research in chapter 2 are statistical methods for processing and
interpreting data from remote sensing of objects - athleles, obtained by optical
radiomelry.

in the third chapter of the dissertation wark “Algorithms for collecting and processing
\nformation about the condition of objects - athletes, through optical radiometry” a
block diagram of an algorithm for collecting and statistical processing of thermo visual
information based on the proposed geometric model for remolte sensing of objects is
presented, the structure of the database for collecting thermo visual information for the
purpose of statistical processing in remote sensing of objects is presented. a statistical
analysis of the thermal data is made. An analysis of the experimental data obtamed
hased on the developed algorithm and their statistical processing is presented.

Chapter four of the disseriation presents the experimental results of the developed
method and algorithm for collecting and statistical processing of thermo visual
information in remote object surveying. The results were obtained bused on real
experiments of 10 handball players for seven anatomical zones of the throwing hand

before. during und after the competition. The measurements were performed with a
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FLIR E40 infrared camera under controlled conditions in a sports hall with a constant
temperature and without external atmospheric influences. A comparative assessment of
the results of the experimental measurements of & group of athletes when creating a
database of thermo visual measurements is presented. through the determined reliability
value using the combined standard unceriainty model. Each chapter ends with
conclusions and formulated contributions of the doctoral student,

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

The main results achieved in this dissertation work are summarized and presented in a
synthesized form in the form of the following contributions:

Scientific-applied contributions:

An approach for remote sensing with optical radiometry and correlation analysis of data
from an object (the throwing arm of an athlete) is proposed.

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

An assessment with combined standard uncertainty is proposed (Chapter 4, paragraph
4 4 Tubles 4.12 to 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:

- an algorithm for collecting information by optical radiometry of objects - athletes has
been developed (Chapter 3, paragraph 3.1, Fig. 3.1)

- an algorithm for processing thermo visual information, based on statistical methods,
from remote sensing of ebjects with optical radiometry methods has been developed;

- development of an appropriate database structure for collecting thermo visual
information for the purpose of statistical processing in remote sensing of ohjects
(Chapter 3, paragraph 3.2, Table. 3.1);

- an experimental study of the developed approach for remote sensing of objects with
optical methods, by collecting and processing information from optical radiometry, was'
carried out, applied to a group of athletes (Chapler 4, paragraph 4.3, Tables4.2t0 4.11).

6. Assessment of the degree of personal participation of the doctoral student in the
contributions

The above-described scientific-applied and applied contributions appear in the doctoral
student's publication activity, which s sufficient in volume and content. They have been
popularized in appropriate and established scientific forums in the field of the
dissertation. which means that the resulis of the dissertation have gained the
corresponding popularity and recognition in scientific circles. In this regard, the
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doctoral student’s personal participation in the contributions iz manifested and is
undeniable and confirmed by the presence of 5 publications in co-authorship with the
doctoral student’s supervisor and team.

7. Assessment of publications on the dissertation work

The main achievements in the dissertation work have been popularized in 5 scientific
publications, at scientific conferences. All publications are of theoretical and applied
significance, are related to the dissertation and the professional field 53.
Communication and computer technology. T accept the publication activity as being
fully sufficient in volume, at & high scientific level and sufficiently popularized in the
national and international scientific plan.

8. Use of the results of the dissertation work in scientific and social practice

The proposed and developed methodology for assessing functional activation using a
thermographic approach in preparing athletes for competitions can be accepted as
concrete real evidence for the use of the results of the dissertation work in scientific and
social practice.

9. Assessment of the compliance of the abstract with the requirements for its
preparation, as well as the adequacy of reflecting the main points und
contributions of the dissertation work

The assessment of the compliance of the abstract with the requirements for its
preparation, as well as the adequacy of reflecting the main points and contributions of
the dissertation work is positive and fully confirms the presence of the correct
structuring of the abstract according to the requirements and the sufficient presentation
of the most important achievements regarding the developed algorithms, program
implementations and their reflection in the contributions of the dissertation work.

10. Opinions, recommendations and notes
The following remarks can be made regarding the dissertation:

- using the specified parameters of the professional thermal camera used by the FLIR
company, it is necessary to argue whether its resolution is sufficient to guarantee the
accurate positioning of the temperature measurement area on the athlete’s hand;

. the scale of Fig. 3.1 allows for an increase in size for clearer visualization;

_it is recommended in the text on page 98, before Tables 4.1 to 4,10, to describe in
more detail the recording of temperature values, i.e. whether it is visual from the
thermographic images or automatically via a corresponding interface (most likely UUSB)
directly from the thermal camera;

—in the headers of each of the Tables 4.1 to 4.10. the unit CO0 for the measured
temperature should be defined. even though it is indicated in the column for “combined
uncertainty”,
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- the experimental study presented in Chapter 4 using the developed statistical method
for remote survey of objects by collecting and processing thermo-visual information,
applied to a group of athletes (Chapter 4, paragraph 4.1, Tables 4.1 10 4.10) is very
detailed and especially usefully commented on for each of the athletes participating in
the study, But it would be even more useful and effective if, based on these results,
relevant recommendations were defined for coaches to improve the performance of
athletes in future sports competitions.

11. Conclusion

| believe that the overall positive assessment of the theoretical and practical results
achieved in the development of this dissertation work. defined as scientific-applied and
applied contributions, reflected in a sufficient number of scientific publications and in
appropriate scientific journals and conferences, are quite sufficient grounds for a clear
positive conclusion regarding the qualification of the doctoral student and his confirmed
in the dissertation qualities of a scientist in his chosen scientific field. Therefore, |
consider it completely justified and recommend to the Honorable Scientific Jury to
award the edueational and scientific degree "doctor” to Asst. Mag. Eng. Dimitar

Asenov in the professional field 5.3. Communication and computer technology in the
scientific specialty Cable and optical communication systems.

Date: 15.04 2026 Reviewer:

(Prof. Dr. Snezhana Pleshkova-Bekyarska)
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