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PEUEH3UA
BbPXY AMCEPTaLMOHEH TPy 3a npuaobusaHe Ha obpasosaTenHa u Hay4Ha
creneH (OHC) ,,dokTop”

ABTOp Ha AUCEPTAUMOHHUA TPYA:  ac. mar. uHxX. Copusa CredpaHosa Y3yHoBa

Tema Ha AMCepTaLUOHHUA TPYA,: CBPBXLUMPOKOJIEHTOBU TEXHO/TIOTUU 3A

KOMYHUKALUMUA HA BOPAA HA NIETATE/THUTE ANAPATU
1 NOKANU3ALUA HA LENU B YCNNOBUA HA CMYLLEHUA

YNeH Ha Hay4YHOTO Xypu: npod. A.H. MHX. UBaitno MunaHos NaHaues

1. AKTyaNHOCT Ha pa3paboTBaHWA B AUCEPTALMOHHUA TPyA Npobnem B HAy4HO U Hay4HO-
NPUNOXKHO OTHOLEHMUE.

Cepbxwupokonentosute (CLUN; Ha aHenulicku e3uk Ultra-Wideband (UWB)) enekTpoHHHU
CUCTEMW MpeAcTaBnABaT NEPCrNeKTUBHA TEXHOMOrUA 3a 6e3kU4HW KOMYHUKauuu He camo C
NPUNOKEHWUE B UHAYCTPUATA, TPAHCNOPTA M MEAULIMHATA, HO U B KOMYHUKAUWA HAa KbCU Pa3CTOAHNUA
WAV T.Hap. BbTpewHob6opaoBa 6e3xnyHa KoMyHuKauma — BBBK, KakTo 1 3a 10Kauus, OTKpUBaHe 1
CbNPOBOXKAAHE HA MANIOPA3MEPHU U TOYKOBU AUCTAHLMOHHO YyNpaBasemu NeTaTesiHn cuctemn —
OYNC B ypbaHu3upaHa cpefa npu HaaMyMe Ha PasAUYHU  CMYLLEHUA U MHOTONBHEBO
npeotpa3ssaHe. OCHOBHWTE NPEAMMCTBA HA CBPBXLWWMPOKONEHTOBUTE €1EKTPOHHU CUCTemMU Ca
CBbP3aHU C HWUCKA E€HepruiHa NABTHOCT MpU MPeHacAHe Ha rofamMo KOAU4ecTBo nHbopmaums,
BMCOKA CKOPOCT Ha NpeHoC Ha fAaHHu (>500Ms/sec. Ha pasctosvue Ao 10 m), TOYHOCT B
“3MepBaHUATa C NOACAHTUMETPOBMA 0OXBAaT M BL3MOXHOCT 33 peanu3auna C U3Non3BaHe Ha
cneynanusvpaH MOHONUTHU uHTerpanH CMOS cxemu € KbC KaHa/l Ha TPaH3UCTopuUTE.

Mpu ToBa, OOEKT Ha U3CNeABAHETO C3a Bb3MOXHOCTUTE 33 MNPUNOKEHWE Ha cwn
PaAMOKOMYHUKALUMOHHU CUTHAU U MeToAuTe 3a TAXHaTa 06paboTKa B aBMALMOHHATA €/1eKTPOHHA
TexHuKa. [0-KOHKpeTHO paboTaTa € Haco4YeHa Kbm W3C/ieABaHe Ha BbH3IMOXHOCTUTE 33
OCbLUECTBABAHE Ha pPaAMOBPbB3Ka Ha KbCU Pas3CTOAHMA BbLB BbTpewHobopaoBa cucTtema Ha
neTaTeNHUTe anapaTty OT rpakaaHcKaTa asuauma. M3nonssaHeto Ha CLUJ/T paaoKOMyHUKAUMOHHN
CUTHaAWM 6M MOrI0 3HauYMTeNHO JAa ONTMMU3MPa BbTPEWHaTa CTPYKTypa W CUCTEMATta OT
eNeKTPUYECKU BPb3KU B BopaosuTe cMCTEMU. BHUMaAHMETO Ha AOKTOPAHTa € HAaCOo4YeHO U KbM
U3cnefBaHe Ha Bb3MOXXHOCTUTE 33 OTKPMBaHe W CbMPOBOX/JAAHE HA MANOPAasMEPHU U TOUKOBU
[MUCTaHLMOHHO ynpaBasaeMu feTateNHn cucTemu (AYNC) B ypbaHusupaHa cpesa, T.e. pabota npu
Ha/IMuMe Ha 3HAYUTENIHU CMYLLLEHUA U MHOTONbYEBO NpeoTpasfaBaHe.

Cyutam, ye n3bpaHaTa TEMA Ha AUCEPTaUMOHHWA TPYA € aKTyanHa U AaBa AONBAHUTENHU
Mo3HaHWA No uscneasaHu npobnemu. 3agayunTe Ha uscneapaHunATa ca NpaBUIHO dopmynivpaHu 3a
nocturaHe Ha GpopmynupaHata uen. Mpu ToBa pesyntatute OT U3MNBIHEHMETO Ha 3a/jaqnTe 6uxa
MOT/IX @ CNyXaT U 32 OCHOBA 3a C/lieABalin Hay4yHU pa3paboTKM KaTo MMaT U NpsAKa NPUNOXKHA
CTOMHOCT 3@ NPOEKTHU AEeUHOCTH.

2. CTeneH Ha MO3HaBaHe CbCTOAHMETO Ha npobnema M TBOpPYECKA MUHTepnpetauua Ha
uTepaTtypHUsA maTtepuan.

Mpu pa3paboTBaHe Ha AMCEPTaLMOHHUA TPY[ AOKTOPAaHTLT € Npoy4un 146 nuTepaTypHH
M3TOYHUKA, OT KOMTO 93 Ha NaTMHUUA MU 53 Ha KMpuauua. JIuTepatypHOTO Npoy4YBaHe obxBawa
KHUIW, NyBAMKaumMmu B CNUCAHMA, AOKNAAM OT KOHEPEHLMUN, TeXHNYECKa AOKYMEHTaUNA 1 afpeci
Ha CTPaHWLM B MIHTEPHET CbC cneuuannsnpaHa tHGopmaLua No Temarta Ha AUCePTALMOHHNA TPYA.
O6XxBaTbT Ha LMTUPAHUTE INTEPATYPHU USTOYHULM € npubausutento ot 1985 po 2025 r., kato 51




ca nyb6aukyBaHu cnen 2016 r. ToBa NOKa3Ba, 4e AOKTOPAHTBLT € NPOYYNU/ KAaKTO KNaCcU4ecKn Metoau
Y TEXHUKM, TaKa U TaKa U CbBPEMEHHM M3CNeABaHunsA No TeMaTa Ha TpyAad. [lonbaHutenHo pabortarta
e cbobpaseHa C HaLUMOHANHOTO M EBPONEMCKOTO 3aKOHOAATeNCTBO M CTaHAapTh B obnacTTa Ha
CBPBbXLWMPOKONIEHTOBUTE TEXHONIOTUM UM TAXHOTO NpUNoXKeHue. Bb3 OCHOBA HA WM3BBPLIEHOTO
npoy4YBaHe Ha CbCTOAHMETO Ha npobnema e opopmeHa rnasa 1 OT AUCEPTALMOHHUA TPYA, KOATO
npeacTasnasa nutepaTypeH 0630p, KaTto ca aHanusupaHu u knacuduumpanu CLUT curHanm.
O60CHOBaHM Ca TeXHUTE NPeAMMCTBA U Bb3MOXHM 06nacTu 3a M3NON3BaHe B aBUOLMOHHUTE
KOMYHMUKALMOHHN CUCTEMM, CEH30PHUTE MPEeXMW, KakTO U OTKpUBaHE M CHLMNPOBOXKAAHE Ha
ManopasMepHU U TOUKOBM Lenu, 3aAnperpagHa NoKauma, cuctemu 3a rnobanHa Hasurauma. 3a
LeNnTe Ha U3CNEeABAHETO e NPOBEAEH aHaNM3 Ha MaTemMaTUYecKuTe MoAe/ Ha conampaum CLUJ
CUFHAaNM M U3UCKBAHMATA KbM TAX. OLLEHEeHM Ca HAKOW HeaoCTaTbLM Ha MeToauTe 3a obpaboTka Ha
oTpaseHute curHanu B CLUJ1 pajapHu CUCTEMU, CBBP3aHU C OTHOLIEHUE CUrHan /wym, usbop Ha
anroputmm 3a 06paboTKa, HEO6XOAUMOCT OT KOMBUHMpPaHe Ha /iBa UV NOBEYE METO/Aa, TPYAHOCTY
npu ¢puU3MYecKaTa MHTEpNpeTauus Ha npouecute Ha obpaboTka v Ap. B kpas Ha nbpea rnasa e
AeduHMpaHa Len 1 3a4aun Ha W3CNeABaHeTo, KaTo Cropes peueH3eHTa NpasuaHO Ca OTpaseHu
o6nacTTa Ha u3cneABaHe U TemaTta Ha AUCEePTaLMOHHUA TPYA,.

3. CvoTBeTcTBME Ha M3bpaHaTa MeToAMKa Ha u3cneABaHe C NOCTaBeHaTa uesa U 3a4a4m Ha
AUCEPTaLUOHHUA TPYA,.

W3bpaHaTa MeTOAMKA 3a M3CneABaHe CbOTBETCTBA C MOCTaBeHaTa uen W 3aAadn Ha
AMCepTauMOHHUA TPyA. B TpyAa NbpBOHAYaNHO e W3BDbPLEH Npernes v knacudukayma Ha CLUN
CUrHanu ¢ umnyncHa ¢opma. JeduHupaHu ca obnactute Ha NpUOXKeHWe B 3aBMCMMOCT OT
OCHOBHUTE npeaumcTaa Ha CLU/ curHanu. MNpeacTaBeHn ca U MeTOANTE 33 TAXHOTO U3CNEABAHE U
npomeHuTe B CTPyKTypaTa Ha CLUJ1 curHanu cnep n3nvyBaHe, npu pa3npoCTpaHeHne u NpuemaHe.
OuEeHeHu ca U HeJoCTaTbuMTe Ha pasrneAaHuTe MeToau 3a 06paboTKa Ha OTpa3eHUTe CUrHanun B8
CW/ pagapHu cuctemu. Bb3 OCHOBa Ha U3BLPLEHWA aHANU3 U obnactute 3a nogobpeHue ca
feduHMpaHa uen v 3a4aduv Ha AMcepTauMoHHNUA TPYA.

Cneg U3BbPLIEHOTO IMTEPATYPHO NPOYYBAHE U aHaNU3 HA NPUNOXKEHUETO Ha CLUN curHanu ca
NPOEKTUPAHU U U3CNeABAHN NEYaTHU aHTEHU (unwm T.Hap. patch — aHTeHn) Ha 5,8 GHz 1 6,5 GHz 3a
ocurypasaHe Ha 6opaoBa KOMYHUKaUWMOHHA Bpb3Ka C noaobpeHu nokasatenu. M3sbplieHun ca
W3UMCAMTENHW Npoueaypu 3a OnpejensHe Ha OCHOBHUTE ENEeKTPUYECKU WU reoMeTpuyHun
napameTtpu. Cb3ajeH e maTemMaTUyeckn MoAeN B Cpe/ata Ha nporpamHata cucrema MATLAB 3a
ONTUMM3AUMA Ha CTPYKTypaTa U e/eKTPUYecKuTe napameTpu. MpoBeaeHn ca CUMYNALUOHHU
uscneasaHua 8 MATLAB 1 3D cumynaumoHHO U3CNEABAHE B cuctemara Ansys HFSS 3a oueHka Ha
OCHOBHU XapaKTEPUCTUKK, KaTo KOebULMEHT Ha CTOALLA Bb/IHA, BXOAEH MMMNeAaHc, HAaCOYEHOCT U
HacouyeHo gencTeue, eGeKTUBHOCT Ha U3NbYBaHe U KoepUUMEHT Ha oTpaxkeHue. lpeanoxeHa e U
MeTOAMKa 3a M3MepBaHe LWyMOYCTOMYMBOCTTa Ha 60pA0BUTE KOMYHUKAUMOTTU CUCTEMU NpU
sb3gencTeme cbe CLUJI curHanu, KaTo e pa3paboTeHa TeXHONOTUYHA KapTa 3a eKCNepUMEHTaIHO
uscnepsaHe B ycnosus, 6nnskn go pabortata Ha peanHuTe CUCTEMM.

AHanU3npaHu ca U Bb3MOXHOCTUTE 33 NPUNOKEHNE Ha CLU/T paA¥ONOKALMOHHU CUTHANW 33
OTKpWBaHe, npocneasBaHe U KnacuouumpaHe Ha MasiopasmepHu uenu (BNNA n apoHose) B
yCNoBWA Ha cmyuleHus. MNpeanoxeHa e 6710KOBa Cxema Ha pagap Ha 24 GHz 33 oTKpuBaHe U
CbNPOBOX/AaHE Ha TOYKOBM U MANOPAsMEpPHU Le/IU, KaKTO U METO/, 3a nopobpsasaHe popmaTa Ha
COHAMpALMA MMNyaC ype3 AobaBsaHe Ha KOpUrMpaw, npasobru/ieH umnync npu CW papapwu.
[lokasaHo e 4e npu u3bopa Ha dopma Ha COHAMPALM WMMNYNACU HA BUAEOUMMYNCEH
CBPBXLIMPOKO/IEHTOB pajap TpabBa Aa ce otunTa cnekTpanHuat KM, kato eavH ot Hal-BaXkHUTE
eHepruitH1 napameTtpu. 3a ueauTe Ha U3CNeABaHETO 3a obpabotkata Ha CLU/1 curHanu ca
CUHTE3UpPaHW npeABapuUTeIHN CbraacyBaHu dunTpK, M3rpafeHn Ha HEe/IMHEeNHU BEPUTU BLB




BXOAHWUTE YCTPOMCTBA Ha pPafMO/NOKALMOHHUTE npuemHuuuM. CuHTesupaH e u 16 — 6uToB
anrebpuyeH uMdppoB CymaTop 3a 3a Npe3nepuoaHO U3BaXKaaHe.

4. KpaTka aHa/IMTUYHA XapaKTepUCTUKa Ha eCTeCTBOTO U OUEHKa Ha AO0CTOBEPHOCTTa Ha
MaTtepuana, Bbpxy KOMTO ce rpaaaT NPMHOCUTE HA AUCePTALMOHHUA TPYA,.

HaKpaTKO OCHOBHWUTE NPUHOCK B AMCEPTALMOHHUA TPYA Ha Mar. UHX. Codwus Y3yHoBa mora ga
cBefaT [0 U3C/NefBaHe Ha Bb3MOXHOCTK 3a npuioxeHue Ha CLUJT umnycnHu curHanm C Kpatka
NPOAB/IKUTENHOCT B BOPAOBUTE CUCTEMM, KAaKTO U npunoxkeHue Ha CLUJT umnycaHu curHanu 3a
OTKpMBaHe, NpocneasBaHe M KnacupuuupaHe Ha ManopasmepHu uenu (BMNA u apoHoBe) B
YyCNOBMA Ha CMyLeHWA. AKTyaZHOCTTa Ha M3CneABaHuATa ce onpejaens OT HapacTBawwure
U3UCKBAHMA KbM HaAeXAHOCTTa, TOYHOCTTa U CUTYPHOCTTA Ha KOMYHWKaUMOHHUTE cuCTeMu B
PaAVOKOMYHWUKAUMOHHWUTE W  PaAMONIOKaLMOHHUTE CUCTEMM 33 aBMALMOHHATA TexHuka WU
TexHonoruu. CLU/T eNeKTPOHHW CUCTEMM OCUTYPABAT Bb3MOXHOCT 3a 6e3KuniHa KOMYHUKauuA 3a
npeaasaHe Ha UHPOPMaUMA B CPaBHEHWE C TPAAWULMOHHWTE TECHONEHTOBU CMUCTEMM C COMKHU
KabenHU BPb3KWU. TO3M TUM KOMYHMKAUMW Npejnara peleHue 33 BUCOKOCKOPOCTHA 6e3Kn4Ha
KOMYHMKaLMA Ha KbCU PAa3CTOAHUA C HACKU CMYLUEHWA, OTTOBAPALLA HA HApACTBALLOTO TbpCeHE 33
NO-BMCOKM CKOPOCTM Ha npefasaHe Ha MHPopmauua. besrknyHuTe KOMyHUKaUumn Ha 6opaa Ha
camoneTuTe HabupaT CKOPOCT KaTo LAN0 U B a@POKOCMUYECKaTa UHAYCTPUA C LUeN A0NBAHUTENHO
nopsobpasaHe Ha 6e30MacHOCTTa Ha NONETUTe, HaManABaHe Ha pasxoAnTe Npu Npou3BOACTBOTO Ha
J1A v orpaHM4aBaHe Ha Bb3/eCTBMETO BbPXY OKO/IHATa CpeAa.

3a npoBexaaHe Ha NpeABuAeHUTE U3CNeABaHNA LOKTOPAHTLT € M3BBLPLUUA noapobeH aHanus
Ha Bb3MOXHOCTMTE 33 u3nonssaHe Ha CLU/1 umnyncHu curHanu. PasrnejaHu ca metoauTe 3a
o6pabotka Ha CLLU/T UMNYACHU CUTHANW, KAaKTO M OCHOBHUTE NpeAn3BUKaTE/NCTBA, orpaHuyaBalLu
MacoBoTo npunaraHe Ha CLU/T KOMYHUKAUMOHHW U PaAUO/IOKaUMOHHWU TEXHONOTUN. N3BbplieHa e
OLeHKa Ha NPOMeHuTe B CTpyKTypaTa Ha CLUJT curHanm cnep usnv4isaHe, Npu pa3npocTpaHeHue u
npuMemaHe, KaKTo U OUEHKa Ha MeToauTe 3a OTKpUBaHE U o6paboTka Ha CLLUJ/1 oTpaseHu curHanu.
Bb3 OCHOBa Ha U3BBLPLUEHWA aHANN3 JOKTOPAHTLT e AedUHUPan ues 1 33434M Ha AUCepTaLNOHHUA
Tpya B u3bpaHarta npeameTHa obnact. MocnesoBaTeNHO B TPU pasaena Ha TpyAa e npefcraBeHo
U3NbAHEHMETO Ha NOCTaBeHWTe 3a4auv, [ajeHn Ca pesynTath OT  CUMYNauuoHHWA U
eKCNepUMEHTaIHU U3cneaBaHuA. BCMUKM CMMynauMmn €a U3NbHEHN B cpeguTe Ha yTBbpAeHUTE
nporpamHu cuctemn MATLAB u Ansys HFSS, KOMTO Ca WWPOKO M3MO0/3BaHU, KaKTO 33 Hay4HU
n3cneBaHuA Taka U 33 UHXKEHEePHHU pa3paboTku. EKCnepumeHTaiHnUTe U3CneABaHuA Ca U3BbPLIEHN
cnepBaiiku obuiata MeTo40N0rUA 3a NpoBeXAaHe Ha USMepBaHNA B eNIeKTPOHUKATa U TeNIEKOMY-
HUKaLMWUTE, KaTo OMUTHUTE NOCTAHOBKM W YCNOBWATA 33 TeCTBaHE Ha npeacTaseHn noapobHo B
TpyAa. M3BbplieHn ca aHanu3u Ha nonydeHwuTe pesyntati B rpapuueH u TabauueH BuA U ca
0606LeHN KOMEHTapu 1 U3BOAM, KOUTO Ca OCHOBA 33 dopmynupaHuUTe B Kpas NpPUHOCK Ha TpyAad.
MN3BbpPLUEHU Ca U CPAaBHUTE/IHW aHANN3M C Ba/IMAMPAHU CUCTEMMU, KOeTo NOTBbPXKAaBa A0CTOBEp-
HOCTTa Ha NOCTUrHaTUTe pe3ynTatu. Hai-o6wo NoCTUXKEeHUATa B ANCEPTALMOHHNA TPYA moraTt Aa
6baaT 0606WEeHN NO CNEAHWUA HAYUH!

- AHanU3 U KnacuduUKaLma Ha CBPHXLWMPOKONEHTOBUTE MMNY/ICHW CUTHANN (4G, 5G, 6G) cornep,
u3cneaBaHe Ha Bb3MOXKHOCTUTE 32 MPUIOXKEHUETO VM B PaAMOKOMYHUKALMOHHUTE U PaJMON0-
KalMOHHUTe cucTemu 3a JIA. M3BbpLlueHOo e NpoyYBaHe U OLeHKa 3a eNIeKTPOMArHUTHUTE CMYLLEHUA
oT CLUJ/T M3TOYHMK BbPXY PaAMOENEKTPOHHUTE CUCTEMU Ha NeTaTeNHUTe anapaTty, Kato cuctemaTa
3a Hasurauma ¢ VHF Omni-Ranging (VOR), cuctemata 3a 6e30nacHO KauaHe npu HACK3 BUANUMOCT
(Instrument Landing System (ILS)) — KypcoB paanodap (Localizer - LOC) u rauncaxex paauodap
(Glide Slope - GS), cuctemata 3a npeaynpexaeHue 3a Tpaduk u nsbarsaHe Ha cbavebum (Traffic
Alert and Collision Avoidance System (TCAS)), pagMomankoBa cucTemata 33 Bb3/JyLWeH Tpaduk (Air
Traffic Control (ATC)) u VHF KOMyHMKaLMOHHA CUCTEMA 33 OCbLLECTBABAHE Ha pasropu mexay
f6opaosa paguMocucTemMa U NpeHocumo VHF paguo. YcTaHOBEHO €, Ye pbYeH Ma/JloMOLLEH cwn




npeAaBaTen MoXe Ja CMyliaBa paguocucTemaTa Ha TCAS, ATC, ILS nokanansepa v rnuvcagHus
KaHan Ha JIA. M3mepBaHeTo e NpoBeAeHO Ha camonet Boeing 737- 200 npu HKMBA, AOCTUTALWM -
41dBm. NMpu no-manku JIA YMa BEPOATHOCT OT Bb3HUKBAHE Ha CMYLLEHUA U NPU NO-HUCKW HWBA Ha
MOLLHOCTTa Ha CUrHana. N3BbplueH e aHann3 Ha MaTemaTMieckuTe MoAenu 3a onucaHue Ha cwn
CUFHaAW U Ca ONMUCaHU NpomeHuTe B CTpykTypaTa Ha CLWJ1 curhanu cnep usnvysaHe, npu
pa3nNpoOCTpaHeHWe U NpUEMaHe;

- MI3roTBeHM Ca ONUTHU 06pa3Lm Ha NeYaTHU aHTeHn 3a 5,8 GHz 1 6,5 GHz 33 ocurypsBaHe Ha
60pA0Ba KOMYHUKALMOHHA BPb3Ka. 33 OCHOBEH MaTepuan Ha NoANoXKKaTa Ha aHTeHuTe e u3bpaH
RT/duroid® 5880 ¢ OTHOCUTENIHA AUENEKTPUYHA KOHCTAHTA & = 2.20 ¥ TAHTEHC Ha AVeNIeKTPUYHUTE
3arybu tand = 0.0012 npu 4ecToTa Ha TecTBaHe 10GHz. 3a npoBepKa Ha epeKTUBHOCTTa Ha
Cb3A3AEHUTE BUCOKOYECTOTHM YCTPOWCTBA Ca WM3BLPLWIEHU CUMYNAUMOHHU W eKCnepuMeHTanHu
uscnepnsaHua. EKCnepuMeHTanHuTe UscneABaHWA ca NpoBeAgHn B fe3exoBa Kamepa (Ha aHra.
anechoic chamber— ,6e3 ex0”) Ha akpeauTupaH no ISO/IEC 17025 nsnutateneH UeHTbp B Bbarapus.
AHTEHWTE Ca 3aTBOPEHU B HEMPOBOAALL KOPMYC M Ca OUEHEHW KaTo CaMoCToATeNeH KOMMOHEHT.
Cb3JaAeHNUTE aHTEHM Ca NPUOXKEHU 33 U3cnesBaHe LYMOYCTONYMBOCTTa H3 OCHOBHUTE 6opaHU
KOMYHUKaLWMOHHW U HAaBUraLMOHHM CUCTEMU HA PEANIEH NIeTaTe/IeH anapar;

- MpeanoxeHa e MeTOAWKa 3a NpoBEpKa WYMOYCTOMYMBOCTTA HA OCHOBHUTE 6opaosU
KOMYHMKaLMOHHW 1 HaBUTaLMOHHU CUCTEMU Ha JIETaTeNIHUTE anapath, npu Bb3aencTeme cbe CLUJ
WYMOBM curHanu. MetoamkaTa nounsa Ha U3BECTHW N3UCKBAHUA W CTaHAApTH, 1 e noJkpeneHa ¢
paspaboTeHa NpUMepHa TEXHONIOTMYHA KapTa 1 NPOTOKOA 3a NONYYEHU pe3ynTaTi OT eKCnepumeH-
TaNHOTO u3cneaBaHe Ha peaneH JIA no Bpeme Ha TEXHU4ECKO o0b6cnyKBaHe;

- CuHTe3upaHa e 6nokoBa cxema Ha CLUN pasap ¢ OCHOBHa yectota 24GHz 3a OTKpuBaHe U
CbNPOBOXKAAHE HAa MANIOPasMepHU Lenu. 3a cMHTe3MpaHaTa cxema € NPOoeKTUpaH HUCKO4ECTOTEH
$unTHP Ha HalKymCT 32 NOTUCKAHE Ha WyMOBe. ®OUNTLPBT CE M3N0/13Ba KAaTO BXOAHO CTbNANO0 Ha 16-
6uToB curma-genta (ZA) aHanoroso-undpos npeobpasysaten. Kbm aHanoroso-undposun
npeobpasysaten (ALM) ca CBbp3aHW 4ETUPU W3XOAHW cymatopa, pabotewm B pexum Ha
npesnepuogHo u3BaxzaaHe. Cbwo Taka e pobaBeHa U onepaTMBHA NameT 33 MEXAUHHO
CbXpaHeHWe Ha OT4yeTuTe OT BCAKO WU3MEpBaHE. ENeKTpoHHATa Cxema € peanusupaHa BbpXy
nporpamupyema matpuua FPGA. Cb3pafieH e ¥ anropuTbm 3a U3MepBaHe Bpeme3aKbCHEHWNEeTOo Ha
oTpa3eH OT manopasmepHa (ToukoBa) uen curHan, nNpu u3noi3BaHe Ha CBPBXLWUPOKO/IEHTOBA
(CLUN) nocnepoBaTeNHOCT OT CBPBXKPATKU (CKM) coHaupaw mmnyncu. 3a peanusupaHute
€N1eKTPOHHW MOy M NPOrPamHO OCUrypABa B AMCEePTaLMOHHMA TPYA Ca NpeACTaBeH pesyntatm
OT NpoBeAEHU WU3MepBaTeNHU NpoueaypH, KOUTO NOTBbLPXKAABAT TEOPETUYHWUTE aHaNusn "
XUnoTesu.

5. Hay4HM M/WAM HAYYHO-NPUIOXKHU NPUHOCK HA AUCEPTALIMOHHUA TPYA

B AMCEPTAaUMOHHWA TPYA AOKTOPAHTLT NpeTeHaupa 3a HAYYHU-NPUNONKHU U NPUNOXKHM
NPUHOCK pa3npeAeneHn B 4B TEeMaTUYHN HaNPaBeHWA, KOETO ce onpeens OT NOCTaBeHaTa uen u
M3MbAHEHWTE U3CNeA0BaTeNCKM 3aAa4u. MpUHOCKUTE MOTaT Aa Ce NPUeMaT Kato [lOKa3BaHe C HOBU
CPeACTBa Ha CbLLECTBEHU HOBM CTPAHM B CbLYECTBYBALLM HAYHHU npobnemu v Teopuu; Cb3asBaHe
Ha HOBM KNacudUKaLMm, METOAN Ha u3c/ne/iBaHe, HOBU KOHCTPYKLMK, TEXHONOMUK U Noy4aBaHe U
[OKa3BaHe Ha HOBM GaKTy, KAKTO M NO/Ny4aBaHe Ha noTBbLPAUTENHU QaKTW.

MpeACTaBeHWUTE B ANCEPTALMOHHUA TPYA NPUHOCK Ca 3HAUMMK, KaKTO 3@ Hay4yHOTO pa3suTve B
061acTTa Ha UHHOPMALMOHHUTE 1 KOMYHWKALUOHHUTE TEXHONOTUK, Taka 1 3a Cb3/aBaHe Ha HOBU
NOAXOAW 33 aHanW3 U NPOEKTUpaHe B PaAvOKOMYHUKALNOHHH M PafiMO/IOKALIMOHHMN CUCTEMU B
aBMalLMOHHaTa TexXHWKa. [OKTOPaHTLT e nNpeacTasui u3cnepBaHua BbPXy CTPyKTypata MU
pa3nNpPOCTPaHEHMETO Ha CPABHUTENHO C/IOXKHMU BUCOKOYECTOTHU WMMMY/ICHU CUFHANW C KpaTka
NPOABL/KUTENHOCT, KaTo e WU3CNeABa NPUNOKEHUETO UM BbB BbTPelwHo 60pAoBuTE CUCTEMM Ha
neTaTenHuTe anapati. ONpeAeneHi ca Bb3MOXKHUTE NPUNOKEHNA 1 Ca OLEHEHN npeavMcTeaTa




HeO0CTaTbLMTe NPU U3N0/3BaHe Ha 6e3XXMYHU BPH3KU B CUCTEMUTE 33 YNPAB/IEHUE Ha NIeTaTe/HU
anapatu. M3cneaBaHu ca U Bb3MOXHOCTUTE 33 OTKPMBAHE U CbNPOBOXKAAHE HA MA/NIOPASMEPHN 1
TOYKOBM AMUCTAHLMOHHO YNPaBAfEMU JiIeTaTeHU CUCTEMU (AYNC) B ypbaHusupaHa cpepa. B
pesynTaT OT WM3BbPLIEHWTE aHanW3 Ca NPeAJ/IOKEHU METOAVKM U MATeMaTU4eCcKn MoAenn 3a
ONTUMAsIHO YNpaB/iEHUEe Ha Bb3AyLWHWA TpaduK. 3a U3NbIHEHNE Ha U3CNeA0BaTE/NCKUTE 334a4u Ca
NPOEKTUPaHW U TECTBAHU NeyaTHU aHTeHu Ha 5,8 GHz u 6,5 GHz 3a ocurypaaHe Ha 6oppaoBa
KOMYHMKaLMOHHA Bpb3Ka. CblO Taka € peasnsvpaH WU eNeKTpoHEeH MOAYS KbM CWAN papap ¢
OCHOBHa uecToTa 24GHz 33 OTKpMBaHe M CbNPOBOXAAHE Ha ManopasmepHu uenu. Moaynet
gKkAtoyBa AL|M paboTeLly B peXkum Ha Npe3nepuoaHo U3BaxjaHe B NpUemHata CTpaHa.

6. OLeHKa 3a CTeNEeHTa Ha IMYHOTO y4acTHe Ha AUCepTaHTa B NpuHocuTe

Mo3HaBam mar. MHX. Codus Y3yHOBa KaTo aCUCTEHT B KaTepa ,ENeKTpoHHa TexHWKa" Kbm
®ETT. Ac. uH. Codua Y3yHoBa e Tpyaontobusa v 0TroBOpHA NpuTeXasa 4yBCTBO 33 aHANMTUHHOCT
W CTPEMEeX 3a HOBAaTOPCTBO. B TPW OT UeTUpUTE Hay4HW Ny6MKaLMM KbM AVCEPTALMOHHNA TPYA
[LOKTOPaHTLT € CamocToaTeneH aBTop. MocodeHUTe Mo-rope KayecTsa, KakTo W NpeAcTaBeHnTe
ny6AvKaLMmM NO3BO/IABA A Ce HanpaBu U3BOABT, Y€ MOCTUTHATUTE PE3ynTaTn U dopmynupanuTe
Hay4HO-MPUNOXKHU NPUHOCK Ca /ieNI0 B 3HAUUTENHA CTEMeH Ha AOKTOPaHTa B CbTPYAHWUHECTBO C
HEeroBMA Hay4YeH pbKoBOAUTEN.

7. NpeueHka Ha ny6amMKaymmuTte No AUCEPTALUOHHUA TPYA

OCHOBHWTE pe3ynTaTu OT AUCepTauWMOHHUA TPYA, Ca NPeACTaBeHN B HETUpH nyb6aukauum, ot
KOUTO eAHa Ha aHI/IMIUCKKU €e3UK B crucaHue International Journal of Artificial Intelligence”
pedeprpaHo M MHAEKCUPAHO B CBETOBHOU3BECTHATA 6a3a OT faHHU C Hay4Ha uHdpopmauua SCOPUS.
OcHoBeH ToBa cnucaHue ,International Journal of Artificial Intelligence” e 8 Q3 1 uma SJR MHAUKaTOP
0,173 3a 2025 r. OcTaHanuTe TpU Hay4HU nybavKaumm ca npeAcTaBeHn Ha HayuHU KoHdepeHuUH B
Bbarapua u Ny6AUKyBaHKU B KOJEKTUBHU TOMOBE C HaY4HO peleH3NpaHe. MpaBu BNe4yaTneHue, Ye
TPU OT Hay4yHWTe Nyb6aMKauuu ca CaMOCTOATENHU, BKIKOYNTENHO U ny6avKaumaTa B CnucaHue.
BcuuKM Ny6AMKaumu OTpasaBaT OCHOBHWTE pe3y/nTaTh OT AUCepPTauMOHHUA Tpya, ¥ nonynapusupat
NOCTUIHATOTO OT AOKTOPAHTA.

[IOKTOPaHTLT He e MpeACTaBuN [OKYMEHTU 3a UuTApaHe Ha ny6avkauuute. CnpaBka B
foCTbnHUTE 6asn OT AaHHM NOKa3Ba, Ye ny6AuKaumMuTe CBbP3aHU C AUCEPTaLMOHHUA TpyA A0
MOMEHTa He Ca UUTUPaHMU.

8. I3non3BaHe Ha pe3yaTaTuTe OT AUCEPTaLMOHHUA TPYA B Hay4HaTa U coumanHara npaKkTUKa

Mpu U3NbAHEHUE Ha 334a4UTe MO ANCEPTALUMOHHUA TPY/, [LOKTOPaHTLT e paboTua No ycnewHo
3asbplmn npoekt Ne 242M10018-04 Kbm HWUC npu TY — Codua. NMocTmkeHnATa OT AMCEPTALMOHHUA
TPYZA Ca HAMEPUAU NPUNOXKEHUE B 06y4eHUeTo Ha CTYAEHTU NO cneuuanHocTt ,ABUALLUOHHA TEXHUKA
U TexHonorun“ — ATT. MpepnoxkeHa € U MeToAVKa 33 WU3MEpBaHE LYMOYCTOMYMBOCTTA HA
60pA0BUTE KOMYHUKALMOHHU CUCTEMU NPU Bb3geicTane cbe CLUJT curHany cbC MMNyncHa dopma,
KaTo e pa3paboTeHa TEXHONOrMYHa KapTa U MpOTOKO/IM Npu TexHu4yecko obcnyxsaHe Ha J1A 32
eKCNepUMEHTANIHO U3CneABaHe B yCN0BUA, 6213KuM A0 paboTaTa Ha peanHuTe CUCTEMU.

9. OueHKa Ha CbOTBETCTBMETO Ha aBTopedepaTa C U3UCKBAHUATA 33 USTOTBAHETO MY, KaKTO U
Ha afAeKBAaTHOCTTa Ha OTPa3nBaHe Ha OCHOBHMUTE MO/IOXKEHUA U NPUHOCUTE Ha ANCEPTALUOHHUA
TPYA

ABTOpedepaTbT € HanucaH B CbOTBETCTBUE C WM3UCKBAHWATA U obpaseua 3a M3roTeaHe Ha
asTopedepaTUTe NO AUCEPTaLUOHHUTE TPyAO0BE, MOCOYEH B caitta "Pa3sutue Ha AC - PaboTHu
naoKymeHTH" Ha TY — Codua. AsTopedepaTtsT e B o6em ot 32 ctpaHuum, popmat A4. CTpyKTypaTa Ha
asTopedepaTa Cbabpa 0bLia XxapakTepucTuka, yBOA, TPU pasaena, 3aK/l04eHUe U NpUHOCHU.




ABTOopedepaTbT 3aBbpLIBA C aHOTaLMA Ha aHTIMIACKM e3uK. Toil OTpa3ABa afeKBaTHO CTPYKTypaTa
Ha [AMCepPTaLUMOHHUA TPyA, KaTo BKAO4YBa 0OLWA XapaKTepUCTMKa C Ue/N M 3a[auu, KpaTbK
nuTepatypeH 0630p, NOCTUrHaTUTe pe3ynTaTi Mo rAaBW U NPUHOCKTE Ha Tpyaa. B aBTopedepara e
npeacTaBeHa U HGOPMaLUMA 33 NPaKTUYECKaTa MPUNOKMUMOCT U NybanKauunuTe No Temara.

10. MHeHus, npenopbku 1 6enexxku

HAmam cbuwectBeHn 3abenexkM U Mpenopbku KbM NpeAcTaBeHWMA 3a  peLeH3ums
avceptaunoHeH TpyA. Mo HauvHa Ha odopmaHe Ha AUCEPTALMOHHUA TPYL MMaM CAefHuTe
NpenopbKu 1 3abeneskku:

- B Kpaa Ha nbpBa rnasa ca AeduHUpPaHU TPU Lear U CBbP3aHU C TAX 334344 Ha U3CaeaBaHeTo.
Cnopep meH Te3u Tpu Lenn buxa moram da ce obegMHAT B e4HA LEeN Ha AUCEepPTaLUMOHHUA Tpys,
KosTO Aa 6bae, Hanpumep dopmMyamnpaHa No CAeaHUA HauuH: M3caedsaHe HO Memoou U MexHUKU
30 MpUAOHEHUe HA CB8PBbXWUPOKOAEHMOBU UMMYACHU cueHanu (4G, 5G, 6G) 8 paduokomyHu-
KQUUOHHUME U pPaduosoKaUUOHHUMe cucmemu 3d /AemanHu anapamu om 2pamoaHckama
asuayus;

- MpuHocKTe B Tpyaa ca A0CTa pa3gpobeHn M He pasKpuBaT CbLLHOCTTA Ha M3BbplUeHaTa
paboTa. Bb3 OCHOBa Ha LeNTa M 3a4a4uTe MoraT Aa 6b4aT N0-ACHO, TOYHO M KpaTKO GopMyAnpaHu;

- Uma Gpopmynn B TEKCTA, KOUTO Ca HEACHO M3MUCaHU U TPYAHO YeTumu. CbLLo Taka, uma u
bUrypu, YMNTO HAANMUCK B TAX, KAKTO U HAKOM IMHUM B TAX, KOUTO BMxa 3aTPyAHUIU NOTEHUMANHUTE
yutatenu;

- B TEKCTa MMa HAKOW HETOYHOCTU M MpuaaraTenHy B NpesBb3xofHa Gopma, KOMTO moraT Aa
6baaT nsberHati B 6baewsata pabora.

11. 3aK/Il04EHME C ACHA MOJIOXKUTEIHA UK OTPULIATE/IHA OLeHKa Ha AUCepPTaLMOHHUA TpyA

[MCepTaLMOHHUAT TPYA CbOTBETCTBA HA U3UCKBAHUATA 33 NONy4aBaHe Ha obpasosaTe/Ha 1
HayuHa CTeneH ,OKTOp” No npodecuoHanHo HanpasneHue 5.5 ,TpaHcnopT, kopabonnasaHe
aBuauua” B AoKTopcka nporpama (M) ,Hasurauma, ynpasieHne 1 ekcnnoatauma Ha Bb3AyLWH1A
TpaHcnopt”. MpuUHOCUTE B TPYAa UMAT Hay4YHO-MPUIOXKEH W NPUNOXKEH XapaKTep 1 B OCHOBHATa CH
4acT ca aBTOPCKM Ha KaHAWAaTa.

Bb3 OCHOBA Ha 3aM03HaBaHeTOo C NpeACcTaBeHus AuceptayuoHeH Tpya, CBbp3aHUTe C Hero
Hay4YHU TPYAOBe, TAXHATa 3HAYUMOCT U CbABPIKALLMUTE Ce B TAX HAYYHO-NPUIONKHU U NPUNOXKHN
NPUHOCKU, AaBaM NOJIOKUTENIHA OLEHKa M Hamupam 33 OCHOBaTe/HO Aa npeanoxa Ha
YyBa)XaeMOTO HAy4HO >KypuM Aa NPUCHAMU HA ac. Mar. UHX. Copus CredaHoBa Y3yHoBa
o6pazoBaTtenHara M Hay4Ha cTeneH ,[loKTop” B npodpecroHasHOTO HanpaBaeHue 5.5, TpaHcnoprT,
KopabonnasaHe u asuauua” no AN ,Haeurayus, ynpasneHue u ekcnioatauua Ha Bb3AyLIHUA
TpaHcnopTt”.
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REVIEW
on the PhD thesis for obtaining of the educational and scientific degree "Ph.D."

Author of the dissertation: Assist. Prof. M.Sc. Sofia Stefanova Uzunova

Thesis topic: ULTRA-WIDEBAND TECHNOLOGIES FOR ON-BOARD
AIRCRAFT COMMUNICATION AND TARGET LOCALIZATION
UNDER INTERFERENCE CONDITIONS

Member of the scientific jury: Prof. D.Sc. Ivaylo Milanov Pandiev

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

The Ultra-Wideband (UWB) electronic systems represent a promising technology for wireless
communications not only for applications in industry, transport and medicine, but also in short-
range communication or the so-called on-board wireless communication, as well as for location,
detection and tracking of small-sized and point remotely piloted aircraft systems in an urban
environment in the presence of various interferences and multi-beam reflection. The main
advantages of ultra-wideband electronic systems are associated with low energy density when
transmitting a large amount of information, high data transfer speed (>500Ms/sec. at a distance of
up to 10 m), accuracy in measurements with a sub-centimeter range and the possibility of
implementation using specialized monolithic CMOS integrated circuits with a short-channel
transistors.

Moreover, the subject of the research is the possibility for application of UWB radio
communication signals and methods for their processing in avionics. Specifically, the work aims to
study the possibilities for implement of short-range radio communication in the on-board system of
civil aviation aircraft. The use of UWB radio communication signals could significantly optimize the
internal structure and system of electrical connections in on-board systems. The attention of the
PhD student is also directed to studying the possibilities for detection and tracking of small-sized
and point remotely piloted aircraft systems inan urban environment, i.e. operation in the presence
of significant interference and multi-beam reflection.

In my opinion, the chosen topic of the PhD thesis is relevant and provides additional inside into
the research problems. The research tasks are correctly formulated to achieve the formulated goal.
Moreover, the results of the implementation of the tasks could also serve as a basis for further
scientific developments and have direct applied value for project activities.

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

During the development of the dissertation, the PhD student considered146 references, of
which 93 in Latin and 53 in Cyrillic. The overview covers books, journal publications, conference
papers, technical documentation and web addresses with specialized information on the topic of
the dissertation. The scope of the cited literature is approximately from 1985 to 2025, with 51
published after 2016. This shows that the PhD student has studied both classical methods and
techniques, as well as modern research on the topic of the work. Additionally, the work is consistent
with national and European legislation and standards in the field of ultra-wideband technologies
and their application. Based on the study of the state of the problem, Chapter 1 of the dissertation
was formed, which is a literature review, and UWB signals were analyzed and classified. Their
advantages and possible areas of use in aviation communication systems, sensor networks, as well
as detection and tracking of small-sized and point targets, behind-the-barrier location, global




navigation systems are substantiated. For the purposes of the study, an analysis of the mathematical
models of sounding UWB signals and the requirements for them was conducted. Some
disadvantages of the methods for processing reflected signals in UWB radar systems were assessed,
related to the signal-to-noise ratio, choice of processing algorithms, the need to combine two or
more methods, difficulties in the physical interpretation of the data processing, etc. At the end of
the first chapter, the goal and objectives of the study are defined, and in my opinion, the field of
research and the topic of the dissertation are correctly reflected.

3. Compliance of the selected research methodology with the defined goal and objectives of
the PhD thesis.

The chosen research methodology corresponds to the set goal and objectives of the PhD thesis.
The work initially provides a review and classification of pulsed UWB signals. The areas of application
are defined depending on the main advantages of UWB signals. The methods for their study and the
changes in the structure of UWB signals after emission, during propagation and reception are also
presented. The disadvantages of the considered methods for processing reflected signals in UHF
radar systems are also assessed. Based on the analysis performed and the areas for improvement,
the goal and objectives of the PhD thesis are defined.

After the literature review and analysis of the application of UWB signals, printed antennas (or
so-called patch antennas) at 5.8 GHz and 6.5 GHz were designed and tested to provide an on-board
communication link with improved performance. Computational procedures were performed to
determine the main electrical and geometric parameters. A mathematical model was created in the
MATLAB program system for optimization of the structure and the electrical parameters. Simulation
studies were conducted in MATLAB and 3D simulation studies in the Ansys HFSS system to evaluate
basic characteristics, such as standing wave coefficient, input impedance, directivity and directional
action, radiation efficiency and reflection coefficient. A methodology for measuring the noise
resistance of on-board communication systems when exposed to UWB signals has also been
proposed, and a technological map has been developed for experimental research in conditions
close to the operation of real electronic systems.

The possibilities for the application of UWB radar signals for detection, tracking and
classification of small-sized targets (Unmanned Aerial Vehicles — UAVs and drones) in conditions of
interference are also analyzed. A block diagram of a 24 GHz radar for detection and tracking of point
and small-sized targets is proposed, as well as a method for improving the shape of the sounding
pulse by adding a corrective rectangular pulse in UWB radars. It is proven that when choosing the
shape of sounding pulses of a video-pulse ultra-wideband radar, the spectral efficiency must be
taken into account, as one of the most important energy parameters. For the purposes of the study
on the processing of UWB signals, preliminary matched low-pass filters built on nonlinear circuits in
the input stages of the radar receivers have been synthesized. A 16-bit algebraic digital adder for
preperiodic subtraction has also been synthesized.

4. A brief analytical description of the nature and assessment of the credibility of the material
on which the contributions of the PhD thesis are built.

Briefly, the main contributions in the PhD thesis of M.Sc. Sofia Uzunova can be formulated as a
study of possibilities for the application of short-duration UWB pulse signals in on-board systems,
as well as the application of UWB pulse signals for the detection, tracking and classification of small-
sized targets (UAVs and drones) in conditions of interference. The relevance of the research is
determined by the increasing requirements for the reliability, accuracy and security of
communication systems in radio communication and radar systems for aviation equipment and
technologies. UWB electronic systems provide the possibility of wireless communication for the
transmission of information in comparison with traditional narrowband systems with complex cable




connections. This type of communications offers a solution for high-speed wireless communication
over short distances with low interference, meeting the growing demand for higher information
transmission speeds. Wireless communications on board aircraft are gaining momentum in general
and in the aerospace industry with the aim of further improving flight safety, reducing aircraft
production costs, and limiting environmental impact.

To carry out the planned research, the PhD student has performed a detailed analysis of the
possibilities for using UWB pulse signals. The methods for processing UWB pulse signals have been
considered, as well as the main challenges limiting the large-scale application of SSHL
communication and radar technologies. An assessment of the changes in the structure of UWB
signals after transmission, during propagation and reception has been carried out, as well as an
assessment of the methods for detecting and processing UWB reflected signals. Based on the
analysis, the PhD student has defined the goal and objectives of the thesis in the selected subject
area. The implementation of the tasks set is presented in three consecutive sections of the work,
and the results of simulation and experimental studies are given. All simulations have been carried
out in the environments of the established MATLAB and Ansys HFSS program systems, which are
widely used both for scientific research and for engineering practice. The experimental studies were
performed following the general methodology for conducting measurements in electronics and
telecommunications, as the experimental setups and testing conditions are presented in detail in
the work. Analyses of the obtained results were presented in graphical and tabular form and
comments and conclusions were summarized, which are the basis for the contributions of the work
formulated at the end. Comparative analyses with validated systems were also carried out, which
confirms the reliability of the achieved results. In general, the achievements in the dissertation work
can be summarized as follows:

- Analysis and classification of ultra-wideband pulse signals (4G, 5G, 6G) with a view to exploring
the possibilities for their application in radio communication and radar systems for aircraft. A study
and assessment of the electromagnetic interference from the UWB source on the radio electronic
systems of aircraft, such as the VHF Omni-Ra nging (VOR) navigation system, the Instrument Landing
System (ILS): Localizer - LOC and Glide Slope - GS, the Traffic Alert and Collision Avoidance System
(TCAS), the Air Traffic Control (ATC) radio beacon system and the VHF communication system for
establishing a connection between the on-board radio system and a portable VHF radio, was carried
out. It was established that a handheld low-power UWB transmitter can interfere with the radio
system of the TCAS, ATC, ILS localizer and glide path of the aircraft. The measurement was
implemented on a Boeing 737-200 aircraft at levels reaching —41dBm. With smaller aircraft there is
a possibility of interference occurring at lower signal power levels. An analysis of the mathematical
models for describing UWB signals has been performed and the changes in the structure of UWB
signals after transmission, during propagation and reception have been described;

- Experimental samples of printed antennas for 5.8 GHz and 6.5 GHz have been prepared to
provide on-board communication link. RT/duroid® 5880 with a relative dielectric constant g = 2.20
and a dielectric loss tan & = 0.0012 at a testing frequency of 10 GHz was selected as the basic
material of the antenna substrate. Simulation and experimental studies were performed to verify
the effectiveness of the created high-frequency devices. Experimental studies were conducted inan
anechoic chamber — “echo-free” at an I1SO/IEC 17025 accredited testing center in Bulgaria. The
antennas are enclosed in a non-conductive package and are evaluated as a separate electronic
component. The developed antennas have been applied to study the noise immunity of the main
on-board communication and navigation systems of a real aircraft;

- A methodology has been proposed for testing the noise immunity of the main on-board
communication and navigation systems of aircraft when exposed to UWB noise signals. The
methodology is based on known requirements and standards, and is supported by a developed




sample technological map and a protocol for the results obtained from the experimental study of a
real aircraft during maintenance;

- A block diagram of a 24GHz ultra-wideband radar for detecting and tracking small targets has
been synthesized. A Nyquist low-pass filter (LPF) for noise suppression has been designed for the
synthesized electronic device. The filter is used as the input stage of a 16-bit sigma-delta (24) analog-
to-digital converter (ADC). Four output adders operating in the pre-periodic subtraction mode are
connected to the analog-to-digital converter (£A — ADC). A RAM has also been added for
intermediate storage of the readings from each measurement. The electronic circuit configuration
is implemented on a programmable FPGA integrated system. An algorithm has also been created
for measuring the time delay of a signal reflected from a small-sized (point) target, when using an
ultra-wideband (UWB) sequence of ultra-short probing pulses. For the implemented electronic
modules and software, the dissertation present results from measurement procedures that confirm
the theoretical analyses and hypotheses.

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

In the dissertation, the PhD student claims scientific-applied and applied contributions
distributed in two thematic areas, which is determined by the set goal and the completed research
tasks. Contributions can be considered as proving by new means significant new aspects of existing
scientific problems and theories; creating new classifications, research methods, new constructions,
technologies and obtaining and proving new facts, as well as obtaining confirmatory facts.

The contributions presented in the PhD thesis are significant, both for the scientific
development in the field of information and communication technologies, and for the creation of
new approaches for analysis and design in radio communication and radar systems in aviation
technology. The PhD student has presented research on the structure and propagation of relatively
complex high-frequency pulse signals of short duration, and has studied their application in the on-
board systems of aircraft. Possible applications have been determined and the advantages and
disadvantages of using wireless connections in aircraft control systems have been assessed. The
possibilities for detection and tracking of small-sized and point remotely piloted aircraft systems
(RPAS) in an urban environment have also been studied. As a result of the analysis, methodologies
and mathematical models for optimal air traffic management have been proposed. To fulfill the
research tasks, printed antennas at 5.8 GHz and 6.5 GHz have been designed and tested to provide
an onboard communication link. An electronic module for the UWB radar with a base frequency of
24 GHz for detection and tracking of small targets has also been implemented. The module includes
an ADC operating in the preperiodic subtraction mode on the receiving side.

6. Assessment of the degree of the dissertation candidate’s personal participation in the
contributions.

| know Sofia Uzunova as an assistant professor at the Department of Electronic Engineering at
FEET. Assist. Prof. Sofia Uzunova is hardworking and responsible, has a sense of analytical thinking
and a desire for innovation. In three of the four scientific publications for the PhD thesis, the PhD
student is a single author. The above-mentioned qualities, as well as the presented publications,
allow me to conclude that the achieved results and the formulated scientific and applied
contributions are largely the work of the PhD student in cooperation with her scientific supervisor.

7. Assessment of dissertation publications

The main results of the dissertation are presented in four publications, one of which is in English
in the journal "International Journal of Artificial Intelligence" referenced and indexed in the world-
recognized database of scientific information SCOPUS. The main journal "International Journal of
Artificial Intelligence" is in Q3 and has an SJR indicator of 0.173 for 2025. The remaining three




scientific publications have been presented at scientific conferences in Bulgaria and published in
proceedings with scientific review. Itis noteworthy that three of the scientific publications are single
authored, including the publication in a journal. All publications reflect the main results of the
dissertation and promote the achievements of the PhD student.

The PhD student has not submitted documents for citing the publications. A search of the

available databases shows that the publications related to the PhD thesis have not been cited to
date.

8. Using the results of the dissertation in scientific and social practice

In carrying out the tasks of the dissertation, the PhD student worked on a successfully
completed project No. 242M/0018-04 at the Research and Development Sector of the Technical
University of Sofia. The achievements of the dissertation have found application in the training of
students in the specialty "Aviation Engineering and Technologies". A methodology for measuring
the noise resistance of on-board communication systems when exposed to pulsed UWB signals has
also been proposed, and a technological map and protocols for technical maintenance of aircraft
have been developed for experimental research in conditions close to the operation of real systems.

9. 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 PhD thesis

The abstract is written in accordance with the requirements and the template for preparing
abstracts for dissertation works, listed on the website "Development of the Academic Staff -
Working Documents" of Technical University of Sofia. The abstract is 32 pages long, A4 format. The
structure of the abstract contains a general characteristic, introduction, three sections, conclusion
and contributions. The abstract ends with an annotation (one page) in English. It adequately reflects
the structure of the PhD thesis, including a general characteristic with aim and objectives, a brief
literature review, the results achieved by chapters and the contributions of the work. The abstract
also presents information about the practical applicability and publications on the topic.

10. Opinions, recommendations and notes

| have no significant comments and recommendations regarding the dissertation submitted for
review. Regarding the way, the dissertation was structured, | have the following recommendations
and comments:

- At the end of the first chapter, three goals and related research tasks are defined. In my
opinion, these three goals could be combined into one goal of the dissertation, which could be, for
example, formulated as follows: Research of methods and techniques for the application of ultra-
wideband pulse signals (4G, 5G, 6G) in radio communication and radar systems for aircraft in civil
aviation;

- The contributions in the work are quite fragmented and do not reveal the essence of the work
done. Based on the goal and tasks, they could be formulated more clearly, precisely and briefly;

- There are formulas in the text that are unclearly written and difficult to read. Also, there are
figures which inscriptions in them, as well as some lines in them, would make it difficult for potential
readers;

-There are some inaccuracies and superlative adjectives in the text that can be avoided in future
work.

11. Conclusion with a clear positive or negative assessment of the PhD thesis
The PhD thesis corresponds to the requirements for obtaining the educational and scientific
degree "Ph.D." in professional field 5.5 "Transport, Shipping and Aviation" in the doctoral program




"Navigation, Management and Operation of Air Transport". The contributions in the work are of a
scientific-applied and applied nature and are mainly the authorship of the candidate.

Based on the familiarization with the presented PhD thesis, the related scientific works,
their significance and the scientific-applied and applied contributions contained in them, | give a
positive assessment and find it reasonable to propose to the esteemed scientific jury to award
the Assist. Prof. Eng. SOFIA STEFANCVA UZUNOVA the educational and scientific degree "Ph.D."
in the professional field 5.5 "Transport, Shipping and Aviation" under the doctoral program
"Navigation, Management and Operation of Air Transport".

MEMBER OF THE SCIENTIFIC JURY: (ﬁ/

/ Prof. D.Sc. Eng. quylow. Pandiev /




