PE3IOME
Ha HayuHume nyoauKayuu
HA /1011 /I-P HHJK. TABPUEJIA IBYE3APOBA ATAHACOBA

npeocmaeenu 3a yyacmue 6 KOHKypC 3a 3aemane Ha aKkademMuyHa 01bHCHOCH
whpogecop*

npoghecuonanno nanpagnenue: 5.3. Komynukayuonna u KomniomospHa
mexHuka (Komynukauyuonnu mpexcu u cucmemu (Texnonozuu 3a de3rcuunu
KOMYHUKAUUU U MUKDOBBIHOBU UIMEPBAHU)), KbM Kameopa
“Komynukauyuonna u komniomvpHa mexnuka u mexnonozuu”, Texnuuecku
¢daxyamem, FKOzo03anaoen ynueepcumem ,,Heogpum Puncku“ - baazoeezpao

nyoaukyean ¢ /IB op. 65/02.08.2024 2.
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om cpyna B

B.4.1. Al-Sehemi, A.; Al-Ghamdi, A.; Dishovsky, N.; Atanasov, N.; Atanasova, G.
A Flexible Miniature Antenna for Body-Worn Devices: Design and Transmission
Performance. Micromachines 2023, 14, 514.
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Pe3rome: [Ipe3 nocnegHuTe HAKOJIKO FOJIMHU ce Habm0aBa Obp30 HapacTBaHe Ha
KOMYHUKAIIMOHHUTE YCTPONCTBa (BB3JM) 3a OC3KUYHU MEPCOHATHU MPEKHU, KOUTO Ca
MOCTaBEHU BBPXY WM B OJU30CT 10 YOBEIIKOTO TAJO. 3aCHJICHUST HHTEPEC KbM
0€3>)KUYHUTE TEPCOHATHH MPEKU € CBBpP3aH C IIUPOKOTO MM MPUIIOKEHHE B PA3IUYHU
o0nacTu — CHopT, 37paBeorna3BaHe, pekiama, ooydeHue u ap. OcBeH TOBa, 3a JIECHO U
yAO0OHO pa3mnojaraHe Ha KOMYHUKAIIMOHHUTE BB3JIM BbPXY YOBEIIKOTO TAJIO, CE U3MCKBA
nonoOpsiBaHe, KaKTO 1O OTHOLICHHE Ha TSIXHATa I'bBKABOCT, Taka M IO OTHOIICHHE Ha
pasMepa M TErJIOTO, KOETO Hajara pa3pa0OTBaHETO Ha HOBH I'bBKaBHM U MUHHUATIOPHU
aHTeHd. B Ta3m craTHs € mpeanokeHa HOBAa 3HAYMTEIHO MHMHHUATIOPH3UpaHa I'bBKaBa
aHTeHa 32 KOMYHHMKAllMOHHHU BB3JIM B O€3)KUYHU MEPCOHAIIHU MPEXKHU, 32 MpeAaBaHe Ha
uHpopmarus upe3 in-to-on body, on-to-on body u on-to-off body komyHuKanmoHHN KaHATH
B pa3jMyYHU TEIEKOMYHHUKAIIMOHHH MPEXH. 3a J]a Ce OCUTYPH T'bBKaBOCT U KOMQOPT,
KOTaTo aHTEHAaTa € B KOHTAKT C YOBEIIKOTO TsUIO0, 3@ MOJIOKKATa Ha aHTEHaTa € pa3paboTeH
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KOMIIO3UTEH MaTepHall - €CTECTBEH KayuyK, ¢ mbJHuTeN T102. 3a 3HAUUTETHO HAMaJIsIBAaHE
Ha pa3Mepa Ha aHTEHaTa ce M3IoJ3Ba KBajparnyHa Kpuea Ha Kox. B mpomeca Ha
ONTUMHU3AIIMS, 32 0-ObP30 OINpEAEIIHE HAa ONTUMAIHHUTE NApaAMETPU U XapaKTEPUCTHKHU
IIPU YUCJIEHO MOJIETTUPAHE Ha aHTEHaTa € MpeJUIokKeH HOB MeTo/ (0a3upaH Ha U3IOJI3BaHE
Ha JIBa YMCJICHW MOJIeJIa Ha YOBEUIKO Ts10). M3cnenBaH € 4ynciaeHo U eKCIIepUMEHTAITHO
KOe(ULIMEHTHT Ha NMpEJaBaHe B JBa CLIEHApUs 3a 0€3)KMYHA KOMYHUKAILIUS B MIEPCOHAIIHU
MpexH: in-to-on body (cuenapwuii 1: KOMyHHKaIUs ¢ HIMIUTAHTHPaH Bb3en) u 0N-to-off body
(cueHapuii 2: KOMyHUKALMs ¢ BRHIIEH Bb3el). Pe3ynararure oT npoBeACHUTE YUCIEHU U
EKCIIEpUMEHTAIHA U3Cle[IBaHUSI Ha KoedHUIMEHTa Ha IMpeAaBaHe IOKa3BaT, 4Ye C
npeJyIoKeHaTa aHTeHa MOXE Jla ce peaju3upa KOMYHHUKallUs C MUMIUIAHTHUPaH Bb3ed Ha
noBeue oT 80 mm (cueHapuii 1) u Ha MoBeue OT 2 M 32 KOMYHHUKAIIUS C BHHIIEH BBH3EI
(cuenapwuii 2). YcTaHOBEHO €, 4e Hail-BHCcOKaTa cToifHOCT Ha SAR ocpemnnen Bppxy 10 g e
0,62 W/kg. Te3u pe3ynTaT, B AOIIBIHEHHE KbM KOMIIAKTHUTE pa3Mepu Ha aHTeHaTa (12
mm X 26 mm X 2,5 mm) ¥ HUCKaTa [IeHa 3a POU3BOJICTBO, 5 PABST UCATICH KaHIUIaT 3a
BrpaKJaHe B KOMyHUKAIIMOHHU BB3JIH 32 0€3’KUYHU MEPCOHAIHA MPEXKH C MPUIIOKEHHUS B
3/IpaBeONa3BaHETO.

B.4.2. Al-Sehemi, A.; Al-Ghamdi, A.; Dishovsky, N.; Atanasova, G.; Atanasov,
N. A Flexible Multiband Antenna for Biomedical Telemetry, IETE Journal of
Research 2023, 69 (1), pp. 189-202.
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Pe3rome: KoMyHUKAIIMOHHUTE BB3JIH, IIOCTABEHH IUPEKTHO BHPXY YOBEIIKOTO TSIIO
3a MOHUTOPHHT U THATHOCTHKA HA ChPJACYHHU, HEBPOJIOTHYHHU U OHKOJIOTHYHH 3200 ISIBAHHMS
WM 34 TEPANEBTUYHHU MPHIIOKEHUS C LE] H0J00psIBaHEe KAYeCTBOTO HA YOBELIKUS KUBOT
NpEeAU3BUKBAT BCE MO-TOJIAM U3CIIEI0BATEIICKH HHTEpeC. Te3n KOMyHUKAIMOHHH BB3JIH I10
CBIIIECTBO Ca YCTPOMCTBA, 000PYABaHU C aHTEHA, TIPeaBaTell, CCH30p/U U MOKPOITPOIIECOp,
KaTo Ce W3I0J3BaT 3a OCHIypsABaHE Ha OCE3)KMYHA BPB3KAa MEKIY HMILUIAHTHPAHO
yCTpOHCTBO (upe3 iN-t0-on body komMyHMKAIIMOHHN KaHAJIKM) M BBHIITHO YCTPOHCTBO (Upe3
on-to-off body komyHuKkanroHHM KaHaIK) 3a MpeaBaHe Ha (PU3HUOIOTHYHN M MEAMIIMHCKH
JTaHHU. AHTEHATa € CBHIIECTBEHA YacT OT TaKbB KOMYHHKAI[MOHEH BH3€Jd M MMa T'OJISIMO
BJIMSIHUE BHPXY KQUeCTBOTO Ha yCiyrara, IpejiaraHo OT IsiIaTa CHCTEMA, Thil KaTo IPAKO
BJIMsIC Ha HAJICKIHOCTTA Ha OE3KUIHATA BPH3Ka. B Tas3u myOauKamus € mpeioskeH MEeTO,T
3a IPOEKTHUPAHE HAa AHTEHH 38 KOMYHUKAIIMOHHH BB3JIM 33 OC3)KMUHH [TEPCOHATHA MPEKH,
0a3WpaH Ha JABa MMOAXO0Ja, B 3aBUCHMOCT OT CpelaTa M BHJa Ha paadoKaHajia. 3a
NPOEKTHPAHE Ha MPEIoKeHaTa HOBA CTPYKTypa Ha I'bBKaBa aHTEHA € MPHUII0KEH BTOPHST
[IOJX0J[, KOWTO OTYMTA BIUSHHETO HA YOBEIIKOTO TAJIO M IIO3BOJISIBA ITOCTHIaHE Ha
ONTHMAJHU TTapaMeTPHU M XapaKTEPUCTHKH Ha aHTEHA, NMpeHa3Ha4YeHa 3a BrpakIaHe B
KOMYHHKAIIMOHHHA BB3JIHM, PA3MOJ0XKEHH BBPXY KOXKara Ha 4YOBEK 3a Oe3KHuIHA
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KOMYHHUKAITUS C UMIUTAHTHPAHU BB3JIM U BB3JIM U3BBH TAJIOTO HA YOBEK. 3a MUHUMH3UPaHE
Ha pa3MepUTe HA aHTEHATA U 32 MMOCTUTaHEe Ha U3THUBAHE B IIOBEYE OT €/IHA YeCTOTHA JICHTA
ce M3IoJ3Ba KpruBa Ha XmWiOepT. 3a MOUI0KKA Ha aHTCHATa € CHHTE3UpaH U W3IOJI3BaH
OMOKOMIIO3UT Ha 0a3aTa Ha ecTecTBeH Kayuyk. OT pe3yJlTaTuTe OT MPOBEACHUTE YNCICHU
U eKCIIEpUMEHTAIHU W3CJICABAaHUS € YCTAaHOBEHO, Y€ MpeajiokKeHaTa HOBa CTPYKTypa Ha
I'bBKaBa aHTCHA I03BOJISIBA U3JIbYBAHE B ABE YeCTOTHH JIeHTH, oT 0,824 GHz 1o 0,975 GHz
u or 1,90 no GHz no 6 GHz, xouro oOxBamar Hail-uecTOo HACHTU(DUIIMPAHUTE
HEJWIICH3UPAHN YECTOTHH OOXBaTH 3a OC3KWYHM TEXHOJIOTHMH 32 OHMOMEIUITMHCKH
npwioxenus, karo 0,8680 GHz — 0,8688 GHz, 0,902 GHz — 0,928 GHz, 2,400 GHz -
2,480 GHz u 5,725 GHz - 5,875 GHz, kakto u nenrara ot 2,360 GHz —2,400 GHz 3a
MBAN (Medical Body Area Network). Upe3 uuciieHu u3ciaenBaHus € YCTAaHOBEHO, uYe
KOJIMYECTBOTO MOrbJiHATa MomrHocT 3a yectoTH (0,868 GHz, 2,44 GHz u 5,88 GHz) BbB
(haHTOM Ha YOBENIKO TS0 OT IPEIJIOKEHATa HOBAa I'bBKaBa aHTCHHA CTPYKTypa € O]
yctanoBeHuTe oT ICNIRP ocHOBHUM orpannyeHus 3a U3araHe Ha €JIEKTPOMArHUTHO TTOJIE,
KOETO TIOKa3Ba, 4e TS € MOIX0/IAIA 32 BIPaK/IaHe B KOMYHUKAIIMOHHH BH3JIH.

B.4.3. Al-Sehemi, A.; Al-Ghamdi, A.; Dishovsky, N.; Atanasov, N.; Atanasova, G.
Rubber composites based on renewable resources and their potential for application in
flexible wearable antennas, Iranian Polymer Journal (English Edition) 2022, 31 (9),
pp. 1117-1127
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B Tasm mnyOnukanus € mpencTaBeH MOAXO0J 3a H3CIeBaHE BIUSIHHETO Ha
CJICKTPOMAarHUTHUTE TapaMeTpyd Ha TMOJUMEPHU TOMJI0XKKA 32 THBKABU aAHTEHU,
MPUJIOKUMH 32 MPOU3BOACTBOTO HA KOMYHUKAIIMOHHU BB3JU B O€3KMYHU TEPCOHAIHU
Mpexxku. CHHTE3UpaHH ca MIECT HOBH KOMIIO3UTHH MaTepuaia 4pe3 MpUIaraHeTo Ha JiBa
BUJIAa TBJHUTEIN OT BB300HOBsieMu pecypcu (memen ot opuzoBu jocnu (RHA) u
MUKpokpucTanHa uenyio3a (MCC)), anTepHaTUBEH MBIHUTEN (CTaHIAPTEH CHUIIMIUEB
mvokenn - Ultrasil), kakto u XUOpUAHM MBIHUTEIN (KOMOMHAIIMKA OT MOCOYEHHUTE) KbM
ecrectBeH kayuyk (NR). Pa3paboreHa e mocTaHOBKa BKJIIOYBAIlA TPU MPABOBI'BIHU
o0eMHHM pe3oHaTopa, HacTpoeHu Ha 2,565 GHz (TE1o3), 3,188 GHz (TE10s), u 3,753 (TE107),
ype3 KOATO Ca OMPENENICHH EJIEKTPOMAarHUTHUTE MapaMeTpu Ha CHUHTE3UPAHUTE HOBU
KOMITIO3UTHU MaTepHaIM C METOJla Ha MAJIKUTE CMYIICHHsS 3a 4YeCTOTH, OOXBallaiiu
pazmuunn Oe3zxnyHu texHosornu u crangapty: IEEE 802.15.1, IEEE 802.15.4, IEEE
802.15.6, IEEE 802.11, GSM/UMTS/LTE u T.H. YCTaHOBEHO €, Y€ MOJIMMEPHUTE C
neaHuTen RHA, uMat mo-manbk TaHreHC Ha bIbJIa Ha JUETEKTPUYHUTE 3aryOu U Haii-
n00pyu MexaHW4YHU CBOMcTBa. Benukm emactomepu, cpabpxkanu MCC kato mbiIHUTEN,
MOKa3BaT HaMalisBaHE Ha peajlHaTa YacT M YBEJIWYEHHWE Ha WMarmHepHaTa 4YacT Ha
TUENIeKTpUYHATa MPOHUIIAEMOCT B 4ecTOTHUs 00xBat ot 2,57 GHz no 3,75 GHz, koeto ce
IBIDKU Ha CTPYKTypaTa Ha mbiaHUTENsA. OIEHEHO € BIUSHUETO Ha €JIEKTPOMArHUTHHUTE
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CBOWMCTBA HAa CHUHTE3MPAHUTE HOBH KOMIIO3UTHHU MaTepUalid OT Bb30OHOBSIEMU PECYpCHU
BbpPXY MapaMETPUTE U XapaKTEPUCTUKUTE Ha AHTEHH 3a KOMYHUKALIMOHHU BbB3JIH B
0€3KMYHM TNEPCOHATHM MpEXH Ype3 YHUCIEHO MOJAeNupaHe W u3MepBaHud. Ypes
IPOBEICHUTE H3CIEIBaHUS CE€ MOKa3Ba MOTEHIUAIBT, KAKTO UKOHOMHYECKUTE, Taka H
€KOJIOTUYHUTE TI0JI3M, OT IPUJIOKEHHE Ha KOMIIO3UTHM MaTepHald OT Bb30OHOBSIEMHU
pPECYpPCH U MaTpuULla OT €CTECTBEH KaydyyK B TEJIEKOMyHUKallMOHHATa UHAYCTPHS - MAJIKU
Pa3xo/iy 3a CUHTE3 U AOOPH €KCIUIOATAIIMOHHU XapaKTEepUCTUKH HA aHTECHUTE.

B.4.4. Davidkov, D.; Atanasova, G.; Atanasov, N. Characterization of
Narrowband Off-Body Channels in an Indoor Environment for Body Area Network
Applications. In Proceedings of the 2022 30th National Conference with International
Participation (TELECOM), Sofia, Bulgaria, 27-28 October 2022.

Nunexcupana B Web of Science u Scopus

JIOKTaabT TMPEACTaBs pe3yaTaTd OT KOMIUIEKCHO —XapaKTepu3WpaHe Ha
TecHosieHTOBH Off-DOdy paanokaHaau B 3aTBOPEHO MPOCTPAHCTBO MPHU YCIOBHS Ha TPsAKa
BuauMocT. Pa3paboTeHa € TMOCTaHOBKA 3a TMPOBEXKIAHE HAa CHMYJAIHOHHH |
CKCIICpUMEHTAIHU U3CJIeBaHusA Ha TecHojeHToBU Off-body pammokanamu B Oe3Ku4HU
nepcoHayHu Mpeku. IIpeiacraBeHa € METOIOJOTHs 3a MPOBEXJAaHE HA HM3MEPBAHUATA
ONKMCaHa Ype3 alrOPUTBM, C KOATO € H3CJICABAHO BIMSHHETO HA IapaMeTPUTE U
XapaKTePUCTUKUTE HAa TPU AHTCHU C TEKCTUIIHU TOJUIOKKH BBpPXY MapaMETpUTE Ha
tecHoneHTOBH Off-hody pagnokananu B Oe3KMYHH NEPCOHATHU Mpexu. OT MOTydYeHHTE
pe3yiITaTH MOXE Ja ce 3aKI0Yd, Y€ TeOMETPUYHUTE pa3MepH, ¢(PEeKTHBHOCTTa Ha
W3TbYBAHE M JUarpamMara Ha HaCOUCHO JICHCTBHE HA aHTEHUTE UMAT ChIIICCTBEHO BIUSHUC
BBPXY MapaMETPHUTE U XapaKTCPUCTHKHUTE Ha TecHoJieHToBHUTE Off-DOdy paanokanany.

B.4.5. Atanasova, G.; Atanasov, N. Small antennas for wearable sensor networks:
Impact of the electromagnetic properties of the textiles on antenna performance. Sensors
2020, 20 (18), art. no. 5157, pp. 1-21.
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bep3oro pa3BuTMe Ha O€3KMYHM CEH30PHH MPEXKH, MO-CIEHUAIHO Ha
MEePCOHATHUTE OE3KUYHU CEH30PHU MpEXKH 3a MOHMTOPHMHI B pEaJlHO BpeMe Ha
(U3HOJIOTMYHM TOKa3aTeNM HAa YOBEK W/WJIM 3ao0uKasimata To cpena, MpU KOUTO
CEH30pHUTE CE pasIoiaraT BbpXy APEXHUTE Ha MOTPEOUTENS W/WIIH JUPEKTHO BHPXY TAIOTO,
BOJIM 10 HEOOXOIMMOCTTA OT pa3pabOTBAaHETO HAa MAJIKU U I'bBKAaBU aHTEHU. B Ta3u craTus
€ IMpemJIoKEH HOB METOJ 3a NPOEKTHpaHEe, ONTHUMH3UpAHE U EKCIEPUMEHTAIHO
peanu3upaHe Ha HUCKOMPOQUIHYU, JIEKH U I'bBKaBU AHTEHU 32 KOMYHHUKAI[MOHHU BB3JU B
O0€3KMYHU CEH30PHU MpPEXH, OCUTYpsSBalll MOAXOJAIA H30JalMsl Ha aHTeHaTa oT
BJIIMSIHETO Ha YOBEILIKOTO TSUIO, ChITIACYBaHE B ONpejesieHa paboTHA YeCTOTHA JICHTa U
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pa3MepH MO3BOJISBAIIY MMOTEHIIMATHO BrPaKAaHe Ha aHTEHUTE B €KEJTHEBHOTO OOJIEKIIO.
Upes mpeioxKeHnst METOI € pa3paboTeHa HOBa CTPYKTypa Ha M3ISUIO TEKCTHIIHA T'bBKaBa
aHTeHa ¢ pedraexTop, OCUTypsIBalll N30l HA aHTEHATa OT BIUSHHETO HAa YOBEIIKOTO
TSJIO M TOJJIOKKAa OT JBHKOB IUIAT 3a JIECHO BrpaKJIaHE B €XKETHEBHOTO OOJIEKIIO.
AHTeHHaTa CTPYKTypa MMa MaJKH pa3MepH U Hpodui, KaTo CHUICBPEMEHHO MOCTHUTa
yectoTHa JeHTa (|S11| < —6 dB) ot 285 MHz ot 2,266 no 2,551 GHz, edexrtuBHOCT
u3npuBaHe noseye ot 12% B cBOOOIHO MPOCTPAHCTBO U MoBeue 0T 6% , KOraTo € NoCTaBeH
BBPXY MOJIeT Ha Y0BeUIKO Tsy10. Chno Taka MakcuMmanHuIT SAR ocpennen 3a 10 ge 0,15
W/kg. 3paboTeH e IpOTOTHII U ca U3CIIEBAHUTE HETOBUTE MAPAMETPH U XapaKTCPUCTUKH.
3a HMO-IsTOCTHO M3CIIEABaHE HAa aHTEHH 33 OE3)KUYHU IMEPCOHATTHE MPEXKH ca MPEI0KEHH
¥ OCBIIECTBEHU TECTOBE, KOMTO MO3BOJISIBAT U3CIICABAHE HA aHTEHATA ITPH YCIOBUS OJM3KH
70 cpefarta, B KOSATO TS 1Ie ce n3nona3Ba. PazpaboTeHa e MeTo100THs 3a MPOBEXKJaHE HA
TECTOBETE, CHIVIACHO KOSTO Ca OCHIIECTBEHH H3MEPBAaHUS HAa aHTCHHUS MIPOTOTUIN B
KOHTpOJIMpaHa cpena (moiy-0e3exoBa Kamepa M €KpaHHPaHO ITOMEIICHHE) 3a Ja ce
OCHUTYpH MOBTOPSIEMOCT Ha W3MepBaHUATA. Upe3 mpeiokeHaTa METOJ0IOTHS € OLEHEHO
BIIMSIHUETO HAa YOBEIMIKOTO Tsuio BBpXy Off-body pamgmoxanan. ITpemtoxken e momxox 3a
OTIpeNesIHe BIMSHUETO Ha EJIEKTPOMAarHUTHHUTE TMapaMeTpy Ha KOHBEHIMOHAIHU
TEeKCTHJIHH MaTepHalld BBpPXY IapaMeTpUTe M XapaKTepUCTUKATE HAa  aHTCHH 3a
KOMYHHKAIIMOHHU BB3JIM B O€3)KUYHU TIEPCOHAIHU MPEKH, IIPEHA3HAYCHH 32 BrpaKaaHe
B ©XKeTHEBHO 00ekio. Pa3paboTeHn ca 4eTHpH YHCICHH M eKCIEPUMEHTATHN MOJETa C
MOJITOKKH OT KOHBEHITMOHATHN TEKCTUJIHN ThKaHU C €CTECTBEHH BJIaKHA (MTaMyUeH ILIaT)
¥ CbC CHHTETUYHU BIIaKHA (TIOJMECTEp U NOJIHaMujI-enacTtan). HaGmomaBaHo e, ue KOJIKOTO
MO-MallbK € TaHreHChT Ha BI'hJla HAa JUENEKTPUYHUTE 3ary0M Ha MaTepuaia Ha
MOJITOKKaTa, TOJIKOBA IMO-TACHA € YecTOTHaTta jJeHTa. OCBEH TOBa, KOJKOTO MO-TOJSIM €
TAaHTE€HCHT HA BI'bJIa HA IUEICKTPUIHNTE 3aryOn Ha MaTepuasa Ha MOAJI0XKKAaTa, TOJIKOBA
MO-MaJIKO € KOJMYECTBOTO MOrbiIHaTa MOmHOCT (SAR).

B.4.6. Atanasova, G.L.; Atanasov, N.T. Impact of electromagnetic properties of
textile materials on performance of a low-profile wearable antenna backed by a reflector.
In Proceedings of the 2020 International Workshop on Antenna Technology, iWAT
2020, Bucharest, Romania, 25-28 February 2020.
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OcHOBHUAT (POKYC Ha JOKJIa/1a € BbPXY XapaKTepU3UPaHETO Ha eIEKTPOMAarHUTHUTE
CBOICTBA HAa KOHBEHIIMOHAIHN TEKCTWIHM ThKaHU MpH yecToTa 2,564 GHz. Hampaseno e
IIPOyYBaHE M Ca yCTAHOBEHM HAl-4€CTO U3IMOJI3BAHUTE TEKCTUJIHM MaTepuay (II1aTOBE)
MIpU KOHCTPYHUpPaHEe U MPOU3BOACTBO Ha 0OJIEKIIO, @ UMEHHO: ThKaHU C €CTECTBEHHU BJIaKHA
(100% mamyk: ThKaH IBHKOB U IUIETEH MaMy4eH IaT), cbc cuHTeTHYHU BiakHa (100 %
nonuectep, 80% mommamus - 20% enactaH, HeThkaH miat - 100% momnap). 3a onpenensHe
Ha €JEKTPOMarHUTHUTE MapaMeTpU Ha TEKCTUJIHUTE MATEPUAIM € MPUJIOKEH PE30HACEH
METOl M YCTAHOBEHO, Y€ TEKCTWJIHWUTE MaTepuaJd HUMaT MAajJKh CTOMHOCTH Ha
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OTHOCHUTEJIHATa KOMIUICKCHA JUCICKTPUYHA MpoHHUIIaeMocT Mexay 1,2+j0,002 u 1,9+ j0,1.
Pa3zpaborenu ca net ynucieHd Mojieia v TIeT MPOTOTUIA Ha U3ISII0 TEKCTUIIHU aHTEHU, Ype3
KOUTO € M3CJCABAHO BIUSHHUETO HA EJIEKTPOMATHUTHHUTE CBONCTBA Ha MOMJIONKKHUTE OT
OMMCAHUTE TEKCTUIIHA MaTepuaiu (C eCTeCTBEHU M U3KYCTBEHH BJIaKHA) BbPXY Y€CTOTHATA
JeHTa, e(heKTUBHOCTTA HA M3TbYBaHE, YCUJIBAHETO U JHUarpaMara Ha HaCOYEHO JeHCTBHE
Ha aHTCHUTE.

B.4.7. Al-Sehemi, A.G.; Al-Ghamdi, A.A.; Dishovsky, N.T.; Atanasov, N.T.;
Atanasova, G.L. Wearable antennas for body-centric communications: Design and
characterization aspects. Applied Computational Electromagnetics Society Journal
2019, 34 (8), pp. 1172-1181.
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be3xnyHuTEe EPCOHATHE MPEKH OCUTYPSBAT BUCOKOHAICKIHA OC3)KUYHA BPb3Ka
C MallbK 00XBAaT MEXIY YCTPONUCTBA, HOCCHH HA (WJIM UMIUTAHTUPAHU B) YOBEIIKOTO TSLIO,
WIA MEXIy JBE YCTPOWCTBA pasmojOXKeHH (BBPXY TSIO-TSAIO WIH TSUI0-XBO) B
HETOCpeICTBEHA OJU30CT 3a MpeaBaHe Ha JaHHHM, IEJSIIU M0100psBaHe KaueCTBOTO Ha
KHUBOT. Tpu Oe3)KMYHN KOMyHHKAIIMOHHH KaHaua (in-, on-, u off-body) ce hopmupar B To3u
THUI MpPEXH. AHTEHaTa Ha KOMYHHMKAIIMOHHHS Bb3€JI HMa TOSIMO BIHSHHE BBPXY
Ka4eCcTBOTO Ha yclyraTa, mpejjiaraHa OT IplaTa CHCTEMa, Thil KaTo MpPSKO BJHse Ha
HaJICKTHOCTTA Ha Oe3KUYHATA Bph3Ka. [IpoeKTHpaHEeTO HA TaKWBA AaHTEHH € KOMIUIEKCHA
3aja4ya, Thi KaTO TPsAOBA Ja OBJAT U3IIBIHEHN MHOYKECTBO U3UCKBAHMS U OrpaHnYcHus. B
Ta3u NyONMKalMs € MPEIIONKEH HOB aJIrOPUTHM 3a MPOCKTHpPaHEe M ONTHMH3UpPaHE Ha
HOCHMH BBPXY TSIOTO Ha YOBCK I'bBKABHM aHTCHH 3a HAMHUPAHE Ha ONTHUMAJTHO PEIICHHUE 3a
¢dusndyeckuTe pa3MepH Ha aHTEHAaTa, OTTrOBApsANIO0 Ha 3aMaJcHU Crelnu(pUKalUd, OT
MHO)KECTBO BB3MOXHU JIU3alHU. AJTOPUTBMBT MOXe Obp30 Ja ObAC BB3NPHET Ha
MpaKkTHKa W MPHIOKEH KbM BCAKA aHTEHHA CTPYKTypa 3a KOMYHHUKAIIMOHHHM BB3JIH B
0C3)KUYHHM TIEPCOHATHH MPEXH. [IpeTOKEHUAT aIrOPUTHM € HM3IMUTaH MOCPEICTBOM
YHUCJICHH U CKCIICPUMEHTAITHU M3CIICBAHMS.

B.4.8. Al-Sehemi, A.; Al-Ghamdi, A.; Dishovsky, N.; Atanasov, N.; Atanasova, G.
Design and performance analysis of dual-band wearable compact low-profile antenna
for body-centric wireless communications. International Journal of Microwave and
Wireless Technologies 2018, 10 (10), pp. 1175-1185.

Nunexcupana B Web of Science u Scopus

0,896 (2018) Impact Factor, Q3 (2018), SJR 0,213 (2018)

B ta3u nyOnukanus e mpejcTaBeHa KOHIENIUs 3a O€3:)K1YHa IMePCOHATHA MPEka ¢
MIPUIIOKECHHE B 37paBeomna3BaHeTo (OuOTEIEeMETpHs). Knacudumnupanu ca
KOMYHHUKAIIMOHHUTE BB3JIM CIOPE] NPHIOKECHUETO M MECTOIOJOKCHHETO MM CIIPSIMO
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YOBEIIKOTO TsJ10. OTpesenenu ca YeCTOTHUTE 00XBaTH M OE3)KUIHUTE TEXHOJIOTHH 3a ON-
u off-body komyHuKamu 3a KOHKPETHOTO mNpmioxeHue. [IpeiokeHa € HOBa aHTCHHA
CTPYKTypa 3a M3JIb4YBaHE B JBa 4ecToTHH oOxBara (2,2-2,7 GHz u 4,65-5,75 GHz) ¢
MHOTOCIIOWHA  TEKCTHJIHO-TIONIMMEpHa MoJutokka. OrmpeneneHa e  Haii-moOpara
(onTuManHaTa) KOMOMHAIMS Ha pa3MepUTe Ha OTICITHHUTE EJIEMEHTH 3a IOCTHTHE Ha
Oananc Mex1y e(eKTUBHOCT Ha M3IIbUBAHE BHPXY YOBEIIKO TSJIO0, ITUPUHA HA YECTOTHUTE
JICHTH, ChIJIACYBaHE IO MMIICAAHC M MalKu (DU3NYECKH pa3MEpH 4Ype3 IapaMeTpUIHO
u3cnenBane. Pa3zpa®oTeHm ca 4YHWCIEH W EKCIEPUMEHTAJIEH MOJAEN Ha AaHTeHara.
Y CcTaHOBEHO € OT MPOBECHUTE YHCICHU U3CIIEIBAaHMUS U €KCIIEPUMEHTAIHO € IIOTBHPJICHO,
Yye aHTeHaTa € ChIJlacyBaHa M0 MMIICAAHC B JIBE YECTOTHHU JICHTH, KOUTO oOxBamar ISM
2,45 GHz, LTE 2,6 GHz u WLAN 5,5 GHz. Onucan e mpoiiechbT Ha MPOU3BOJICTBO Ha
AHTCHHHS TPOTOTHII, Ype3 KOMTO € MOCTHrHaTa I'bBKaBa M BOJOYCTOWYMBA CTPYKTYpa,
MO3BOJIABAINA IIBJIHO MHTETPUpaHEe Ha aHTeHaTta B 00yekio0. OIeHeHO € KOJIMYEeCTBOTO
MOTr'bJIHATa MOIITHOCT ¥ € YCTaHOBEHO, Ue U 32 JIBETE YSCTOTHH JICHTH cToHOCTHTE Ha SAR
ocpenneH Bbpxy 10 g ca naned moj MakCHMaIHO JOMycTHMaTa cToiHoCT oT 2 W/kg, KakTo
ce u3nuckaa ot cranaapt C95.1-2005 va MHCTUTYTa HA MH)KEHEPUTE 1O €IEKTPOTEXHUKA U

enextponuka (IEEE) u MexayHnapoaHaTa KOMUCHS 3a 3al[UTa OT HE HOHU3UPAIIO JIbUEHUE
(ICNIRP).

B.4.9. Al-Sehemi, A.; Al-Ghamdi, A.; Dishovsky, N.; Atanasov, N.; Atanasova, G.
On-body investigation of a compact planar antenna on multilayer polymer composite
for body-centric wireless communications. AEU - International Journal of Electronics
and Communications 2017, 82, pp. 20-29.

Nunexcupana 8 Web of Science u Scopus

2,215 (2017) Impact Factor, Q2 (2017), SJR 0,42 (2017)

B nyOnukauusta € HampaBeH KpaTbK TMperyie] Ha BHJIOBETE AaHTEHU 3a
KOMYHUKAIIMOHHU BB3JIU B 0€3)KUYHU NepCOHATHU Mpexu. [Ipennoxena u peanusupana e
HOBAa aHTEHHA CTPYKTypa, Oa3upaHa Ha IUIaHApHA JUIOIHA aHTEHa C peduieKTop, C
MHOTOCJIOHA TOJJIOKKa OT HUTpUi-OyTaaueH kayudyk. IlpennoskeHara cTpykTypa €
I'bBKaBa, KOMIIAKTHA U JIECHA 32 MPOU3BOACTBO, MOIXO/IA1A 32 KOMYHUKAIIUU B YECTOTHUS
obxsar 2,35 GHz — 2,50 GHz. U3cnenBan € epekTbT OT OJMU30CTTa HA YOBEUIKOTO TSIIO
BBPXY NapaMeTPUTE M XapaKTEPUCTUKUTE Ha MpEUIOKEeHAaTa aHTEHHA CTPYKTypa, KaTo
aHTEHaTa € MOCTaBeHa BBbPXY TPUCIIOEH YMCIEH MOJIEN, Clel KOeTo € oThaieueHa a0 20
mm. Ilocturnato e no6po ceriacyBane no ummnegaanc (VSWR < 2) u egextuBHOCT Ha
U3JIbYBaHe yecToTHUs oOxBart 2,35 GHz — 2,50 GHz.
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B.4.10. Al-Ghamdi, A.A.; Al-Hartomy, O.A.; Al-Solamy, F.R.; Dishovsky,
N.; Malinova, P.; Atanasova, G.; Atanasov, N. Conductive carbon black/magnetite hybrid
fillers in microwave absorbing composites based on natural rubber. Composites Part B:
Engineering 2016, 96, pp. 231-24.

Nunexcupana B8 Web of Science u Scopus

5, 75 (2016) Impact Factor, Q1 (2016), SJR 2,215 (2016)

B myOnukamusaTa € mpencTtaBeHO H3CIeIBaHE HAa MUKPOBBIHOBUTE CBOWCTBA Ha
KOMITO3UTH Ha 0a3aTa Ha €CTECTBEH Kay4yK B uyecTOTHHsS 00xBaT 1-12 GHz, ¢ mpoBoaumMu
XUOPUIAHM ITBTHUTEIN OT CAKIU/MArHETHT, TTOJIYICHH Upe3 UMIPETHUPAHE MIPU PA3ITHIHU
CBHOTHOILIEHUSI MEXJy BBIVIEpOJIHA U MarHeTHTHa (aza. PazpaboTeHa € MOCTaHOBKA U €
MPEIOKEeHA TOCIIEOBATETHOCT 32 M3CIeABaHEe Ha €(PEeKTUBHOCTTA HA EKpaHHWpaHe Ha
CHUHTE3MpaHUTE KOMIIO3UTH B YecToTHUs1 o0xBar 1-12 GHz. Pa3paboTeHa ¢ mocTaHOBKa
BKIIIOYBAIllAa TPU MPOXOJHH TPAaBOBI'BIHA OOCMHH  pPE30HATOpa, HACTPOCHH
nocnenosarento Ha 3,128 GHz (TE103), 4,061 GHz (TEuos), 6,148 GHz (TE10s), 7,480
(TE107) u 8,527 (TE107), 3a onpenessHe Ha KOMIUIEKCHATA AUEICKTPUYHA TIPOHUIIAEMOCT,
TaHTEHCAa Ha bIbJIa Ha JUCICKTPUYHHUTE 3aryOu M CJIEKTpHUECcKaTa MPOBOJIUMOCT, U TPU
MIPOXOAHU MPaBOBI'BIIHA OOEMHH Pe30HATOpAa, HACTPOEHH IocjeaoBaTeHO Ha 3,566 GHz
(TE104), 6,814 GHz (TE10s) m 9,284 (TEu106), 3a onpe/ensHe Ha KOMIUIEKCHATa MarHUTHA
MPOHUIIAEMOCT W TAaHTCHCHT Ha Brblla HA MAarHUTHUTE 3aryOu. YCTaHOBEHO €, 4e
IIPOMEHUTE B U3CIICBAHUTE CBOWCTBA MMAT PE30HAHCEH XapakTep B auarnasona 3-9 GHz u
Cce IBJDKAT Ha TMPOMEHHW, KAaKTO Ha 4YeCTOTara, Taka M Ha CHOTHOUICHHETO MEXKIY
xubpuanute ¢aszu. [IpoleHTHOTO ChOBpKAHWE HaA TMPOBOJUMHUS IBIHUTEN HMa
3HAYUTEIHO BIIMSHUEC BBPXY C(PEKTUBHOCTTA HA CKPAaHUPAHE Ha KOMIIO3UTHTE.
Boeexaanero Ha FesOs B XxuOpuaHus IBIHUTEN MMa pellaBalia pojis 3a HaMajsiBaHEe Ha
OTPAXCHHETO HA EJIEKTPOMArHUTHHUTE BBJIHH OT MOBBPXHOCTTa Ha Kommosurta. Ot
MPOBEJICHUTE U3CIECABAHUS € YCTAaHOBEHO, Y€ KOMIIO3UTHUTE, ChIBbpPKAIIN XUOPHUIHU
I'BJIHATEITN TIPU HaIThJIBAHE HAJ ,,percolation mpar, paskpuBaT MOTEHIIMAN 32 U3MOJI3BaHE
B IIPOU3BOJICTBOTO HA MUKPOBBLIHOBHU abcopOepu, 6azupaHu Ha €aCTOMED 32 IPUIIOKEHUS
B TEJICKOMYHHUKAIIMHUTE, aBTOMOOMITHATA HHTYCTPHUS U BOCHHU TPUJIOKCHUSI.
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» Ilyonuxayuu no Ilokazamen 7. Hayuna nyoauxayusi 6 u30anus, Koumo
ca peyeH3Uupanu U UHOEeKCUPAaHU 6 C8emoBHOU38eCmHlU 0a3u OAHHU C
Hayuna ungopmayus Scopus u Web of Science, om epyna I'
>
I'.7.1. Atanasov, N.T.; Atanasov, B.N.; Atanasova, G.L. Flexible Wearable Antenna for 10T-
Based Plant Health Monitoring. Electronics 2024, 13, 2956.
DOI: 10.3390/electronics13152956
Wunexcupana 8 Web of Science u Scopus
2,6 (2023) Impact Factor, Q2 (2023), SJR 0,644 (2023)

B nocnepnute roguHu ObpP30TO pa3BUTHE HA O€3’)KMHUTE TEXHOJOTUU JIOBEIE 0
HIMPOKOTO IpuitokeHue Ha [oT B paznuunu obsactu. EquH oT Hail-0bp30 pa3BUBAILIUTE CE
cermeHTd Ha loT e cekTopbT Ha ,,MHTETUTEHTHUTE oOIMuYaeMH ycTpoicTBa. Ilpes
CJIEJIBAIIIUTE HAKOJKO TOJUHU pa3paboTBaHETO HAa I'bBKABU YCTPOWCTBA MOCTABEHU BBHPXY
pacTeHusi, KOUTO MOTAT Jia MPEJIOCTaBIT KU3HEHOBaxKHA HH(DOpMaIus 3a GU3HOTOTUIHUTE
MOKAa3aTeu Ha PacTeHUATA, e ObJe OT CHIIECTBEHO 3HAUYEHUE 3a MOJIOMAaraHe Ha Io-
OBp30TO pa3BUTHE HA MpeUu3HOTO 3eMenenue. [Ipeanoxkena e manka (06w pazmep D35
mm % 0,8 mm), ynrpa neka (0,4 g) u ¢ ecrernyHa ¢gopMa aHTEHA 3a HEHATPAITYUBO
WHTETpUpaHe BBHPXY JIUCT HAa PACTeHHE 3a MpuiiokeHue B Oazupano Ha loT mpeuwusHo
semenenue B ISM 2,45 GHz ob6xBar. M3npuBamuar exeMeHT uma hopma Hamoao0sBalia
BOJHO KOHYE, KOETO MpaBU aHTEHAaTa BU3yaJIHO He3albenexxuma. M3nona3Banu ca jaucTa ot
pactenueTo ZZ Plant kato mojiokka 3a aHTeHaTa W MPO3PAYHO MOJIUMEPHO (OO 3a
M30JI0paHe Ha MPOBOMASIIUTE €JIEMEHTH, MOCTUTAaWKU U3KIIOYUTEIHO TI'bBKaBa, BOAO- U
XUMHYECKH YCTOWYHMBA aHTEHA 3a TMPUJIOKEHHWE B HEONArompusiTHU YCIOBUS Ha
3ao0ukanmiara cpeaa. [lomydyenure pe3ynratu moka3par, ye aHTEHATa € yCTOWYMBa Ha
IIPOMEHU B OTHOCUTEIHATa JIUEJICKTPUYHA IMPOHUIAEMOCT Ha mojoxkkara 10 +20%.
AHTeHaTa uMa roisiMa e(eKTUBHOCT Ha m3NbuBaHe (Mexay 26% u 40%) u HeHacodeHa
nuarpama Ha HacoueHo neiictBue B ISM 2,45 GHz o6xBar. OcBeH TOBa M3MEPCHHTE
pe3yNTaTy ChBNAAAT CPABHUTEIHO JOOPE C T€3HW OT CTUMYJIAIMOHHUTE U3CIICIBAHUS.

I'.7.2. Atanasova, G.L.; Atanasov, B.N.; Atanasov, N.T. Assessment of Electromagnetic Field
Exposure on European Roads: A Comprehensive In Situ Measurement Campaign. Sensors
2023, 23, 6050. DOI:10.3390/523136050
Uunexcupana 8 Web of Science u Scopus
3,4 (2023) Impact Factor, Q1 (2023), SJR 0,786 (2023)

bbp3oTo pa3zBuTHe Ha OGE3KMYHUTE KOMYHUKALMOHHU TEXHOJIOTMM (Hali-Beue Ha
KJIETBYHUTE MPEXKHU OT NeTo nokoisieHue (5G)) npe3 nocieAHUTE TOJUHU OT €HA CTpaHa
MO3BOJISIBA CBBP3BAHETO HA TOJISIM Opoi pa3nuyHU OOCKTH (OT I'bBKaBa €JIEKTPOHUKA IO
MIPEBO3HU CPENICTBA) M XOPa, U OT ApPyra CTpaHa, BOAM 10 MHCTAJIMPAHETO HA TOJSIM Opoit
6a3oBu craniuu. MHCTamumpaHeTo Ha roisiM Opoil 0a30BM CTaHIMU TOBIUTa Cpen
HACEeJICHUETO BBIIPOCHU 32 MOTECHLMATHUTE HEONAronpusiTHU e€(eKTH BBPXY YOBEUIKOTO
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3npaBe, oT enekrpomarutHuTe nojieta (EMII) ch3maBanu ot anTeHUTE Ha 0a30BUTE
CTaHIIUU.

B Tasu cratus ce mpennara MeToJl 3a OLIEHKAa Ha E€JIEKTPOMAarHUTHOTO IOJIE B
aBTOMOOWII 110 BpeMe Ha KpaTKu (MeXAy IrpaioBe) U ABITH (MEXKIY ITbp>KaBH) IbTYBaHUS
B uectotHus ooxsar 0,03-8,2 GHz. IIpoBenenu ca n3MepBaHUs B HSIKOJIKO €BPOIEHCKH
nbpxaBu: ABctpusi, bearapus, Xsepearus, YHrapus, Uramus, Cioosenuss u PenyOnuka
CwpOus, KaTo pe3yJTaTUTE MOKa3BaT, 4Ye MeJAHaHaTa Ha HHTEH3UTETa Ha eJIEKTPUUECKOTO
nosie € 0,23-0,24 V/m B bwarapus, XwpBatus, YHrapus, Utanus u Perryonuka Cepous. B
Asctpus u Crosenust Meauanata ¢ 0,28—0,31 V/m. B ABctpus ¢ uamepeHa Hail-rosimaTa
CTOMHOCT HAa MHTEH3UTETa Ha elekTpuuecko mose oT 17,4 V/m. Ilonyyenure nanuu ca
MIOJIE3HM 3a TOYHA OLIEHKA Ha 00IbYBAHETO, KAKTO HAa BOJAAYNUTE HA aBTOMOOWIIN, TaKa U Ha
IBTHUIIMTE TI0 BpeMe Ha mbTyBaHe. OCBEH TOBa pe3ysTaTuTe OT Ta3u paboTa MOrar Jia ce
MPUJIOKAT 3a H3cieaBaHe Ha oOnapuBaHeTo Ha xopa ¢ EMII nmpu HoBuTe 5G-V2X
KOMYHUKAIIMOHHH CIIeHapuH, TakuBa kaTo V2V (0e3KWYHM KOMYHHUKAIMH IPEBO3HO
CPE/ICTBO KBM MTPEBO3HO cpeacTBO), V2| (mpeBo3HO cpeacTBO KbM HHBpacTpykTypa) V2N
(peBO3HO CPeACTBO KbM KOMYHHKAITHOHHA MPEXKa).

I'.7.3. Atanasov, N.T.; Atanasova, G.L.; Gardan, D.A.; Gardan, I.P. Experimental Assessment
of Electromagnetic Fields Inside a Vehicle for Different Wireless Communication Scenarios:
A New Alternative Source of Energy. Energies 2023, 16, 5622. DOI: 10.3390/en16155622
Wunexcupana B Web of Science u Scopus
3,0 (2023) Impact Factor, Q1 (223), SJR 0,651 (2023)

ThpceHeTo Ha HOBH €HEPTUITHYA H3TOYHUIIM TIpe3 21 BeK € TeMa ¢ BaXXHO HKOHOMHYECKO
U 00IIecTBeHO 3Ha4YeHHe. J[Hec mpeHacsHaTa MOIIHOCT OT €JIEKTPOMAarHUTHU MOJIeTa Ce
cuuTa 3a 00eIIaBaIl HOB M3TOYHUK Ha CHEPTHsI 32 YCTPOUCTBA C YIITpa MajKa KOHCYMaIlus,
TaKMBa KaTO KOMYHHUKAIIMOHHU BB3JIH, PA3M0JI0KECHU BHPXY TSIIOTO HA YOBEK M CCH30PH 32
loT.

[MpeanoxkeH e METOJ 3a OLEHKAa HAa WHTCH3WTETa Ha EJIEKTPHYECKOTO IOJie B
aBTOMOOWJI IIPH PEATMCTUYHU CLIEHApUH 3a Oe3KUIHA CBBP3aHOCT: 1) MpenaBaHe Ha ped B
pexxumu: camo 2G, camo 3G u aBToMatuuHo cBbp3BaHe 5G/4G/3G/2G u 2) npenaBane Ha
naHHu B pexxumu: camo 2G, camo 3G u aBromatmuHO cBbp3BaHe 5G/4G/3G/2G, 3a
M3MOJI3BaHE Ha EJIEKTPOMArHUTHHUTE T0JIETa B IPUIIOKEHUS 3a chOupane Ha eneprus (RF
energy harvesting). Pa3paboTeHa e MeTO0JIOTHS 3a MPOBEKIAHE HA U3MEPBAHHATA U Ca
UICHTU(GUIIUPAHN KOMYHUKAIMOHHUTE CIICHAPUHU Ha 0E3)KUYHA CBHP3aHOCT B aBTOMOOHII.
3a BCEKH CIICHApHil ca U3BBPIICHU H3MEPBAHUS HA HHTCH3UTETA Ha CJICKTPUIECKOTO MOJIe
B TpaJicKa cpejia B JIBa Cilydasi: aBTOMOOMII B OTKPHUTO MPOCTPAHCTBO O€3 MpsKa BUAUMOCT
KbM 0a30Ba CTaHIUSA U aBTOMOOWII B IOJI3€MEH NapKuHT. Pe3ynraTure mokasear, 4e Haii-
roysiMaTa U3MepeHa CTOMHOCT Ha eJIEKTPHUUECKOTO IoJie ce HabJro/1aBa py MpeiaBaHe Ha
peu mpe3 KIeThuHU Mpexu oT Bropo mokoierne 2G (GSM). Chino Taka, MaKCUMAJTHUTE
U3MEPEHH CTOMHOCTH Ha MHTCH3HMTETAa HA CJICKTPHUYCCKOTO TIOJIe 10 BpEME Ha TIIacOBO
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noBukBate B 3G (UMTS), 4G (LTE) u 5G ca et 110 1iecT mbTH MO-Majku OT Te3u npu 2G.
OcBeH TOBa MHTCH3UTETHT HA EIIEKTPUUECKOTO TOJIe, U3MEPEH B aBTOMOOMJIA IO BpeMe Ha
IJIaCOBU TOBUKBAHHS WJIHM IPEJaBaHe Ha JaHHH, [TOKa3Ba HE3HAYMTEIIHH HU3MCHEHHUS B
3aBUCHUMOCT OT JIEHAd OT CeJAMHUI[aTta. Pe3yinTaTure J[OKa3BaT XHWIOTe3ara, dYe
CJICKTPOMArHUTHH TI0JIETa, U3TBYBAHKM OT OE3)KHYHH YCTPOMCTBA B aBTOMOOWJI, MOTaT J1a
Ce M3I0JI3BaT KaTO HOB M3TOYHHK Ha CHEPTHUS 3a 3aXpaHBaHE Ha KOMYHHKAIIMOHHHU BB3JIH C
yITpa Majka KOHCYMHpaHa MOIIHOCT OT 3aXpaHBallds HW3TOYHHMK, TaKHWBa KaTo
KOMYHHKAIIMOHHU BB3JIH, Pa3IIOJI0KEHH BPXY TSUIOTO Ha Y0oBEK M ceHzopu 3a IoT.

I'.7.4. Atanasov, N.T.; Atanasova, G.L.; Angelova, B.; Paunov, M.; Gurmanova, M.;
Kouzmanova, M. Wearable Antennas for Sensor Networks and 10T Applications: Evaluation
of SAR and Biological Effects. Sensors 2022, 22, 5139. DOI: 10.3390/522145139
Wunexcupana B Web of Science u Scopus
3,9 (2022) Impact Factor, Q1 (2022), SJR 0,764 (2022)

[Ipe3 mocneanuTe roguHu ce HaOMoAaBaT ObP3U TEMIIOBE HA Pa3BUTHE HA I'bBKaBaTa
CJIEKTPOHUKA W HAa KOMYHHUKAallMOHHUTE BB3JIM B OC3KUYHU TEPCOHATHH MPEXKH.
HapactBammsar 6poii Ha KOMyHUKAIIMOHHY BB3JH, Pa3NojaraHd BbPXY TSJIOTO Ha YOBEK,
BOJIM JI0 THPCEHETO HA HOBH JIEKH, ThBKABH HOCHMH BBPXY TSUIOTO Ha YOBEK aHTEHH. 3a Ja
opaat npuinoxumu B [oT ycrpoiicTBa 3a pasnonarane BbpXy TsUIOTO HA YOBEK, aHTCHUTE
TpsiOBa /1a OTrOBapsT Ha ONpPECNICHN N3UCKAHUs, TAKMBA KaTO €JIEKTPUYECKH, MEXaHUIHH
U TIPOU3BOJICTBEHU, KAaKTO M W3UCKBaHUS 3a 0€30MacHOCT (HAIp. MOT'hJIHATA MOIIHOCT
(SAR) mo-manka OT MaKCHMAJIHO JIOMIyCTUMHUTE CTOWHOCTH, HAIIOKEHH OT
MEXAYHApOJHUTE CTaHAapTH U npenopbku). Onenkara Ha SAR obaue He mpemocTaBs
uH(popMaIKs 32 MEXaHU3MHUTE Ha B3aUMOJICHCTBHE MEX]y €JICKTPOMAarHUTHHUTE TOJIETa C
MaJTbK MHTCH3UTET, U3IbYBAHU OT HOCUMHUTE aHTEHU U YOBEIIKOTO TSLIO.

B Ta3u cTarus e npeioskeH HOB METO/T 3a OLIEHKA Ha MEXaHU3MUTE Ha B3aUMOJICHCTBHUE
Ha OMOJIOTUYHU OOCKTH C EIEKTPOMAarHUTHU TMOJIETa ¢ MalTbK MHTEH3UTET, Ch3JaBaHHU OT
aHTeHW Ha KOMYHUKAIlMOHHU BB3JIM B O€3)KUYHU MEPCOHATHHA Mpexu. Pa3spaboTeHu ca u
ca peaJn3upaHy JIBe €KCIEPUMEHTAIHH TOCTAHOBKH 3a M3CJIe/IBaHE Ha Bb3ACHCTBUETO HA
€JIEKTPOMArHUTHOTO T0JI€ OT HOCUMH aHTEHH (32 KOMYHUKAIIMOHHU BH3JIH NIPETHA3HAUYCHU
32 JUPEKTeH KOHTAKT C YOBEUIKOTO TSI0) BHPXYy MEMOpaHHWTE Ha YEpPBEHUTE KPHBHU
KJIETKH. MeToabT Ha KpaiiHaTta pasiauka BbB BpeMeBara obsiact (FDTD) e musmon3Ban 3a
M3BBPIIBAHE HA YHCIICH aHAJIU3 Ha PA3NMPOCTPAHCHUETO HA €IEKTPOMArHUTHUTE BBIIHU U
MPOCTPAHCTBEHOTO pasnpeaeneHne Ha SAR B cycneH3uuTe C EpUTPOLUTH U 3a
MPEIOCTaBsIHE HA BEKTOPUTE HA EJIEKTPUYECKOTO W MArHUTHOTO IOJIe, Ch3/1aBaHO OT
HOCHMAaTa aHTEeHa.

B Ta3u craTus e npeacTaBeHo moapoOHO U3CiIeIBaHe Ha MorbiHaTaTa MOITHOCT (SAR),
WHYIIUPaHa B CYCIICH3UU C €PUTPOILIUTH OT 30 TEKCTHIIHA HOCHMA aHTEHA IPH JIBE
yCJIOBUS Ha OOJ'bYBAHE: pEATMCTUYHU (ITOCTHIIBAIA HA BXOJIa HA aHTEHATa MOIIHOCT 6,3
mW) 1 KoHCepBaTUBHHU (TMOCTBIBalla HAa BXOJla Ha aHTeHaTa MoiHocT 450 mW), npu
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yectota 2,41 GHz, kakTo u pe3ynraTu OT iN VItro eKcriepuMeHTH BbPXY CTaOMIIHOCTTA Ha
MeMOpaHHUTE Ha YOBEIIKUTE CPUTPOIIMTH MIPH JIBETE YCIOBUsA Ha oOirpuBaHe. [logpoOHOTO
Mpoy4YBaHe TMOKa3a, Y€ MpU MOIIHOCTH MOCTHIIBAIIN Ha BX0Ja Ha anTeHara 6,3 mW u 450
MW, SAR ocpennen Bbpxyl g e 0,5758 W/kg u 41,13 W/kg, crorBeTHO. Pesyntature ot
iN Vitro ekcrepuMeHTHTE IMOKa3BaT, Y€ KpaTKoTpaiiHoTo (20 MHUHYTH) OOJbUBaHE Ha
MeMOpaHUTE Ha YOBEHIKUTE EPUTPOIMTH B PEAKTUBHOTO OJM3KO IMOJIe HAa oOnnyaema
anTeHa npu 6,3 mW BxojHa MOIIHOCT UMa ctabunusupainl edexrt. [IpoabmKuTeTIHOTO
o0npuBane (120 MuHyTHM) uMa jaectabunM3upanl epexkT BbpXy MeMmOpaHaTa Ha
EPUTPOLIUTHUTE.

I'.7.5. Atanasova, G.L.; Atanasov, B.N.; Atanasov, N.T. Fully Textile Dual-Band Logo Antenna
for 10T Wearable Devices. Sensors 2022, 22, 4516.
Wunexcupana B Web of Science u Scopus
3,9 (2022) Impact Factor, Q1 (2022), SJR 0,764 (2022)

[Ipe3 mocnemuuTe roauHu MHTepechT kKbM WHTepHer Ha Hemara (IoT) Hapactsa,
3aI[0TO Ta3u TEXHOJIOTUS Ce SIBSIBa Bpb3KaTa MEX 1y (PU3NUECKUS M BUPTYaIIHUS CBAT, KATO
CBBP3Ba pPA3NMYHU OOEKTH M XOpa 4pe3 KOMYHHMKAIMOHHM MpEXH, 3a Ja MoJo0pu
kadecTBOTO Ha xkUBOT. HoBute 0T npenocumu ycTpoiicTBa H3MCKBAT HOBU BUJIOBE aHTEHU
¢ YHUKaTHH (OpMU, U3pabOTEHU BbPXY HETPAIUIIMOHHH MOJI0KKH, KOUTO MOTaT Ja ObaT
He3a0ee)KUMO UHTETPUPAHU B IPEXU U aKCECOapH.

B Ta3u cratus HUe npearaMme U3IsUI0 TEKCTUIIHA AaHTEHA 3 U3JIbYBAHE B JIBE YECTOTHU
JIEHTH, TOAXOAIIA 32 npuioxkeHue B [0T HocMMHU BbpXy TAJIOTO HA YOBEK yCTPOMCTBA.
W3npuBamuTe eneMeHTH Ha aHTeHaTa ca ¢ popmara Ha jjoroto Ha FO3Y ,,Heodut Puncku
3a HEHaTpanmuuBO MHTETpUpAHE B akcecoapu. B aHTeHHaTra CTpyKTypa € HHTErpupaH
peduiekTop, 3a Aa ce Hamalu HU3TbYBAaHETO (B HEXElNaHa IOCOKa) M Ja ce IMoao0pH
YCTOWYMBOCTTA HA MapaMeTPH U XapaKTEPUCTUKU HA aHTE€HaTa KbM OJIM3KO Pa3noyIoKeHU
oOexktu. M3paboTeHW W TecTBaHM ca JBa NPOTOTUIIA HA AaHTeHaTa B CBOOOJHOTO
MPOCTPAHCTBO, KAKTO U BBPXY TPH PA3TUYHHA 00CKTa (YOBEIIKO TS0, TETPAKA U JIAMITOM).
B nBaTta yecTOTHM AMamna3oHa € MOCTUTHATa €(peKTUBHOCT Ha M3rbuBaHe oT 25% — 38% wu
62% — 90%. OcBeH TOBa € YCTaHOBEHO, 4ue OiaromapeHue Ha pediekTopa, MorbiaHaTa
MOIIIHOCT BBB (PAaHTOM Ha YOBELIKOTO TsJI0 ocpeaHeHa 3a 10 g maca e 0,5182 W/kg npu
2,4 GHz u 0,16379 W/kg npu 5,47 GHz. IlpoToTUn’bT Ha MHTErpUpaHaTa B paHUIIATA
aHTEHa M03BOJIsBA J1a popmupaT BUcoKokauecTBeHH Off-D0dy pamnokanamm, K0eTo € BUTHO
OT pEe3yJTaTUTE OT U3BBPIICHUTE IOMBIHUTEIHU U3CIEIBAHMS HAa HUBOTO HA MPHUETHUS
CUTHAJ U 3ary0aTa Ha MMaKeTH MPHU HIKOJIKO KOMYHUKALIMOHHU CLIEHAPHH.

I'.7.6. Atanasova, G.; Atanasov, N.; Savova, G. Characterization of the Electromagnetic
Properties of Materials for Wearable Antennas. In Proceedings of the 13" National
Conference with International Participation, ELECTRONICA 2022, Sofia, Bulgaria, 19-20
May 2022. DOI: 10.1109/ELECTRONICA55578.2022.9874401,

WNunexcupana B SCOPUS
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[Ipe3 mociaemaHUTE HAKONKO roauHu “smart wearables” u Ge3KHYHHUTE MEPCOHATHU
mpexu (WBAN) ca cpen Haii-Obp30 pasBuBamure ce TexHojoruu. IIporechT Ha
pa3paboTBaHe U MPOU3BOJACTBO HA aHTEHU MPEJIHA3HAYEHU 32 KOMYHUKAI[MOHHU BbH3JIH,
MOCTaBSIHM BbPXY YOBEUIKOTO TSJIO BKIIFOUBA HSAKOJIKO €Tara. 3a MpoeKTUpaHe U aHAJIU3 Ha
HOCHMHM aHTEHH B CIIOXHA cpe/ia (KaTo HalmpuUMep YOBEIIKO TSI0) CE€ U3IMOJI3BAT HIKOJIKO
copTyepHu nakeTH 3a yucieHu cumynanuu (karo xFDTD, CST, HFSS u T.1.), 6a3upanu
Ha FDTD (Finite Difference Time-Domain) u FEM (Finite Element Method) merona.
Hsxonko ¢akrtopa BAUSAT BbpXYy TOYHATA OLICHKA HA MapaMETPUTE U XapaKTEPUCTUKUTE
Ha aHTEHaTa B MPHUCHCTBHETO HA PA3IMYHU OOCKTH MPU M3MOJI3BaHE HA MHCTPYMEHTH 3a
YHCIIEHO M3cieaBaHe. EHO OT TAX € MO3HAaBaHETO Ha €JIEKTPOMArHUTHHUTE CBOWCTBA Ha
MaTepuagnuTe, KOUTO IIE C€ HM3MOJ3BaT 3a aHTECHHUTE eleMeHTH. B Ta3u cratus ca
MpEeACTaBEHU PE3yJITaTH OT U3MEPBAHUS HA KOMILUIEKCHATA JUETICKTPUYHA MPOHUIIAEMOCT
HAa HETeKCTWJIHM M TEKCTWJIHH MaTepualiy, MPHIOKHMH 3a TOJIJIOXKKH Ha AaHTEHH,
BIrpKJaHU B IPEXH WIH aKkcecoapu. M3amepBaHusATa Ha €EKTPOMArHUTHUTE CBOMCTBA Ha
MaTepHaluTe ca U3BbPIIEHH Mpu yectota 2,56 GHz upe3 MeTona Ha MaJIKUTE CMYIICHUS B
obemeH pe3oHaTop. Pe3ynrarure nmoka3par, ue HETEKCTUIIHUTE MaTepuain (Koxka, XapTus,
miactMaca ot 3D DLP mewar) umar peanHa yacT Ha KOMIUIEKCHATa JUEIEKTPUYHA
MPOHHUIIAEMOCT (&r ) B MHTEpBajia OT 2 0 3, JOKATO & Ha TEKCTHJIHUTE MaTepHalld € B
unTepBasa oT 1 1o 2. Pe3ynraTute Chio Taka Mokas3BaT, 4e CTPYKTypaTa Ha TEKCTUITHUTE
ThKaHMU (ThKaHa, TUICTCHA WM HETHbKaHa) UMa MpSK ePEeKT BBPXY &, JOKATO TUIIBT HA
BJIaKHaTa (€CTECTBEHU WJIM CHHTETUYHHU) UMa MPSK €PEeKT BbpXy MMarnHepHaTa 4acT Ha
JUENIeKTpUYHATa MPOHUIIAEMOCT U TaHT€HCAa Ha BI'bjIa HA JUEIIEKTPUYHUTE 3aryOu.

I'.7.7. Al-Sehemi, A.G.; Al-Ghamdi, A.A.; Dishovsky, N.T.; Malinova, P.; Atanasov, N.T.;
Atanasova, G.L. Natural rubber composites containing low and high dielectric constant
fillers and their application as substrates for compact flexible antennas. Polymers and Polymer
Composites 2021, 29(4), pp. 233-245. DOI: 10.1177/0967391120910879
Wunexcupana B Web of Science u Scopus

1,841 (2021) Impact Factor, Q3 (2021), SJR 0,31 (2021)

B ta3u cputus ca n3cneaBaHM BYJIKaHU3AMOHHUTE U (PU3MKOXUMUYHUTE CBOMCTBA,
OTpeNielIeHH ca KOMIUIEKCHATa JIMEJIEKTPUYHA MPOHUIIAEMOCT, TAHT€HCHT Ha BIbja Ha
IUENEKTPUYHUTE 3aryOM M eJEeKTpUYecKara IMPOBOJMMOCT, Ha IIECT KOMIIO3UTHH
MaTepHualia C MaTpHIla OT €CTECTBEH KayuyK W (DYHKIIMOHATHH IIBJIHUTENHN, ChABPIKAIIH OT
30 mo 70 macoBu uactu cuimnmeB guokcun (SiO2) m turtanoB guokcupa (TiO2).
[IpoexTupana € U € peaqu3MpaHa HOBa aHTEHHA KOHCTPYKIHMSA, Ype3 KOSTO € OlleHeHa
NPUJIOKUMOCTTA HAa KOMIIO3UTHUTE MaTe€pHald 3a TMOAJOXKKA Ha aHTCHH Ha
KOMYHUKAIIMOHHA BB3JIM B OCEPKUYHM TEPCOHATHU MPEXKH. XapaKTepU3UpaHU ca
MIBJIHUTENIUTE U YCTAaHOBEHO €, Y€ T€ MMaT 3a0eNIeKMMO, HO Pa3jINyHO BIIHMSHHE BBPXY
BCHUYKH CBOMCTBA HA M3CIEABAHUTE KOMIO3UTHU MaTepuain. ToBa ce AbKM OCHOBHO Ha
pa3im4HaTa CTpyKTypa u cienuduanute coictea Ha SiO2 u TiO2, kaTo 10 TO3M HAYKH ce
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OIIpPEeNeNAT PA3INYHUTE B3aUMOJEHCTBUS ,,[IBJIHUTEN-IBIHUTEN U ,,KaydyK-TTbIHUTEN .
Haii-no6pu mnapameTpu M XapaKTepuUCTUKHM (ONTHMAJEH [u3ailH) Ha aHTeHaTa ca
NOCTUTHATH C TOAJIOXKKaA OT enactomep ¢ mbiaanuTen 70 macoBu yactu T102. Cpmio Taxa,
APYro MPEeIUMCTBO Ha TPHUIIAraHeTO HAa KOMIO3UTHUTE MaTepuaiu ¢ mbiaHuten 1102 3a
HOJUIOKKH Ha @aHTEHU, KOUTO C€ MOCTABST BbPXY WU OJIN30 70 YOBEIIKOTO TAJIO €, e Te
ca yCTOWYMBM Ha HATUCK WIM JedopMalvs, CbIIO HMAaT CaMOIIOYMCTBAIl CE€ U
aHTHOaKTepuaseH eexT.

I'.7.8. Atanasova, G.; Angelova, B.; Kouzmanova, M.; Atanasov, N.; Paunov, M.; Gurmanova,
M. Assessment of Energy Absorption and Hemolysis of RBCs Due to a Wearable Antenna. In
Proceedings of the 29" National Conference with International Participation, TELECOM
2021, Sofia, Bulgaria, 28-29 October 2021, pp 32-35.

DOI: 10.1109/TELECOM53156.2021.9659602

Wnnexcupana B8 Web of Science u Scopus

B Ta3u cTaTus ca nmpencTaBeHH pe3yJiTaTu 3a IPOCTPAHCTBEHOTO pas3Ipe/iesieHue Ha
noreiaHata MomHOCT SAR (specific absorption rate) B Tpu paBHMHHM U ca OINpEACIICHU
MecTara ¢ MakcuMmasieH SAR npeau3BukaH OT W3IS0 TEKCTUIIHA aHTEHA B CYCIIEH3UU C
EpUTPOLIUTH Ype3 MpUJaraHe Ha METOJa Ha KpaiHaTa pasjiika BbB BpeMeBaTa 00jacT.
Cpuio Taka ca oOmpeleleHH HUBAaTa Ha XEMOIJIOOWH, OCBOOOJIEH OT CYCIEH3HH C
eputporutd 10 300 MuHYTH cien oOmbuBaHe C enekTpomarHuTHO moie (EMII) B
npoabkeHue Ha 20 MUHYTH OT TEKCTHJIHATa aHTE€Ha 3a KOMYHHUKAlMOHHU BbB3JIU B
0e3:KMYHU TIePCOHAIIHA MpeXu. Pe3ynrarure npeanonarar, 4e 00 TbUYBaHETO HAa YEPBEHUTE
KpbBHU KieTkn ¢ EMII oT TekcTuiHaTa aHTeHa B PEAKTUBHO OJU3KO TMOJie
(npoabmxuTenHocT Ha oOmbuBaHeTo 20 MuHyTH, yectota 2,41 GHz u 1 g SAR ot 0,5386
W/Kg, npenu3BrKaH B KJICTHUHUTE CYCIICH3UU P BXOHA MOIITHOCT OT 6,3 mW) BeposSITHO
uMa ciab ctabunusupani eQexT BbpXy MEMOpaHUTE Ha €PUTPOIIUTHUTE.

I'.7.9. Al-Sehemi, A.; Al-Ghamdi, A.; Dishovsky, N.; Atanasova, G.; Atanasov, N. Flexible
polymer/fabric fractal monopole antenna for wideband applications. IET Microwaves,
Antennas and Propagation 2021, 15(1), pp. 80-92. DOI: 10.1049/mia2.12016
Uunexcupana 8 Web of Science u Scopus

1,824 (2021) Impact Factor, Q2 (2021), SIJR 0,691 (2021)

[lpencraBeHa e HOBa TI'bBKaBa, IMOJMMEPHO/TEKCTHIHA (ppakTaTHa MOHOIIOHA
aHTeHa C IIUPOKAa YEeCTOTHA JIeHTAa. 3a NPOBOAMMHUTE W HENPOBOJMMHUTE €JIEMTH Ha
aHTEHaTa ca M3IO0J3BaHU BHUCOKO MPOBOJMM TEKCTHJI M1 KOMIIO3UTEH MaTepual Ha Oa3aTa
Ha €CTECTBEH KaydyK, KOETO IO3BOJIABA IOJJbP/KAHETO HAa AHTEHATa BB3MOXKHO Haii-
rbBKaBa M ThbHKA. OmpeneneHu ca B mHUPOK dectoreH oOxBaT (ot 2 GHz no 6 GHz)
peayiHaTa yacT Ha KOMIUIEKCHATa AUENIEKTpUYHA MIPOHUIIAEMOCT U TAHT€HCHT Ha bI'bjia Ha
JUENIEKTPUYHUTE 3ary0M Ha KOMITO3UTHHUSI MaTepuai (MaTpulla OT €CTECTBEH KayuyyK U
(byHKIMOHAIEH MBIHNTEN, Chabpxant 30 MmacoBu yactu SiO2), H3MMOI3BaH 32 MOJIOKKA HA
npeyiokeHaTa HoBa aHTeHa. lIpeasoskeHaTa aHTEeHa € CHMYJIHMpaHa, H3paboTeHa U
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TecTBaHa. Pe3ynrarure mokassar, ue TS UMa CUMYJIMpaHa yectoTHa JieHta ot 3,8 GHz (2,2—
6,0 GHz) u usmepena yecrotna jenra ot 3,7 GHz (2,3-6,0 GHz), o0xBainaria Haii-4ecto
M3MOJI3BAHUTE CTAaHIAPTH B O€3KUYHUTE KOMYHUKAITMOHHU cUCTeMU. EQekTuBHOCTTa HA
U3TbUBAHE HA aHTEHaTa JIOCTUra rmosede oT 93% B 1sIaTa paboTHA YECTOTHA JICHTA.

I'.7.10. Al-Sehemi, A.G.; Al-Ghamdi, A.A.; Dishovsky, N.T.; Atanasov, N.T.; Atanasova, G.L.
Design of a flexible waterproof antenna for Internet of Things applications. Journal of
Electromagnetic Waves and Applications 2021, 35(7), pp. 874-887.

DOI: 10.1080/09205071.2020.1865208,
Wunexcupana B Web of Science u Scopus
1,438 (2021) Impact Factor, Q3, SJR 0,383

[IpennoskeHa e HOBa LIMPOKOJIEHTOBA I'bBKAaBa BOJOYCTOMUMBA aHTEHA, MOAXOAIIA
3a mpwiokeHuss B pasnuuHu [oT ycTpoiicTBa, Hampumep 3a TpociensBaHe Ha CTOKH.
CrtpykTypaTa Ha aHTEHaTa ce€ ChCTOM OT: M3IIBYBAIIM €JIEMEHTH, 3aXxpaHBaHu OT 50-Q
KOIUUIaHapHa NpeJaBaTeaHa JMHUS U JIBa CJIOS OT €J€CTOMEPEH KOMITO3UT (M3I0JI3BaH KaTo
MO/IJI0’KKA U TOPEH 3aIIMUTEH CJIOM), KOUTO HAIBJIHO 00XBalaT U3JIbYBALIUTE €JIEMEHTH Ha
aHTeHaTa, 3a Jla e OCUTYPH YCTOMUMBOCT Ha Boja U mnpax. M3paboTeH e u e u3cienBan
MPOTOTHII HAa aHTeHAa. EKCIepUMEHTATHUTE W YHCICHUTE pe3yJTaTH IO0Ka3BaT, de
MpeIoKeHaTa aHTeHa uMa 1mupoka jeHTa (|S11| < —10 dB) B uectoTHus o6xBat ot 0,83—
2,52 GHz wu Bucoka e(heKTUBHOCT Ha M3TbYBAHE OT OKOJIO 92% B Isy1aTa YECTOTHA JICHTA.
3a 51a ce U3cienBa BOJIOYCTOMYMBOCTTA HA aHTEHAaTa T4 Oelle moToneHa BbB Boja 3a 10 s,
10 min, 30 min u 60 min, ciea KOETO € M3MepeH KoeUIMeHTHT Ha oTpaxkeHue. C
MPOTOTHUIIA HA aHTEHATa CHILO OsXa U3BBPIICHU TECTOBETE 32 U3APHKIUBOCT U I'bBKABOCT
KaTo pe3yiTaTuTe MOKa3BaT, Y€ HsIMa 3HAUYMUTEIHO BJIOLIABAHE HA MapamMeTpure U
XapaKTepUCTUKUTE Ha aHTeHaTa. ToBa B JIOI'bJIHEHUE C HHMCKaTa IIeHa 3a MPOU3BOJCTBO
[paBU aHTEHATa UJECAJCH KaHAUIaT 3a nIpuioxeHnue B pasnuunu [oT ycrpolictsa, Hamp. 3a
MpOCJIeIBaHe Ha CTOKH Ype3 BIPaKIAHETO U B ONTIAKOBKH, aKCecoapy, YaHTH, PAaHULIU U JIp.

I'.7.11. Al-Sehemi, A.G.; Al-Ghamdi, A.A.; Dishovsky, N.T.; Radev, L.; Mihailova, I.;
Malinova, P.A.; Atanasov, N.T.; Atanasova, G.L. Natural rubber composites containing
fillers of sol—gel glasses and glass—ceramics in the CaO—-SiO2—P20s system. Iranian Polymer
Journal (English Edition) 2020, 29(9), pp. 799-810. DOI: 10.1007/s13726-020-00841-5
Wunexcupana B Web of Science u Scopus

1,899 (2020) Impact Factor, Q2 (2020), SJR 0,355 (2020)

B Ta3u craTtus ca mpencTaBeHd pe3yTaTi OT U3CIICBAHETO HA BYJIKAHU3AIMOHHH,
(U3HKO-MEXaHUYHH, CJICKTPOMArHUTHH M JUHAMUYHH CBOHCTBA Ha KOMIIO3MTHHU
MaTepuaid Ha OCHOBaTa Ha €CTEeCTBEH KayuykK, chabpkamu mbiaHutenu (ot 10 mo 50
MmacoBH dacTh) SOl-gel crpkiia u kepamuka ot cucremara CaO—-SiO2—P20s. Llenta e na ce
OTIpeIeNIAT KOMITO3UTHUTE MaTepuaid, KOWTO Ca HAW-TIOAXOMISIIHM 3a yrnoTpeba mpu
pa3paboTBaHe Ha T'bBKaBa €IEKTPOHUKA, MO-CIEIIMATHO KATO MOMAJIOKKH M M30JAIMOHHH
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CJIOEBE B aHTEHH 3a 0€3)KUYHU NEPCOHATHU MPEXKU. 3a XapaKTepu3UpaHe Ha MbJIHUTEIUTE
ca mpuwioxkeHu XRD u SEM wm3o6paxenus. Pesynratute mokaspar, ue cnenuuIHHUTE
XapaKTEePUCTUKU Ha IIBJIIHUTEINTE, MIPEIU BCHUKO Cienn(UIHaTa MOBBPXHOCT, HATHIHETO
U KOJMYECTBO Ha MHUKpPO- M ME30IIOpH, OKa3BaT 3HAYMTEIHO BIMSHUE BBbPXY BCHUKU
U3CJIEIBAaHU CBOMCTBA HAa KOMIIO3UTHHUTE MaTepUasId. Y CTAHOBEHO €, Y€ KOMIIO3UTHHTE
MaTepHa H, ChbIbpKalM CTbKIO-kKepamMuyan nbaHHTEM (CaO-Si02—P20s), umar
IUENEKTPUYHN W MEXaHWYHU XapaKTEPUCTHKH, KOUTO TH TMPABAT IMO-TIOJXOASINN 3a
MIPUIIOKEHHS 32 THBKABU aHTEHHU, OTKOJIKOTO T€3H, ChIbpkKamu sol—gel cThKII0.

I'.7.12. Al-Sehemi, A.; Al-Ghamdi, A.; Dishovsky, N.; Atanasova, G.; Atanasov, N. A flexible
broadband antenna for 10T applications. International Journal of Microwave and Wireless
Technologies 2020, 12(6), pp. 531-540. DOI: 10.1017/S1759078720000161
Wunexcupana B Web of Science u Scopus

1,064 (2020) Impact Factor, Q3 (2020), SJR 0,26 (2020)

[IpencraBeHa € r'bBKaBa IIMPOKOJEHTOBA aHTEHa C BHUCOKA €(PEKTHUBHOCT Ha
U3TbUBaHe 3a npuiioxeHus B 10T. AHTeHHaTa CTpyKTypa € ¢ U3JIbUBallH eleMeHTH ¢ U-
oOpa3Ha W TpuUbI'bIHA ¢GopMa C JBa €JIEMEHTa 3a HACTpOWKa, 3axpaHBaHH upe3 500
koruianapHa (CPW) npenaBarenna nunus. [Ipemioxkenara anteHa € u3paboTeHa BbpPXY
I'bBKaBa MOJIOKKA OT KOMIIO3UTEH MaTepual, CHHTE3UpPaH Ype3 CMECBaHE Ha €CTECTBECH
Kaydyk cbc SiO2 kaTo mbiaHuTen. M3npuBamure enemenTH, 3aenHo ¢ CPW, ca usrpagenu
C MOMOIITAa Ha BUCOKO NPOBOJUM TEKCTHI. Pe3ynrtarure mokas3par, ye aHTeHaTa HMa
CUMyJHpaHa M u3MepeHa dectoTHa JieHta ot 0,856-2,513 GHz, ob6xBamama Haii-uecTo
M3IIOJI3BAaHUTE O€3KMYHU KOMYHUKAIIMOHHN CTAaHAapPTH U TeXHOIorHH 32 [oT mpumoxeHwus.
EdextuBHOCTTa Ha M3TPUBaHE HA aHTEHATa ¢ HajA 75% B 1su1aTa pabOTHA YECTOTHA JICHTA.
AHTeHaTa CBIIO € M3CJIe[BaHa NpHU PA3JIMYHU YCIOBUS Ha orbBaHe. [IpencraBenure
pe3ynaTaTd TOKa3BaT, Y€ OrbBAaHETO MMa MallbK €QeKT BbpPXy I[apamMaTpure u
XapaKTEpPUCTUKUTE Ha aHTEHaTa B pabOTHHMSA YecTOTeH oOxBar. M3MepeHuTe pesynraTu
MOKa3BaT J00PO ChOTBETCTBHE ChC CUMYJAuTe. Pa3paboTeHa € MeTO 00T s 33 YUCIECHO
u3cje/lBaHe Ha BIUSHUETO Ha JHENEKTpUYHATa MPOHMIIAEMOCT Ha IOMJOXKKHUTE OT
€JIACTOMEPH BbPXY NapaMeTpUTE U XapaKTEepPUCTUKUTE Ha I’bBKAaBUTE aHTEHU. MeToaukara
e anpoOupana, ¢ TMpeasIoKeHaTa aHTEHHA CTPYKTypa, W PE3yNITaTUTE TOKa3BaT MAaJIKH
npoMeHu B |Sii| npu +£20% wu3MeHeHHMe B HMMarmHEpHaTa 4YacT Ha OTHOCHUTEJIHATa
JUENEeKTPUYHA MPOHUIIAEMOCT Ha MOJJI0KKATa OT €CTECTBEH Kay4yyk ¢ mbJaHuTen SiOz2.

I'.7.13. Andonova, S.; Atanasova, G.; Atanasov, N. Investigating the technological process of
adhesion in the fabrication of wearable antennas. Vlakna a Textil 2020, 27(3), pp. 8-12. ISSN
(print): 1335-0617, ISSN (online): 2585-8890
Wunexkcupana B SCOpUS

Q3 (2020), SJR 0,204 (2020)

[IpouechT Ha IPOEKTUPAHE U CH3/IABAHE HA AaHTCHH BBPXY TEKCTWIHU MaTECpUAIIN
(BrpageHu B OOJEKIIOTO) € M3KIIOUUTEITHO MHTEPECEH W WHOBATHBEH. B ChBpeMeHHUTE
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YCJIOBHA B ITOBCYUCTO ClIydand U3JITbYBAIIHUTC CJIICMCHTH HAa HOCUMHUTC aHTCHH CC I/I3pa6OTBaT
OT CcrochouajlCcH BHCOKO MPOBOJHMM TCKCTHII, KOWTO ce CBbp3Ba C OCHOBHMUIAT
KOHBCHIIMOHAJICH TCKCTHUJI Ha IIOJJOXKKaTa. TexcTumaure mMarcpuain, OT KOHUTO Ca
I/I3pa60TeHI/I 06J'IGKJ'IaTa, CC M3II0J3BaT KaTo IOAJIOXKKH 3a HOCMMHU aHTCHH. E(beKTHBHOCTTa
Ha aAXC3UOHHUA ITPOICC MCKAY TCKCTHUIIHATA IMOIJIOKKA U BUCOKO ITPOBOAUMUAT TCKCTUII
€ €AUH OT OCHOBHHUTC (1)aKTOpI/I, OT KOUTO 3aBHUCAT MApPaAMCTPUTC U XaPAKTCPUCTUKUTC HA
anrenute. B HacToAImara pa60Ta v pa3pa60TeHa METOOOJIOIMsA 3a U3CJICABAHC HA aAXC3UATaA
Ha pas3JiMdYHAu BUAOBC TCKCTUJIHU MAaTCpHaIn IIPpH H3pa6OTBaH€TO Ha HU304J10 TCKCTHUIHU
AHTCHH: BHCOKO IIPOBOAUM TCKCTHII (I/ISHOHSBaH 3a 1/13pa60TBaHe Ha MH3JIBbYBAIIUTC
eJ'IeMeHTI/I) N KOHBCHIHOHAJICH TCKCTHJICH MAaTCcpHall (I/ISHOJ'ISBaH 3a HO,ZIJIO)KK&/I/I). B
pe3yjdarar Ha MNOPOBCACHUTC H3CJICABAHUA Ca YCTAHOBCHHM 3aBUCHUMOCTH MCKIAY
TCXHOJIOI'MYHUTE q)aKTopI/I Ha aAXC3WMOHHHA IIPOHCC IpHU HPOU3BOACTBOTO HAa HOCHUMHU
AHTCHH.

I'.7.14. Al-Sehemi, A.G.; Al-Ghamdi, A.A.; Dishovsky, N.T.; Radev, L.N.; Mihailova, I.K;
Malinova, P.A.; Atanasov, N.T.; Atanasova, G.L. Natural rubber—based composites filled
with bioglasses from a CaO-SiO2-P,0s-Ag20 system. Effect of Ag.O concentration in the
filler on composite properties. Polymers for Advanced Technologies 2020, 31(3), pp. 574-588.
DOI: 10.1002/pat.4798
Wunexcupana B Web of Science u Scopus

3,655 (2020) Impact Factor, Q1 (2020), SJR 0,61 (2020)

B oOmonocreiHaTta auTeparypa ca TPEACTABEHH MHOTO H3CICIABAHHS BBPXY
CBOICTBaTa Ha HAKOJKO MeTalla U JOOABKH C METaJHU HOHH, W3IMOJ3BaHU B CHCTEMaTa
Si02-Ca0-P20s ot 6uocthkia, kato Ag, Cu, Zn u Fe. Peauna aBropu ca mpoBexaanu
W3CIIC/IBAHUS, CBBP3aHU C BIUSHUETO Ha CPEOBPHUS OKCHJ BBPXY CBOHCTBaTa Ha
OMOCTBKIIaTa, KaTo MyOIMKAIlMY 32 CBOMCTBATa HA KOMITO3UTH Ha OCHOBATAa Ha €J1acTOMED,
ChABPXKAIM OMOAKTUBHU CTHKIA, Ca OTHOCHUTEIHO OCKBJIHU. B nmreparypata He ca
OTKPUTH H3CJIC/IBAHUS Ha BIUSHUETO HAa CPeOBPEH OKCHI B OMOCTHKIIATA HA CHCTEMAaTa
Ca0-Si02-P20s5-Ag20 BbpXy 3HAUUMHUTE CBOMCTBA HA OMOKOMIIO3HT OT €CTECTBCH Kay4yK.
B Ta3u Bph3Ka, 11e1Ta Ha HACTOAIIATA CTATHS € J]a C€ U3CIeBa TOPECIIOMEHATOTO BIUSIHHE
BbPXY CBOWCTBAaTa Ha TO3M THUI KOMIIO3UTH, & UMEHHO BYJIKAaHU3allMOHHH, (U3HKO-
MEXaHWYHU, TEPMHUYHHU, JUHAMHUYHU,  CICKTPOMArHUTHU,  EJICKTPUUECKH W
TEPMOIIPOBOJIUMHU  XapaKTEPUCTUKH. B pe3ynaTaT Ha MNPOBEACHUTE W3CICIBAHUS €
YCTAaHOBEHO, Y€ TE3HW MapaMeTPH Ha KOMIIO3UTHTE C€ BIIMSAAT 3HAYMTEIHO, KAKTO OT
CTETICHTAa Ha 3aIlbjJIBaHE C OMOCTBHKIIO, TaKa U OT CHABPKAHUETO HA CPEOBPEH OKCHII.
Pesynratute OT CckaHHpamia eJeKTpOHHAa MHUKPOCKONHUS W EHEPTHHO-IHCIICPCUOHCH
PEHTTEHOB aHAJIU3 MOTBBPIK/IABAT BIUSHUETO HA CPEOBPHUS OKCH/I TbPBOHAYATHO BBPXY
($azoBHs ChCTaB Ha OMOCTBKJIOTO, @ OTTaM M BBPXY CBOMCTBaTa Ha OMOKOMITO3UTHTE.
OnpeneneHy ca KOMIUICKCHATA JUEICKTPUYHA MPOHUIIAEMOCT, TAHTCHCHT Ha BI'bjia Ha
TUENICKTPUYHUTE 3aryOu ¥ eJeKTpuYecKara MpPOBOAMMOCT, Ha JEBET KOMITO3UTHU
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MaTepuajga ¢ MaTpulla OT €CTECTBEH KayuyyK M ()YHKIMOHAJIHU I'bJIHUTENH, ChIbpKaIlU
OMOCTBKIJIO Ype3 PE30HAHCHUS METOJ Ha MaJIKUTe cMylieHHs. OneHeHa € Bb3MOXKHOCTTA
32 NPUJIOKEHHUE HA E€IACTOMEPHUTE C €CTECTBEH KayuyyK M ()YHKUHOHAIHU IBIHUTENH,
ChIbpXKAIU OMOCTHKIIO 3 MPUIIOKEHNUE B MOJJI0KKU WIN U30JIMPAILHU CIIOEBE HAa 'bBKaBU
AHTEHU.

I.7.15. Dishovsky, N.T.; Al-Sehemi, A.G.; Al-Ghamdi, A.A.; Radev, L.; Mihailova, I.;
Malinova, P.A.; Atanasov, N.T.; Atanasova, G.L. Rubber-ceramic composites applicable in
flexible antennas. Journal of Polymer Engineering 2020, 40(8), pp. 666-675.

DOI: 10.1515/polyeng-2020-0043
Wunexcupana 8 Web of Science u Scopus
1,367 (2020) Impact Factor, Q3 (2020), SJR 0,328 (2020)

B Ta3u pabora ca mpeacTaBeHH pe3yJdTaTH 3a CUHTE3MpaHa CTHKIOKEpAaMHUKa OT
cucremara CaO—P205-SiO2, xouto ca xapakrepmsupanu ¢ XRD, SEM u EDX meronn.
YcTaHOBEHO €, 4e Te chabpikar ase kpuctamuu [ Whitlockite, Cas (PO4)2 u Hydroxylapatite,
Cas (POa4)3 (OH)] u enna ocrarbuna amopdHa dasza. Kepamukara € usrpajaeHa ot mopectu
arperat OoT (PMHH YaCTHIIH C ITPeoOiagaBalild Makpo- ¥ Me30mopu B Tsx. CHHTe3upaHaTa
KepaMHuKaTa ¢ M3I0JI3BaHa KaTo (PyHKIIMOHAJICH IIBJIHUTEN B KOMIIO3UTH Ha OCHOBaTa Ha
€CTECTBEH Kay4yK, KaTo IMBIHUATEIAT € 0T 5 10 50 MacoBu yactu. M3cieiBaHo € BIUSHUCTO
Ha CTPYKTypara Ha KepaMHUKaTa W CTCIICHTa Ha 3aIlbJIBAHEC BHPXY BYJIKAHU3AI[MOHHUTE
XapaKTEPUCTUKH, (PU3HKO-MEXaHUIHHUTE IMAPaMETPH, CIICKTPOMAarHUTHUTE U TUHAMHYHUTE
CBOWCTBA, Koe(dHIMEeHTa Ha TOIUIONPOBOJAUMOCT W OOCMHOTO CHIIPOTHUBIICHHE,
BKJIIOUYMTEITHO BBHINHO HAJsraHe WM OrbBaHE BBPXY OOpasluTe. YCTAHOBEHO €
BJIMSIHUETO Ha IIBJTHUTEIIS U CTEIICHTA Ha 3aITbJIBAHE BbPXY BCHUKHU M3CIIC/IBAHU CBOICTBA.
Ompenenenu ca KOMIJIGKCHATA JUENIEKTPUYHA MPOHUIIAEMOCT, TAHTCHCHT HA BI'bJa Ha
IHMEIEKTPUYHHUTE 3ary0H U eeKTpryecKara MpoBOIUMOCT, Ha TPH KOMITIO3UTHU MaTepuaa
C MaTpuiia OT eCTECTBEH Kayuyyk W (DYHKIMOHATHH WBIHHUTEIH, ChIbPKAILIH
crpkiokepaMuka ot cucremara CaO—P20s-SiO2 upe3 pe30HAHCHHS METO]] Ha MAJIKUTE
cmyieHust. OleHeHa € Bb3MOKHOCTTA 33 MPHIIOKCHUE Ha TACTOMEPH C €CTECTBEH KayuyK
Y (QYHKIIMOHAIIHYU ITHJIHUTEIH, ChIBPIKAIIN CTHKIOKEPAMHKA 32 MPUIOKECHUE B TOJIOKKH
WM U30JIMPAIH CJIOEBE Ha T'bBKABU aHTCHH.

I'.7.16. Atanasov, N.T.; Atanasova, G.L.; Stefanov, A.K.; Nedialkov, I.I. A Wearable, Low-
Profile, Fractal Monopole Antenna Integrated with a Reflector for Enhancing Antenna
Performance and SAR Reduction. In Proceedings of the IMWS-AMP 2019 - 2019 IEEE
MTT-S International Microwave Workshop Series on Advanced Materials and Processes for
RF and THz Applications, Bochum, Germany, 16-18 July 2019, art. no. 8880142, pp. 67-69.
DOI: 10.1109/IMWS-AMP.2019.8880142

Wunexkcupana 8 Web of Science u Scopus

B Ta3u cratus e npemioxkeHa U eKCIEPUMEHTAIIHO pealu3upaHa HUCKONpouiIHa,
JieKa, ThBKaBa, U310 TEKCTIIIHA, (PpaKkTaIHO Oa3upaHa MOHOIIOIHA aHTeHA, MHTeTpUpaHa
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¢ peduiexTop 3a mojgoOpsiBaHe Ha €PEeKTUBHOCTTA HA U3IbYBAHE HAa aHTEHATa U HaMaJlsiBaHe
Ha norsJHata MOIHOCT (SAR) B woBenkoTo Ts10. OT NPOBEAECHUTE YUCICHU U3CIICABAHUS
€ YCTaHOBEHO, Y€ YEeCTOTHa JieHTa Ha aHTeHata € 130 MHz (ot 2,37 no 2,50 GHz) B
cB0OOTHOTO MpocTpaHcTBO U 128 MHz (ot 2,36 10 2,49 GHz), korato € mocraBeHa BbPXY
IJIOCHK XoMoreHeH ¢aHToM. Tasm yectota jeHTa obxBama usmsuio ISM 2.4 GHz.
Bucokara epextuBHOCT Ha u3abuBaHe (0T 74 % B cBoOOAHO mpocTpancTBO U OT 70 %
BBpXy panTom B ISM 2,4 GHz o6xBaTa) B komOunHamms ¢ marsk 10 g SAR ot 0,0971 W/kg
(mpu BxomHa MommHOCT 0,1 W), mpaBAT mpeuiokeHaTta aHTeHaTa A00Bp KaHIUAAT 3a
U3I0JI3BaHe B O€3’KWYHM MEPCOHATHU MPEXH 3a BrpakJaHE B KOMYHHKAIIMOHHHU BBH3IIU
HOCHMH BBPXY TSJIOTO Ha YOBEK.

I'.7.17. Atanasova, G.; Atanasov, N.; Stefanov, A.; Andonova, S.; Avramov, M.; Kateva, M.
Comparison of Computed Specific Absorption Rate Induced in a Homogeneous Human Body
Phantom Using a Wearable Textile Antenna for Biomedical Applications. In Proceedings of
the 27th National Conference with International Participation: The Ways to Connect the
Future, TELECOM 2019, Sofia, Bulgaria, 30-31 October 2019, art. no. 8994882, pp. 94-97.
DOI: 10.1109/TELECOM48729.2019.8994882

HNunekcupana B SCOPUS

B OuoMenuuuHCKUTE TPUIIOKEHUS Ha O€3KUYHUTE MEPCOHATHU MPEXKH
KOMYHHUKalMOHHUAT Bb3€J padOTH BbPXY YOBELIKOTO TSUIO, MOpaaH KOETO TpsOBa Ja ce
B3€ME€ MPEJBHUJ EJIEKTPOMAarHUTHOTO B3aMMOJICUCTBUE MEXKJy aHTEHAaTa U TsUIOTO.
MexnynapogHata KoMucHs 3a 3amura oT HehoHusupamu JabueHus (ICNIRP) wu
Nuctutyta Ha nHxkeHepute 1o enekrporexHuka u enekrponnka (IEEE) ca nedunupanu
MIPENOPbKU U CTAHJIAPTH, KOUTO PETYJIUpaT TO3U BBIIPOC.

To3u noknaa mpeacTaBs M3CIEBAaHE UM CpPaBHEHHE HAa KOJMYECTBOTO MOrbJIHATA
MomHOCT (SAR) B xomoreHeH (haHTOM OT TEKCTHJIHM aHTEHH C U 0€3 eJeMEHTH 3a
n3ojauus (KbM YOBEIIKO TAJIO) B TSAXHATa CTPYKTypa, KOUTO ca IpeJAHa3HAYeHU 3a
KOMYHHUKAllMOHHU BB3JIM 3a OMOMEIMLMHCKH TMPUIOKEHUS Ha O€3)KUYHU MEepCOHAIHU
Mpexxu. [InanapHa MOHOIOJIHA aHTEHa, ITpe/iHa3HaueHa 1a padbotu B ISM 2,45 GHz, e B3era
KaTo mpumep B wuscieaBaHero. [IpencraBenun ca makcumanHute SAR cToiHOCTH
ocpenHeHu Bbpxy 1-g m 10-g mMaca u mpocTpaHcTBeHUTE pasmperaeneHus Ha SAR (B
pa3NUYHM pPAaBHUHM Ha HAOIIO/IEHWE) TPEIU3BUKAHU OT AHTEHUTE, MOCTABEHH BBHPXY
¢danTOoM, 3a 1Ja ce H3CIeNBaT BBIPOCUTE CBBP3aHUW C 0Oe30macHOCTTa Ha Xoparta.
VY cTaHOBEHO €, Ye U3IISUI0 TEKCTUITHU aHTEHH C €JIEMEHTH 32 U301a1us (KbM YOBEIKO TJIO)
B TAXHATa CTPYKTypa ca 100Bp KaHAUAAT 32 OMOMEIUIIMHCKH MPUIIOKEHNUS Ha O€3KUIHU
MEPCOHATTHM MPEXH [0 OTHOIIEHWE Ha e(EeKTHBHOCT HAa W3IIbYBAHE Ha AaHTEHATA,
yecTtoTHara JieHTa 1 SAR.

I'.7.18. Tsonev, I.; Atanasov, N.; Atanasova, G.; Kr¢ma, F.; Bogdanov, T. Atmospheric pressure
microwave plasma torch for biomedical applications. Plasma Medicine 2018, 8(4), pp. 403-
409. DOI: 10.1615/PlasmaMed.2019028816
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WNunexkcupana B SCOPUS
Q3 (2018), SJR 0,278 (2018)

[Ipe3 mocneqHOTO AeceTuneTrHe OMOMEIUITMHCKUATE PUIIOKESHUS Ha N3TOYHUITUTE
Ha CTyJIeHa MJIa3Ma MPUBJINYAT 3HAUUTENIEH U3cienoBaTesicki uutepec. lnpokust o6xsar
oT HaOmogaBaHu eexTu (mporpaMupaHa KJIEeThYHA CMbBPT, OaKTepHalHa MHAKTUBAIUS,
3a3ApaBsiBaHE HA PaHHU W JIp.) HAChpyaBa yUEHUTE N1a Ch3AaJaT M HM3IOJ3BAT Pa3IMIHU
M3TOYHUIIM Ha TJ1a3Ma, paboTelu npu arMocepHo Haysirane. [lpeanouynTanoTo mia3mMeHo
YCTPOUCTBO JO TO3M MOMEHT Ca JUEICKTPUYHHUTE OapuepHH pa3psiau. B ta3m crarus e
npeCcTaBeHa eKCIIEPUMEHTAaIHa MOCTaHOBKa 3a MUKPOBBIHOBA (2,45 GHz) miasma mpu
aTMoc(epHo HansAraHe 32 OMOMETUITMHCKY MpHiIokeHus. OT MPOBEACHUTE U3CIICBAHUS €
YCTAaHOBEHA CHWJIHA 3aBUCHUMOCT MEXKIY MHKPOBBIHOBaTa MOIIHOCT, IBJDKAHATA HA
IIaMbKa M TeMIepaTtypara Ha miazMarta. OCBEH TOBa Ta30BHSAT IMMOTOK U CHCIIU(PUKAIIMATE
Ha TpbOaTa (BbTPEIICH TUaMeThp, JeOeTnHa Ha CTeHATa U JUEJIEKTPUYHA IPOHUIIAEMOCT)
BIUSIAT BHPXY TEMIEpaTypara U JbJDKMHATA Ha paspsnaa. Llenara Ha Ta3u cTaTus € aa ce
onpeenaT pabOTHUTE YCIIOBUS, MPU KOUTO TO3M HM3TOYHUK HA TUIa3Ma MOXE Ja ce
M3M0JI13Ba B MPSK KOHTAKT ¢ OMOJIOTUYHU OOCKTH.

I'.7.19. Al-Sehemi, A.G.; Al-Ghamdi, A.A.; Dishovsky, N.T.; Atanasov, N.T.; Atanasova, G.L.
Flexible and small wearable antenna for wireless body area network applications. Journal of
Electromagnetic Waves and Applications 2017, 31(11-12), pp. 1063-1082.

DOI: 10.1080/09205071.2017.1336492
Hupexcupana 8 Web of Science u Scopus
0,864 (2017) Impact Factor, Q3 (2017), SJR 0,258 (2017)

B Ta3u cratus e mpeacraBeHO pa3paOOTBAHETO HAa HOBA IJIaHAPHA JUIOJNHA aHTEHA
BbPXY HAIbJIHO I'bBKAB MOJIUMEPEH KOMIIO3UT OT HUTPUII-OyTa ueH KayuyK, HHTerpupaHa
c pednexTop 3a NpUIOKEHHE B O€3KUYHU TEPCOHAIHM Mpexu. BximrouBaneTro Ha
peduiekTop B aHTEHHATa CTPYKTYpa Ce U3I0JI3Ba 32 ETMMUHUPaHe Ha Pa3chIIacyBaHETO I10
UMIIEJ]AaHC ¥ W3MECTBAaHETO Ha PE30HAHCHATa YEeCTOTa, MPUYMHEHH OT OJM30CTTa Ha
YOBEILIKOTO TSJIO, KAKTO U 32 HaMaJlsiBaHE Ha MakcuManHuTe SAR CTOMHOCTH OCpeHEHU
BBpXy Maca 1-g u 10-g. 3a yucneno ananu3upane Ha paboTaTa Ha aHTEHaTa, BKIIFOUUTEITHO
3a M3cieABaHe Ha e(exTa BbpPXY YOBEUIKOTO TSUIO € pa3padoTeH TPHUCIOEH MOjed Ha
YOBEIIKM ThKaHU. YCTAHOBEHO €, Y€ NpEJIOKEHAaTa aHTEHa 3ala3Ba MapaMeTpUTe U
XapaKTePUCTUKUTE CH, KOTaTO ¢ TIOCTABeHA BbPXY TPUCIOWHUSA MOJCI: |S11| ce M3MeHs oT
—19,45 dB (B cBo601HO TipocTpancTBO) Tipu 2,46 GHZz pe3onancuHa uectora 1o —20,62 dB
(Bbpxy koxka) npu 2,44 GHz pe3onancHa yectora. OCBEH TOBa € OLIEHEHA NOIbJIHATA
momrHocT (SAR) B uucieHHs MOJEN OT MpeUIOKEHAaTa aHTeHa. Y CTAaHOBEHO €, 4e
makcuMatHuAT SAR ycpenHen Bepxy 1 g e camo 0,20 W/kg (ipu BxoaHa MomrHocT ot 100
mW Ha pa3cTosHHE 2 mm OT TPHUCIOHHHS Mojen). [IpeacTaBeHn ca eKCIIEPUMEHTATHU
pe3ysTatu, KOUTO ca CPABHEHM C TE3U OT YMCIICHUTE U3cieABaHUs. B 3akimoueHue Moxe
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1a ce 000011H, ye npeAsio’keHaTa aHTeHa UMa CIISAHNUTE NPEIMMCTBAaTA: TS € KOMIIAKTHA, C
MaJbK Npo¢ui, €eBTHHA U JIECHA 32 IPOU3BOCTBO.

I'.7.20. Atanasov, N.T.; Atanasova, G.L. An investigation impact of user's positions in closed
space over SAR in the head induced from mobile phone. Environmentalist 2011, 31(2), pp.
181-186. DOI: 10.1007/5s10669-011-9317-x

WNunekcupana B SCOPUS

IlenTa Ha Ta3u cTaTtus € 1a ce u3cieaABa BIMSHUETO Ha MO3ULUNTE HA TOTPEOUTENs
B 3aTBOPEHO MPOCTPAHCTBO (aCAaHCHOP) BbPXY U3MEHEHUETO Ha pa3mnpeaesieHneTo Ha SAR
B MOJIENl Ha 4YOBeIIKa TjaBa, NPEIU3BUKAHO OT MOOWIEH TeinedoH 3a HaW-TEKKHUS
creHapuid. ,,Hali-TeXXKUAT clieHapuil®, pa3riexaaH B Ta3u CTaTUsl, C€ OTHACS /10 YCIOBUA,
KOUTO BKJIIOUBAT (1) MOIyBBIHOB AUMOJ, TOCTABEH B OJIM30CT /10 MOEJ Ha YOBEIKA IJ1aBa
(SAM ¢antom); (2) BEpTHKAIHO OPHEHTHUPAH MIMIION, PA3MOJI0KEH TAaHTCHI[HAIHO Ha
CTpaHUYHUTE CTEHM Ha 3aTBOPEHO TMPOCTPAHCTBO 3a MaKCHUMAalHO oTpaxkeHue; (3)
METaJTHOTO 3aTBOPEHO IPOCTPAHCTBO JCHCTBAIO KAaTO pe30oHaHCHa KyxuHa; u (4) 360
MIPOU3BOJIHO U30paHU TOYKH 32 HabmoaeHue. M3cnenBanusra ca mpoBeeH! U B CBOOOTHO
MPOCTPAHCTBO 3a cpaBHeHHWe. [IpeacTaBeHH ca BEpPOATHOCTHOTO paslpesesieHue Ha
MakcumanmauTe SAR cToitHOocTH ocpeanenu BepXy 1-g u 10-g u ocpennenus SAR Bepxy
nenust o0ekt. [lomyueHuTe pesynraTud TMOKas3BaT, 4e B moBede OT 86,7% OT BCHYKHU
W3CIIeIBAHU MMO3UIIUY B METAITHOTO 3aTBOPEHO MPOCTPAHCTBO, MHAYLIMPAHUSAT MaKCUMAJICH
SAR ocpennen Bepxy 1-g maca B SAM e B rpanunute Ha £10% oT makcumanaus SAR
ocpellHEeH BbpXy 1-g B CBOOOIHO MPOCTPAHCTBO. AHAJIOTHYHH PE3yiTaTH ce HabrogaBatT
npu cpaBHeHHEeTO Ha MakcumanHus SAR ocpennen Bbpxy 10 g B SAM B 3arBOpeHO
MPOCTPAHCTBO CHPSIMO TO3M B CBOOOJHO MPOCTpaHCTBO. Pesynratute mokaspar, 4e
3aTBOPEHOTO MPOCTPAHCTBO MPUUMHSIBA MM0-3HAYUTEIIHN TpoMeHU B SAR ocpenHeH BbpXyY
Macata Ha (aHTOMa, OTKOJIKOTO MakcMMajgHUTe cToiHocTh Ha SAR. Moxe na ce
oT0enexu, ye B 3aTBOPEHO MpocTpaHCcTBO cToiHocTuTe HA SAR ca ¢ 8,5% (3a 1 g), 6,7%
(3a 10 g) u 15,1% (3a ocpemneH 3a menuss SAM) TO-BUCOKH OT TE€3H B CBOOOIHOTO
IIPOCTPAHCTBO.

Ilyonukauyuu no Ilokazamen 8. Hayuna nyoauxayus 6 Hepeghepuparnu
CNUCAHUSL C HAYYHO DeYeH3Upame Uiu 8 peoaKmupaHu KOJIeKMUSHU MoMose, Om
epyna I’

I.8.1 Al-Ghamdi, A.; Al-Hartomy, O.; Al-Solamy, F.; Dishovsky, N.; Malinova, P.; Atanasov,
N.; Atanasova, G. Correlation between Electrical Conductivity and Microwave Shielding
Effectiveness of Natural Rubber Based Composites, Containing Different Hybrid Fillers
Obtained by Impregnation Technology. Materials Sciences and Applications 2016, 7, 496-
509. doi: 10.4236/msa.2016.79043,
https://www.scirp.org/journal/paperinformation?paperid=70441
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CraTtusTa mpeIcTaBs CHHTE3a M XapaKTePU3UPaHETO HAa XUOPUIHHU IBJIHUTEIH OT
COXIW/CUIIUIIUEB  JTUOKCHUJ, TOJIYYEHH 4Ype3 TEXHOJOTHUS 3a UMIIPETHUPAHE.
EdextuBHOCTTAa HA €KpaHWpaHE HA EJICKTPOMATHUTHH CMYIIECHHUS OT KOMIIO3UTHHTE
MaTEpHAaJIU, HAITBJIHEHU C XUOPHIHU IIBJIHUTEIN CaXKIU/CUIUIICB JUOKCHI, € U3MEpPEeHA
B IITUPOK yecToTeH 00xBat oT 1 - 12 GHz. Chiio e u3cieaBana eIeKTponpoOBOIMMOCTTa
IIPH TTOCTOSIHCH W MPOMEHJIUB TOK Ha KOMITO3UTHTE. AHAIM3UpPaHa € Bph3KaTa MEKIY
eJIeKTprdecKaTa (TP MOCTOSTHEH U IIPOMEHIIUB TOK ) IPOBOANMOCT U €()eKTUBHOCTTA HA
€KpaHUpaHe. YCTaHOBEHAa € IOJOKUTEIHA Kopenamus Mexay e(eKTHBHOCTTa Ha
CKpaHUpPaHE U eJICKTPUYCCKATa MTPOBOAMMOCT 3a KOMITIO3UTHUTE MaTePUAIIH C XUOPHIHU
'BJIHATEIN OT CaX<IH/CHIIMIIUEB JUOKCHUJ, KOTaToO IMBIHUTEIAT € ¢ KOHIICHTPAIUs HaJl
»percolation® mpar.

I'.8.2 Al-Sehemi A.; Al-Ghamdi, A.; Dishovsky, N.; Atanasov, N.; Atanasova, G. Complex
Permittivity and Permeability Studies Viewing Antenna Applications of NBR-Based
Composites Comprising Conductive Fillers, Materials Sciences and Applications 2018, 9,
883-899. doi: 10.4236/msa.2018.911064,
https://www.scirp.org/journal/paperinformation?paperid=88039

B Ta3m cratus ce npeacTaBsAT U3CienBaHUA BbPXY €IEKTPOMATHUTHUTE NTapaMeTpu
HAa KOMIIO3UTHM Ha O0a3ara Ha aKpWIOHHUTPWI OYyTaJueHOB Kay4dyK, ChAbpKalll
KOMOMHAIIMK OT MPOBOJUMH ITHIHUTENH, KOUTO BKJIIOYBAT CAXKIW U HHUKEJIOB Ipax.
YcTaHOBEHO €, Y€ €eJNEeKTPOMarHUTHUTE CBOMCTBA HAa KOMIIO3UTUTE CE€ BIMSAT
3HAYUTEITHO OT MOP(OJIOTHYHUTE U CTPYKTYPHHU CHELM(PUKU Ha ABaTa IbIHUTENS. Te3n
3aKJIOUYCHHSI C€ MOTBBPXKAABAT U OT M3CICABAHUATA CbC CKaHUpAIl EJIEKTPOHEH
MHUKPOCKOI. YCTaHOBEHO €, Y€ MHTep(EeHCHhT MATPHULA-IIBIHUTEIN ChILO BIHAE BBPXY
BBIIPOCHUTE XapakTepuCTHUKU. OLieHEeHAa € BB3MOXKHOCTTA 3a IPUIOKEHUE Ha
KOMITO3UTHUTE MaTepHalid Ha 0a3aTa Ha aKpPWJIOHUTPUI OyTaaueH KaydykK, ChAbprKalll
KOMOMHAIIMK OT MPOBOJAUMH IIBIHUTENH, 3a MPUIIOKEHUE B TIOJJIOKKH WU U30JUPALLU
CJIOE€BE Ha I'bBKABU aHTEHU. OT PE3yNTATUTE MOXKE A CE 3aKII0YH, Y€ TE3U MATEPUAIN
MOraT Jja HaMepST TAKUBA MPHUIIOKECHUS.

I'.8.3 JlaBunkos /I.; AranacoBa I'. 3cnenBane Ha kaHaiau B 0€3’)KUYHU MPEXHU OPUEHTUPAHU
OKOJIO TSAJIOTO HA YOBEK MpeHazHaueHu 3a MeaunuHcku nenu, XXVIII Mexaynapoana
HayyHa KoH(epeHuus 3a Miaau yuenu, 13 u 14 ronu 2019 r., bnaroesrpan, boarapus, cTp.
70-76. ISBN 978-619-160-680-1, https://nrs.nacid.bg/register/search

be3xnuHuTEe NEPCOHATIHM MpPEXKHM 3a MEAULUMHCKU TPUIOKEHHS Ca HOB THII
0€3KUYHU MPEXH, MPU KOUTO KOMYHUKAIMOHHUTE BB3JIU Ca Pa3MOJIOKEHH BBTPE,
BBPXY WU OKOJIO YOBEIIKOTO TSJIO C IIeJT HAOJIIOICHHE Ha KU3HCHHUTE MOKa3aTelu Ha
yoBeK. BakeH eneMeHT B pa3pabOTBaHETO Ha OE3KUYHU TEPCOHAIHH MPEXKHU 3a
MEJUIIMHCKO MPHUJIOKECHUE € XapaKTepU3UpPaHETO Ha (U3UYECKUS CIIOM Ha Mpexara.
ToBa BKJIFOUBA U3CJIEABAHE HA PAIMOKAHAIM 38 KOMYHUKALIMOHHHU BB3JIM PA3II0JI0KECHU
BBpXY TSAJOTO Ha YOBEK. B Ta3m cratus ca mpencTaBeHU pe3yiTaTh OT U3MEPBAHE 3a
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» Group B, Indicator 4

B.4.1. Al-Sehemi, A.; Al-Ghamdi, A.; Dishovsky, N.; Atanasov, N.; Atanasova, G.
A Flexible Miniature Antenna for Body-Worn Devices: Design and Transmission
Performance. Micromachines 2023, 14, 514.

Indexed in Web of Science and Scopus

3.4 (2022) Impact Factor, Q2 (2022), SJR 0.55 (2022)

Abstract: The last few years have seen a rapid increase in body-worn devices
because these devices cover a broad spectrum of potential uses. Moreover, body-worn
devices still require improvements in their flexibility, size, and weight that necessitate the
development of flexible and miniature antennas. In this paper, we present a new flexible
miniature antenna for body-worn devices. To ensure flexibility and comfort when the
antenna is in contact with the human body, a substrate from natural rubber filled with TiO»
Is developed. The miniaturization is achieved using the quadratic Koch curve. The antenna
design, optimization, and characterization are performed on a human body model. The
performance of the antenna is analyzed in two scenarios: (1) in- to on-body, and (2) on- to
off-body wireless communications. The results show that the antenna realized the
maximum telemetry range of more than 80 mm for in-body communications and more than
2 m for off-body communications. Moreover, the highest 10 g specific absorption rate value
was 0.62 W/kg. These results, in addition to the antenna’s compact dimensions (12 mm X
26 mm x 2.5 mm) and the low manufacturing price, make the proposed antenna an ideal
candidate for health telemetry applications.
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B.4.2. Al-Sehemi, A.; Al-Ghamdi, A.; Dishovsky, N.; Atanasova, G.; Atanasov,
N. A Flexible Multiband Antenna for Biomedical Telemetry, IETE Journal of Research
2023, 69 (1), pp. 189-202.

Indexed in Web of Science u Scopus
1.3 (2022) Impact Factor, Q2, SJR 0.340

Abstract: Recently, there has been growing interest in using wearable devices for
biomedical telemetry applications such as cardiac and glucose monitoring, diagnostic of
neurological and oncological diseases, or therapeutic applications to improve the quality of
human life. The antenna is an essential part of each wearable device and biomedical
telemetry system, respectively, because the antenna and radio wave propagation constitute
the core elements of the in-, on-and off-body wireless channel. Two strategies can be used
in the design of on-body antennas. The first one is to design the antenna in a free space
environment and after that during the second step of the design process, the antenna is to
be optimized for on-body operation, taking into account the mismatch from the biological
tissue. This approach is useful when the antenna will be used both in the free space and on-
body operation conditions (for example, when the antenna is intended for on- and off-body
communications). The second option is to design the antenna directly on a human body
phantom, taking into account the loss of biological tissues during the first step of the design
process. This approach is useful when designing on-body antennas intended for in-, on- and
off-body communications. In this paper, a flexible and compact multiband wearable
antenna with a simple and low-profile structure is proposed and investigated. It is able to
operate over frequency ranges from 0.824 GHz to 0.975 GHz and from 1.90 to GHz to 6
GHz, covering the most of identified frequency bands for biomedical applications. The
concept of Hilbert fractal curve was utilized to minimize the dimensions of the antenna. For
the antenna substrate, a natural rubber-based biocomposite was synthesized and used. The
results show that the antenna operates at two frequency bands, from 0.824GHz to 0.975GHz
and from 1.90 to GHz to 6GHz, which cover the most commonly identified frequency bands
for biomedical applications, such as 0.868-0.8688, 0.902—0.928, 2.400-2.480 and 5.725—
5.875GHz ISM bands as the band of 2.360-2.400GHz for MBAN. The SAR evaluations
demonstrate that the antenna has a very small impact on body tissue, satisfying ICNIRP
guidelines. In addition, the substrate of the antenna is made from a biocomposite
eliminating risks of allergic or toxic reactions when the antenna is placed on the human
body. Also, the substrate has high elasticity, dust and water resistance, low cost, and is easy
to process.

B.4.3. Al-Sehemi, A.; Al-Ghamdi, A.; Dishovsky, N.; Atanasov, N.; Atanasova, G.
Rubber composites based on renewable resources and their potential for application in
flexible wearable antennas, Iranian Polymer Journal (English Edition) 2022, 31 (9),
pp. 1117-1127

Indexed in Web of Science u Scopus
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0.798 (2022) Impact Factor, Q2 (2022), SJR 0.25 (2022)

This publication presents an approach to study the influence of electromagnetic
parameters on polymer substrates for flexible antennas applicable to the fabrication of
communication nodes in wireless personal networks. Six new composite materials were
synthesized by applying two types of fillers (rice husk ash (RHA) and microcrystalline
cellulose (MCC)) from renewable resources and an alternative filler (standard silica -
Ultrasil) as well as hybrid fillers (combinations of the above) to a natural rubber (NR)
matrix. A setup including three rectangular cavity resonators tuned to 2.565 GHz (TE103),
3.188 GHz (TE1o0s), and 3.753 (TE107) was developed, through which the electromagnetic
parameters of the synthesized new composite materials were determined by the cavity
perturbation method for frequencies covering different wireless technologies and standards:
IEEE 802.15.1, IEEE 802.15.4, IEEE 802.15.6, IEEE 802.11, GSM/UMTS/LTE, etc.
According to ISO 37:2002, ISO 7619:2001, and I1SO 188:2002 the mechanical properties
of the composites have been determined. Polymers with RHA filler were found to have the
lowest dielectric loss tangent and the best mechanical properties. All elastomers containing
MCC as a filler show a decrease in the real part and an increase in the imaginary part of the
permittivity in the frequency range from 2.57 to 3.75 GHz, which is due to the structure of
the filler. The influence of the electromagnetic properties of the synthesized new composite
materials from renewable resources on the parameters and characteristics of antennas for
communication nodes in wireless personal networks has been evaluated through numerical
modelling and measurements. The research shows the potential economic and
environmental benefits, of applying composite materials from renewable resources and
natural rubber matrix in the telecommunications industry - low synthesis costs and good
antenna performance.

B.4.4. Davidkov, D.; Atanasova, G.; Atanasov, N. Characterization of
Narrowband Off-Body Channels in an Indoor Environment for Body Area Network
Applications. In Proceedings of the 2022 30th National Conference with International
Participation (TELECOM), Sofia, Bulgaria, 27-28 October 2022.

Indexed in Web of Science u Scopus

This paper presents comprehensive research on the influence of the parameters and
characteristics of wearable antennas on off-body radio channels in Wireless Body Area
Networks (WBANS) in an indoor environment at 2.41 GHz in a line-of-side scenario. A
setup for simulation and experimental studies of narrowband off-body radio channels in
wireless personal networks has been developed. A methodology for carrying out
measurements described by an algorithm was presented, with which the influence of the
parameters and characteristics of three antennas with textile substrates on the parameters of
narrowband off-body radio channels in wireless personal networks was studied. It was
found that the geometric dimensions, radiation efficiency, and radiation pattern of the
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antennas have a significant influence on the parameters and characteristics of the
narrowband off-body radio channels. From the results, we can conclude that the surface,
radiation efficiency, and radiation pattern of the wearable antenna play a vital role in the
definition of the off-body channel characteristics.

B.4.5. Atanasova, G.; Atanasov, N. Small antennas for wearable sensor networks:
Impact of the electromagnetic properties of the textiles on antenna performance. Sensors
2020, 20 (18), art. no. 5157, pp. 1-21.

Indexed in Web of Science u Scopus

3.567 (2020) Impact Factor, Q2 (2020), SJR 0.636 (2020)

The rapid development of wearable wireless sensor networks (W-WSNSs) has created
a high demand for small flexible antennas. In this paper, we suggest a step-by-step
procedure for the design, fabrication and measurement of small wearable backed antennas
for application in W-WSNSs. Through the proposed method, a new structure of an all-textile
flexible antenna was developed with a reflector providing isolation of the antenna from the
influence of the human body and a denim substrate for easy incorporation into everyday
clothing. It demonstrates very small dimensions and a low profile, all while achieving a
bandwidth (|]S11| < —6 dB) of 285 MHz from 2.266 to 2.551 GHz, the radiation efficiency
of more than 12% in free space and more than 6% on the phantom. Also, the peak 10 g
average SAR is 0.15 W/kg. The performance of the prototype of the proposed antenna was
also evaluated using an active test. A methodology for conducting the tests was developed,
according to which measurements of the antenna prototype were carried out in a controlled
environment (semi-anechoic chamber and shielded room) to ensure repeatability of the
measurements. Through the proposed methodology, the influence of the human body in an
off-body radio channel has been evaluated. To investigate the impact of the textile materials
on the antenna performance, the antenna geometry was studied on cotton, polyamide-
elastane and polyester substrates. It has been observed that the lower the loss tangent of the
substrate material, the narrower the bandwidth. Moreover, the higher the loss tangent of the
substrate, the lower the radiation efficiency and SAR.

B.4.6. Atanasova, G.L.; Atanasov, N.T. Impact of electromagnetic properties of
textile materials on performance of a low-profile wearable antenna backed by a reflector.
In Proceedings of the 2020 International Workshop on Antenna Technology, iIWAT
2020, Bucharest, Romania, 25-28 February 2020.

Indexed in Web of Science u Scopus

The main focus of the report is on the characterization of the electromagnetic
properties of conventional fabrics at a frequency of 2.564 GHz. A study was made and the
most commonly used textile materials (fabrics) in the construction and production of
clothing were identified, namely: fabrics with natural fibres (100% cotton: woven denim
and knitted cotton fabric), with synthetic fibres (100% polyester, 80% polyamide-20%
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elastane, non-woven fabric-100% polar fleece). To determine the electromagnetic
parameters of the fabrics, the cavity perturbation method was applied and was found that
the textile materials have small values of the relative complex permittivity in the range of
1.2+j0.002 to 1.9+j0.1. Five numerical models were developed and five prototypes of all-
textile antennas were fabricated, through which the influence of the electromagnetic
properties of substrates of the described fabrics (with natural and artificial fibres) on the
frequency band, radiation efficiency, gain and radiation pattern was investigated.

B.4.7. Al-Sehemi, A.G.; Al-Ghamdi, A.A.; Dishovsky, N.T.; Atanasov, N.T.;
Atanasova, G.L. Wearable antennas for body-centric communications: Design and
characterization aspects. Applied Computational Electromagnetics Society Journal
2019, 34 (8), pp. 1172-1181.

Indexed in Web of Science u Scopus

0.68 (2020) Impact Factor, Q3 (2020), SJR 0.216 (2020)

Wireless Personal Area Networks provide short-range low power and highly reliable
wireless connectivity between devices worn on (or implanted in) the human body, or
between two devices (body-to-body or body-hub) in close proximity. Consequently, three
wireless communication channels (in-, on-, and off-body) exist. The antenna of the
communication node determines the reliability of the wireless link and greatly impacts the
quality of service offered by the whole system. Designing such antennas is a non-trivial
task, as numerous requirements and constraints must be met. In this publication, a new
algorithm for wearable antenna numerical design and optimization provides a list of
feasible antenna designs and finds the optimal solution that meets specifications, is
proposed. The algorithm can be quickly adopted into practice and applied to any antenna
structure for communication nodes in wireless personal networks. The proposed algorithm
Is tested through numerical and experimental studies.

B.4.8. Al-Sehemi, A.; Al-Ghamdi, A.; Dishovsky, N.; Atanasov, N.; Atanasova, G.
Design and performance analysis of dual-band wearable compact low-profile antenna
for body-centric wireless communications. International Journal of Microwave and
Wireless Technologies 2018, 10 (10), pp. 1175-1185.

Indexed in Web of Science u Scopus

0.896 (2018) Impact Factor, Q3 (2018), SJR 0.213 (2018)

This publication presents a concept for a wireless personal network for medical
telemetry applications. Communication nodes are classified according to their application
and location relative to the human body. The frequency ranges and wireless technologies
for on- and off-body communications are defined for the specific application. A new dual-
band wearable antenna (2.2-2.7 GHz and 4.65-5.75 GHz) with a multilayer textile-polymer
substrate is presented. The designed antenna was fabricated and measured. Simulated and
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measured results show that the impedance bandwidth covers the ISM 2.45 GHz, LTE 2.6
GHz, and WLAN 5.5 GHz. Presented results of radiation efficiency, peak gain, and
radiation patterns show very good performance in free space and when the antenna was
mounted on the tissue-equivalent phantom. The manufacturing process of the antenna
prototype is described, through which a flexible and waterproof structure was achieved,
allowing the antenna to be fully integrated into clothing. The amount of absorbed power
was evaluated and found that for both frequency bands the 10 g SAR values were well
below the maximum allowable value of 2 W/kg as required by the Institute of Electrical
and Electronics Engineers standard C95.1-2005 (IEEE) and the International Commission
on Non-lonizing Radiation Protection (ICNIRP).

B.4.9. Al-Sehemi, A.; Al-Ghamdi, A.; Dishovsky, N.; Atanasov, N.; Atanasova, G.
On-body investigation of a compact planar antenna on multilayer polymer composite for
body-centric wireless communications. AEU - International Journal of Electronics and
Communications 2017, 82, pp. 20-29.

Indexed in Web of Science u Scopus

2.215 (2017) Impact Factor, Q2 (2017), SJR 0.42 (2017)

A compact modified planar dipole antenna with a rectangular reflector integrated
into a multilayer rubber composite is proposed and analyzed under different configurations.
The proposed structure is flexible, compact, and easy to manufacture, suitable for
communications in the frequency range of 2.35 GHz to 2.50 GHz. The effect of the
proximity of the human body on the parameters and characteristics of the proposed antenna
structure was investigated, with the antenna placed on a three-layer numerical model, and
then spaced up to 20 mm. Good impedance matching (VSWR < 2) and radiation efficiency
Is achieved in the frequency range of 2.35 GHz to 2.50 GHz.

B.4.10. Al-Ghamdi, A.A.; Al-Hartomy, O.A.; Al-Solamy, F.R.; Dishovsky,
N.; Malinova, P.; Atanasova, G.; Atanasov, N. Conductive carbon black/magnetite hybrid
fillers in microwave absorbing composites based on natural rubber. Composites Part B:
Engineering 2016, 96, pp. 231-24.

Indexed in Web of Science u Scopus

5.75 (2016) Impact Factor, Q1 (2016), SJR 2.215 (2016)

The study presents the microwave properties of natural rubber-based composites in
the 1-12 GHz frequency range as determined by the conductive carbon black/magnetite
hybrid fillers obtained by impregnation at different ratios between carbon and magnetite
phases. A setup is developed to study the shielding effectiveness of the composites in the
frequency range of 1 to 12 GHz. A setup including different rectangular cavities, designed
to resonate at approximately 3.128 GHz (TEuos), 4.061 GHz (TEu1os), 6.148 GHz (TEuos),
7.480 (TE107), and 8.527 (TE107) was developed to determine the complex permittivity, the
loss tangent, and electrical conductivity, and three through rectangular cavity resonators at

cTp. 290743



3.566 GHz (TE104), 6.814 GHz (TE1s) and 9.284 (TEuioes) to determine the complex
permeability and the magnetic loss tangent. It has been established that the changes in the
investigated properties exhibit a resonance character in the 3-9 GHz range and are caused
by alternations in frequency and the ratio between the hybrid phases. The per cent content
of the conductive filler has a significant impact on EMI SE of the composites. The
introduction of FesO4 into the hybrid filler has a crucial role in reducing the reflection of
electromagnetic waves from the surface of the composite. From the research carried out, it
was found that composites containing hybrid fillers filled above the "percolation” threshold
reveal the potential for use in the production of elastomer-based microwave absorbers for
telecommunications, automotive, and military applications.

» Group I, Indicator 7

r.7.1. Atanasov, N.T.; Atanasov, B.N.; Atanasova, G.L. Flexible Wearable Antenna for
loT-Based Plant Health Monitoring. Electronics 2024, 13, 2956.

DOI: 10.3390/electronics13152956

Nunexcupana 8 Web of Science u Scopus

2,6 (2023) Impact Factor, Q2 (2023), SJR 0,644 (2023)

In recent years, the rapid development of wireless technologies has led to the widespread
adoption of the Internet of Things (IoT) in various fields. One of the fastest-growing
segments of [oT is the “smart” wearables sector. In the next few years, the development
of flexible plant wearable devices that can provide vital information about the
physiological characteristics of plants will be essential to support the faster growth of
precision agriculture. We propose a small (overall size @35 mm X% 0.8 mm), ultra-
lightweight (0.4 g), and elegant-shaped antenna for unobtrusive integration on a plant
surface for application in loT-based precision agriculture at ISM 2.45 GHz band. The
radiating element has a design that resembles a dragonfly, making the antenna visually
unnoticeable. We used ZZ Plant leaves as the substrate for the antenna and transparent
polymer foil for encapsulating the conductive parts, achieving a highly flexible,
waterproof, and chemically resistant antenna for application in harsh environments. The
obtained results indicate that the antenna is resilient to changes in substrate relative
permittivity up to +20%. It exhibits high radiation efficiency (between 26% and 40%)
and omnidirectional patterns across the ISM 2.45 GHz band. Moreover, the measured
results align reasonably well with the simulated ones.

I'.7.2. Atanasova, G.L.; Atanasov, B.N.; Atanasov, N.T. Assessment of Electromagnetic Field

Exposure on European Roads: A Comprehensive In Situ Measurement Campaign. Sensors
2023, 23, 6050. DOI:10.3390/523136050
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Wunexcupana 8 Web of Science u Scopus
3,4 (2023) Impact Factor, Q1 (2023), SJR 0,786 (2023)

The rapid evolution of wireless communication technologies (such as fifth-generation
(5G) cellular networks) in the last years has allowed connecting different objects (from
wearable electronics to vehicles) and people through communication networks, and at
the same time, has led to widespread deployment of base stations. Along with this
growth, questions about the potential adverse effects on human health due to
electromagnetic fields (EMFs) from base station antennas have also been raised.

In this paper, a method is proposed to estimate the electromagnetic field in cars during
short (between cities) and long (between countries) journeys in the frequency range
0.03-8.2 GHz. Comprehensive measurement campaigns were carried out in several
European countries: Austria, Bulgaria, Croatia, Hungary, Italy, Slovenia, and the
Republic of Serbia. The results show that the median total electric field is 0.23-0.24
V/m in Bulgaria, Croatia, Hungary, Italy, and the Republic of Serbia. In Austria and
Slovenia, the median is 0.28-0.31 V/m. Austria demonstrated the highest value for the
total electric field, at 17.4 VV/m. The obtained data are helpful for adequate and accurate
exposure assessment of both car drivers and passengers during short or long travel.
Moreover, the results of this work can be used to study human exposure to new 5G-V2X
communication scenarios, such as vehicle-to-vehicle, vehicle-to-infrastructure, and
vehicle-to-network wireless communications.

I'.7.3. Atanasov, N.T.; Atanasova, G.L.; Gardan, D.A.; Gardan, I.P. Experimental Assessment
of Electromagnetic Fields Inside a Vehicle for Different Wireless Communication Scenarios:
A New Alternative Source of Energy. Energies 2023, 16, 5622. DOI: 10.3390/en16155622
Wunexcupana B Web of Science u Scopus

3,0 (2023) Impact Factor, Q1 (2023), SJR 0,651 (2023)

The search for new energy sources in the 21st century is a crucial topic with an essential
economic and societal meaning. Today, energy from electromagnetic fields (EMFs) is
considered a promising new energy source for ultra-low-power consumption devices,
such as wearable devices and Internet of Things (loT) sensors. A method is proposed to
estimate the electric field in a car under realistic wireless communication scenarios
(GSM, LTE, UMTS and 5G (voice mode) and GSM, LTE, UMTS and 5G (data mode)),
to use these electromagnetic fields in RF energy-harvesting applications. A
methodology and setup for conducting the research were developed and the
communication scenarios of wireless connectivity in a car were identified. For each
scenario, we performed measurements of E-fields in an urban area, in two cases: when
the car was in an open space without a direct line of sight to a base station, and when the
car was in underground parking. The results show that the highest measured value of the
electric field appeared during the voice calls via the GSM network. Moreover, the
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maximum measured values of the electric field during a UMTS, LTE and 5G voice call
were five to six times lower than those in the GSM network. Moreover, the electric field
that propagated in the car during voice calls or data transmission exhibited slight
variations depending on the day of the week. These results prove the hypothesis that the
EMFs emitted by wireless devices in a car can be used as a new energy source to power
battery-less wearable or 10T devices, and they can be used to design energy-harvesting
systems with maximum conversion efficiency.

I'.7.4. Atanasov, N.T.; Atanasova, G.L.; Angelova, B.; Paunov, M.; Gurmanova, M.;
Kouzmanova, M. Wearable Antennas for Sensor Networks and 10T Applications: Evaluation
of SAR and Biological Effects. Sensors 2022, 22, 5139. DOI: 10.3390/522145139
Wunexcupana B Web of Science u Scopus
3,9 (2022) Impact Factor, Q1 (2022), SJR 0,764 (2022)

In recent years, there has been a rapid development in the wearable industry. The
growing number of wearables has led to the demand for new lightweight, flexible
wearable antennas. In order to be applicable in 10T wearable devices, the antennas must
meet certain electrical, mechanical, manufacturing, and safety requirements (e.g.,
specific absorption rate (SAR) below worldwide limits). However, the assessment of
SAR does not provide information on the mechanisms of interaction between low-
intensity electromagnetic fields emitted by wearable antennas and the human body.

In this paper, we proposed a method for evaluating the interaction mechanisms of low-
intensity electromagnetic fields created by antennas of communication nodes in wireless
personal networks and biological objects. Two experimental setups were developed and
implemented to study the impact of the electromagnetic field from wearable antennas
on the membranes of red blood cells. The finite-difference time-domain (FDTD) method
was used to perform a numerical analysis of the propagation of electromagnetic waves
and SAR distributions within the erythrocyte suspensions and to provide the vectors of
the electric and magnetic fields of the wearable antenna. In this paper, we presented a
detailed investigation of the SAR induced in erythrocyte suspensions from a fully textile
wearable antenna at realistic (net input power 6.3 mW) and conservative (net input
power 450 mW) conditions at 2.41 GHz, as well as results from in vitro experiments on
the stability of human erythrocyte membranes at both exposure conditions. The detailed
investigation showed that the 1 g average SARs were 0.5758 W/kg and 41.13 W/kg,
respectively. Results from the in vitro experiments demonstrated that the short-term (20
min) irradiation of erythrocyte membranes in the reactive near-field of the wearable
antenna at 6.3 mW input power had a stabilizing effect. Long-term exposure (120 min)
had a destabilizing effect on the erythrocyte membrane.
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I.7.5. Atanasova, G.L.; Atanasov, B.N.; Atanasov, N.T. Fully Textile Dual-Band Logo
Antenna for 10T Wearable Devices. Sensors 2022, 22, 4516.

Wunexcupana 8 Web of Science u Scopus

3,9 (2022) Impact Factor, Q1 (2022), SJR 0,764 (2022)

In recent years, the interest in the Internet of Things (loT) has been growing because
this technology bridges the gap between the physical and virtual world, by connecting
different objects and people through communication networks, in order to improve the
quality of life. New loT wearable devices require new types of antennas with unique
shapes, made on unconventional substrates, which can be unobtrusively integrated into
clothes and accessories.

In this paper, we propose a fully textile dual-band logo antenna integrated with a
reflector for application in IoT wearable devices. The proposed antenna’s radiating
elements have been shaped to mimic the logo of South-West University “Neofit Rilski”
for an unobtrusive integration in accessories. A reflector has been mounted on the
opposite side of the textile substrate to reduce the radiation from the wearable antenna
and improve its robustness against the loading effect from nearby objects. Two antenna
prototypes were fabricated and tested in free space as well as on three different objects
(human body, notebook, and laptop). Moreover, in the two frequency ranges of interest
a radiation efficiency of 25-38% and 62-90% was achieved. Moreover, due to the
reflector, the maximum local specific-absorption rate, which averaged over 10 g mass
in the human-body phantom, was found to be equal to 0.5182 W/kg at 2.4 GHz and
0.16379 W/kg at 5.47 GHz. Additionally, the results from the performed measurement-
campaign collecting received the signal-strength indicator and packet loss for an off-
body scenario in real-world use, demonstrating that the backpack-integrated antenna
prototype can form high-quality off-body communication channels.

I'.7.6. Atanasova, G.; Atanasov, N.; Savova, G. Characterization of the Electromagnetic
Properties of Materials for Wearable Antennas. In Proceedings of the 13" National
Conference with International Participation, ELECTRONICA 2022, Sofia, Bulgaria, 19-20
May 2022. DOI: 10.1109/ELECTRONICA55578.2022.9874401,

WNunexcupana B SCOPUS

Smart wearables and wireless body area networks (WBANS) are among the most rapidly
developing technologies in the last few years. The process of developing and manufacturing
wearable antennas involves several stages. Simulation software packages (such as xFDTD,
CST, HFSS, etc.) based on FDTD (Finite Difference Time-Domain) and FEM (Finite
Element Method) methods are mainly used to design and analyze wearable antennas in a
complex environment (such as the human body). However, there are several factors that
affect the accurate evaluation of antenna performance in the presence of different objects
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when using simulation tools. One of them is knowledge of the electromagnetic properties
of materials to be used for antenna elements. In this paper results of measurements of
complex permittivity of the non-textile and textile materials, which can be used for an
efficient design of wearable antennas are presented. Measurements of the electromagnetic
properties of the materials were done at a single frequency of 2.56 GHz by the cavity
perturbation method. The results show that non-textile materials (leather, paper, plastic
from 3D DLP printing) have real part of the complex permittivity (er ') in the range of 2.0—
3.0, while &' of textile materials is in the range of 1.0-2.0. The results also showed that
fabric structure (woven, knitted or non-woven) has a direct effect on the &', while the type
of fibers (natural or synthetic) has a direct effect on the imaginary part of the permittivity
and loss tangent.

I'.7.7. Al-Sehemi, A.G.; Al-Ghamdi, A.A.; Dishovsky, N.T.; Malinova, P.; Atanasov, N.T.;
Atanasova, G.L. Natural rubber composites containing low and high dielectric constant
fillers and their application as substrates for compact flexible antennas. Polymers and
Polymer Composites 2021, 29(4), pp. 233-245.

DOI: 10.1177/0967391120910879,
Nunexcupana 8 Web of Science u Scopus
1,841 (2021) Impact Factor, Q3 (2021), SJR 0,31 (2021)

The vulcanization properties, physicochemical, dielectric, and electrical properties
of natural rubber-based composites were investigated and compared. The composites
contain 30—70 phr functional fillers having low (silicon dioxide (SiO)) and high (titanium
dioxide (Ti0O2)) dielectric constant values. The possibilities of using the composites as
substrates in compact flexible antennas have been evaluated. Fillers are also characterized.
It has been shown that they have a noticeable but different influence on all the properties
of the composites studied. That is primarily due to the different structure and specific
properties of SiO, and TiOz, thereby determining the different “filler—filler” and “rubber—
filler” interactions. The composite filled with TiO2 at 70 phr has a better capacity to act
as a substrate in body area network antennas than the SiO-filled composites. A new
antenna structure was designed and implemented, through which the applicability of
composite materials for antenna substrates of communication nodes in wireless personal
networks was evaluated. The best parameters and characteristics (optimal design) of the
antenna were achieved with an elastomer substrate with 70 phr TiO2 filler. TiO:
composites do not change their resistance to pressure or deflection within certain limits,
having a self-cleaning and antibacterial effect, which is also beneficial for their usage in
antennas that are left on or near the human body.

I'.7.8. Atanasova, G.; Angelova, B.; Kouzmanova, M.; Atanasov, N.; Paunov, M.; Gurmanova,
M. Assessment of Energy Absorption and Hemolysis of RBCs Due to a Wearable Antenna.
In Proceedings of the 29" National Conference with International Participation, TELECOM
2021, Sofia, Bulgaria, 28-29 October 2021, pp 32-35.
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DOI: 10.1109/TELECOM53156.2021.9659602,
Wunexcupana B8 Web of Science u Scopus

This paper presents results of numerical analysis of the amount and distribution of the
energy absorbed in a suspension from human erythrocytes exposed by a wearable textile
antenna. It also reports levels of hemoglobin released by the blood suspension after 20 min
exposure with EMF from the wearable textile antenna. The results suggest that irradiation
of the RBCs with EMF from the wearable textile antenna (exposure duration 20 min, at
2.41 GHz and peek 1 g average SAR from 0.5386 W/kg produced in cell suspensions at the
input power of 6.3 mW) probably have a weak stabilizing effect on the erythrocyte
membranes.

I'.7.9. Al-Sehemi, A.; Al-Ghamdi, A.; Dishovsky, N.; Atanasova, G.; Atanasov, N. Flexible
polymer/fabric fractal monopole antenna for wideband applications. IET Microwaves,
Antennas and Propagation 2021, 15(1), pp. 80-92. DOI: 10.1049/mia2.12016
Nunexcupana 8 Web of Science u Scopus

1,824 (2021) Impact Factor, Q2 (2021), SJR 0,691 (2021)

A novel flexible polymer/fabric fractal monopole antenna with a wideband performance is
presented. A thin sheet of highly conductive fabric and a natural rubber-based composite
have been used for conductive and non-conductive parts of the antenna, which allow
keeping the antenna as flexible and thin as possible. The real part of the complex
permittivity and the dielectric loss angle in a wide frequency range (from 2 to 6 GHz) of a
composite material with a matrix of natural rubber and a functional filler containing 30 phr
SiO used to support the proposed new antenna are determined. The proposed antenna has
been simulated, prototyped and tested. Results show that the antenna has a simulated
impedance bandwidth of 3.8 GHz (2.2-6.0 GHz) and a measured impedance bandwidth of
3.7 GHz (2.3-6.0 GHz) to cover the most commonly used standards in wireless
communication systems. The radiation efficiency of the antenna reaches over 93%
throughout the operating frequency band with satisfactory radiation patterns and gain.

I'.7.10. Al-Sehemi, A.G.; Al-Ghamdi, A.A.; Dishovsky, N.T.; Atanasov, N.T.; Atanasova, G.L.
Design of a flexible waterproof antenna for Internet of Things applications. Journal of
Electromagnetic Waves and Applications 2021, 35(7), pp. 874-887. DOI:
10.1080/09205071.2020.1865208,

Wunexcupana 8 Web of Science u Scopus
1,438 (2021) Impact Factor, Q3, SJR 0,383

We propose a new broadband flexible waterproof antenna suitable for Internet of Things
applications. The antenna is comprised of three components: radiating elements fed by a
50-Q coplanar waveguide transmission line and two layers from an elastomer composite
(used as a substrate and top encapsulation) which completely covers the antenna’s radiating
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elements to provide water and dust resistance. An antenna prototype is fabricated and
tested. Experimental and numerical results show that the proposed antenna has broad
bandwidth (|Siz| < —10 dB) over the frequency range of 0.83-2.52 GHz, high radiation
efficiency of about 92% and good radiation patterns. The antenna was also immersed into
water for 10 s, 10, 30 and 60 min, respectively and reflection coefficient magnitudes were
measured, to verify its waterproof capability. The durability and flexibility tests were
performed on the antenna prototype. Results show that there is no significant degradation
in the antenna performance. Moreover, the antenna offers low profile, low cost and high
flexibility, making it an ideal candidate for application in different 0T devices such as loT
devices for tracking goods while they are on the road, or in 10T devices for worker safety
(e.g. in environmental sensors record critical information about employees’ working
conditions). It can be embedded inside (or outside) different types of packages, accessories,
bags, backpacks or objects.

I.7.11.  Al-Sehemi, A.G.; Al-Ghamdi, A.A.; Dishovsky, N.T.; Radev, L.; Mihailova, |.;
Malinova, P.A.; Atanasov, N.T.; Atanasova, G.L. Natural rubber composites containing
fillers of sol—gel glasses and glass—ceramics in the CaO-SiO2—P20s system. Iranian
Polymer Journal (English Edition) 2020, 29(9), pp. 799-810.

DOI: 10.1007/s13726-020-00841-5

Wunexcupana B Web of Science u Scopus

1,899 (2020) Impact Factor, Q2 (2020), SJR 0,355 (2020)

A number of properties of natural rubber-based composites containing fillers (degree of
filling 10-50 phr) of sol-gel glasses and ceramics from the CaO-SiO>—P.0s system were
investigated and compared. Its goals were to evaluate and select more suitable usages in
flexible electronics, in particular as substrates and insulating layers in antennas for wireless
communications. The fillers were characterized by XRD, SEM, adsorption—texture
characteristics and particle size distribution. The composites were characterized by their
vulcanization, physico-mechanical, dielectric and dynamic characteristics, as well as their
volume resistivity and coefficient of thermal conductivity. The studies revealed that the
specific features of the fillers, above all their texture characteristics (specific surface area,
presence and amount of micro- and mesopores) have a significant impact upon all studied
properties of the composites. The complex evaluation has demonstrated that the composites
containing glass—ceramic fillers, especially at 20-50 phr, are more suitable as substrates
and insulating layers in flexible antennas for wireless communications. Evaluated
comprehensively, composites containing glass—ceramic fillers have dielectric and
mechanical characteristics that make them more suitable for flexible antenna applications
than those containing sol—gel glass.
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I'.7.12. Al-Sehemi, A.; Al-Ghamdi, A.; Dishovsky, N.; Atanasova, G.; Atanasov, N. A flexible
broadband antenna for 10T applications. International Journal of Microwave and Wireless
Technologies 2020, 12(6), pp. 531-540.

DOI: 10.1017/S1759078720000161
Wunexcupana B Web of Science u Scopus
1,064 (2020) Impact Factor, Q3 (2020), SJR 0,26 (2020)

A flexible broadband antenna with high radiation efficiency for the Internet of Things (10T)
applications is presented. The design is based on a U-shaped and a triangular-shaped
radiator with two tuning stubs. A 50 Q coplanar waveguide (CPW) transmission line is
employed to feed the antenna. The proposed antenna is fabricated on a flexible substrate
from a composite synthesized by mixing natural rubber with SiO; as a filler. The radiating
elements, along with the CPW, are built using a highly conductive woven fabric. Results
show that the antenna has a simulated and measured impedance bandwidth of 0.856-2.513
GHz and covers the most commonly used wireless communication standards and
technologies for 10T applications. The radiation efficiency of the antenna reaches over 75%
throughout the operating frequency band with satisfactory radiation patterns and gain. The
flexible antenna was also tested under bending conditions. The presented results
demonstrate that bending has a minor effect on the antenna performance within the target
frequency range. The measured results show a good agreement with simulations. A
methodology was developed to study the influence of a change in the electromagnetic
properties (dielectric permittivity) of elastomer pads on the parameters and characteristics
of flexible antennas. Results indicate small changes in the |S11| curves with a £20% variation
in the imaginary part of the relative permittivity of the substrate.

r.7.13. Andonova, S.; Atanasova, G.; Atanasov, N. Investigating the technological
process of adhesion in the fabrication of wearable antennas. Vlakna a Textil 2020, 27(3), pp.
8-12. ISSN (print): 1335-0617, ISSN (online): 2585-8890

WNunexcupana B SCOPUS

Q3 (2020), SJR 0,204 (2020)

The process of designing and creating antennas on textile materials (TM) (built into the
clothing) is an extremely interesting and innovative process. In modern conditions, in most
cases, the conductive elements of the wearable antennas are made of a special conductive
fabric (CF), which is connected to the main TM of the sewing product. The textile materials
from which the garments are made are used as substrates for the wearable antennas. The
efficiency of the adhesion process between the textile substrate and the conductive fabric
is one of the main factors on which the quality of wearable antennas depends. The present
work aims to study and analyze the technological features of the adhesion process (between
CF and the substrate) in the fabrication of wearable antennas. As a result of the conducted
research, dependencies between technological factors of the adhesion process in the
fabrication of wearable antennas have been established. The obtained results make it

ctp. 370143



possible to choose effective operating modes according to the priorities of the real work
environment.

r.7.14. Al-Sehemi, A.G.; Al-Ghamdi, A.A.; Dishovsky, N.T.; Radev, L.N.; Mihailova,
I.K.; Malinova, P.A.; Atanasov, N.T.; Atanasova, G.L. Natural rubber—based composites
filled with bioglasses from a CaO-SiO.-P.0s-Ag20 system. Effect of Ag20 concentration in
the filler on composite properties. Polymers for Advanced Technologies 2020, 31(3), pp.
574-588.

DOI: 10.1002/pat.4798
Wunexcupana 8 Web of Science u Scopus
3,655 (2020) Impact Factor, Q1 (2020), SJR 0,61 (2020)

There are many studies on the properties of several metals and metal ions dopants used in
the SiO.-CaO-P,0s system of bioglasses, such as Ag, Cu, Zn, and Fe. A number of authors
have carried out research related to the influence of silver oxide on the properties of
bioglasses. However, publications on the properties of elastomer-based composites
containing bioactive glasses are relatively scarce. We have not found in the literature studies
discussing how silver oxide concentration in bioglasses of the CaO-SiO2-P,0Os-Ag>0O
system affects the significant properties of a natural rubber biocomposite. In this regard,
the purpose of the present work is to investigate the aforementioned influence on the
properties of this type of composites, namely, vulcanization, physicomechanical, thermal,
dynamic, dielectric, electric, and thermoconductive characteristics. We have established
those parameters of the composites to be impacted considerably by both degree of filling
with bioglass and the silver oxide content in the latter. The improvement in the composites
thermostability and some of their physicomechanical performance is the most significant.
The volume resistance decreases, and the thermal conductivity coefficients increase.
Results from scanning electron microscopy and energy-dispersive X-ray (EDX) analyses
have confirmed the influence of silver oxide initially on the phase composition of the
bioglass, hence on the properties of the biocomposites through changes in the bioglass used
as filler. The dielectric characteristics of some of the biocomposites suggest that they can
be used as substrates and insulating layers in flexible antennas for short-range wireless
communications.

I.7.15. Dishovsky, N.T.; Al-Sehemi, A.G.; Al-Ghamdi, A.A.; Radev, L.; Mihailova, |.;

Malinova, P.A.; Atanasov, N.T.; Atanasova, G.L. Rubber-ceramic composites applicable
in flexible antennas. Journal of Polymer Engineering 2020, 40(8), pp. 666-675.

DOI: 10.1515/polyeng-2020-0043,

Wunexkcupana 8 Web of Science u Scopus
1,367 (2020) Impact Factor, Q3 (2020), SJR 0,328 (2020)

Glass ceramics from the CaO-P.0s-SiO2 system were synthesized. They were
characterized by XRD, SEM and EDX methods. It was found that they contain two
crystalline [Whitlockite, Cas (POs4). and Hydroxylapatite, Cas (POs): (OH)] and one
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residual amorphous phase. The ceramics are composed of porous aggregates of fine
particles with predominant macro- and mesopores in it. The ceramics were used as a
functional filler in natural rubber-based composites, as the filling is in the range of 5-50
phr. The influence of the chemical nature and structure of the ceramics and the degree of
filling on the vulcanization characteristics, physicomechanical parameters, dielectric and
dynamic properties, the coefficient of thermal conductivity and the volume resistivity,
including external pressure or bending on the specimens were investigated. An influence
of the filler and the degree of filling on all studied properties was found. All tested
composites have dielectric parameters (€', real part of complex permittivity; ¢”, imaginary
part of complex permittivity; o, conductivity; tand., tangent from dielectric loss angle)
suitable for use as substrates and insulating layers of flexible antennas. Particularly
impressive are composites containing 30 and 50 phr fillers, which have the lowest tangent
from dielectric loss angle values.

I.7.16. Atanasov, N.T.; Atanasova, G.L.; Stefanov, A.K.; Nedialkov, I.I. A Wearable,
Low-Profile, Fractal Monopole Antenna Integrated with a Reflector for Enhancing Antenna
Performance and SAR Reduction. In Proceedings of the IMWS-AMP 2019 - 2019 IEEE
MTT-S International Microwave Workshop Series on Advanced Materials and Processes for
RF and THz Applications, Bochum, Germany, 16-18 July 2019, art. no. 8880142, pp. 67-69.

DOI: 10.1109/IMWS-AMP.2019.8880142

Wunexcupana B8 Web of Science u Scopus

In this paper, we propose and experimentally realize a low-profile, lightweight, flexible,
fully textile, fractal-based monopole antenna integrated with a reflector for enhancing
antenna performance and specific absorption rate (SAR) reduction in the human body. The
proposed antenna shows a simulated bandwidth of 130 MHz (from 2.37 to 2.50 GHz) in
the free space (FS) and 128 MHz (from 2.36 to 2.49 GHz) when it is mounted directly on
a flat homogeneous phantom, which covers the targeted Industrial, Scientific, and Medical
(ISM) band. High radiation efficiency (greater than 74 % in the FS and greater than 70%
on a phantom in the ISM band), is combined with a low maximum 10 g averaged SAR of
0.0971 W/kg at net input power 0.1 W, so the proposed antenna can be a good candidate
for use in the wearable devices.

I'.7.17. Atanasova, G.; Atanasov, N.; Stefanov, A.; Andonova, S.; Avramov, M.; Kateva, M.
Comparison of Computed Specific Absorption Rate Induced in a Homogeneous Human Body
Phantom Using a Wearable Textile Antenna for Biomedical Applications. In Proceedings of
the 27th National Conference with International Participation: The Ways to Connect the
Future, TELECOM 2019, Sofia, Bulgaria, 30-31 October 2019, art. no. 8994882, pp. 94-97.
DOI: 10.1109/TELECOM48729.2019.8994882,
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Because the communication node operates on the human body in biomedical applications
of wireless personal networks the electromagnetic interaction between the antenna and the
human body needs to be considered. There are two standardisation guidelines regulating
this issue, one proposed by the International Commission on Non-lonizing Radiation
Protection (ICNIRP) and the second one proposed by the Institute of Electrical and
Electronics Engineers (IEEE). The guidelines set by ICNIRP were endorsed on the basis of
the European standard.

This paper gives a study and comparison of the Specific Absorption Rate (SAR) induced
in a homogeneous phantom using wearable textile antennas with and without body-antenna
isolation. A planar monopole antenna intended to operate in industrial, scientific and
medical 2.45 GHz band is taken as an example for the investigation. The 1- and 10-g peak
SAR and SAR distributions of wearable antennas on the phantom in different observation
planes are presented to study human safety. To conclude, we found that the wearable
antennas with body-antenna isolation in their structure are a good candidate for biomedical
applications of wireless personal networks in terms of antenna radiation efficiency,
bandwidth, SAR, and stability.

I'.7.18. Tsonev, I.; Atanasov, N.; Atanasova, G.; Kréma, F.; Bogdanov, T. Atmospheric pressure
microwave plasma torch for biomedical applications. Plasma Medicine 2018, 8(4), pp. 403-
409. DOI: 10.1615/PlasmaMed.2019028816
WNunexcupana B SCOPUS

Q3 (2018), SJR 0,278 (2018)

During the past decade, cold plasma sources have gained much attention regarding
biomedical applications. The large spectrum of observed effects (programmed cell death,
bacterial inactivation, wound healing, etc.) has encouraged scientists to create and use
different plasma sources operating at atmospheric pressure. The preferred plasma device to
this point has been dielectric barrier discharges. In this work, we present well-known
surface-wave-sustained microwave discharge operating at 2.45 GHz. This atmospheric
pressure plasma torch can sustain low gas temperature at relatively low gas flow and power
output, which makes it for working with different model biological systems. We see a
strong relationship among microwave power, torch length, and gas temperature. Moreover,
gas flow and tube specifications (inner diameter, wall thickness, and dielectric permittivity)
vary temperature and length of discharge. The purpose of this work is to precisely determine
the working conditions at which this plasma source can be used in direct contact with
biological objects.

r.7.19. Al-Sehemi, A.G.; Al-Ghamdi, A.A.; Dishovsky, N.T.; Atanasov, N.T.;
Atanasova, G.L. Flexible and small wearable antenna for wireless body area network
applications. Journal of Electromagnetic Waves and Applications 2017, 31(11-12), pp. 1063-
1082.
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DOI: 10.1080/09205071.2017.1336492,
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0,864 (2017) Impact Factor, Q3 (2017), SJR 0,258 (2017)

In this paper, we present design and simulation of the compact planar dipole antenna on
fully flexible nitrile butadiene rubber polymer composite for body area network
applications. The reflector is utilized to eliminate the impedance mismatch and frequency
shift caused by the human tissues proximity, and also to reduce the maximum 1 and 10 g
SAR values. A three-layer human tissue model is used to numerically analyse the
performance of the antenna, including the human body effect. The proposed antenna
achieves stable on-body performance: [S11]| varies from —19.45 dB (in free space) at 2.46
GHz resonant frequency to —20.62 dB (on the skin) at 2.44 GHz resonant frequency.
Additionally, the specific absorption rate (SAR) of the proposed antenna is evaluated. It
was found that the maximum 1 g average SAR value is only 0.20 W/kg for an input power
of 100 mW at a distance of 2 mm away from the tissue model. Simulated and measured
results are presented to demonstrate the validity of the proposed antenna. Furthermore, the
proposed antenna offers the advantages of being compact, low profile, cheap and easy to
fabricate.

I'.7.20. Atanasov, N.T.; Atanasova, G.L. An investigation impact of user's positions in closed
space over SAR in the head induced from mobile phone. Environmentalist 2011, 31(2), pp.
181-186. DOI: 10.1007/5s10669-011-9317-x

HNunekcupana B SCOPUS

The purpose of this work was to investigate the impact of user’s positions in close space
over the variations of SAR distribution in human head induced from mobile phone under
the worst case conditions. The ‘‘worst case’” considered in this paper refers to conditions
that include (1) a half-wavelength dipole antenna, placed near the model of human head—
SAM phantom; (2) a vertically oriented dipole antenna, parallel to the side walls of closed
space for maximum reflection; (3) metallic closed space acts as a resonant cavity; and (4)
360 randomly selected observation points. We also used a free space model for comparative
purposes. The maximum 1- and 10-g average SAR and average SAR in whole-exposed
object probability density function curves have been derived to illustrate the percentage of
SAR values that have been induced inside SAM for different locations of user in the closed
space. The obtained results show that in more than 86.7% of all investigated user’s positions
in the metallic closed space, the induced maximum 1-g average SAR in user’s head is in
the boundaries of £10% of maximum 1-g average SAR, when the user use mobile phone in
free space. This relationship keep still at maximum 10-g average SAR, where in 85.9%
from all investigated user’s positions, SAR values are in boundaries of £10% of maximum
10-g average SAR in free space. The results showed that closed space causes more
significant changes on average SAR in wholeexposed object than maximal SAR values.
When we estimated the average SAR in whole-exposed SAM in 85% from all investigated
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user’s position in closed space, the induced SAR is higher than SAR values in free space
model. It can be noted that the highest obtained SAR values in closed space were with 8.5%
(for 1 g), 6.7% (for 10-g average SAR), and 15.1% (for average SAR in whole SAM) higher
than these of the free space.

Group I', Indicator 8

I'.8.1 Al-Ghamdi, A.; Al-Hartomy, O.; Al-Solamy, F.; Dishovsky, N.; Malinova, P.; Atanasov,
N.; Atanasova, G. Correlation between Electrical Conductivity and Microwave Shielding
Effectiveness of Natural Rubber Based Composites, Containing Different Hybrid Fillers
Obtained by Impregnation Technology. Materials Sciences and Applications 2016, 7, 496-
509. doi: 10.4236/msa.2016.79043,
https://www.scirp.org/journal/paperinformation?paperid=70441

The paper presents the synthesis and characterization of carbon black/silicone dioxide
hybrid fillers obtained by an impregnation technology. The electromagnetic interference
shielding effectiveness of the composites filled with carbon black/silicone dioxide hybrid
fillers was measured in the wide frequency range of 1 - 12 GHz. The dc and ac electrical
conductivity of composites also have been investigated. The relationship between electrical
(dc and ac) conductivity and shielding effectiveness was analyzed. A positive correlation
was found between the absorptive shielding effectiveness and ac conductivity for
composites comprising conductive carbon black/silica filler, when the filler loading is
above the percolation threshold.

I'.8.2 Al-Sehemi A.; Al-Ghamdi, A.; Dishovsky, N.; Atanasov, N.; Atanasova, G. Complex
Permittivity and Permeability Studies Viewing Antenna Applications of NBR-Based
Composites Comprising Conductive Fillers, Materials Sciences and Applications 2018, 9,
883-899. doi: 10.4236/msa.2018.911064,
https://www.scirp.org/journal/paperinformation?paperid=88039

The work presents studies on the complex permittivity and permeability of composites
based on acrylonitrile butadiene rubber containing combinations of conductive fillers which
include carbon black and nickel powder. The properties of those composites, containing
each of the fillers at the same amount were compared. The permittivity and permeability
values of the composites are influenced remarkably by their morphology and structure as
well as by the morphological and structural specifics of both fillers. As electron scanning
microscopy studies confirm, those parameters are predetermined by the nature of the
composites studied—particle size, particles arrangement in the matrix and their tendency
to clustering. Last but not least matrix-filler interface phenomena also impact the
characteristics in question. The possibilities for applications of the composites in antennae
have been studied, in particular, as substrates and insulating layers in flexible antennae for
body centric communications (BCCs). The research results allow the conclusion that these
materials can find such applications indeed. Composites of higher conductivity can be used
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where surface waves are generated to provide on-body communications, while composites
of lower conductivity may be used for antennae that will be on the body of a person and
will transmit to and receive from other antennas that are not on the body of the same person
(off-body communications). It is clear that one can engineer the properties of antennae
substrates at microwave frequencies by adjusting the filler content and the type of filler and
thus control and tailor the antenna performance specific for a particular application.

I'.8.3 JaBunkos /[.; AtanacoBa I'. M3cnenBane Ha KaHaU B O€3)KUYHU MPEKH OPUECHTUPAHHU
OKOJIO TSJIOTO Ha YOBEK MpeaHa3HaYeHH 3a MeauuHcku nenu, XX VIII Mexnynapoana
Hay4Ha KOHpepeHIus 3a Miaau yuenu, 13 u 14 voau 2019 r., braroesrpan, bearapus, ctp.
70-76.

Body area networks (BANSs) for medical applications are new type of wireless networks
where a set of low-power devices are located inside, on, or around the human body for
monitoring vital signs. An important element in development of BANs for medical
application is the characterization of the physical layer of the network. This involves the
study of on-body, and body-to-body channels in an indoor multipath environment, in
Industrial Scientific and Medical band. In this paper we present results from a measurement
campaign carried out to characterize an off-body channel response of a BAN in the
frequency domain. All measurements are performed on a flat phantom in an indoor
multipath environment at line-of-sight. Measurement results show that off-body channel
(between a wearable and an external device) has the maximum loss (up to 50 dB) at 2.45
GHz. From the results we conclude that the off-body channel is excellent for low-power,
low-data-rate transmission in a BAN for medical applications due to low path loss.
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