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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3pobka anropuTMiB aialiTUBHOTIO CYIIPOBO/KEHHSI 6€3IiJIOTHUX JIiTaIbHUX arlapartiB 3a JAHMMU CEHCOPHOI

MepexXi 3 BUKOPUCTAaHHSIM METO/iB [IaCUBHOI JIOKAlLil

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Development of algorithms of adaptive maintenance of the unmanned aerial vehicles according to the sensor
network using the methods of passive location

Pedepar yKpaiHCBKOIO:

Ha cproropHimHiil neHs Bce 6iblly yBary IpuBepTaioTh 10 cede 6e3pOTOBi CEHCOPHI Mepexi, OIHUM 3 OCHOBHHUX
3aCTOCYBaHb CEHCOPHUX MEPEX € CTBOPEHHS Pi3HUX CUCTEM MOHITOPUHIY Ta BiICTEXXEHHS PYXOMUX IPKEPEI
pazioBunpomiHooBanHH ([IPB), Ik BHYTpPi NpUMIiIIeHHS, TaK i 30BHI. OHUM i3 NpuKiaziB Takux JIPB MOXyTb
BUCTyMaTyu 6e3MinoTHi JitanbHi anapatu (BI1JIA), siKi TOpOIPKyI0OTh HOBUH KJIacC 3arpo3: IaliHHS, BTOPTHEHHSI B
IIPUBATHE XXUTTS], POTO3/0MKaA 3aCEKPEUYEeHUX 00'€KTIB, KOHTPabaH 1, MOXKJIMBICTb T€PAKTiB, 3iTKHEHHS 3
NOBITPSIHMMU TPAHCIIOPTHUMHU 3ac06aMM. Lle Npu3BOAUTD 4O HEOOXiITHOCTI pO3POOKM CUCTEM, SIKi BUPILIYIOTh
3aBJaHHS BUSBJIEHHS, BUBHAUYEHHS MiCIisl pOo3TallyBaHHs i mapameTpiB pyxy BITJIA. B skux BaXkMBe 3HaYEHHS Ma€
po3pobKa MeTofiB amantruBHOi QinbTpauii napamerpis pyxy BI1JIA Ha ocHoBi TDOA- i RSS- BuMipioBanb CEHCOPHOi
MEPEXi 1 IIpHU iX KOMIVIEKCHOMY BUKOPUCTAaHHI 1714 MiZBULIEHHS TOYHOCTI BU3HAYEHHS X MiCLIE3HaXOIPKEHHS i
napamerpiB pyxy. Pe3ysbTaToM pob0TH € CUHTE30BaHi Ha OCHOBI MaTEMaTUYHOTO arapary 3MillaHNX MapKiBCbKUX
IIPOLIECiB B MCKPETHOMY 4Yaci ONITHMaJIbHi Ta KBa3iONTUMAJIbHI aJIlOPUTMHU aJaNTUBHOI PinbTpaliii mapameTpis
pyxy maneBpoBoro BITJIA Ha ocHoBi TDOA- i RSS- BUMipIoBaHb, sKi 103BOJISAI0TE 3MeHIINTHA CKB OMUIIKu
BM3HAY€HHS MICIISl pO3TallyBaHHS B TOPU3OHTAJIbHIN NJIOLIMHI B IOPiBHSHHI 3 pEKyPEHTHUMU aITOpUTMaMu
BU3HA4YEHHS MiCLIETIOJIOKEHHS B 2 - 4 pasy, a 3aCTOCYBaHHS KOMIIJIEKCHOI 06po6ku TDOA- i RSS-BumiproBaHb
CEHCOPHOI Mepexi, no3BoJisie 3meHUTU CKB 1iei nomuiky 1onatkoso B 2 - 7 pa3u. CKO NOMUIIKU OLLiHKU BUCOTH
alanTUBHUM aliropuTMoM Ha ocHOBi TDOA- i RSS-BuMipioBaHb € 6JIM3bKUM /10 3HAY€Hb, OTPUMAHUX a/IAIITUBHUM
anroputMoM Ha ocHoBi TDOA-BuMipioBaHb. Takox aganTuBHi ¢inbTpy Ha ocHOBI TDOA- i RSS-BuMipioBaHb
I03BOJISIE PO3IiZHATY 3aBUCAHHS i Maiike piBHOMIpHUI pyX BILJIA 3 IMOBIipHICTIO 6/IM3bKOIO 10 OLUHMULI.
ApnantuBHUI QinbTP HAa OCHOBI KoMILIeKCHOI 06po6ku TDOA- i RSS-BuMipioBaHb 03BOJIsIE MiABULIMTH MIMOBIpHICTb
po3Ii3HaBaHHS KOpOTKoyacHUxX MaHeBpiB BITJIA B 2-3 pa3u. OTpumaHni B pO6OTi HOBI TEOPETUYHI IIOJIOKEHHS]
IOLiJIbHO BUKOPUCTOBYBATH B POEKTHUX i HAYKOBO-AOCIITHUX OPraHizallisix, o 3alMalThCs PO3POOKOI0
Cy4yacHUX crucTeM 11udpoBoi 06podKU pagiosokaliiHoi iHpopmarii.

Pedepar aHIJ1iiCBKOIO:

Today, more and more attention is attracted to wireless sensor networks, one of the main applications of sensor
networks is the creation of various monitoring systems and monitoring of moving radio sources (RS), both indoors
and outdoors. One example of such RS can be unmanned aerial vehicles (UAV) that generate a new class of threats:
application in the terrorist purposes, photographing of the secret objects, invasion on the forbidden territory, etc.
This leads to the need to develop security systems that solve the problem of detection, positioning and motion
parameters of the UAV. In which it is important to develop methods for adaptive filtering of parameters of the UAV
movement based on TDOA- and RSS-measurements of the sensor network and in their complex use. The result of
the work is synthesized on the basis of a mathematical apparatus of the mixed Markov processes in discrete time
optimum and quasioptimum adaptive algorithms for filtration of parameters of the UAV movement based on
TDOA- and RSS-measurements that allow to reduce the RMS errors in positioning in the horizontal plane in
comparison with the recurrent algorithms of determining the location 2 to 4 times, and the use of complex
processing of TDOA- and RSS-measurements of the sensor network, in addition 2 to 7 times. RMS errors height
estimation by the adaptive algorithm based on TDOA- and RSS-measurements is close to the values obtained by



the adaptive algorithm based on TDOA-measurements. Also adaptive filters based on TDOA- and RSS-
measurements allow to recognize the hovering and almost uniform motion of the UAV with a probability close to
unity. Adaptive filter based on complex processing of TDOA- and RSS-measurements makes it possible to increase
the probability of recognition of short-term UAV maneuvers by 2-3 times. The new theoretical positions obtained
in the work are expedient for use in design and research organizations engaged in the development of modern
systems for digital processing of radar information.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zsa HTII yKpaiHCBKOIO: Po3p06Ka aJropuTMiB aIanTUBHOTO CYIIPOBOIKEHHS GE3MIIOTHHUX JIITaTbHIX

arnapariB 3a JaHUMU CEHCOPHOI MEPEXXi 3 BUKOPUCTAHHSAM METO/IB IIaCMBHOI JIOKaLii

Hazpa HTII aHri#icbKo0: Development of algorithms of adaptive maintenance of the unmanned aerial

vehicles according to the sensor network using the methods of passive location
HTII, sixy nepen6a4asiocsi CTBOPUTH:

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:

OTpumaHi pe3yJIbTaTH:

l'asy3s 3aCTOCYyBaHHS: Pasiosokatis

PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: [1ng nigsuinenHs TOYHOCTI BUSHaY€HHS apaMeTpiB pyxy BITJIA po3po6JieHO METOY afalTUBHOI
¢dinprpauii napamerpis pyxy BITJIA Ha ocHOBi TDOA- i RSS- BUMipIoBaHb CEHCOPHOI MEPEXi i IPY IX KOMIIJIEKCHOMY
BUKOPUCTaHHI. [Ipy IbOMY TpaeKTOpis Liji po37insgeTbes Ha AiSTHKY PyXy 3 MaHEBPOM i 6e3 Hboro. [1py maHeBpi
i, QinbTp, 10 BpaxoBye TinoTesy pyxy Liijli 6€3 MaHeBpY, IOCTINHO KOPeryeTbcs Ipyrum QibTpoM, 110 3arobirae
110ro 3HaYHiN pO36iKHOCTI, i J03BOJIsIE€ IUBMUKO BiIHOBATHU ITpalie3aTHICTb IIiC/Isl 3aKiHYE€HHS MaHeBpy. Po3pobeHi
aJanTUBHI aJITOPUTMU JO3BOJIAIOTH MiABALIMTY TOYHICTh OLiHIOBAaHHA I1apamMeTpis pyxy BITJIA Ha HingHKax BUCIHHSA
i pyxy 6e3 MmaHeBpy. BusnaueHo, 1110 iX MO>XKHA peasli3yBaTy B peaJlbHOMY MacLITabi yacy Ha Cy4aCHUX IIPOLLECOPax.
[IpoBeneHO aHai3 KBa3iONTUMAJIILHUX AJITOPUTMIB Ha TECTOBUX TPAEKTOPISX PYXy LiiJli 3 PI3HUMU BUIAMU MAaHEBPY

HIJIIXOM CTaTUCTUYHOTO MoJesoBaHHgI Ha EOM .
ConiasibHO-eKOHOMIYHA cripsimoBaHicTs HTII:
Brnius HTII Ha moBKiJjs:
Bnposag>keHHs1 HTII: He snposamxeHo
ITpakTuyHa peasizanis HTTI

IToyaToK eTamy: 2 poku

3aKiHYeHHS eTamy:

Cno>kuBayi npo,quI.[i'l': IIPOEKTHI i HAYKOBO-0CJiHI OpraHisalii, o 3afiMaloThCsl PO3POOKOIO0 Cy4YaCHUX

cucrteM 1ndpoBoi 06pobKM pamdiosokaliriHoi iHdopmariii
IlepcneKTHBHI PUHKU: VkpaiHa, kpaiHu CHJL
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiOHMII 06CAT iHBECTHILiH, THC. TPH.: 0
IIpaBa, 0 HaAAIOTHCS iHBECTOPY MiCJIsA 3aBEPLIEHHSI POOOTH:
HasiBHicTB Gi3Hec-myIaHy: Hi
TexHiKO-€eKOHOMiYHE OOrpyHTYBaHHSI. Hi
IloTeHiaIbHUI 0OCST NPOZAIKY, THC. TPH.: 0
OuikyBaHHI TepMiH OKYIHOCTI (POKiB): nemae

JoaaTkoBa iHpopMaLLisL: He HamaoOTbCA
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