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PO NIAXOAN BUSHAYEHHS MICHE3HAXO/UKEHHSA OB'EKTIB

Ocmanuim 4acom 3HAYHO 30IMLUIUECS ITHMEPeC 00 CUCHeM KOHMPOTIO NePCOHATY, GUSHAYEHHS]
Micys po3mauiy8anis 00'ekma, UIHAYEHHS MiCYsi pOZMAULYBAHHS TOOUHU OJisl PO3PAXYHKY OUCTAHYTT
Midic 100bmu. Ha nepuwiuti naan 6uxo0simy cucmemu RO3UYIOHYBAHHSL 8 PeXCUMI peanbHo20 dacy. Ax-
MYanIbHUM NUMAHHAM IPU NPOEKMYBAHHI CUCEMU € 0OPAHHA THEXHOIOSIYHUX NIOX00i6 NOULYKY 8i0c-
mani 00 00°ekmy ma memoodie NOULYKY mMa YCYHEHHs 34640 NPU BUSHAYEHHI MICYE3HAXOOIICEHHS
00’exmis. Y pobomi 6UKOHAHUL AHANI3 CYYACHUX MEXHOL02II Ma NPOSPAMHUX 3ac00i8 w000 GU3HA-
YEHHsl MICYe3HAX00dCceHHs 00 ekma, wo pyxaecmvcs. [Ipononyiomecs nioxoou wjooo opmysanHs
cmpamezii 06panHs NPUHYUNIE apXIMeKmypu Mepedxici npu NPpoEKmMy8aHHi cucmemu 0si NOOAIbUO20
PO3pobNeHH MEXHON02IT YCYHEHHS BCIX MOJNCIUBUX PAKMOPIB, AKI 6NIUBATOMb HA BUSHAYEHHS MICYsl
PO3MAUYBAHHS 3 MAKCUMATbHOIW MoyHicmio. [Iposedeno excnepumenmu i HA0aHi pe3yabmamu nopi-
GHAHHS GUKOPUCTAHHS PI3HUX NIOX00I8.

Knrwouoei cnoea: susnavenms micye3naxoodicents 00'ekmis; 6UKOPUCTHAHHA CYNYMHUKOBOT Ha-
sieayii; GPS; 6e30pomosa mepesca Wi-Fi; comosa eedca; Bluetooth-mexnonozii; 6izyanvHi memoou
BUSHAYUEHHS MICYEIHAXOONCEHHSL.

Object recognition and distance measurement are necessary options in many areas. An
important issue in the design of the system is the choice of technological approaches to finding the
distance to the object and methods of searching and eliminating obstacles in determining the location
of objects. The paper analyzes modern technologies and software to determine the location of a
moving object. Approaches to the formation of a strategy for choosing the principles of network
architecture in the design of the system for further development of technology to eliminate all possible
factors that affect the location with maximum accuracy. Experiments were performed and the results
of comparing the use of different approaches were presented.

Keywords: location of objects; use of satellite navigation;, GPS; Wi-Fi wireless network;
cellular tower; Bluetooth-technologies, visual methods of location.

IHocTanoBka nmpodaemMu

B nanmii yac 3HaxXoAATh IIMPOKE 3aCTOCYBaHHsI CUCTEMa BUMIPIOBAaHHs BiACTaHi 10 00’€KTa 3
efleMEHTaMH IITYYHOro iHTenekTy. OAHMMH 3 OCHOBHHX KOMIIOHEHTIB TaKMX KOMIUIEKCIB € MOyl
OTpUMaHHS 300pakeHb, PO3Mi3HABAHHS OKPEMHX 00 €KTIB Ha HbOMY, YIIPABIIHHS MMapaMeTpaMi CHCTe-
MU JUIsl HAKpaIIoro po3i3HaBaHHsI 1 TTOAABIIOTO MPUAHSTTS PillieHb PO TOCTYIHICTD 00’ €KTY THX YU
IHIIMX MOUIMBOCTeH. Taki cMcTeMH OTpHMaId IHMPOKE MOIMIMPEHHs B 00JacTi KOMIUIEKCHOI Oe3mekH,
aBTOMaTH4YHOI 0OpOOKM TpadiuHuX JaHHUX, CHCTEM BHSBIICHHS MOPYIICHb MPABHJ JIOPOKHBOTO PYXY i
touo. [Ipy mpoekTyBaHHI CUCTEMH aKTyaJlbHHUM € IHUTAaHHS M0N0 OOpaHHS TEXHONOTTYHHMX MiIXOIiB
MOUIYKY BiZICTaHi Ta METOIH MOIIYKY 3aBajl TPy BU3HAYEHHI MiClle3HaX0/pKeHHs 00 €KTiB. [IponoBxen-
HSIM PO3B’SI3aHHS LHOI'O NUTAHHS MOXKE CTaTH YCYHEHHS BHIUICHHX 3aBaj IPU YTOYHEHHI KOOpAWHAT
00’€exTa 15t 301IBILIEHHS IIBUAKOCTI, TOYHOCTI Ta TOCTOBIPHOCTI OTPHMAHHS MapaMeTpiB.

Jnis BUpIllIeHHS 3aBJIaHHSI HEOOX1HO MPOBECHHS TTOPIBHSILHOTO OTJISAY iICHYFOUUX METOIB
Ta aJTOPUTMIB BU3HAUYCHHS MicLe3HaXOKEeHHs 00'eKTiB. 30KpeMa, IPOBEACHHIO aHalli3y TEXHONOTii
Ta MPOrpaMHHUX 3aco0iB 00 BH3HAUCHHS MICIIE3HAXOKEHHS 00 €KTa, IO PYyXaeThCs, MPUCBIYCHA
s myOImiKartisi.

AHaJi3 0CTaHHIX JOCTIIKeHb Ta mMyOJiKamii

OnHa 3 HAWMOMYJSPHIIIKX KaTeropii MOOUTBHUX MOJATKIB CHOT'OAHI Ta, IO HAAA€ MOCIYTH 3
BH3HAYEHHIM MICISl pO3TallyBaHHs NMPUCTPOIo. baraTo stofelt BUKOPUCTOBYIOTh CHCTEMH MO3HUIIIOHY-
BaHHS Ha CBOIX HaBiralifHUX MPUCTPOSAX, CMAPTQOHAX 1 MIaHIIEeTax.
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Cnalka cTopoHa IIMX pillieHb B TOMY, IO iCHye 0arato 3aBaj, TaKUX K HEAOCTYIHICTH Bcepe-
JVHI TIPUMILEHb Yepe3 CHIIbHE MOTalleHHs CUTHAJIB CTIHAMH 1 MEepeKpUTTAMH OyaiBenb. Takum 4u-
HOM BiIKDHBA€ETHCS Hillla ISl HATIMHUX PIlIeHb 3 TO3UI[IOHYBAHHSIM B IPUMIILICHHSX.

CporoniHi iCHy€e psi MiAXOIB 1 TEXHONOTIHN I BUpIlIeHHS 11boro 3apaanHs. Kommnanis Cisco
BKE KUIbKa POKIB MPAIIO€ HaJ MO3WI[IOHYBAaHHIM 3a J0MOMOror texunosorii Wi-Fi, 3 ormsany Ha mo-
LIMPEHICTh MEPEXK 1 MPUCTPOiB. TeXHOMOTIsIMHA MO3UIIIOHYBAaHHS Ta HaBiralii KOpucTyBada BCepeauHi
3aKpUTHX IMpuUMilIeHb Ha 6a3i GSM Mepex 3aliMaloTbesl TOCTIIHUKY 3 yHiBepcuTery iMeHi [I’epa Ta
Mapii Kiropi [6].

DopMyJTHOBAHHS METH JOCTIIKEHHS

Meroro TOCHiPKEHHS € aHali3 TEXHOJOTIH M010 BUPIICHHS 3a/1a4i JAJIs BU3HAYCHHS MiCIIe3-
HaXOKEHHS 00'ekTiB. 3agayelo HA JAHOMY eTalli AOCHiKeHHs € (OpMyBaHHS cTparterii oOpaHHs
MPUHIUITB apXiTEeKTypH MEpexXi MpU MPOEKTYBaHHI CHCTEMHU ISl TIOAAJIBIIOrO PO3POOICHHS TEXHO-
Jorii yCyHEHHS! BCIX MOXJIMBHX (DaKTOpiB, sSIKi BIJIMBAaIOTh Ha BMU3HAYEHHS MicCLs PO3TAallyBaHHS 3
MaKCHMAaJIbHOIO TOYHICTIO.

Jnst BupileHHs i€l 3a1a4i BUKOPUCTOBYIOTHCS METOIH Ta MiAXOIH, sIKi POPMYIOTH pi3Hi MO-
JieTTi Ipy BUKOPUCTaHH1 cylmyTHUKOBOI Hasiramii (GPS), HaBirawii 3a 10mMOMOro0 COTOBHX BEX, TEX-
HoJjorii 6e3xpoToBoro 3B'13Ky (Bluetooth), micus po3ramryBanHs no 6e31poToBuX Mepekax Wi-Fi.

BukJsiax ocHoBHOTO MaTepiaay

[Mpunumn nii BU3HAUSHHS MICIS pO3TAIIYBaHHS 33 IOIOMOTOI0 COTOBHX BEX IOJISITA€ B TOMY,
o MoOuTbHUH TenedoH (abo MOy COTOBOTO 3B'A3KY) 3HAE, SIKUM MpuiiMadeM 0a30BOi cTaHIil BiH
00CIyroByeThCsl 1 Marouu 0a3zy AaHMX KOOpAMHAT IMepeAaBadiB 0a30BOi CTaHLii MOXKHA HPUOIM3HO
BHU3HAYMTH CBOE MicCIle po3TalryBaHHs. Lls 6a3a maHMX HAalTOBHIOETHCSA PI3SHUMH CIIOCOOAMU, HAHOLIBII
MPOCTUI — Lie YCTaHOBKa Ha cMapT(OH MPOrpamMu, sika 3alrucye KOOpAUHATH TelleOoHy 00CIyTroByIO-
4y 0a30By CTaHIIio, a MOTIM Bifcujae Ha cepBep Bei BuMiproBanHsa. Ha cepsepi OpenCelllD BinOysa-
€TbCS 00UMCIIEHHS TPUOIM3HOTO MICIS PO3TaIllyBaHHS 00 €KTY Ha MiACTaBi BETUKOTO YHciIa BUMIPIO-
BaHb [4]. TakuM 4MHOM, KOOpAMHATH 0€3APOTOBOI Mepeki OOUYHMCIIOIOTHCS aBTOMAaTHYHO 1 € JTyXKe
MPUOIN3HUMH.

CxemaTruHe 300pa>KeHHsI IPUHIUITY [1i1 BA3HAUYCHHS MiCLs PO3TAllyBaHHS 32 JOMIOMOI0I0 CO-
TOBHX BEX HaBEIECHO Ha pHC. |, IIsi BUKOPUCTAHHSI AKOTO MTPHU MOZENIOBaHHI 00paHO TPH COTOB1 BEXI.

(t92)

(t9) cenp

OpenCelllD database

Puc. 1. HpI/IHLII/IH Z[ll BU3HAYCHHA MiCLISI po3TanryBaHHA 3a JOITOMOI'OI0 COTOBUX BCK

PesynbpTatin 00uMCIIeHHS 32 IPUHIMIIOM BU3HAYCHHS BiICTaHEH MK pO3TallyBaHHIM 00’ €KTa
JI0 COTOBUX BEX HaBeneHo B Tabu. 1. Otpumani naHi mono 3agikcoBaHUX 30epiraroTbesi Ha cepBepi
(OpenCellID database).

HenonikoM miporo mMerony € Te, mo oOpoOKa CUTHATY TapKeTy BeAe 0 3HaYHHUX IMOMUIIOK Y
BH3HA4YEHHI Mic1s posrairyBanHs o Cell ID.
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Tabnuysa 1. llpuHuun il BUSHAYEHHS MICIS pO3TAllyBaHHS 33 JOIIOMOTOI0 COTOBHX BEX

CoroBa Beka OTpumani gaHi, kM Peanbhi gani, km
tl 2 3
2 3 2
t3 4 4
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Puc. 2. llpuHnmn nii BU3HAYEHHS MICIIS
po3ramryBaHHs 3a goromoror Wi-Fi Touok

[Mpuammn aii BU3HaUEHHS MicLs PO3TaLLy-
BaHHsI 3a gonomoroo Wi-Fi Touok € OibIn pe3ynb-
TATHBHUM METOJIOM JJIsl BU3HAYECHHsS KOOPJMHAT B
MPOCTOPi, Ta K HACTIIOK — BiICTaHEW MiX HHUMHU.
3a UM NPUHLUIIOM HiAKIIOYEHHS A0 iHTepHETY He
MOTPIOHO Ta BHMAraeTbcsl TUIBKM YHIKAIBHUH HO-
Mep Mepexi s pobotu 3 00’exktamu. Imes mporo
MiAXO0Ay TONATae B TOMY, IO iHpOpMAaLis Ipo Be-
JUKY KUTBKICTh ICHYIOUHMX CTalliOHAPHUX TOYOK
noctyry Wi-Fi 3i0pana B rmoOanpHy 0a3y maHmx
[5]. [lepeBaramu nmpuHLIMITY MO>KHA BBayKaTH T€, 110
KO)KHa CTalioOHapHa TOYKa JOCTYIy Mae CBOIO TOY-
HY T€0-KOOpAMHATY Ta pajiiyc CUTHATY 0e3IpOTOBUX
Mepexx BimHocHO HeBenukuid. [Ipum BuMiproBaHHI
CHJIM LIOTO CHTHANy 3a JOIIOMOTOI0 BOYIOBAaHOTO
JaTYMKa Ta CHENiaJbHOr0 alropUTMy, Ha 00’€KTi
MOXKHA 3 BIJHOCHO HEBEIIUKOIO MOXHOKOK 0Ouuc-
JUTH Teo-KoopanHaTh. [Hpopmarito npo MmicuesHa-
xomxkeHHs Todyok Wi-Fi MoxxHa oTrpumaTt uepe3
pi3Hi cepBicu (TaTHI i GE3KOIITOBHI), SIKi € JOCTY-
mHuME B Mepexi (Google).

Ha puc. 2 300paxeH0 cXeMy MOXJIMBOrO posramyBaHHa Wi-Fi Todok Ta 00’€kTa, reo-
p p Yy p y s

KOOPIMHATH SIKOTO OOYMCIIOIOTHCS. JJIsl TpencTaBiieHHs pe3yJibTaTiB MIOAO0 MOPIBHSHHS OOpaHUX
NPUHIUIIB POOOTH BU3HAYECHHS MicCIsl PO3TalIyBaHHs 00’ €KTy 00paHO 4 MPSMOKYTHUX KIMHATH Ta 110
4 Wi-Fi Toukn Ha KIMHaTY, SIKi OpraHi3oBaHl y €AMHY MEPEKY.

Pesynbpratn oOuncnenHs BigcraHi 1o 06’ekra Bin Wi-Fi Todok 3a nuM NpHHIMIIOM HaBeAEHO

B Ta0i. 2. HasBHicTh reo-koopauHat Wi-Fi Touok Ta BijmcTaHel 10 00’ €KTa MPUBOAUTH 3a7a9y 00UuC-
JICHHS1 TOYHUX KOOPJHMHAT 00’ €KTa 0 MEHIIOr0 Pafiycy Aii CUTHAIB.

Tabnuysa 2. llpuHuun il BU3HaYEHHS MiCIS po3TallyBaHHA 3a gonomoror Wi-Fi Todok

'Wi-Fi Touka JiokajabHOI Mepe:ki OTpumasi gaHi, m Peanbhi gani, m
tl 3 3
t2 2 2
t3 4 4
t4 5 5
t5 7 6
t6 6 6
t7 10 10
t8 11 10
t9 5 5

t10 5 5

tl1 12 12
t12 14 14
t13 16 15
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IIpodosaicenns mabauyi 2

t14 14 15

t15 6 6

t16 8 8
KoopHaTh 06’exTa 50.435518, 50.4387279,
30.5458358 30.5231726

[lepeBaramu BukopucTanHsa npuHiumy Wi-Fi Touok € BHCOKa TOYHICTH, HU3BKE EHEProcIo-
KUBaHHS, TACUBHUH PEXUM Ta ToH (aKT, 110 HaJaHa MOXJIMBICTh BU3HAUCHHS KOOPAMHAT 00 €KTIB B
MPUMIIICHHSIX.

Jlo HemoMIKiB MOXKHA BiIHECTH TUTBKM TOW (PakT, 110 HEOOXIAHO MOCTiIHHE MiAKIFOUEHHS 0
Mepexi. 3aBay CYTTEBO BIUIMBAIOTh HAa CHIIy CHTHaITy. SIK MpUKiIaj, BHYTPIIHBOIO 3aBAJ0I0 € CTiHA
Ta 1 cTpykTypa. J{o 30BHIIIHIX 3aBaJ MOKHA BITHECTH MOTOJH1 YMOBH.

[Mpunuun aii BU3HAYEHHS! MicUs PO3TallyBaHHS
o0’ekta 3a gonomororo Bluetooth-rexnomorii (Bu3Ha-
YEeHHS MicIlsl pO3TaIlyBaHHS 3a JOIMOMOIOI0 PaliOXBHIIb).
Jns BU3HAauYeHHs Micus posTamyBaHHS 3 Bluetooth-
TEXHOJIOT1€10 BUKOPUCTOBYETHCS TOH K€ MPUHLUI, LIO i
3 mepexxamu Wi-Fi Todok (puc. 3). PisHuuero € Tinbku
Te, 10 B AKOCT1 TOYOK BimmiKy koopaunat (Wi-Fi Toukn)
BHUKOPHUCTOBYIOThCA crenianbHi Bluetooth-masiku 3 Tex-
Hojorieto iBeacon Bix Apple abo Eddystone Big Google

[2]. Tlpu BukopucraHHsM po3pobok 3 Bluetooth-
(—% TEXHOJIOri€l0 310paHa BelWKa KUIBKICTh JaHHUX MPO Mic-
LE3HaXOPKEHHsI COTEHb TUCSY TaKUX TOYOK, SIKi € BCTa-
HOBJICHUMH B IpoMaJchkux Micusx. [Ipoctora B ycraHo-
Bl 1 HHU3bKa BapTicTh moxiOHux Bluetooth-maskis go-
3BOJISIE JIaHill TEXHONOTIl pO3BUBATHCS YK€ HMIBUIKUMH
TEeMIIaMH, 110 BiJKPHBAa€ BEIHKI MEPCIEKTUBU IS BU-
3HAYCHHS MICIICTIOJIOXKEHHS SIK BCEPEAWHI MPHUMILICHHS,
TakK i Ha ByJHMYHUX IPOCTOpPAX.

Pesynbratn o0uucieHHs BijfcTaHi 10 00’€KTa Bif
Bluetooth-masikiB 3a MM MPUHIIMTIOM HABEACHO B TaOII. 3.

Tlpmemanx

INepenaranx

Puc. 3. lpunnun nii BU3HAYCHHS
Micusg po3TalryBaHHs 00’€KTa 3a JOMO-
Moroto Bluetooth-rexnosnorii

Tabnuysa 3. llpuHumn il BU3HAYSHHS MicLs po3TanlyBaHHs 00’ekTa 3a gonomororo Bluetooth-
TEXHOJOrii

Touka Bluetooth OTtpumani gaui, m PeasnibHi nani, m

t1 0,1 0,1

[lepeBaramu BuKOpUCTaHHS MpUHOUIY 3 Bluetooth-TexHOIOTi€I0 € HU3BKE €HEProCOKUBAH-
Hs 1 TOH (hakT, 0 HaJaHA MOXIIMBICTh TOYHOT'O BU3HAYCHHS KOOPAWHAT 00’ €KTIB B MPUMIIICHHI.

Henonikamu mpunnumny 3 Bluetooth-rexHomnoriero € ManeHbKui paAiyc XBHIb MPU IMiIKIIO-
4yeHHi 10 Bluetooth-maska.

[MonynsipHicTs HaOWPalOTh aNTOPUTMM MAIIMHHOTO HaBYaHHS. 30KpeMa, MOXKHA BHIUTUTH
MPUHIUI BU3HAYECHHS MICISl pO3TaIIyBaHHs 00’ €KTa 3a JOMOMOIOI0 Bi3yallbHUX METOJIB MPH BUKOPHU-
CTaHHI aJIrOPUTMIB PoOOTH 3 300pa)KEHHSAMH Ta BiACOMOTOKaMH. TaKkuii MPUHLIKI 3aCHOBaHUM Ha Me-
TOJaX KOMIT'IOTEPHOI'0 30py 1 Ha alropuTMax riuOOKoro HaBuyaHHA. bijbla yacTuHa anropuTMiB pea-
mizoBaHa y 6i0miorekax OpenCV, GEOS/OGR/GDAL, Pyproj, Shapely, Mapnik.

Hapmani B poboti Oyzne akiieHTOBaHa yBara Ha BUKOPHCTaHHI PO3pOOJICHUX MIAXOIIB IS BU-
pilieHHA 3aa4i BA3HAUYEHHS MICLS PO3TalllyBaHHA 00’ €KTa Ta MOPIBHAHHI Aii, 4acy Ta TOUHOCTI BUKO-
pPHUCTaHUX aMrOpUTMIB. Y KOMOIHOBaHOMY 3aCTOCYBaHHI METOAIB KOMI'TOTEPHOTO 30pY 3aCTOCOBYETh-
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cs BUsBIICHHS 00’ ekTiB Ha ocHOBI qanux 2D/3D LiDAR Ta BuaMMUX 300paKeHb ONHIET 1 Ti€T 3K CIICHH.
Jiis fonaTKiB Bi3yaldbHOTO CIIOCTEPEXEHHS BUKOPUCTOBYIOTH aJrOPUTMHU poOOTH 3 poHOM [3].
[lizxoan Ha OCHOBI IITYYHOTO IHTENEKTY € TAPHUMH PIllICHHSIMH, SIKi AaIOTh SKICHI pe3yiabTa-
TH. AJle Taki NiAXOM € 3aTPATHUMH B 4Yaci 3 TOYKH 30py HaBUaHHS 1 300py JaHHUX Ta BUMAararoTh Be-
JIUKAX OOYUCITIOBATBHUX OIUHUILK JIIs 30epiranHs iHpopmalrii, o oOMexKye iX TOCTYIHICTb.
BukopuctaHHs METOAIB KOMIT'IOTEPHOI'O 30pY 10O BHUSBJICHHS MIMIOXOIIB Y Bil€o MOTOLI
MPHUBOJATH 10 IOCTIHHOTO TIEpETBOpEHHsI KoopauHar (puc. 4, puc. 5).

(574, 36) (856, 36)

CpurinanteHe
300paECHHA

{1280, 0)

Tpanedopmosare

300paECHHA

(1280, 720)

Puc. 4. Buninenss xazupy 3 Biieo IOTOKY

[ IleHTpampHa TOUKA ]

Puc. 5. BunineHust koopauHat 00’e€kTa Ha 300pakeHH1
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OOMexxeHHs TPUHLUITY BU3HAYEHHS MICISl pO3TAlIyBaHHS 00’ €KTa 3a JOMIOMOTOI0 Bi3yalbHUX
METO/IIB IIPH BUKOPUCTaHHI aJIrOPUTMIB POOOTH 3 300paKEHHSAMH Ta BiIEONOTOKAMH TMOJISTAE B TOMY,
10 icHye OaraTo 3aBaj: CWJIBHUH BiTep, TBApUHHU ab0 MTaxH, SKi 3’ABUIMCSA B Kapi, MIBHIKICTH 34M-
TyBaHHs iH(popmarii, 00podka iHpopMalii, iHTepBaJIN CUTHATY.

Jns mepeniueHnx BUIIE METOAIB BUAUIAIOTH IPOOJIEMH CKIIaJHOCTI peaji3alii: TOYHICTb, Bap-
TiCTh, KOH(DIACHIIHHICTB, TOCTYIHICTH a00 EHEProCIOKNBaHHS.

st po3yMiHHS pOOOTH JEKOTPUX aJrOPUTMIB Ta MOJANBLIOTO iX MOPIBHAHHS Y poOOTi Haxami
00paHO MPUHLMI BU3HAYEHHS MICLSI pO3TALIyBaHHS 00 €KTa MPH BUKOPUCTAHHI JaHUX CYIYTHHKOBOI
cucremu Hasiranii GPS.

Busnavenns xoopauHat 3a gonomororo GPS 3acHoBane Ha BUMIpi BiCTaHi BiJ CYNMyTHHKIB
1o GPS npuiimaua (06’exra), 110 3HAXOAUTHCA Ha moBepxHi 3emui. Lle BigcTaHb 40 KOXKHOTO CYIyT-
HUKa MO)Ke OyTH BH3HAa4YeHO 00’ekToM. [Ipu HasBHOCTI KOOpPAMHAT ACKLIBKOX CYMYTHHKIB, MOXKHA
BHU3HAYMTH KoopAuHaTH 00’ekTy [1]. IlomokeHHs 00’€KkTa € TOYKOIO Ha MOBEpXHI YSABHOI cdepw,
LEHTPOM SKOI € CynyTHHK. [Ipu BHU3HaYeHHI TOYKM MEPETHHY TPHOX YSBHUX cep CYMyTHUKIB OTpH-
MYEThCS TIOJOXKEeHHs 00’ ekTa (puc. 6).

O

Distance

Distance

Distance

Puc. 6. Buznauenns xoopausar 3a gonomororw GPS

[Ipobnemoro nbOro MiAX0AY € BU3HAYEHHS JIUILE [ICEBI0 KOOPAMHAT Ta yacy mo curnairy GPS.
OTxe, Ui BUPILICHHS 3aa4i PO3TISTHEMO YOTHPH HEBiNOMUX BennynHM: KoopauHatd (X, Y, Z) i uac
MPOXO/KEHHS CHUTHaTy. BHKOHABIIM BUMIPIOBAHHS CHTHAJIB BiJl YOTUPHOX CYNMYTHUKIB OTPUMYEMO
YOTHPH PIBHSIHHSA, SIKi BUPIIIYIOTHCS Ta I03BOJISIFOTH BU3HAYNTH 1i HEBIZOMI BETHUMHH.

Micue3HaxoKeHHsI BU3HAYAETHCS TPhOMa KOOpIMHATAMHU NpUiiMaya CYIyTHUKOBOI HaBiramii
B JeAKiId CHCTEMi KOOpJAMHAT. SIKIIO KOOpAWHATH MpHiiMada HE 3MiHIOIOTHCA, TO 00'€KT BBa)KA€ThCS
cratuaHUM. J{71s1 Toro, 1mo0 MiABUIIMTH TOYHICTh BU3HAYEHHS KOOPIMHAT, BUKOPUCTOBYIOTh HA3EMHI
CTaHIil, a TAKOXX YIpyIOBaHHA CYIYTHHKIB (OU1bIIE 2-X).

Onnum 3 GPS migxoniB BU3HAUCHHS MicLs pO3TAIIyBaHHs 00'€KTa € METOJ MO3UIIOHYBaHHS
MIpHU BUKOPHCTaHHI MeTony nepeTuny chep. CynmyTHUKH MOCTIHHO MepeAaloTh MaKeTH, SKi MiCTATh 4ac
BiZIpaBKU 1 KOOpAMHATH CynyTHHKa. Jlami ¥ie mOpiBHAHHA 4Yacy BiONpaBKU CHUTHATY 3 CYNyTHHKa
3rofioM ioro orpuManHs Ha 3emui. L[5 pisHULA B Yaci TOBOPUTH MpUiiMady Mpo BifcTaHi 10 KOHKPET-
HOro cymyTtHuka. OTpuMaHa aHaJIoriuHa iH(popMaLis BiJ JeKiTbKOX 1HIIMX CYNyTHHUKIB JO3BOJISE BU-
3HAYUTH CBOE MicCIe po3TalryBaHHA. Micle po3TanryBaHHS 00'€KTa OOUHCIIOETHCS MEPETHHOM cdep
BiJl pI3HMX CyNMyTHUKIB. Pamiycu cdep BH3HAUalOTBCA HETOUHO yepe3 TpomocepHy i ioHOChepHY
3aTPUMKH, €eKTy IpuiioMy BiIOMTOr0 CHUTHaITy Ta iHIIMX YMHHUKIB. [Toxnbka oGunciieHHs BiacTaHi
10 00’ exTy Moxke ctaHoBHTH 30—50 MeTpiB.

{06 3MeHImHTH MOpAAOK MOXUOKK HeoOXinHa Ha3emMHa 0Oaza (mpuitMad), KOOPAMHATH SIKOT'O
Oynyts Bigomi. [Iputomy npuiiMad MOBHHEH 3HAXOOUTHCS MAKCHMANBbHO OJM3BKO A0 BHMIPIOBAHOTO
o0'ekta. TakuM YuHOM Oyze CKOPOUEHO TPOHOCQepHHii 1 I0HOCHEPHUX 3aTPUMKH.

HenonikoM 1ip0ro npuHIUIY € T€, IO HEMOXIIMBO 3HAWTH TOUHE MiCIe pO3TalTyBaHHs 00'€K-
Ta (mpuiimMaua). Y migpaxyHKy € HeBpaxOBaHi IOMUJIKH: MOMUJIKA TOJUH CYIyTHHKA, TTOMUJIKA TOINH-



Poznin 1. MatemaTraHe MOJIETIIOBaHHS B IPUPOJTHUINX HayKax Ta iH(OpMaIiiHi TeXHOIOori1 45

HUKa NpHiiMada, TpornocdepHi i ioHochepHi 3aTPUMKH, CyITyTHUKOB1 IHCTpYMEHTaJIbHI 3aTPUMKH.

JlxepenaMy BHHHMKHEHHS MMOMWJIKM OOYHMCIEHb NPU BUKOPUCTAHHI IBOTO MiAXOAY MOXYTh
OyTH HACTYIHI 3aBaJy: ioHOC(epHi i aTMOocepHi 3aTPUMKH, TOMUJIKH TOJWH CYITyTHUKA 1 mpuiiMaya,
MEepeBiAOUTTIB, TeOMETpUYHE 3HM)KEHHS TOYHOCTIi, BHOOpUHi moctyn (S/A), mmdpyBaHHS KOIOBHX
naaux — Anti Spoofing (A-S).

OCHOBHOIO 3aBa/I0I0 MO BUPIILICHHIO 3aJa4i BU3HAUCHHS MicCLis PO3TalllyBaHHS 00'€KTa € 00Uu-
CIIEHHSI TPEThO1 chepryHOT KOOPAUHATH, SIKA TIOB’SI3aHa 3 BUCOTOIO.

[punuun podotn GPS BrnBae Ha 0OYUCICHHST KOOPIAWHAT, OTXKE 1 HA BUMIPIOBaHHS BUCOTH.
Bci BucoTH, siKi BUMIPIOIOTBCS 3a OMOMOror0 TexHojorii GPS BimHOCATHCS 10 MOBEPXHI emincoina
WGSS84, sxi Ha3MBAaIOTHCS €INCOINAIBHUMHE BHCOTaMH. B icHyIOUMX KaTajorax 3a3BU4ail BKasaHi
OPTOMETPUYHI BUCOTH (BIAMITKHM), SIKi BUMIPSIHI MO0 KiTbKICHOI XapaKTEPUCTUKH CEPEIHBOTO PiBHS
Mopst. OCKUIBKH Ha OUTBIIOCTI ICHYIOYMX KapT BKa3aHi OpTOMETPUYHI BUCOTH, OLTBLIICTh CIIOKUBAUiB
GPS Takox BUMararors, o0 iX BUCOTH Oyiu opromMeTpruyHUMU. LI mpobiema Bupimiena 3a 10moMo-
rolo MoOYIOBH MOJIEINI MOBEPXHi (Te0ix), siKka MpU3HaUYeHa I ePETBOPEHHS eINCOiqalbHIX BUCOT B
oproMmerpruyHi. Ha BITHOCHO piBHMHHUX TEPUTOPIAX MOBEPXHIO I'€0ila MOKHA MPUHHSATH 3a MOPiBHS-
HO PIBHOMIpHY. Y TaKHX perioHax 3a JOIMOMOIOI0 ACSIKUX METOIIB IEePETBOPEHHS MOKHA CTBOPUTH
MOJIeTb BHCOT, 110 SIKiii MOYKHA 1HTEPIIOIIOBATH T€0iaIbHi BUCOTH.

st poboTu 3 i€ MOAETI0 0OUParOTh METOAN BUKJIIOYEHHS MOXMOOK AJIS MiABUIICHHS TO-
YHOCTI HaBIraliiHUX BU3HAYEHb:

— obuucneHHs MoxuOKU (KOpekwis TporocdepHoi 3aTPUMKH, KOPEKIiss KOOpAWHAT BiINOBIAHO 10
reoi3uKol, a came IPUJIKMBH, BIIUITMBH, OOJIK 3CYBY LEHTPY MpHiiMaya i CYIlyTHHKA);

— BUKOPHCTaHHS IBOYACTOTHOTO NpuiiMaua (mpuitMad, IKHid puiiMae 3 CynyTHUKa OfHI ¥ Ti X JaHi,
ajie Ha Pi3HUX YacToTaX), OCHOBHHUM 3aBAAHHIM SKOTO € BUKIIOUEHHsI i0HOC(EepHOT 3aTPHMKH;

— BUKOpHCTaHHS JudepeHiaasHoro (BiIHOCHOr0) peKUMy BH3HA4YEHb pU poOoTi 3 onHUM abo Oi-
JIBIIOK KUTBKICTIO 0a30BUX NMpUHMAadiB, SKi PO3MIIICHI B TOYKAX 3 BIIOMHMH KOOpIWHATAMH Ta
OZIHOYACHO 3 TpUiiMayeM crokuBava (pyxoMuM, ab0 MOOITBHUM) 3AIHCHIOIOTh IPUHOM CHTHAJIB
OJIHHX 1 THX K€ CYyITYTHHUKIB.

[linBuIIeHHS! TOYHOCTI HAaBIralifHUX BU3HAUEHb JOCATAETHCS 338 PAXYHOK TOTO, IO MOMMIIKH
BHUMIpPIOBaHHS HaBiralifHUX mapaMeTpiB CHOKUBUYOTO Ta 0a30BUX MpHIIMadiB € KopenboBaHUMH. [Ipn
(opMyBaHHI Pi3HULB peajbHI MOKA3HUKH MOXKYTh BiPI3HATHCA Ta BEIMKA YaCTHHA TAaKUX MOXHOOK
KOMITEHCYEThCS.

B ocHOBI nu¢epeHIiagbHOro METOAY JIEKUTh 3HAHHS KOOPAWHAT OMOPHOI TOUKH — KOHTPO-
npHO-Koperytouoi craniii (KKC) abo cuctemu onmopHUX cTaHmiid, MoA0 SKUX MOXYTb OyTH o0uuncie-
Hi MOMPaBKU OO BH3HAYCHHS ICEBIOAANBHOCTEH N0 HaBIralifHMX CYMYTHHKIB. SIKIIO I MOMpaBKH
BpaxyBaTH B anapaTypi CIOXHBaya, TO TOUYHICTh PO3PaXyHKY, 30KpeMa, KOOpAMHAT MoXke OyTh min-
BHUIIIEHA B JECATKHU Pa3iB.

BucHoBkn

3anponoHOBaHO MEBHA KUIBKICTh MiIXOAIB 100 BUPIMIEHHS 3a4adi A BUSHAUECHHS Micle3-
HaxomkeHHs 00'exTiB. IIpoBenenuii anamiz nependayae MOXKIUBOCTI (POpMYBaHHS cTpaTerii oOpaHHs
MPHUHIUITB apXiTEeKTypH MepexXi MpU MPOEKTYBaHHI CHCTEMHU ISl TIOAAJIBIIOrO PO3POOICHHS TEXHO-
Jorii yCYHEHHS! BCIX MOXJIMBHX (DaKTOpiB, sSIKi BIJIMBAIOTh Ha BHU3HAYEHHS MICLs PO3TAaIlyBaHHS 3
MaKCHUMaJIbHOIO TOYHICTIO.

3acobaMu po3pOOIICHOTO TOIATKY MPOBEACHO aHaTi3 OTPUMAaHUX JaHUX. JlOCTHimKEeHHS Kilb-
KICHHX XapaKTEPUCTHK OTPUMAaHHX PEe3ybTaTiB Ja€ MOXIHMBICT 00paTH CTpaTerilo MOOYyAOBH apXi-
TEKTYpH CUCTEMH Ta TEXHOJIOT11 Ul BUPILIEHHS 3a/1a4i 3HAXOLKEHHS KOOPAUHAT 00’ €KTa.

Hocnimxeni moxubku 3aco0iB BUMIPIOBaHHS MICLE3HAXOKEHHS 00 €KTIB 3 PI3HUMH IMigX0-
JaMy TIOOYZIOBH apXiTeKTypu mepexi. s mporo Oyiu mpoBeneHi eKcliepuMeHTaNbHI JOCTiIKEeHHS,
IO MPEACTABIISIOTH COOOI0 MOPIBHSAHHS PE3yNIbTaTiB BUMIPIOBaHHS 31 CTaHAAPTH30BAaHUMU 3aco0aMu
BHUMiptoBaHsb. [IpoBeneHo 0OpoOKy OTpUMaHUX AaHUX.

Bci po3risiHyTI BUIlE METOAM MaroTh CBOI IEPEBAry i HEAOMIKMA Ta MAarOTh Miclie B Cy4acHUX
cucTeMax MO3WIioHyBaHHSA. J[JIsl momanbmMX AOCTIKeHb 00paHO METOJ BU3HAUEHHS KOOpPAWHAT 3a
nonomororw GPS.
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ABOUT APPROACHES TO DETERMINATION OF LOCATION OF OBJECTS
Fedii O., Bozhukha L.

Abstract

Object recognition and distance measurement are necessary options in many areas. An
important issue in the design of the system is the choice of technological approaches for finding the
distance to the object and methods of searching and eliminating obstacles in determining the location
of objects. Systems for measuring the distance to an object with elements of artificial intelligence are
now widely used. The main components of such complexes are modules for obtaining images,
recognizing individual objects on them, managing system parameters for the best recognition, and
subsequent decision-making about the availability of the object of certain capabilities. Such systems
have become widespread in the field of integrated security, automated graphics data processing,
systems for detection of a traffic violation, etc.

When designing the system, the question of choosing technological approaches to finding
distances, and methods of finding obstacles, in determining the location of objects, is relevant. The
solution to this problem can be continued by eliminating the selected obstacles in clarifying the
coordinates of the object to increase the speed, accuracy and reliability of the parameters.

This paper analyzes modern technologies and software, to determine the location of a moving
object. Approaches to the formation of a strategy for choosing the principles of network architecture in
the design of the system for further development of technology to eliminate all possible factors that
affect the location with maximum accuracy. Experiments were performed and the results of comparing
the use of different approaches were presented.

To solve the problem it is necessary to conduct a comparative review of existing methods and
algorithms for locating objects. In particular, this publication is devoted to the analysis of technologies
and software to determine the location of a moving object.

One of the most popular categories of mobile applications today is the one that provides
location services. Many people use positioning systems on their navigation devices, smartphones, and
tablets.

The weakness of these solutions is that there are many obstacles, such as inaccessibility
indoors due to strong extinguishing of signals by walls and ceilings of buildings. This opens a niche
for reliable solutions with positioning indoors.

Today there are several approaches and technologies to solve this problem. Cisco has been
working on Wi-Fi positioning for several years, given the proliferation of networks and devices.
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Researchers from Pierre and Marie Curie University are involved in the positioning and navigation of
the user indoors based on GSM networks.

The purpose of the study is to analyze the technology to solve the problem to determine the
location of objects. At, this stage of the study, the task is to form a strategy for choosing the principles
of network architecture in the design of the system for further development of technology to eliminate
all possible factors that affect the location with maximum accuracy.

To solve this problem, methods and approaches are used, which form different models when
using satellite navigation (GPS), navigation using cell towers, wireless communication technology
(Bluetooth), locations on wireless Wi-Fi networks.

A number of approaches to solving the problem of locating objects are proposed. The analysis
involves the possibility of forming a strategy for choosing the principles of network architecture in the
design of the system for further development of technology to eliminate all possible factors that affect
the location with maximum accuracy.

The analysis of the obtained data was carried out by means of the developed application. The
study of the quantitative characteristics of the obtained results makes it possible to choose a strategy
for building the architecture of the system and technology to solve the problem of finding the
coordinates of the object.

The errors of the means of measuring the location of objects with different approaches to
building a network architecture have been investigated. For this purpose, experimental studies were
conducted, which represent a comparison of measurement results with standardized measuring
instruments. The received data were processed.

All the above methods have their advantages and disadvantages and take place in modern
positioning systems. For further research, the method of determining coordinates using GPS was
chosen.
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