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Peghepam - Ilocayru Mmicue-BH3HAYEHHS, 10 HAAITHCS CHCTEMAMHU CYNYTHUKOBOI HaBirauii, HUHI IMPOKO 3aCTOCOBY-
0ThCH B HalPi3HOMAHITHIINKX cepax NOBCAKACHHOT0 *KUTTS JIIOAHHH, 110 JA€ MiICTABH BBAXKATH iX BAXKJIMBHM KOMIIOHE-
HTOM rJ100aJ1bHOI iHopmaniiiHoi inppacTpykTypu. Ilpore, pO3BHTOK Ta PO3IOBCIOMKEHHS CY4YACHHX CHCTEM CyNyTHUKO-
BOI'0 MOHITOPMHIY IOB’SI3aHU i3 MiABUIEHHAM TOYHOCTI Ta JOCTOBIPHOCTI NPUITHATHX HaBiraniiinux panux. /s Bupi-
IEeHHS i€l Npo0JieMHu YA0CKOHAJIEHHSI MOTPeOYIOTH CIIOCOOM BiICTe:KEHHSI MAPIIPYTIB CIIOCTEPEKYBAHUX 00'€KTIB 3 METOI0

iX 30epexkeHHsI Ta NOJAJBIIOT0 BiITBOPEHHS i aHAJi3y.

Knrouogi cnosa — nocnyzu micye-6u3sHaueHHs; CUCmemMU CyRYMHUKOGOI Hagicayii; ananiz ma oopooka.

I. Bcrvin

Ha croromHimmHii 1eHh MOKHA TOBOPUTH PO LITHPO-
KUH CIIEKTP 3aCTOCYBaHHS CYITyTHUKOBHUX CUCTEM HaBira-
uii (CCH): BilicekoBa cepa, Ha3eMHa, MOPCHKa Ta TOBi-
TpPSIHI HaBirauisi, CJiy»kOu HOPATYHKY, reojie3is i KapTor-
padis romo. [Ipo obesr 3acTocyBaHHS CBIIYUTH BEIIHUC-
3Ha KUTBKICTh MpHUCTPoiB 3 noctynom go CCH. CynyTHu-
KOBI HaBiramiiHi TEXHOIOTii IIMPOKO 3aCTOCOBYIOTHCS
Y BCbOMY CBITi. B 1aHuii 4ac MpoKo BUKOPUCTOBYIOTHCS
cepicu GPS TpekiHTy, 3aBIaHHSIM SKUX € BiJCTCKCHHS
MapuIpyTiB CIIOCTEPEKYBaHUX 00'€KTIB 3 METOIO iX 30e-
pEeXEHHS, TIOJABIIIOTO aHalli3y Ta 00pOOKH, a IepcoHa-
neHuA GPS MOHITOPHHT BUKOPHUCTOBYETHCS B 0araThox
cdepax nisutbHOCTI [3-8].

CynyTHHKOBa pajioHaBiramiiHa cucremMa abo, sK
BOHA IIl¢ HAa3MBA€ETHCS, TI00aNbHa CUCTEMa BU3HAUCHHS
Mmics posramryBaHHs GPS (Global Position System)
3a0e3nevye BUCOKOTOUHE BU3HAYCHHS KOOPIMHAT 1 IBH-
IKOCTI 00'€KTiB y OyIOp-AKiii TOYI 3€MHOI NOBEPXHI,
y Oynp-akuii yac n00u, y Oynb-sKy HOTOay, a TaKoX
TouHe Bm3HauYeHHA dacy. GPS-cuctema cxiamaeTscs
3 cHeniaibHO PO3pOOJIEHUX HU3bKOOPOITAIBHHUX CYITyT-
HHUKIB, SKi CIIy>KaTh JUIs BU3HAYCHHS TOYHUX KOOPJIHMHAT.
[2 c.34]

II.  META 13ABJJAHHSA JIOCJIJKEHHA

OCKUIbKH 3HAYHOIO0 TPoOJIeMOor0 € 00poOKa BETHUKO1
KUTPKOCTI HaBiraliiHUX JaHUX, METOI POOOTH € pO3po-
Oka ajxropuTMy Ta TPOrpaMH MIKPOKOHTpOJUIEpa
Arduino anst BH3HaueHHsS reorpaiyHUX KOOpPAMHAT
1 MIBHAKOCTI pyXOMHX 00" €KTiB 3 BuKopucTtanusm GPS —

nmpuiiMada, SKAH TpuiiMae Ta 00poOJse CHTHAIH BiX
CYMyTHHUKIB, IO BIHOCATHCS J0 KOCMIYHOTO CErMEHTY
r7o0aNbHOT CUCTEMH IO3MIIIOHYBAaHHS, a TaKOXK METO-
JUKa OOpOOKM HaBIralidHUX MaHWX IS BHU3HAUCHHS
reorpagiyHAX KOOPAWHAT 1 IIBHIAKOCTI PyXOMHX
00" exTiB 3 BUKOpHucTaHHAM GPS — mpuiimaya.

III.  OPrAHI3ALIIS [TIPOEKTY ARDUINO

Cucrema Arduino npormoHye OOMKETHHH CIoci0
CTBOPEHHSI IHTEPAKTUBHHX MPOEKTIB TAKUX SIK CHCTEMHU
3amucy npoiaeHoro Mapmpyty Ha ocHoBi GPS. Iloimo-
KEHHsI 00'€KTy OOUMCIIOETHCS 3aBJISKH BUKOPHCTAHHIO
GPS-npuiitmaua, skuii nmpuiiMae Ta 00poOIIOE CHTHAIH
BiJl CYITyTHHUKIB, IIIO0 BiTHOCATHCS O KOCMI4HOTO CerMe-
HTY T700a1b6H01 cuctemu no3unionysanus. GPS cucrema
B CBOEMY CKJIaJli Ma€ Ha3eMHI IEHTPU YIPABIIHHS VIS
BU3HAUYCHHS TOUHHX TapaMeTpiB OopOiT CYNMyTHHKIB Ta iX
kepyBaHH:. 3a gonomororo GPS-mpuitmaua s KoxxHOT
TOYKH OTPUMYIOTH TpH KoopauHatu X,Y,Z, ne X,V - Bin-
HOCSITBCS 10 TUIOCKHX, Z-7I0 BEPTUKAIBHUX KOOPAWHAT.
JuckperHicts oTpuMaHHS iHpoOpMalii Moxe OyTH
3a/1aHa i CTAHOBUTH BiJf CEKYHIHU 0 IEKUTBKOX CEKYHI.

GPS-npuiimMau oTprMye iHGOpMALi0 B PIIKOBOMY
(hopmari, sIKa mepelaeTbes CyIyTHUKaMH | BUKOPHUCTOBYE
o iHpopMario Uil po3paxyHKy pIi3HHX HapaMeTpiB
MDX HUM 1 CyIlyTHHKaMU. 3a iHpOpMaLi€ro 3 CYITyTHUKIB,
npuiimau GPS Mosxe 3adikcyBaTu cBOe Miclie po3raiiry-
BaHHS Ha 3eMJII BUXOJSTYH 3 BIJIOMOTO ITOJIOXKEHHS CYITy-
THUKIB.

30BHINIHA aHTEHAa NPUIMAE CUTHAIH 3 CYIyTHHKA
i mepemae ix GPS-monmyns, skuii B CBOIO uepry
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MEePETBOPIOE JIaHl B KOPHUCHY iH(opMalito (IKpoTa, T10B-
roTa) 1 BIANpaBIISE PE3yNbTaT B MOCTIIOBHOMY (opMarti

Puc.2 Ckian enementiB GPS-tpekepy
norigyHoro piBust RS232.

Texnouoris GPS 1no3Bosisie He TIABKM BU3HAYaTH
Miclie po3TallyBaHHs, a it OTpUMyBaTH iH(OPMAILIiIO PO

. 4ac, Ha OCHOBI SIKOi MOXHA CTBOPHTH JIyXKe TOTIHI/II\/'I
o~ P GPS) ) TOZMHHHK, SKUH OTPUMYE 3aBXM 4ac 3a VFanqueM,
- % o oA | O17bII BiIOME K BCECBITHIM KOOPAMHOBAHHHN Uac.
\Mo?w ’{/ TakuM 4YMHOM, MalO4YM TaKy MHOXHHY TOYOK KOOp-
Alcnaeii KK <3 4/ apra SP A1

JIUHAT MOKHA OTPUMATH 3aIUC KOOPAUHAT 00'€KTY, IO
5 2 . .

_— HEPEMIIIAeThCS 3 IUIMHOM 4acy. Y HaIIOMy MPOEKTI MU
- Bizyaaizauiqd daHux

BHKOpHUCTOBYeMO Monyias GPS 3a momomororo sixoro
\ = Oynemo Bu3HayaTu reorpadiyHi KOOpIUHATH, 4ac 1 pH-
OJIM3HY MIBUAKICTH IepeMilieHHs (i1 9ac pyxy).
Tenep, 3Hatounm sk mnpuiiMatn KkoopaumHatu GPS
1 IepEeTBOPIOBATH 1X B HOPMAJbHHUNA YHCIOBUHA BUTIIS,
ckoHcTpyroemo GPS-norrep i opraHizyemo 3amuc Ifiei
Puc. 1 GPS-npmiisias sa Arduino inbopMaui'l' B MIATy POBUIMPEHHS 3 KapTok HaM'HTi
microSD. Hamr siorrep Bu3HauaTuMme i 30epiratume cBOi
KOOPJMHATH. 3aBASKM BUKOPHCTaHHIO KapTH Iam'aTi
microSD MoO)XHa 3amucaTH TPAEKTOPIFO PyXy aBTOMO-
Oins, Katepa abo OyAb-SKOTO IHIIOTO MEPEMIlAETHCS
o0'ekTa, 3 SKOr0 MOXJIMBHH mpuiiom curHaiie GPS,
1 TTIOTIM IEPEeTJITHYTH 110 1HPOPMAIIifo Ha KOMITTOTEPi.

MpozpammyBarts

GPS antena (30BHimus)
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IV. PE3VYJIbTATU EKCIIEPUMEHTY
TA BIJIOBPAXKEHHSI TPAEKTOPIi HA MAIII

Jns  Bi3yanbHOrO  NPEACTaBICHHS  IOJOXKSHHS
00'€ekTa y MpocTopi BUKOPUCTOBYIOTH Te€0iH(pOpMaIliifHi
cucremu (I'IC) — cucremu 300py, 30epiranHs, aHami3y
Ta rpadiyHoi Bizyaiizalii MpocTopoBuX (reorpadiyHux)
JTAaHWX 1 MOB A3aHOI 3 HUMH iHOpMaILii mpo HeoOXiaHi
00’ €eKTH.

Jns Bi3yanpHOI OIHKH (OpMH TpaekTopii Oyio
3actocoBano I'IC “GPS Visualizer”, sika BUKOPUCTOBYE
cucremy koopauHaT WGS-84 sk pedepeHnHy 3aranbHO-
cBiTOBY cucreMy. Tak, naHi, 3adikcoBani GPS — norre-
poM BimoOpakaymcs Ha KapTi y BHIIIAII TPAeKTOPii, Ky
MOTIM MOXKHA BiJl MacIiTabyBaTH 1 TOCIIPKyBaTH.

BHUCHOBKU

VY xomi BUKOHaHHSI poOoTH OyJO MpOoaHaTi30BaHO
NPUHIUIH T0OY0BY TII00AIFHOT CHCTEMHU MicLsl po3Ta-
uryBauHs GPS, mo sBisie co00r0 CyKymHICTh paioenek-
TPOHHHUX 3aC00iB, IO JI03BOJISIE BU3HAYATH IOJI0XKEHHS
Ta MBHUIKICTE pPyXy oO'ekta Ha moBepxHi 3emii abo
B aTMOcdepi.

3a pe3ysbTaTaMH €KCIEPEMEHTANBHHUX JOCHTIIKEHb,
PO3pO0JICHO ANTOPUTM Ta MPOTpPaMy MiKPOKOHTpoOJLIepa
Arduino anms Bu3HAYeHHS TeorpadiuHUX KOOPAWHAT
1 IIBUJIKOCTI pyXOMHX 00 €KTiB 3 BUKopuctanusim GPS —
mpuiiMada, SKUH TpuitMae Ta 0OpoOsSe CHTHAIHM BiX
CYMyTHHUKIB, IO BIIHOCATHCSI 0 KOCMIYHOTO CErMEHTY
rI00aNbHOT CHCTEMH O3ULIOHYBaHHS.

VK 629.051

Ha ocHoBi pe3ynbTariB aHamiza TpekiB OyJjo BHSB-
JICHO IPWYHHY 1 XapaKTep iX BiAXUICHb Bijl pearbHIX Ma-
PIIPYTIB pyXy, AOCIIUKEH] pi3Hi THIH "BUKHIIB" T€OKO-
OpIiHAT, BU3HAUEHI O3HAKM BiOXWIEHb T'€OKOOpIiHAT
PI3HHX JDKEpell.
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HccnenoBanue riiod0aIbHON CUCTEMBI
mecronoioxxenusa GPS u pazpaborka anropurma
00pa0OTKH JaHHBIX C HPUEMHHKA CUTHAJIOB
HaBUTallUOHHBIX CITYTHUKOB
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Pegpepam - Y ciryru MecTo-onpe/ie1eHHusl, IPeJ0CTaBIsIeMbIX CHCTEMAaMH CIIyTHUKOBOH HABHIAIlNH, HbIHE INHPOKO MPH-
MEHSIIOTCSI B Pa3JIMYHBIX cepax MOBCeTHEBHOI KU3HH Ye/I0BeKa, YTO JaeT OCHOBAHHUS CYUTATH HX BA’KHBIM KOMIIOHEHTOM
rJj100aJ1bH0I HHGOPMALHOHHOH HHPpacTPYKTYpbl. OqHAKO, pa3BUTHE U PACIIPOCTPAHEeHHE COBPEMEHHBIX CHCTEM CITyTHH-
KOBOI'0 MOHMTOPHHIA CBAI3aH C OBBIIIECHUEM TOYHOCTH M JOCTOBEPHOCTH IPHHATHIX HABUTAMOHHBIX JaHHBIX. Jlid peme-
HHA 3TO NpodieMbl TPeOYIOT COBEPIICHCTBOBAHHUS CIIOCO0bI OTCJICKUBAHMS MAPUIPYTOB HA0/1101aeMbIX 00bEKTOB C Le-
JILIO MX COXPAHEHHS M NMOCJIeIYI0LIero BOCIPOU3BeACHHsI H aHAIN3a.

Knroueswie cnosa = ycayeu mecmo- onpe()eﬂeuwl; cucmemaosl cnymHuKoeoﬁ Hasucauuu; anaiIu3 U 06pa6omka.
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A study of the global GPS location system
and the development of an algorithm
for processing data from a navigation

satellites signal receiver
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Abstract - The positioning services provided by satellite navigation systems are now widely used in different areas of
people's daily living, thus giving ground to consider them to be an important component of the global information infra-
structure. The satellite radio-navigation system, also known as GPS (Global Positional System), provides high-precision
positioning and speed of an object at any point, time, weather condition, as well as exact timing. The GPS system which
consists of specially designed low-orbit satellites could be defined as a complex of radio-electronic devices providing posi-
tioning and speed o an object moving on surface or in atmosphere. However the development and spreading of modern
satellite monitoring systems are closely connected with the improvement of the level of precision and reliability of the data
received. To solve the problem it is necessary to improve the methods of an object route monitoring with the aim to save,
reconstruct and analyze them. Hence it is suggested by experimental research to develop an algorithm and the Arduino
microcontroller program to define geographical positioning and speed of a moving object using GPS-receiver capable to
receive and process signals from the satellites of GPS space segment. The project uses GPS module capable to detect geo-
graphical coordinates, time and approximate movement speed (during the move). Every point supposes to have three coor-
dinates, namely X, Y, Z, with X,Y as plain coordinates and Z as vertical coordinate. The discretion of getting information
to be set in advance comprising one to several seconds. Due to time data a precise clock was established showing Greenwich
time better known as Universal Coordinated Time. Thus, having such a set of coordinates available it is possible to register
the coordinates of an object moving in a period of time. The GPS Visualizer was applied for the visual assessment of
a trajectory configuration. The GPS Visualizer is bases on WGS-84 coordinate system as worldwide reference system. There-
fore, the data registered by GPS-logger were projected on a map as trajectories, which could be further zoomed in/out.

Keywords - location-definition services; satellite navigation systems; analysis and processing.
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