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AHHOTAIIASA

B Hacrosiiiiee BpeMsi MUJUTHOHBI JIFOJICH HCIONB3YIOT CMapTGOHBI M CHCTEMBI
HaBuraiun GPS ams opueHTalMu B HE3HAKOMBIX MecTax. OgHaKo, KOrja IpsMas
BUIUMOCTH MEK/Y YCTPOMCTBOM U ciiyTHHKOM GPS 3a0/10KkMpOBaHa, JaHHBIEC CHCTEMBI
HaBUTAIMKM HE paboTal0T WM paboTalOT C Majol TOYHOCTHIO, MOATOMY OHH HE
MOJIXO/IST JJIS MCIIOJIb30BaHUS BHYTPH IIOMEIIICHHU.

CymiecTByeT MHOXECTBO OONBIIMX O(MUCHBIX 3[aHHUi, TOPrOBBIX IICHTPOB,
BOK3aJIOB H  JPYrUX I[IOMEHICHWHA, B  KOTOPBIX HCIIOJb30BAaHHE  CHCTEM,
OCYIIECTBIISIONMX HABUTAIlMIO ¥ OPHEHTAINIO, OyaeT BocTpeboBaHo. Vcmonbp30Banme
B TAKMX CHCTEMaXx 3JIEMEHTOB JIONIOJHEHHOW PEaTbHOCTH CACIAcT HAaBUTAIIUIO TIPOIIE U
MMOHSATHEE JJISI IOJIL30BaTEICH.

B pamkax pabotel OymeT pa3paboTaHa MOOWJIbHAS CHCTEMa HaBHTaIlMH C
SIIEMEHTAMHU IOMOJIHEHHONW peanbHOCTH. JIJIe MOCTPOEHHS KapThl IOMEIICHUS H
OIPECICHUSI MECTOMOJIOKCHHS BHYTPH HETO IUTAHUPYETCS HCIIOIb30BAHHE METO/T
SLAM (simultaneous localization and mapping). s onpeaencHus ONTHMAIBLHOTO

MapuIpyTa J10 1eiau 0y1eT UCO0JIb30BaThCS AITOPUTM A ™.
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1. BBEJEHUE

B Hacrosimee BpeMsi MIJIJTMOHBI JIFOJCH HCIIONB3YIOT CMapTHOHBI U CHCTEMBI
HaBWTAllMM, CBSA3aHHBIE coO cmyTtHukamu GPS, mma  ompenmeneHus  CBOETo
MECTOTIOJIOKCHHSI W OPHUEHTAallMd B HE3HAKOMBIX MecTax. OmHako, Korja mpsMas
BUJUMOCTh MEXKIY YCTPOMCTBOM U CIYTHUKOM YaCTUYHO WJIM TOJHOCTBIO
3a0J0KMpOBaHa, JaHHAs METOJMKA MO3UIMOHUPOBAaHUS HE paboTaeT Ui paboTaer ¢
Majoi TOYHOCTBIO, MOITOMY OHA HE TMOAXOAMUT JUIS HCIOJIb30BAaHUS BHYTPU
TTOMEIICHUM.

CyuiecTByeT MHOXECTBO OONBIIMX O(UCHBIX 3JaHUM, TOPrOBBIX LIEHTPOB,
BOK3aJIOB W JIpYTUX TIOMEIICHWH, B KOTOPBIX HCIIOJIB30BAHUE  CHCTEM,
OCYILIECTBIISAIONINX HABUTAIIUIO U OPUEHTALINIO, OyJIeT BOCTpeOOBaHO.

[lenb pa®oTel — pazpabotath 3HPEKTUBHYIO MOJIC]Ib CUCTEMbl TOYHON HABUTAIIMU
MOJI30BATENS BHYTPH 3[]JaHUM, B KOTOPBIX HaBUTAIUs BOCTpeOOBaHA.

3amaun ucciexoBaHus.

PaccMoTpeTh 0COOEHHOCTH CHCTEM MO3UITMOHUPOBAHNS, TIPETHA3HAYCHHBIX TSI

pabOTHl B MOMEILICHUSIX.

e [IpoBectu CpaBHUTEIbHBIN aHaMn3 CYIIIECTBYIOIINX METOJIOB
MO3UIIMOHUPOBAHNS OOBEKTOB B MTOMEIICHUSX.

e C ucnosb30BaHUWEM TMOJYUYECHHON MH(POpMALUU pa3padoOTaTh MOJENIb CUCTEMBI,
OTIpEIEIIAIONIEH MECTOIIOIOKEHNE 00BEKTa, HAXOIAIIETOCS BHYTPH IIOMEIICHUS.

e [lpoBecTn CpaBHUTENBHBIA AaHAINW3 CYMIECTBYIOMUX METOJOB IOCTPOCHHUS
MapIIpyTOB 0 I B TTOMEIICHUSIX.

e [IpoBecTn CpaBHHUTENBHBIH aHAINW3 CYIICCTBYIOINIMX METOJOB IPOCTOTO M
yA00HOTO OTOOpaKEHHSI MapIIPYTOB J0 LETH JUIs TTOJIb30BATENCH CHCTEMBI.

e Ha ocHoBanum BBIOpAaHHOTO METO/Aa pEATM30BaTh MOOUIIBHYIO CHCTEMY

HaBUTALIUM BHYTPU MOMEIICHUM.



2. CPABHEHUE NNPUMEHSEMBbIX METOJ0OB UCCJIEJIOBAHUSA C
MN3BECTHbBIMUA

2.1 MeToabl NO3UITUOHUPOBAHUS 00bEKTA BHYTPHU MOMeIIeHUsI

Cnytauku GPS mepemaroT CBOM CUTHAJBI C BBICOKOW TOYHOCTHIO, HO TO, YTO
MOJTy9aeT MOJIb30BaTelb, 3aBUCUT B OCHOBHOM OT OKPY’KEHHS, B KOTOPOM HAXOJUTCS
npuéMHUK. Jlake camble BBICOKOKJIACCHBIE NPUEMHUKH MOTYT IOJIYYUTh CHIIBHO
HMCKOKEHHBIC TAHHBIE O TIO3WUIIMOHUPOBAHWE B OCHOBHOM H3-3a CJICAYIOIIUX MPUYHH:
UCIIOJIb30BaHUE BHYTPHU MTOMEIIEHNN, KPBITOE HIIH MOJI3EMHOE UCIOIb30BaHuEe. Bcé 3To
OJIOKUPYET CITYTHUKOBBIM CUTHAJI, IIO3TOMY IOSBIISIOTCS IMOT00HBIC HCKaxeHus [1].

CyIiecTByeT MHOKECTBO Pa3IUYHBIX MMOAXO0B K MMO3UIIMOHUPOBAHUIO OOBEKTOB
BHYTpU mnomernieHui. Yaiie Bcero B KOMMEPUECKOM HCMOJb30BAHUM BCTPEUYAIOTCS
cucteMsl, ocHoBaHHbBIEe Ha Texnonorun Wi-Fi u Bluetooth.

2.1.1 Cucrembl, oCHOBaHHbIE Ha TexHoJoruu Wi-Fi

B ocHOBe Takumx CHCTEM IIO3MIIMOHUPOBAHHUS  HAXOMATCS  AJITOPUTMBI
tpunarepanuu u mw3MmepeHnn RSSI curnamoB Wi-Fi touek. [lo RSSI Berumcnsiercs
pacCTOsIHME MEXKAYy IepeaTYuKOM M IIOJIb30BaTeleM, 3aTeM II0 aJlfOpHUTMaM
TpHUJIATEPAIIUN BBIYUCISICTCS MECTOIIOJI0KEHUE 0OBEKTa.

Moiesb Takok CHCTEMBbI OblJIa pACCMOTPEHA B UCCIIeI0BATENbLCKOM padoTe « Wi-Fi
Indoor Positioning System Based on RSSI Measurements» [2]. [{nst aemoHcTparyu
ujern ObLIO CO3IaHO MOOMIIBHOE MPHUJIOKEHHE JIJIS orepanroHHoi cuctembl Android,
koTopoe u3Mepsto RSSI curnan ommxaiimux Wi-Fi Touek. [lanHbie 00 YpOBHE CHrHaa
OTIPABJISIIINCh Ha CEPBEP, KOTOPBIM BBIYHMCIISUT MECTOMNOJIOKEeHHEe oObekTa. CpemHsis
BEJIMYMHA OIMMOKU B cucTeMe cocTaisiia 1.99 merpa.

OCHOBHBIM HEJIOCTATKOM JJAHHOT'O METO/Ia SBJISICTCSI HEOOXOIMMOCTh pa3MelIeHUS
oosbimoro konmuectBa Wi-Fi Touek, 4To MokeT OOOMTHCH JOCTATOYHO JIOPOTrO B
O0JBIIIMX O(HUCHBIX 3JaHUSAX MM TOPTOBBIX IIEHTPAX.

2.1.2 Cucrembl, OCHOBaHHBIE Ha TexHoJoruu Bluetooth

B Taxoii peanuzaiuun BmMecto Wi-Fi Touek BwicTymaroT crnernuanbhbie Bluetooth

Maskd. B 31aHMHM, B KOTOpPOM HEOOXOJMMO OOECIeUUTh HABUTAIIUIO, ITH MAasKh
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pa3MeInarTcs TaKuM 00pa3oM, 4TOOBI B KaX 10 TOUKE ObLI JOCTYIEH CUTHAJ XOTS ObI
Tpex u3 HuX. [IpuiioskeHune, yCTaHOBJICHHOE Ha yCTpOUCTBe, BeruKcisieT RSSI maskos,
KOTOPbIC HAxXOAATCS B 30HE BHIMMOCTH H, 3HAas HX KOOPAMHATHI, MPOU3BOIMT
BBIYUCIICHUE TEKYIIEr0 MECTOTIOIOKCHUS.

[MpexycmarpuBaeTcs, YTO MasiKU OYAyT PACIoIaraThCsl Ha CTEHAX WJIM MOTOJKAX.
JInsi mpoCTOTHI 3KCIUTyaTalldd OHM OOBIYHO MUTAIOTCS OT Oatapeiiku. biaromaps
HCIIOJIb30BAaHUIO COBpEMEHHOU peanu3anuu TexHojoruu Bluetooth — Bluetooth Low
Energy — Bpemst paboThl OTHOTO Masika MOKET OBITh B mpeenax oT 1 1o 5 ser.

Kommepueckas peanmuzaiisi JaHHOTO TOJAXOAa JOCTYIHA JJIs TOKYIKH Y
kommanuu Estimote [3].

OCHOBHO# HEJOCTATOK JAHHOTO METO/1a TAKOM JKe, KaK U B CHCTEMaX, OCHOBAHHbBIX
Ha texHosioruu Wi-Fi: 3arpatel Ha npuoOpeTeHune Ooubioro koiuuectBa Bluetooth
MasKOB.

2.1.3 KoMOMHHPOBAHHBIE CHCTEMBbI MO3HIIHOHUPOBAHMS

CyIIeCTBYIOT peaiu3alliy CUCTEM MO3UIIMOHUPOBAHKS, COBMEIIAIOIINE B ceOe 00a
pPacCMOTPEHHBIX paHee monxona. Hampumep, kommanus Accuware [4] cosnmana
cucteMy, kotopas anamusupyer u Wi-Fi touku, u Bluetooth masiku Bokpyr, 4ToOBI
OMPEICIUTh MECTOMoNOKeHne 00bekTa. OObETUHEHUE IBYX METOJOB B OJHOM
1o3BoJIMII0 ACCUWAre 100MThCS TOUHOCTH MO3UIMOHUPOBaHUs B 1 MeTp.

Emé onHOKM  KOMIIAaHWEW, TMPENOCTABISAIOLIAN  BHYTPEHHUE  CHCTEMBI
MO3WIIMOHMPOBAHUSA I KOMMEPUYECKOTO HCIOab30BaHus sBasercs Insiteo [5].
Cucrema, peau30BaHHas 3TOW KOMIaHWeH, aHanu3upyercs He Toiabko Wi-Fi Touku u
Bluetooth masikk, HO Tak)ke ydYWUTHIBACT JaHHBIC aKCeIepOMETpa M Kommaca. ITo
MO3BOJISCT JOMOJHUTEIBHO YBEIUUNTh TOYHOCTD O3MIIMOHUPOBAHUS.

OjiHaKoO HECMOTPSI Ha 3TH YJIYYIICHHS B TOYHOCTH MO3UIIMOHUPOBAHUS, TPodIIeMa
C 3aTpaTaMu Ha MpUOOpeTeHHEe 000PYI0BAHUE CTAHET Ja)ke OOJbIIIe, YeM B CUCTEMAX,

ucnoJp3yronmx otaeabHo Texnonorun Wi-Fi u Bluetooth.
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Pucynok 1 — Cxema paOOThI CUCTEM MMO3UIIMOHUPOBaHUS, HCob3yrommx Wi-Fi Touku
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2.1.4 CuctemMbl, 0CHOBAHHbIE HA KOMIIBIOTEPHOM 3PeHMU

MeTooM  TO3WUIMOHMPOBAHHMS BHYTPH IIOMEIICHUH C  HWCIOJb30BaHUEM
KOMIIBIOTEpHOTO 3peHust sBisiercs merox SLAM (simultaneous localization and
mapping) [6]. JlaHHbIi MeTOT MCIIOJIB3YET IaHHbIC ¢ KAMEPhl Ha 00BEKTE U, HCIIONIB3YS
MaTEeMaTHUYECKHE aJITOPUTMBI, COCTABIISICT KapTy MOMEIICHHS ¥ ONPEICIIACT MOJIOKCHUS
3TOro 00OBEKTA.

JlaHHBIH MeTOoJ He TpeOyeT 3aTpaT Ha YCTaHOBKY OOOPYIOBaHHMs, YTO cpasy
pelraeT OCHOBHOM HEJIOCTATOK CHCTEM, PACCMOTPEHHBIX PaHEe, a TAKKE UMEET CXOXKYIO
TOYHOCTh TO3UIIMOHUPOBAaHHUS OOBEKTa. B KauecTBE KaMmephl MOXET OBIThH
UCIIOJIb30BaHa Kamepa cMmapTdoHa TOJb30BaTeNd. TakuM 00pa3oM TMOSIBISCTCS
BO3MOXXHOCTB CO3JIaHHUSI CUCTEMBI B BUJE MPUIIOKESHUS I cMapTdoHa, 3a CYET Yero
KOJIMYECTBO JKEJIAIOIMIMX M HMMEIOIIUX BO3MOXKHOCTh HCIOJIb30BAHUS CHCTEMBI
Bo3pacTaeT. JJaHHOE PEUMYIIECTBO SABJSCTCS PELIAOIINM JIJIsi OOJIBIINX TOMEIICHHH,
MO3TOMY B JaHHOW HAy4HOH paboTe I MO3UIIMOHUPOBAHUS IOJIb30BATENIA BHYTPH

IMOMCIICHUS UCIIOJB3YCTCs )IaHHBIﬁ MCETO.



Pucynok 2 — Ilpumep pabotsl meTona SLAM

2.2 MeToabl NOCTPOEHHUSI ONITUMAJIBLHOI0 MAapIIPYTAa A0 LeJIU

JIns moCTpoeHUs] ONTUMAJIBHOTO MapuipyTa J0 IeId MOXKHO HCIOJIb30BaTh
AITOPUTMBI HAXOXKJICHUSI HAMMEHBIIIETO MyTH B Tpade.

2.2.1 Ucnoan3oBanue ajaropurma Jleiikcerpol

Anroputm JleiikcTpbl n300peTEH HUAEPIAHACKUM YUEHBIM DacrepoM JleiikeTpoit
B 1959 romy. OH HaxoauT KpaTdaliiue MyTH OT OJHOW M3 BEpIIUH rpada 10 BcexX
OCTaJIbHBIX. DTOT AJITOPUTM pabOTaeT TOJBKO Il rpadoB 063 p€dep OTPULIATEIIBHOTO
Beca. AnroputMm JIEHKCTphl IIUPOKO TMPUMEHSETCS B MPOTPAMMUPOBAHUU H
TEXHOJIOTHUSX, HAPUMEp, €ro MCIOJIb3YIOT MPOTOKOJbI MapiipyTusaiiuu OSPF (Open
Shortest Path First) [7] u IS-1S (Intermediate System to Intermediate System) [8].

2.2.2 Ucnoan3oBanue ajroputma besuimana-®opaa

Anroput™m bemnmana-dopra — ajdropuTM MOMCKa KpaTyalilero IyTH BO
B3BEIIEHHOM Tpade. 3a HEOOBIIOE BpEMST aJITOPUTM HAXOAHWT KpaTdaIimue MyTH OT
OJIHOM BepIIMHBI Tpada J0 BceX OCTaabHBIX. B oTinnume ot amroputma JIeHKCTpHI,

anroput™ bemnvana-dopaa momyckaer péOpa C OTpPULIATENIBHBIM BECOM. ITOT



aJrOPUTM TIPEIJIOKEH He3aBUCMMO Puuapaom bemimanom u Jlectepom Dopaom.
Anropurm mapmpytusanua RIP (Routing Information Protocol) [9], ocHoBaHHEBII Ha
anroputMme bemnvana-®opaa, Ob11 BriepBeie pa3dpadoTtan B 1969 roay, kak 0CHOBHOM
s cetu ARPANET (Advanced Research Projects Agency Network) [10].

2.2.3 Ucnoan3oBanue ajaropurma @Jioiiga-yopuenia

Anroputm @noiima-Yopuemia OCYIIECTBISIET ITOMCK KpaTdyaWllluX ITyT€d BO
B3BEIICHHOM Ipade ¢ MOJOXKHUTEIbHBIM HIIM OTPUIIATEIBHBIM BecOM pebdep. 3a OHO
BBITIOJTHEHHE aJITOpUTMa OYyT HalIeHbI JUTHHBI (CyMMAapHBIE Beca) KpaTyalimx myTen
MEXKy BCEMU MMapaMy BEpUIMH. XOTs OH HE BO3BpALIAET JETalu CAMHUX IyTEH, MOKHO
PEKOHCTPYUPOBATH MYTH C MOMOIIIBIO TPOCTHIX MOAUDUKAIINI alrOpUTMA.

Anroputm  ®mnolina-Yopuienna seiasercs 3(Q@GEKTUBHBIM 1Ji1 pacyéTa BCeX
KpaT4yaliux myTed B INIOTHBIX Ipadax, Korjga UMEeT MECTO OOJIbIIOe KOJIMYECTBO Tap
pedep Mexy mapaMu BEpUIUH.

2.2.4 Ucnoab3oBaHue ajropurma JleBura

Anroputwm JleBuTa no3BOJISET HAWTU KpaTUyalllike MyTH OT 3aaHHOM BEPIIUHBI J10
BCEX OCTaJbHBIX BepmIMH. B cpaBHeHum ¢ meromom Jlenkcrpel meron JleButa
MIPOUTPHIBAET B TOM, YTO HEKOTOPHIE BEPIINHBI MPUXOAUTCS 00padaThiBaTh MOBTOPHO,
a BBIMTPHIBAET Ha 00JIee MPOCTHIX AITOPUTMAX BKIKOYEHUS U UCKIIOUEHUS BEPIIUH U3
MHOKECTBA BEPILMH, PACCTOSHUE A0 KOTOPBIX BBIYHMCISAETCS Ha TEKyLIeM IIare
aNropuT™Ma. JKCIEPUMEHTAIBLHO YCTAaHOBJICHO, YTO JUIsl Tpad)OB C «TEOMETPUUSCKUM)
MIPOUCXO0XKJIEHUEM, TO €CTh JIs rpad)0B, MOCTPOCHHBIX HA OCHOBE TPAHCIIOPTHBIX CETEH
M peanbHBIX paccTosHUM, MeToj JleButa okaspiBaeTcs HamOosee ObicTpbiM. OH
BBIUTPBIBAET U MO pa3Mepy MPOrpaMMBl.

2.2.5 Ucnoan3oBanue ajaropurma A*

Anroputm A* (A Star) — aaropuT™ MOMCKa Mo MePBOMY HAMJIYUIIIEMY COBIAJICHUIO
Ha rpade, KOTOPhIM HAXOAUT MAPIIPYT C HAUMEHBIITEH CTOMMOCTBIO OT OJJHOM BEPIITUHBI
(HavanpHOM) K APYTroM (KOHEYHOM).

[Topsimok 00X0/1a BEPIITMH OMPEALSISETCS IBPUCTHICCKON (QYyHKIIUEH «PaCCTOSHHE

+ CTOUMOCTb». JTa (QYHKIUS — CyMMa [JBYX JpYrux: (QYHKUMHA CTOMMOCTHU



JOCTHKEHMS paccMaTpUBAaEMOM BEPIIMHBI U3 HAYaJIbHOM M (PYHKIIMM 3BPUCTUYECKON
OLIEHKH PacCTOSIHUS OT pacCMaTpUBAEMON BEPIIMHBI K KOHEUHOI.

Anroputm A* 00XOIUT MPH ITOM MUHUMAIbHOE KOJMYECTBO BEPIIUH Ojaroaaps
TOMY, 4TO OH paboOTaeT C «ONTUMHCTUYHOW» OLIEHKOW IIyTH Yepe3 BEpIINHY.
OnTUMHCTUYHON B TOM CMBICTIE, UTO, €CJIM OH MONAET uepe3 3Ty BEPIIUHY, Y aIrOpuTMa
«ECTb IIAHCY, YTO pealibHasg CTOUMOCTD pe3yJsibTaTa Oy1eT paBHa 3TON OIICHKE, HO HUKAaK
HE MEHBIIIE.

Korma A* 3aBepimaer MOUCK, OH, COIJIACHO OMNPEACICHUIO, HAaXOAUT MYTh,
MCTHUHHAsI CTOMMOCTh KOTOPOTO MEHBIIE, YEM OLIEHKA CTOMMOCTH JII00Or0 IyTH Yepes
0001 OTKpBITBHINA y3en. Ho MOCKOIBbKY 3TH OLEHKU SIBISIOTCS ONTUMUCTHYHBIMH,
COOTBETCTBYIOIIME y3JIbl MOKHO 0€3 COMHEHUI 0TOpocuTh. MHave rosops, A* Hukoraa
HE YITYCTUT BO3MOXKHOCTH MUHUMU3UPOBATH JUTHHY yTH [11].

N3-3a 3TUX 0COOEHHOCTEN pabOThl alropuT™Ma MCHOJIB30BAHUE €r0 B HAYYHOU
paboTe s MOCTPOEHUS MapUIpyTOB OT MECTa HaXOXKJICHHUS TMOJB30BaTENs M0 LIEIH

Oynet Haubosee y100HbIM U 3 (HEKTUBHBIM.
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Pucynox 3 — Cxema pa0botsl anroputma A*
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2.3 Metoabl o0TOOpa:keHUsI TNOCTPOEHHOI0 MapumipyTa /a0 MHeJu s
10JIL30BaTeJIs1

CyniecTByeT HECKOIBbKO Pa3IUYHBIX MOAXOA0B I OTOOpPaKEHUSI MOCTPOECHHBIX
MapuIpyTOB JUJIs ITOJIb30BATENEH.

2.3.1 OTo0OpakeHue MapuIpyTa HA KapTe NOMeLIeHUs

JlaHHBI METOT 0TOOpaKEHUSI MAPLIPYTOB UCIIOIB3YETCS MOUYTH BO BCEX CUCTEMAX,
HCIOJIB3YIOLINX CUCTEMBI, CBsI3aHHbIE CO cIiyTHUKaMu GPS, 1 HaBUrauuu Ha Kakoi-
aM00 MECTHOCTH. B JTaHHOM MeETOJe MOJIb30BaTEIb BHJIUT CXEMATHYECKYIO WIH
CIlyTHUKOBYIO KapTy MECTHOCTH, Ha KOTOPOH OTOOpPa)KaeTcsi MECTOIOJIOKEHUE
II0JIB30BATEIS], MECTOIOJIOKEHHE LIEJIM U CHIENUAIBHBIMU JIMHUSIMH ITOKa3aH MapIIpyT:
10 KaKOW JOpOTe HYKHO IMOWTH, YTOOBI JOMTH JI0 1EJIM KpaTYalIIUMU Iy TEM.

B mpoektupyemoii cucreMe npu UCHOJB30BaHUU JIAHHOTO METO/A, MOKHO OBLIO
OBl TOKA3bIBATH IJIAH 3JJaHUS U 3TaKa, HA KOTOPOM HAXOAMTCS MOJIb30BATEINb, @ BMECTO
JOPOT KCIOIb30BaTh KOPUAOPHI BHYTPHU 3/1aHHUS.

OpHako, B OOJBIIMX TOPrOBBIX IIEHTPaX WJIK O(UCHBIX 3AAHUAX MOXKET OBITH

HECKOJIBKO ATa)eH, TO3ITOMY JJaHHBIA METOJT 0TOOpaXkeHus Oy/IeT He OYEHb YA00CH.

c Navigation nach: Ausgang (Entfernung 53m) sc;:c\c’lgié .

free’ wifi

SErvice

Navigation

Von: Aktueller Position
Nach: Ausgang
Entfernung: 53m

3m

r~ 5m

51%} Ziel erreicht

Pucynox 4 — Ilpumep oToOpakeHus: MapIIpyTa Ha KapTe OMEIIEeHUs

11



2.3.2 OTo0pakeHnne MapuIpyTa ¢ UCMOJIHL30BAHMEM JIEMEHTOB 10NOJTHEHHOM
PeaiIbHOCTH

B Hacrosimee Bpems, B CBSI3W C pACHpOCTPAaHEHUEM CMapTHOHOB, METOMIbBI
JOTIOJTHEHHOM peasbHOCTH HaOWparoT MOIMYJSPHOCTb, & CUCTEMBI, HCIIOJIb3YIOLIHE
DIIEMEHTHI TAHHBIX METOJIOB CTAHOBSTCSI HAN0O0JIee BOCTPEOOBAHHBIMH.

Jnsa oroOpakeHuss MapuipyTa [0 IIefd, Ha BHIEO C Kamepbl cmapTdoHa
MOJIb30BaTENsl B  ONPEACNEHHBIX MOJOXKEHHUSIX HAKJIAIBbIBAIOTCS  CIICLUAIbHBIC
yKa3aTelld, KOTOPbIE IMMOKA3hIBAIOT, B KAKOM HAIPAaBJICHUU HYXHO WUATH, YTOOBI JONTH
10 1IeJH.

3a cu€T mpeuMyliecTB M YOOOCTBA HCIIOJNB30BAHUS CUCTEM C JIIEMEHTaMHU
JOMOJTHEHHOW pEalbHOCTH, B HAYYHOW paboTe s OTOOpaKeHHs MapuipyTa

HCIIOJIB3YCTCA I[aHHBIﬁ MCTOM.

PI/ICYHOK 5— HpI/IMCp HCIIOJIb30BaHUS AJIEMEHTOB JOIIOJIHEHHOM PCAITBHOCTH JIJIs1 HABUT'allUU
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3. MIPEJICTABJJIEHUE ABTOPCKOI'O IIPOAYKTA

Jlanas Hay4yHas paboTa MpeCcTaBiIsIeT OO0 MOJIeNIb CUCTEMbI TOUYHON HAaBUT AU
MOJIH30BaTEelIsl BHYTPH 3[aHUM, B KOTOPBIX HABUTallMsI BOCTpEeOOBaHA.

[TepBbiM AenoM sl TOTO, YTOOBI OCYILIECTBUTH HABUTALIMIO BHYTPHU 3/IaHUI,
HEO0OXOIMMO peasii30BaTh MO3UIIMOHUPOBAHHUE MTOJIb30BATENISI CUCTEMBI BHYTPH 3/1aHUS.
Jlyist 5TOrO B Hay4yHOW pabOTEe MCIOIB3YETCS METO, MCIOJIB3YIONINH KOMITBIOTEPHOE
3peHue, a uMeHHO — MeToa SLAM.

Metong SLAM cocroutr M3 ABYyX HE3aBUCHMBIX IIPOIIECCOB, OJIHOBPEMEHHO
BKJTFOYAIONIMX B ceOs HABUTAIIMIO W TOCTPOCHHE KapThl MapmipyTa. Bo Bpems ero
JECUCTBUS  BBINIOJHAIOTCS ~ IOCJEAOBATE/ILHBIE  BBIUMUCICHUSA, MPOBOJAUMBIC B
HenpepblBHOM Iukiie. llomyueHHble pe3ynbTaThl OKAa3bIBAIOTCS B3aMMOCBSI3aHBI,
YTOYHSISL U JOTIOJIHSISL APYT Apyra.

Jlns moctpoeHus kapThl TpebyeTcs coop nHbOpMaIIUU, TOCTYTAIONICH OT KaMEpHI,
ee mocieayonas uarerpanus 1 oopadotka. [lo utoram aHain3a MOTYyUYECHHBIX JAHHBIX
COCTaBJICTCS MpeJICTaBIeHUE 00 OKpY’KaroleM MpocTpaHCcTBe. B To ke camoe Bpems
BBITIOJTHSCTCS JIOKAIM3AIIMS, ONPEICIIIoNas pacriojoKeHne 00beKTa Ha TOJTyUSHHOM
Kapre.

Kak TonbKO MBI MOJMYyYMJIM MECTOMOJIOKEHHUE I0JIb30BaTEIsl CUCTEMbl BHYTPH
MOMEIIEHUs, HEOOXOJUMO TOCTPOUTh ONTUMAJBHBIM MapmipyT 10 menau. s
ONpeAeICHUsT ONTUMAJIBHOTO MapuipyTa JI0CTaTOYHO HCMOJIb30BaHWE OJHOTO U3
aNropuTMa MOWCKa Kpardaiiiero mytd B rpade. st mpoekTupyeMoit cucteMbl ObLI
BbIOpaH anroputMm A* (A Star).

[lo nmaHHBIM, pacCMOTPEHHBIM B pazjaene 2.2.5, MaHHBIA aJIrOPUTM HANUIET
KpOTYAWIINKA MaplIpyT 3a MUHUMAJIbHOE KOJIMYECTBO MPOXoJa Mo rpady. A Tak Kak B
00JIBIIUX O(PUCHBIX 3AHUSIX WM TOPTOBBIX LIEHTPAX BO3MOMKHO OOJIBIIIOE KOJIHUYECTBO
JAHHBIX, TO 3TOT AJITOPUTM OY/IET ONTUMAJILHBIM JJIsl TAaHHOM 3aJ1a4yu.

Korpa 3aBepmimiock mocTpoeHHe Mapuipyta, HE0OXOJUMO YI0OHO W TOHSITHO
0TOOPA3UTh TMOJIH30BATEIIO0 CUCTEMBI MapmipyT. [ 3TOro MCHOIB3YIOTCS AJIEMEHTHI
JIOTIOJIHEHHOW PEAbHOCTH. TakoW METOJ MO3BOJAET MPOCTO U IOHSATHO ITOKA3aTh

ITOJIB30BATCIIIO HAIIPABJIICHUC JIBUXKCHHC.
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Pa3paboranHas cucTeMa HaBUTALMK SIBISIETCS MPUIOKEHHEM UId cMapTQoHa,
UCIOJIb3YIOUIMM BCTPOECHHYIO Kamepy ycTpoiicTBa. Takum oOpa3oM JlaHHas cucTeMa
Oyner nocTtynmHa OONBIIOMY KOJMYECTBY IIIOJIeH, M HE MOTpedyeT 3arpar Ha
JOTIOJIHUTENBHOE 000pYy/I0BaHUE.

Jlig co3maHusl TPUIIOKEHUE HCIOJB3YEeTCsl TOMYJSIPHBIN, (YHKIIMOHATBHBIN
KoHCTpyKTOp Unity.

Unity — sto MexmuiatdpopmeHHast cpena pa3pabOTKU Uit CO3JABaHUS UTP U
MIPWIOKEHUH, paboTalomux Ha 60j1ee 4eM 25 pa3IudHbIX TIaTGopMax, BKIFOYAOITIX
[EPCOHAJIbHBIE KOMITBIOTEPHI, UTPOBBIE KOHCOJIM, MOOMIJIBHBIE YCTPONCTBA, UHTEPHET-
npwiokeHuss u apyrue. OcHoBHBIE mpeuMymiectBa Unity 3To Hanudue BU3yaibHOU
cpenbl pa3pabOTKH, MOJYJIBHOW CHCTEMAa KOMIIOHEHTOB M MEXIUIaTGOpMEHHas
noaaepkka. TakuM o0pa3oM MOMHUMO MHCTPYMEHTOB BU3YalbHOI'O MOJAEIMPOBAHUS
Unity BrirouaeT B ce0si HHTETPUPOBAHHYIO CPEAy pa3padOTKU U ENOYKy COOPKH, UTO
3HAYUTEIFHO TOBBIMIAET MPOU3BOJUTENBHOCTh PAa3paOOTUMKOB MU 3TANOB CO3IAHUS
IPOTOTUIIOB M TECTHUPOBaHUSA. MexmnarGopMeHHON MOAJEp)KKa IMO3BOJMUT CO3AATh
OJIHYy CUCTEMY M B JAJIbHEHILIEM HCIIOJIb30BAaTh HA CAMbBIX MOITYJISIPHBIX OMEPAalMOHHBIX
cucteM cMapTdonos, Hanpumep Android u 10S.

JUis Wcronb30BaHUsA JOMOJHEHHOM peaNbHOCTH HCIOJIb3yeTcs IuiaTtdhopma
ARCore. ARCore — 310 MHCTpYMEHT AJIsl pa3pabOTKH MPOTPaMMHOTO 0OeCIIedeHMsI,
KOTOpPBIA IO3BOJISIET CO3AaBaTh IPWIOKEHUS JONOJIHEHHOW peanbHOCTH. OH
UCIIOJIb3YET TPU KIHOUYEBBIE TEXHOJIOTHH ISl «BHEIPEHUS» BUPTYaJIbHOTO KOHTEHTA B
peanbHYIO Cpey:

1. OtcnexuBaHue IBUKEHUS: TIO3BOJISET MOHATH MOJIOKEHUE B peabHOM MUPE.

2. TlonnmaHue OKpY’Kalolell Cpeapl: OHO TO3BOJSET CMapT(OHY OIMpeneisTh
pa3Mep M MECTOIOJIO)KEHUE BCEX THUIOB ITOBEPXHOCTEH (BEPTHUKAJIBbHBIX,
TOPU30HTAIBHBIX U YTJIOBBIX).

3. O1leHKa OCBEIIEHHOCTHU: 3TO MO3BOJISIET CMAPTHOHY OLICHUTHh TEKYILUE YCIOBUS
OCBEIICHUS OKPYXKAIOLIEN CpeIbl.

B nacrosmuit Moment ARCoOre noaiep>kuBaeTcsi BO MHOTUX HOIYJISIPHBIX Cpeaax

pa3paboTKu IpuaokeHuii, B Tom uncie B Unity mas Android u 10S.
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5. PE3YJIBTATBI

B nayuHoit paboTe ObUTH paCCMOTPEHBI Pa3IUUHbIE CUCTEMbI MO3UIIMOHUPOBAHUS
00BEKTOB, CITOCOOHBIE padOTaTh BHYTPH NMOMEIICHUN. BpITN paccMOTpeHbI TEXHOJIOTHU
peanu3aluy TUX CUCTEM, MTPOBEAEH UX CPABHUTEIBHBINA aHATIU3.

ITo pe3ynpTaTaM CpaBHEHHS JJII CUCTEMBI MMO3MIIMOHUPOBAHUS, pPEAM3yeMON B
JaHHOW Hay4yHOW pabote, Obl1 BbIOpan Meton SLAM ¢ wucnonb3oBaHuEM
KOMITBIOTEPHOT'O 3PEHUS.

[IpoBeneHO CpaBHEHUE CYHIECTBYIOUIMX METOJIOB JJII IOCTPOCHUE ONTHUMAIbHBIX
MapuipyToB 10 uLenu. B paspaboranHoi cucteMe, ObUT BBIOpaH METOJ IOMCKA
Kpotuaiiniero mytd B rpade. [lo pesynbraraM cpaBHUTEIBHOTO aHAIM3a aJrOPUTMOB
peanu3aluu JaHHOTO METO/1a, ObLIT BHIOpaH anroputM A*.

belmn paccMOTpeHBl pas3IMyHblE MOAXOAbI Ul PEANM3aluy YacTH CHUCTEMBI,
OTBEYAIOIIIEH 32 0TOOpakeHre MapuipyTa J10 1eiu. M3 Hux Obuta BeIOpaHa TEXHOJIOTHS
JOTIOJTHEHHOM PEaIbHOCTH.

Jlia neMoHcTpauuy paboThl CUCTEMbI HaBUralluy, Oblia cliejaHa MOJEb B BUJIE
NPUIIOKESHUS 1151 cMapT(oHOB Ha ocHOBe UNity. Mosienib MOXKeT BBIIOJIHATEH (PYHKITUIO
IIO3WLIMOHUPOBAHUS TOJB30BATENII BHYTPU IIOMELIEHUS, a TaKKe BBIITOJIHATH
MOCTPOEHUE MapIIpyTa OT MECTOMOJIOKEHHSI MOJB30BATENIS 10 3aJaHHON LIETH.

OCOOEHHOCTBIO CHUCTEMBI SBISIETCSI BO3MOKHOCTh Pa0OTHl C HMCIHOJIb30BAaHUEM
TOJIbKO cMapTdOHa TMOJIb30BATENs, O€3 YCTAaHOBKH JOMOJTHUTEILHOTO 000pYI0BaHUS.
Takas cuctema MOXET NPUMEHATHCS B OOJNBIIMX OQUCHBIX 3AaHUSIX, TOPTOBBIX
LEHTpax, BOK3aJlax M Apyrux nomeuieHusx. C momouipio pa3pabOTaHHON CHUCTEMbI
MOJIb30BATEM  CMOTYT  BBIIIOJHATH  MOCTPOCHHMS ~ MaplIPyTOB  OT  CBOETO

MECTONOJIOKEHHS 0 HEOOXOAMMOro ouca, Mara3uHa, miar(GopmMel UK IPYTUX MECT.
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