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METOJ ONIPEAEJIEHUS TEKYHIET'O PACIIOJIOKEHUS B CUCTEMAX I1O3UILIU-
OHUPOBAHMUSA U HABUT'ALIMU BHYTPU ITIOMELLEHU S
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Annomayus. B cmamve paccmompenvi cOBpeMeHHbIE Cemegble MeXHOI02UU DeCnpOo8OOHOU nepeoayu
OAHHBIX, 8 YACMHOCMU 803MOAICHOCU npedocmasisiemble cmandapmamu WiFi, ZigBee, BLE 4.0, RFI u
LTE. /[lna onpedenenus mexkyujeco noaoMCenus 6Hympu nomeweHuss asmopamiy paccmMompensbl Memoosl Ha
OCHOBe CcU2HAN08 iBeacon u noxazanull axcenepomempa. Aemopamu nPeonodiceH UHMESPUPOBAHHbLIL Me-
Mmoo onpedenenus meKyuwe2o PacnoioNHCeHUss U pAcCMOMpPer NPUMep NPOSPAMMHOU pearu3ayuy omoopa-
JHCeHUsL meKyuell NO3UYUU NOJIb308amMes 6HYMPU 30aHUs U NOUCK Kpamualiuie2o nymu K 3a0aHHOMY MASIUKY.

Knioueswie cnosa: BLE, RSSI, Beacon, ZigBee, indoor-unasueayus, onpedenenue mexywe2o nonogice-

HUA.

BBenenune

B Hacrosiee BpeMs CUCTEMBbI TJI00aJIBHOTO T10-
3unroHupoBanud GPS momyumnu odeHb MIMPOKOE
pacnpocTpaHeHHe ¥ UMEIOTCS MMPAKTUIECKH BO BCEX
MOOWIBHBIX YCTpOiicTBax. OJHAKO TaKHUE CHCTEMBI
paboTOCTIOCOOHBI TONBKO Ha OTKPBITOM MPOCTPaH-
CTBE TPY HAIMYUH TPSIMOA BHIUMOCTH CITyTHUKOB.
B Toxxe BpeMs CyIecTByeT MOCTaTOYHO MHOTO 3a-
Jay, Tpe6y101u1/1x HaBUralym B YCJIOBHAX OTCYT-
CTBHA CHUI'HAJIOB CIIYTHHMKOB: HaBUIralyds BHYTPHU
CKJIQJICKUX TTOMEIEHHA; OTCIeKUBAaHUE TIepeMellie-
HUS COTPYIHUKOB B O(HCE; OTCICKHBAHHUE IEpe-
MeIleHHs 0araka B a3poIopTy; HaBUTallUs B CYIEp-
MapkeTax, aspoBok3anax [1]. st perneHus TaHHOM
MPOOJIEMBI UCTIONB3YIOT CAMOXO/HBIE CHCTEMBI WIIN
cucremMbl indoor-HaBuranuu. Pa3zpaboTkoil Takux
MPWIOKEHUH  3aHUMAIOTCA  Takue  KOMIIAHUU:
Google, Nokia, Qubulus, Skyhook Wireless,
MapQuest, Walkbase, Wifarer, IWAY, Deck [2].
beur  paspaboran psm  mpoektoB: Target, Tech
Crunch, DeskWay, Smartmuseum, Indoor Naviga-
tor, Plase lab, Horus, Radar.

OpnHako TpU HKCIOJb30BaHMKM cucTeM indoor-
HABUTAIMHA OCTAKOTCS MPOOJIEMBbI TOYHOCTH OTpe/Iie-
JICHUS. KOOPJMHAT, CKOPOCTH OOpa0OTKH JAHHBIX H
onpeeseHHsE KOPPEKTHOTO MapIipyTa.

1. BecnmpoBoAHBIE TEXHOJIOTHH

Pa3HooOpa3ue obmacteld W HampaBieHHH HC-
MOJIb30BaHUsI cHCTeM iNJOOr-HaBHUTAIMK  CIIOCO0-
CTBOBAJIO CO3JAHHIO PA3BUTHIO OOJIBIIOMY pa3HOO0-
pasuro TexHonorui. Hambonee momynspabie Oec-
pOBOIHBIE TexHOMOrHH [3]:

© Ilerposa O.A., Tabynmuk I'.B., lupk Ban
Mepone, 2017

—  Wi-Fi: 370 TeXHOJOTHS JIOKAJbHOU BBI-
gucnutenbHoi cetn (JIBC), xotopast obecrieunBaer
CBS3b MEXKJY JJICKTPOHHBIMH YCTPOMCTBAMHU TIO
oecripoBogHomy curHan. Cranmapt IEEE 802.11
omnpeaenseT TexHomoruo Wi-Fi.

—  Bluetooth Low Energy: OecnpoBomaHas
nepcoHanbHas ceTb (PAN), onpeneneHHble B HOBOM
cneundukanuu texuosorun Bluetooth. D10 Hexo-
poroe ¢ HU3KHM OJHEPronoTpeOJIeHHeM pelIeHHe
Bluetooth.

- ZigBee: sBmseTcs crennpuKaiueii KOM-
MYHUKAIIMOHHBIX MPOTOKOJIOB BBICOKOTO YPOBHS Ha
ocHoBe ctanaapra IEEE 802.15, ucnons3yercst 1ist
co3manus cet nuaHOU obmactu (PAN), moctpoen-
HbIC M3 HEOOJIBIINX, MAJIOMOIIHBIX ITU(PPOBBIX pa-
nuocraniuii. Tomosiorust ceTu MO3BOJSIET Tepejia-
BaTh JIaHHBIC Yepe3 y3Jbl CETH, AOCTUTas Ha OOJb-
[IMe PacCTOSIHUSA, HO ¢ HEOOJBIIONH CKOPOCTBIO Tie-
penaun nansbix. ZigBee sBnsercs LowCost TexHo-
JIOTHEH.

- Bluetooth: 3to cranmapr OGecrnpoBomHOI
TEXHOJIOTHH, KOTOopasi o0ecredrnBaeT OecpoBOIHYIO
CBsI3b MAJIOrO pajuyca JISHCTBHS MEXITy (QUKCHPO-
BaHHBIMH U MOOWJIBHBIMH YCTPOHCTBAMHM U CTPOMT
OecrpoBoIHbBIE IepcOHANBHEIE 30HBI (PAN).

— RFID (Radio Frequency IDentification):
9TO CHOCO0 aBTOMATHYECKON HIEeHTU(UKAIMHA 00b-
€KTOB, B KOTOPOM IIOCPEICTBOM paJIMOCUTHAJIOB
CUMTHIBAIOTCS WJIM 3alMCHIBAIOTCS JaHHBIE, XpaHs-
mmxcst Ha RFID-mertkax [4].

— LTE (Long-Term Evolution, 4G) - wmo-
OMJIbHAS TEXHOJIOTHSI CBS3HM Y€TBEPTOrO MOKOJICHHUS.
Bruta paspaboraHa aiis TOro, YTOOBI MPEIOCTABUTH
IT0JIB30BATENSIM JIOCTYTI K BCEBO3MOYKHBIM CEPBUCAM,
a Takke K ceTu MHTepHeT mocpescTBOM MPOTOKOIIA
IP. Cets LTE coctouT W3 MHOXKECTBa y310B. Bce
Y3JIBI CETH MPUHATO JEIUTh Ha JIBE KaTeropuu. Y3-
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JIBI, OTHOCSIIMECS K ceTu paamomoctymna (radio
access), M y3IIbI - OIOpHO# cetu (core network) [5].

Kaxnast u3 TexHomoruii mMmeer OONbIION aua-
Ma3oH KOMMepueckux npuioxeHuit [6]. Takxe cy-
MIECTBYET MHOXECTBO paboT, MOCBANICHHBIX CpaB-
HEHHUIO 3THX [7] TEXHOJNIOTHH, U BCE OHU IPHU3HAIOT,
YTO HAWIYYIIHH KOMIIPOMHUCC B IIEHE, PACCTOSIHUU U
ckopoctu obecrieunBaercs BLE.

2. ITocTanoBKa 3a1a4u

J1J11 KOppEeKTHOTro 0TOOpaKeHHS PACTIOIOKEHUS
BHYTPHU TOMEIIEHUSI HEOOXOIUMO OIpPEeIuTh Te-
KyIMe KOOPAMHATHI, COINOCTaBUTH IIOJIOKEHHE C
KapTorpaduyeckuM TIpeACTaBICHHEM, OOHOBISTDH
pacroyioKeHHe B peajbHOM MacliTade BPEMEHH,
MPOBEPATH COOTBETCTBUE TEKYLIETO ITOJIOXKEHUS OT-
HOCHUTENBHO IIAHHPYEMOTO MapLIpyTa.

2.1 Hccnedoeanue memoooe onpeoenenue
meKyuie2o nonoxcenusn 01a BLE 4.0

Masiuku iBeacon peann3oBaHbl ¢ HCHOJIB30Ba-
HueM nporokosia BLE 4.0. Oty masuku ¢ 3amaHHON
MEPUOTUYHOCTHIO TPOU3BOMSAT PACCBUIKY CHTHaja
Omaromapss KOTOpPOH MOXXHO HISHTH(DHUIIMPOBATH
MasioK.

[ pacyeToB paccTOsSHHS OT Masyka OepyT
cpennee 3Hauenne RSSI ¢ kaxmoro iBeacon. s
3TOr0 MX HEOOXOJMMO HACTPOUTH Ha BBIAAYY HWH-
dopmManmu ¢ MaKCHMalbHOH 4YacTOTOW, 3aTeM ¢
OTIpe/IeNIEHHOH NepUOMYHOCTBIO HAKaIJIBaeM e¢ B
oydepe [10], 1 Ha OCHOBE HAKOIUICHHBIX JAaHHBIX
ompezenseM cpennee 3Hauenue. Popmyna ompene-
neHus nonoxxeHus mo RSSI:

P
Puan =101(~2) @

0

OnHako, Ha TIPaKTHKE MapameTp YPOBHS IpH-
HuMaemoro curHaia (RSSI) we crabuien, yto 3a-
TPYIHSET KOPPEKTHOE OMNpeJeIIeHUEe MOJIOKEHHS.
310 00ycnoBneHo [9]:

- OpHEHTaluuen U XapaKTEPUCTUKOU
HaIIpaBJIECHHOCTH H3JIyYEHHsI UM NPUEMA aHTCHHOMN
MasuKa/oJIb30BaTEILCKOTO YCTPOMCTBA,

- MPUCYTCTBHEM KPYITHBIX SKPAHHUPYIOIINX
OOBEKTOB (YEJIOBEK TaKOBBIM TOXKE SBISACTCS) II0
HaTpaBJICHUIO OT MasyKa JI0 YCTPOHCTBA

- HaJTU9IHeM TOOJIM30CTH TTOBEPXHOCTEH U3
MaTepHasIoB, XOPOIIO OTPAKAIOIINX PaJNOCHTHAI, a
Takxke OOJBIIMM CKOIUIEHHMEM MasukoB Beacon Ha
OJHOM TEPPUTOPHH, 38 CUET MHOTOJIyYEBOH HHTEp-
(hepeHIr C OCHOBHBIM JTy9OM.

[Ipu u3BectHbIX mapameTpax RSSI Gonee s¢-
(hbeKTUBHO MMOCTPOCHUE MpoeKImu Ha ocu XY. Jlis
9TO HEOOXOAWMMO BHIOpaTh TPU MasdKa C HAWITyd-
UM TIOKa3aTeneM cpemHero 3HadeHus RSSI u

OTIPEJICIIUTh KOOPAWHATHI MOJI30BATENS C TIOMOIIBIO
tpuiareparuu [11]. B Tprmarepanuu st BEIYHCITE-
HUS MECTOIOJIOKEHUS 00BEKTOB HCIOIB3YETCS H3-
BECTHOE MECTOIIOJIOKEHUE JIBYX U 00Jiee OMOPHBIX
00BEKTOB M M3MEPEHHOE PACCTOSHHE MEXIY KaxkK-
I5IM M3 OMOPHBIX 00BekTOB (Beacon MasdkoB) u
YCTPOMCTBOM, JUIsl KOTOPOTO OIPEACISICTCS MECTO-
noJyioxenue. J[7s TOYHOTO U OJTHO3HAYHOTO OIpejie-
JICHUSI OTHOCHTEIBHO MECTOTIONOKEHHSI TOYKH HITH
00BbEKTa Ha JBYMEPHOM IUIOCKOCTH TOJBKO C HC-
M0JIb30BAaHUEM TpUJIATEpalUU TpeOyeTcs, KaK Ipa-
BUJIO, IT0 MEHBIIIEH Mepe, TPU OMOPHBIE TOYKH.

Pacyersl mpou3BOASTCS B JABYMEPHOM IPO-
CTPaHCTBE, a PACCTOSHUE JO MAasYKOB Y — B TPEX-
MEPHOM, COOTBETCTBCHHO, €CIIM Pa3HUIlA MO ocu Z
MEXy HaOIIoJaTeNIeM U MasiuKaMH OIyTHMA, HYXK-
HO CTPOMTH MpoeKiuu Ha ocu X, Y (puc.l).

C=vA%>-B? )

I'le A— 3TO NOIY4YEHHOE pAacCTOSHHUE dYepe3
RSSI, B — BricoTa pacmoioXeHUsl MasdKa OT JIBY-
MepHO# miockoctu, C — paccTosHUe OO0 Masiuka B
9TOHM TIOCKOCTH, KOTOpoe U TpeOyeTcs HalTh. T.K.
00pa3yeMblil TPEYTOIbHUK — MPSMOYTOJBHEI, TO TIO
teopeme Iludaropa MokHO HAWTH HUCKOMOE PacCTO-
SITHUE, U UCIIOJIb30BaTh €ro B CBOMX pacuerax. OqHa-
KO TaKoW pacyeT JaeT TOYHOCTh B 3 MeTpa.

z

Habmoaarets Beacon-Maggok

Puc.1. IToctpoenne npoekunu Ha ocu X, Y

s 0OHOBIIEHHS KOOPAMHAT B PEajbHOM Bpe-
MEHH  MOXHO WUCHOIb30BaTh (uiabTp Kanamana,
Kanmana — Berocu, rubpuansnii punstp Kanmana.
PaccmoTpuM npenMyIiecTBa MCHOIb30BaHUS (HHUIIb-
tpa Kanmana [7]. @unbtp youpaeT 1mymbl uamepe-
HUs (CiTydaiiHble BCIUIECKH) U BBIAAET PE3yNIbTaT Kak
C YUETOM PE3YyIbTATOB TEKYIUX U3MEPEHHM, TaK U C
y4€TOM TIpe/ICKa3aHHbIX pPE3YyJIbTaTOB HAa OCHOBE
MPOLIIBIX M3MEPEHHNA. DPUIBTP HCIONB3YET IHUHA-
MHYECKYI0 MOJENb CHUCTEMBI (3aKOH IBWKEHHS) H
JIBE MTOBTOPSIIOIINECS UKIMYECKH CTAJANH: TpeIcKa-
3aHHE W KOppeKTHpoBKa. Ha mepBom atame — mpen-
CKa3aHMU —PaCCUMUTHIBAETCA COCTOSHUE CHUCTEMBI B
CIIETyIOIINI MOMEHT BPEMEHH, a Ha BTOPOM — KOp-
PEKTUPOBKE — KOPPEKTUPYETCsI IIPOTHO3, UCIIOJIB3YS
pe3yNbTaT 04epEAHOTO U3MEPEHUS:
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Mameperve

OueHka cocTosHUs

Puc.2. Ilporiecc ¢punpTparuu CHCTEMbI

[Tpu HaYaTBHBIX 3HAYEHUSX Xk1 Pk, CHaUama
pacCUMUTHIBAETCS MPEACKA3aHUE COCTOSAHUS CUCTEMBI

c,=Fc,, +Bu, (3),

I'me Cx - 9TO mpeAcKa3aHue COCTOSIHUE CHUCTE-
MBI ,B TEKYIIUH MOMEHT BpeMeHH, I — Marpuia ne-
pexoaa MEXIy COCTOSHUSAMHU (JUHAMHYEcKass Mo-
JeNlb CHCTEMBbI), Cy.q- COCTOSIHUE CHUCTEMbI B IIPO-
LIUTBIA MOMEHT BpeMeHHU, B — Marpuna npumMeHeHus
YIPaBJISIOMIET0 BO3NEHCTBUSA, Uy — YIpaBISIOMINe
BO3JICHCTBHE B MPONLIBIA MOMEHT BpemeHH [13].

Pacuer npenckazanust OIMOKY BBIYHUCIISIETCS:

P =FP_,F" +Q 4),

rae Py- nmpenckazanue ommoOku, Py — ommoOka B
MPOIUIBI MOMEHT BpeMeHH, Q - KoBapHuaIus 1yma
mporiecca.

Ha srtamne KOppeKTHPOBKH BBIYHMCIISIFOT CHAavYaia
ycunenue Kanmvana:

K.=PHT(HRH" +R)™" (5),

rae Ky- ycunenue Kanmana, H — marpuma us-
MEpeHU 0TOOpaXkaromasi OTHOLLICHHE U3MEPEHUH U
COCTOSIHMM, R — KOBapuanus nryma u3mMepeHusl.

ITocne yero mpou3BoAUTCS OOHOBIIEHHE OIICHKH
C Y4eTOM U3MEpEeHHs B TEKYIINHA MOMEHT BPEMEHH
dg:-

C =C + Kk (ak - Hck) (6),

ITocne gero ompenensercss OOHOBJIICHHE OIITHO-
KH KOBapHaluu:

Pk :(L_KkH)Pk (7),

rae L — matpuna naeHTHYHOCTH.

Takxke MOKHO YMEHBIIUTH MOTPEIIHOCTh IPO-
THO3a — C TIOMOIIBIO TIPUMEHEHUS Cpa3y ABYX CH-
CTEM — TIIOMHUMO OCHOBHOT'O ONPEIENICHUS TOJI0XKeE-
HUs IpU nomou Beacon MasukoB, MCIONB30BAThH
JUIsL KOPPEKLMU 3TOrO IOJIOKEHUS! MHEPLUAIBHYIO
HaBUTaLOHHYIO CHCTEMY, COCTOSIIYIO U3 aKcelle-

pomerTpa,
pa)[14]:

— AKcenepoMeTp — T[OKa3bIBaeT MPOCKIIUU
neiictByronux cuit. Korma ycTpoHCTBO HEMOIBUXKHO
00 MBUKETCS 0e3 YCKOPEHUs, aKCEIepOMETP BhI-
JlaeT 3HAYCHUS] MPOCKIUI YCKOPEHHUS CBOOOHOTO
mmajieHus (CHITBI TSDKECTH) Ha €T0 OCH.

THPOCKONIa ¥ Kommaca (MarHUTOMeT-

Ny =V,, cosV+(g+V,,)sinv

(8)

n, =-V,, sinv+(g+V,,)cosv

rae Vg, Vyg — ceBepHas U BepTUKalbHAs
COCTaBJIAOIIAsl 00BEKTA B CHUCTEME KOOpPAMHAT, XJ
YQ g —CcHiIa TSDKECTH, V - yTOJI TaHTaXa.

— T'mpockon — mOKa3bIBaeT MPOEKLUU YIJIO-
BBIX ckopocTel. Korja ycTpoicTBO HEMOABUAKHO, TO
nosyyaeM Hynu. [Ipm M3MeHeHWM yriia HakIOHa
YyCTpOICTBa BBIIACT CKOPOCTh BpAIEHUs, pa3io-
KEHHYIO Ha OCH.

w, =—@Q+v (9)

— MarauromMeTrp — TOKa3bIBaeT HANPSIKEH-
HOCTh MarHUTHOT'O TIOJISA, Pa3JI0’KEHHOIO Ha OCH.

2.2 Illocmpoenue kapmocpaguueckozo npeo-
cmaegnenus

s oToOpaxkeHHsI TIOJIOKEHUsI HA KapTe HeoO-
XOJMMO HMETh KapTorpaduieckoe IpecTaBiIeHUe
MOMEIIEHHUSI ¢ OTMEUEHHBIM TOJ0KEHUEM Ka)XJIOTO
iBeacon-masiuka ¥ UMETh BO3MOXKHOCTB TIPOJIOKUTD
MapupyT. s 3TOro BOCIOJIB3yEMCSl alrOPUTMOM
JUIsl TIOUCKA KpaTyaillero MmyTu 4epes3 JBe TOUKU. B
JaHHOW palboTe HCHOJIB30BAJICS AITOPUTM IOMCKA
KpaTuaiimero myTd mnoj HaszBaHueM Jump Point
Search (JPS)[15].

IlycTs KapTa mpexacTaBiieHa B BHIE MaTPHUIIBI
[M,N], rme M — xomuuectBo Touek mo ocu X, N -
KOJIMYECTBO TOYEK 110 OCH Y.

AnroputMm paboTaeT Ha HEOPHEHTHPOBAHHOM
rpage enquHoro Beca. Kaxxaoe mose kapTel UMeeT <=
8 cocejielt, KOTOpbIE MOTYT OBITH TIPOXOHBIMH WIIH
Het. Kaknprii mar B HampaBieHuWH (TI0 BEPTHKAIN
WIN TI0 TOPU3OHTANIM) UMEET CTOMMOCTh 1; Imar mo
JIMArOHATH HMeeT CTOMMOCTb V2. JIBIDKCHHS depes
MpensITCTBUS 3anpemenbl. O003HaueHHEe OTHOCHTCS
K OJIHOMY W3 BOCHMH HAIIPABICHUN JIBUIKEHUS
(BBepX, BHU3, BJICBO U T.1.) [14].

3ammce M = h + jd o3Hagaet, uro ToYKa M Mo-
KeT ObITh JIOCTUTHYTa Yepe3 j mraros u3 h B Hanpas-
nenuu d. Korna d - nBmxeHue 1o auaroHanu, nepe-
MEIIEeHHUE JIeJINTCS Ha Ba TePeMELIeHHs 10 MPSIMOM
dl n d2.

Iytb 1 = (ig, 11, ..., In) - YHOpSAOUCHHOE TIEpE-
MEIICHUE 110 TOYKaM 0e3 LIUKIIOB ¢ TOYKH Iy 10 TOY-
KH Ip.
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O6o3uayenue  \ h o3Hauaer, yro Touka h He
BCTpeYaeTcs Ha My TH I.

O6o3Hauenwue len () o3Ha4aeT UIMHY WU CTO-
UMOCTB ITyTH I.

O6o3nauenue dist (h, z) o3HavaeT MIUHY WK
CTOMMOCTb IIYTH MEKIy TOuKaMu h u z.

Jump points, wiu «[IpeHKKOBBIE TOYKI MO3BO-
JSIFOT YCKOPHUTH aJTOPUTM ITONCKA ITyTH, PacCMaTpH-
Basl TOJNBKO «HEOOXOMMMBIE» TOUKU. Takue TOuKn
MOTYT OBITh ONHUCAHBI IBYMSI TIPOCTBIMHU MPaBUIIAMU
BbIOOpa cocelieil MpU pPeKypCUBHOMY MOUCKY: OAHO
MPABHIJIO ISl IPSIMOJIMHEHHOTO JIBIDKCHUS U TIpodee
- A4Sl uaroHaibHOro. B oboux ciydasx HeoOXoau-
MO JI0Ka3aTh, YTO UCKIIOYasi U3 HaOopa OJIvKanIImx
coceed BOKPYr TOYKHM, HaWOETCs ONTHUMAJIbHBII
MyTh C MPe/IKa TEKYIIeH TOYKH JI0 KaKIO0ro U3 coce-
Jiei, U 3TOT MyTh He OyleT coJepkaTh B cebe moce-
IIEHHYIO TOYKY.

Touka y sBIsSeTCSI TOYKOM CKAauyKa TOYKH X, B
HarmpaBieHNH d, eci y MUHUMHU3UPYET 3HaueHue k
Tak, 9uto M = h + jd, u BeIMOMHSAETCA OTHO U3 Clle-
OYIOIINX YCIIOBUI:

— TOYKa I - TOUKa Ha3HAYCHUS;

— B TOYKE ' €CTh XOTs ObI OIMH COCEJI, KOTOPBIN
SIBJISIETCS BBIHYKJICHHBIM T10 OIPEIENICHHUIO 1;

— d - gBWKEHHE MO JMArOHAJIHM U CYIIECTBYET
TOYKa Z = I + jidj, KOoTOpas JEXWUT B ji IIarax B
Hanpasienun d; € {d;, d,}, Takux 4Yto Z - TOUKa
MIPBIKKA C I Tipy yciaoBuu 1 mmm 2.

O -

R e

----------- .-.*.

Puc. 3. Tlpumep TOUKHM NpBDKKa

PucyHok 3 moka3siBaeT npuMep TOUYKH MPBLKKA,
KOTOpasi ompezesieHa ycioBueM 3. 31ech Mbl Ha4H-
HaeM B TOYKE X M 3aKaHYMBAEM JBIDKEHHE IO JHa-
rOHAaJIY, [TI0Ka He HaTKHeMcs Ha TouKy. C y B TOUKy I
MOYKHO TIOTIaCTh 32 | IIaroB 10 TOPH30HTANIU. TaKuM
o0pazoMm, Z SBISETCS MPEEMHHKOM TOYKH JUIS
npebkka h (1Mo ycioBuro 2), a 3T0 B CBOIO Ouepelb
ONpe/IeNseT y KaK MPEEeMHUK JUTS TPhDKKa TOUKH N.

Mcnonbs30BaHHbI  QIFOPUTM  SIBISIETCSL  YIIy4-
MIEHHBIM aJITOPUTMOM Tomcka myTu A*. JPS ycko-
pseT MOUCK NIyTH, "mepenpsiruBas’ MHOTHE MeCTa,
KOTOpBIE JOJDKHBI OBITH IepecMOTpeHbl. B oTnmuue
0T moao0HBIX anropuTMoB JPS He Tpebyer mpeasa-

pUTENbHOW 00pabOTKH W JOTMOTHHUTEIBHBIX 3aTpaT
MaMsITH.

3. NHTerpupoBaHHblii MeTO[ ONpeneIeHusI
TEKYIIero paciosi0eHus

[l onpeneneHus MO3ULMU B CUCTEMaXx I'€0JIo-
KallM{ ¢ HCIIoJb30BaHueM TexHosiornn BLE, HeoO-
XOAMMO PpAacCTONOXKUTh B TOMelleHnH Beacon-
MAas4KH, TaK 4TOO OHM MOKPBIBANM BCIO IUIOLIAbL U
MPHBSA3aTh MX K KOOPIUHATHON ceTKe Ha KapTe [8].
Hanee Omaromapsi TMOJIb30BATENBCKOMY TMPHIIOKE-
HUIO, KOTOPOE UKJIWYHO MOJTy4aeT JaHHBIC M CPaB-
HUBAeT ¢ 0a30i AaHHBIX U ONpPENeIseT KOOPAHUHATHI.
s KOppPEeKTHOTO OIpeeNieHNs] MO3ULUN B CUCTe-
MaxX TEeOJIOKAlMM PacCMOTPUM HMHTETPUPOBAHHEIHI
METOZA ONpeAeICHUs TeKyLIeH MO3UIUH Ha KapTe U
0TOOpaKEHNE TEKYLLIETO MOJI0KECHUS.

ar 1. OnpeneneHne cUCTEMBbl KOOPAMHAT.

BricoTa masika — KoopauHaTa Z Bceraa OoJblue
YeM BBICOTA JI000ro 00beKTa Ha I0Je, B TOM YHCIe
nojb3oBatelnisi. KpoMe Toro pasHocTh BBICOT MEXKIY
U3IydaTesieM W MPUEMHHKOM MPHUMEM MHOTO MEHb-
11e, YeM PacCTOSHUE MEXAY MasKaMu, 3TO T03BOJIS-
€T COBMECTHTBH CUCTEMY OTCYETa B TIOCKOCTD DJICK-
TPOHHOM IJIATHl MasgKa U MpUpaBHATH ee K 0. Takum
obpazom, z=0 i=1,2,3. Jlanee paccMaTpuBaeM MeCTO
TOJIO’KEHUS B IBYX IIOCKOCTsIX X 1 Y. Touku OymyT
o0o3Havatecs XY, rae i=0,1...n.

ar 2. OmnpezgenseM TeKyllee IOJ0XKEHNUE
JOBYMSI CIIOCOOaMu:

1) Tlo RSSI, B cOOTBETCTBHM C BBIPAKCHHUEM
1)

[Ipu paznuunbix 3Ha4eHnsX RSSI MBI omyunm
COOTBETCTBEHHO pa3JINuHbIe KOOPAWHATHI X1,Y1

2) Ilo Tpem Toukam, o hopmyie (2).

ITo Teopeme [Tudaropa onpenensem KoopauHa-
ThI X2,Y2

Iar 3. 3arpyxaeM KapTy IMOMEIIEHUS U
ONpENENsieM TEOPETUYECKUI MapIIPyT, KOTOPBII
Npe/ACTaBICH B BHIE MaccuBa [Xs,Ys), rae
Xe={X1,.X2...Xi}, Ye{Y1,Y2...Vi}, i=1,2...n.

[ar 4. onpenernsieM TeKyllee TOJOXKEHUE C
MTOMOIIBIO aKCeIepoMeTpa U THPOCKoma: 1o hopmy-
ae (8), (9). [Tomyuaem X3,Y3

[Tar 5. PacyeT NMOrpemHOCTH AJIs aKCeJIepoMe-
Tpa ¥ TUPOCKOMA:

[Hdopmartiitai cucTemMu Ta TEXHOJIOTIT

n
Aa, =—=*— -V cosv+(g+V,. )sinv
X (1+Ak0) X9 (g Yg)
n
Aa, =—— 4V, sinv—(g+V, )cosv) (10)
kg (g +Vy,) )
__ W
O=—"——+p-0
(1+Ak,)
Pacqu HOFpeIHHOCTI/I I MasiT9KOB:
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p(Ll-p)

n

A= (11)

T'ne p- xonM4YecTBO yCHEUIHBIX HCIBITAHUH, N-
o01iee KOJIMYeCTBO NCTIBITAHHH.

[Tar 6. Anmpokcumarusi MapuIpyTa ¢ UCIOJIb-
3oBanueM ¢umibpTpa Kanmvana. Mcmonb3ys BbeIpaxe-
aus (3) —(7). IMonmyyaeM KOOPIUHATHI X4,Y4

[ar 7. CpaBHEHHE pac4eTOB, TEOPETHUCCKOTO
Y afmpoKCUMUPOBAHHOT'O MapIIpyTa.

Iar 8. OtoOpakeHHe IMOJIOKEHHUS Ha KapTe:

1) PacuuthiBacM cpeaHee 3HaYECHUE KOOP-
JTUHAT:

(12)

(13)

2) CpaBHHBaeM NOJy4YeHBIE PE3yJIbTaThl C
X6.Yo-

3)  Onmnpenensiem Ommkaiimue K 0a30BbIM
TOYKM U HAHOCUM Ha Kapry.

Ha ocHOBe MpOBENCHHBIX HUCCIEAOBAHUN ObLI
MOJYYeH WMHTETPUPOBAHHBIH METOJ OINpEeAeICHHS
TEKYILETO pacloiokeHus. llcrnonp3oBaHUe STOTO
METOJAAa ITO3BOJISACT IMOBBICHUTH TOYHOCTb B CHCTEMAX
T'€0JIOKAIIMY M CHU3UTh TOTPEIIHOCTh Ha 3%.

4 Tlpumep peaju3auuy NPHIOKEHUS

B pamkax mnpunoxenus SMART-CAMPUS
ObLTa peanr30BaHa BO3MOXXHOCTb OTOOpa)KEHHs Te-
Kylleil MO3MIMHU TOJb30BaTENss BHYTPH 3[aHHS U
MOMCK KpaTYaiIero myTH K 3aJaHHOMY MasuKy.
[punoxenue cocroutr n3 CMS n MmoGuIBEHOTO TIPH-
noxenuss Android. B CMS peanu3zoBana BO3MOK-
HOCTB CO3/[aHHsI CXEMbI IOMEIICHUsI, KOTOpast Oy1eT
UCIIONB30BAThCSl B JIANbHEHIIEM [UISi HABHTAIl[HMU
[3.4].

Ha pucynke 4 mpezcTaBieHbl MOIYJIH CHCTEMBI
BBIBOJIa PEKJIAMHBIX COOOIIECHHH B 00IIIEM BH/IE.

Basoil RauNbix » N
Basa nasec

Puc. 4. Monxynu cucTeMsl

Ha pucyHke oTpakeHbl OCHOBHbIE MOJYJIH IIPO-
IpaMMBbl:

— MOAYJIb CKAHUPOBAHUS;

MOIyJb paboTsl ¢ BJ]

— MOJAYJb CO3AaHUs COOOLICHNUH;

— MOAYJb OTOOpaKEHHSI KOHTEHTA.

Monynb CKaHUPOBaHHsI OTBEYAET 3a TOMCK Ma-
SIKOB BOJIM3W M TIONy4YeHUS WACHTH(HUKATOpa 3THUX
MAasiKOB.

Mogynp paboTbl ¢ 6a30ii JaHHBIX OTBEYaeT 3a
OTIIPaBKy 3ampoca KoHTeHTa mo uuid B 6a3y maH-
HBIX.

Mogaynp co3maHus COOOIIEHWH OTBEYaeT 3a
(hopMupoBaHHEe W TIOKa3 PEKIAMHOTO COOOIICHIUS
MIOJIb30BATEIIIO , YTO MPUBA3AHO K MasyKa 1moOiIu30-
CTH.

Monynb oTtoOpakeHHsT KOHTEHTa (OPMHPYET
CTpaHMLy OTOOpa’keHHE KOHTEHTa B Cllyyae €CiH
M0JIb30BaTENb 3aX04YeT IMPOCMOTPETh COOOIICHHE.
Jns peanuzanuu MPOTOKOJIa CKAHUPOBAHHS MasKOB
Obuta BbIOpaHa Oubmmoreka AltBeacon [15]. Dra
OnOIMoTEKa SBISIETCA CaMOW PacIpOCTPAHEHHOW U
pa3BUTOM, KOTOpasi B CBOIO OYepellb MPEI0CTaBISCT
paspaboTarkaM XOpOIIHii HabOp METOAOB Ui pado-
TBI C MassYKaMH M UMEET HOJIHOLIEHHYIO TOKYMEHTa-
uro[16]. Ha maHHBIE MOMEHT 3TO eIWHCTBEHHAS
OTKpBITass OMOJMOTEKa, KOTOpas MPOJODKAET pas-
BuBatThcs. bubmmoreka AltBeacon mo3Bomser pado-
TaTh ¢ MasikaM¥ OOJILIIUHCTBA MPOU3BOIUTENEH MPH
MHUHUMAJIBHBIX JIOTIOJTHUTENLHBIX HACTPOHKAX.

Kaptbl, npunHamiexamye auana3oHy MasKoB,
COXPAHIIOTCA M KaK M300pa’keHHe, U KaK MacCHB
[100,100], xOTOpPBIH UCIIOIB3YETCS JJII MOOMILHOTO
NPUWIOKEHUs. B TNPUIIOKEHUH OHU HCTONB3YIOTCS
JUTS 33719k OOHapysKeHus myteit [17].

Manage panel

Puc. 5. Untepdetic paboThl ¢ KapTOH MasIKOB

Ha pucynke nzo0paxen umutepderic paboTsl ¢
KapTol MasuKoB.

274

Indopmaniiini cuctemMu Ta TEXHOIOTT


Оператор
Пишущая машинка
274


ISSN 2221-3805. EnekrporexHiuni Ta komir rotepHi cuctemu. 2017. Ne 25 (101)

B neBo#i yactu pacnosio)XeHO MHCTPYMEHT IS
CO3/IaHUSI CXeM TOMEIICHHH C BO3MOXKHOCTBIO J0-
0aBJICHUS MasYKOB,

B npaBoii yacTu ecTh maHeNnb YIpaBieHHS, KO-
TOpasi COCTOUT |3 3ieMeHTa «dropdowny 1 KHOIIKH.

ITomp30BaTenp BEIOWpaeT MasdoK M3 CIHCKA U
HaxxuMmaeT KHONKy «Add pin» . Ha xapte nosBusier-
Csl OTMETKa KOTOPYIO MOXHO CBOOOIHO TIepeMeniaTh
MBIIIBIO, BCSI MH(POPMAIUS COXPAHSETCS aBTOMATH-
yecku. Ecnu Haxkath J1€BOM KHONKOW MBIIIM Ha OT-
METKY.

IIpu nBOMHOM HaXaTHM Ha TEr, MOJIb30BATEIb
MEePEXOUT K CTPAHUIIE COOTBETCTBYIOLIETO MasdKa
(puc. 5).

[osiBisieTcst HOBasi opma, TIe MOXKHO Tepe-
CMOTpPETh JaHHBIe 00 3TOM OTMETKE W KHOIKa yaa-
JICHUS €€ C KapThl.

B MOOWIBFHOM TPHIIOKEHWH JUISI TOTO YTOOBI
YBUAETh MECTOIOJIOKEHHE MasKa Ha KapTe W Mpo-
JIO’)KUTh MapIIpyT JI0 CISAYIONICH MO3UIIMUA HE00XO-
JIUMO TIEpeNTH K ero KoHteHty. [lepen mons3oBate-
JIEM TIOSIBUTCSI KapTa C OTOOpa)KeHHEM BCEX MasKOB
Ha JaHHOM YpOBHE (pHcC.6).

Test beacon 5

test test
VnukovZNTU

Puc. 6. MecrtomnoioxxeHre Masika Ha KapTe

Bribupaem cieqyronryo TOuKy M3 CIUCKa MoJ
KapTOH, K KOTOPOil HEOOXOAMMO MPOJIOKUTH MapIII-
pyr. 1 mporpamMma npoOKJIaibplBacT MapLIpyT HC-
HIOJIb3Ysl YKA3aHHBIE MASIKU.

BriBoabl

Jlist cucTeM Te0JIOKAIlMK BHYTPH MOMEIICHHUS
ONTHUMAJIBHBIM PEILICHUEM I10 IICHE, PACCTOSHHUIO U
CKOPOCTH SIBIISIIOTCS TEXHOJOTMH Ha OcHOBe BLE
4.0.

B pa6orte monyuen moauduIEpoBaHHbIN HHTE-
TPUPOBAHHBIM METOJ OMpPeNeleHHUs TEKYIIero Io-
JOKECHUSI Ha KapTe IMOMELICHHS OCHOBAHHBIA Ha
aHanu3e curHajia ot iBeacon u akcenepomerpa, Mo-
Tu(UIUPOBAHHEIM MeTomoM KanamaHa, 9TO ITO3BO-
JSIET ONEPaTUBHO KOPPEKTHPOBATH 3HAYCHHE TEKY-
LIETO TMOJIOXKCHHUS, M TO3BOJSET YMEHBIIUTH IO-
rpenrHocTh Ha 3%.

st mocTpoeHust Mapmpyta Ha Kaprte ObLT Hc-
MOJIb30BaH AJITOPUTM MOKMCKAa KpaTyallero MyTH
o1 HasBanuem Jump Point Search.

[IpakTHueckass MeHHOCTb PabOTHI 3aKITFOYAETCS
B NPUMEHEHUH yKa3aHHOTO MeToja ¢ Kaprorpadu-
YeCKMM TMPEJCTABICHUEM MOMEIICHUsI B pPaMKax
CHUCTEMBI HAaBHTAIlMM WHTEPAKTUBHOTO yYHHBEPCHTE-
Ta.

Jannas paboTta BBINOJMHEHA Ha Kadeape mpo-
TPaMMHBIX CPEJICTB 3alOpPOKCKOTO HAIMOHAIHHOTO
TEXHUYECKOTO YHHBEPCUTETA [0 TNPHOPUTETHOMY
HanpasieHno «llepcrieKTUBHBIE cpelcTBa Tepepa-
00TKM MH(DOPMALIUN U KUOCPHETHYECKUE CUCTEMBIY,
B pamkax Tembsr Ne 0117U000615 «Iadopmariiitaa
CHUCTEMa JIIarHOCTYBaHHS  PO3MOAUICHUX  MiHi-
KOMIT'IOTEpHUX CHUCTEM B 0araTOKOMIOHEHTHOMY
30BHIITHHOMY CEPEIOBUIIII».

B pabote wncmonmp30BaHBl pPe3yNbTATHI, MOIY-
YeHHBIC MIPU BBHIMOJIHEHUU TipoekTa Tempus 544091-
TEMPUS-1-2013-1-BE-TEMPUS-JPCR  [DesIRE]
«Pa3paboTka KypCOB IO BCTPOEHHBIM CHCTEMaM C
UCIIOJIb30BAaHHEM HHHOBAIIMOHHBIX BHPTYaJIbHBIX
MOJIXOJIOB JUISI WHTETpallid HayKd, 0Opa3oBaHUS U
MIPOMBINIIEHHOCTH B YKpause, I'py3unm u Apwme-
HUW.
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METHOD FOR LOCATION DETECTION IN INDOOR NAVIGATION SYSTEMS

0.Petrova’, G. Tabunshchyk®, D. Van Merode?
! Zaporizhzhya National Technical University
?Research Engineer EmSys Thomas More Mechelen- Antwerpen

Abstract. The article author consider wireless network technologies, in particular, the possibilities pro-
vided by the standards of WiFi, ZigBee, BLE 4.0, RFI and LTE. However, when using indoor-navigation sys-
tems, there remain problems with the accuracy of determining the coordinates, the speed of processing data,
and determining the correct route. To correctly display an object in-door location, it is impotent to deter-
mine the current coordinates, compare the position with the cartographic representation, and update the
location in real time and check the correspondence of the current position with the theoretical route. The
authors analysis method of  object positioning on the basis of iBeacon signal, accelerometer val-
ues&Kalman filter. In the article it is suggested an integrated method for determining the current location.
The object position were obtained in several ways and after the correction the route was constructed. To
display the position on the map, you must have a map view of the room with the marked position of each
iBeacon-beacon and be able to navigate the route. For this purpose, an algorithm was used to find the short-
est path through two points and searching for the shortest path to the specified beacon are presented. The
application consists of a CMS(content management system) and an Android mobile application.

Key words: Bluetooth Low Energy, RSSI, Beacon, ZigBee, indoor-navigation, determination of the cur-
rent location

METOJA BU3HAYEHHSA IOTOYHOI'O MICHE3HAXO’KEHHSA B CUCTEMAX I103-
HIOHYBAHHS TA HABIT'AIII B CEPEJIMHI IPUMIINEHHSA

O.A. HeTPOBal, I'. B. Taﬁymumcl, Hdipk Ban Mepoae 2
' 3anopisvruii nayionanbruii mexnivnuii ynisepcumem
?Research Engineer EmSys Thomas More Mechelen-Antwerpen

Anomauia: Y cmammi po3ensiHymi cyuachi mepexcesi mexnonozii 6e30pomoegoi nepedavi 0auux, 30K-
pema moxcaugocmi, aki  Hadaromvca cmanoapmamu WiFi, ZigBee, BLE 4.0, RFI i LTE. [{na euznauenns
NOMOYHO20 NONOICEHHSL YCePeOUHi NPUMIWEHHS ABMOPAMU PO32TSHYMI Memoou Ha OCHO8I cucHalie iBeacon
i nokaszanb akceiepomempa. Aemopamu 3anpoOnOHOBAHUL [HMESPOBAHUL MemOoO0 BU3HAUEHHS NOMOYHO20
PO3MAULYBAHHS MA PO32NAHYMO NPUKIAO NPOSPAMHOI peanizayii 8i000padicenHs nomounoi no3uyii Kopuc-
myeaua ecepeduni 6y0iei i NOWLYK HAUKOPOMUIO20 WIISIXY 00 3A0AH020 MASUKA.

Kouosi cnosa: BLE, RSSI, Beacon, ZigBee, indoor-rasicayis, susnauenus nomouno2o cmamy

[Momyueno 14.04.2017
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