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OIIPEJAEJIEHUE JIOKAIIV B KOPIIOPATNUBHDBIX
WI-FI CETAX

C.B. Maaodywes, A.A. Poeos

B crarbe paccMOTpEHBI CYyLIECTBYIOLINE AJCOPUTMBI pacuera JIOKALMH, MOIEIH Pac-
MPOCTPAHEHUs PAINOCUTHAJIA BHYTPU TMOMEIIEHNH, & TAK¥KE CYIIECTBYIOIINE OTPDAHWIEHNUS,
CBSI3AHHBIE C WX MPUMEHEHWEM [Jisi PEIeHus 33Ja9d JIOKAJTU3AINYA BHYTPH TOMEIIEHUH.
IIpegmoxken cmocob mjst pacdera JOKanmuu B KoprnoparuBHbIX Wi-Fi cersx ¢ aumammde-
CKU MEHSIIONIMMUCS XapaKTEPUCTUKAMK Ha OCHOBE JAHHBIX 00 YPOBHE CHUIHAJIA, PETHCTPU-
pyemMoro 6a30BbIMH cTaHmuAMU. JIaHHBIA cocob He TpebyeT IpeaBapUTEIbHOM HACTPOR-
KU U KaJuOpOBKU MOOMJIbHBIX YCTPOMCTB, YTO IIO3BOJIAET HCIIOJIb30BATh €0 [IPU OTCY TBUU
CepBUCOB JIoKaImu. Takas 0cOOEHHOCTE MPEIAraeMoro Crocoba pereHnsi He HAKIAIbIBAeT
KaKuX-Ib0 OrpaHrydennil Ha ero nmpuMmenenne B 060t Wi-Fi cern, roe 6a3oBbie craHimm
CIIOCOOHBI PErHCTPUPOBATH JAHHBIE 00 YPOBHE CHUTHAJA MOOWIBHBIX ycTpoicTs. Jlokamms
MOOHJIBHOI'O yCTPOMCTBA OLpEeIeseTcs OTHOCUTEIBHO OTPE3KA, COEAMHSIONIEro ABe 6a30-
Bble craniuu. KosmdecrBo 6a30BbIX CTAHUUI [1J1si PACYeTa JIOKALMH J0JI2KHO ObITh He MEHee
neyx. Kpurepun BbIOOpa COOTBETCTBYIOIIETO OTPE3KA TAKYKE OMUCAHBI B JAHHON pabore.
B ocHOBY mpejiokeHHOr0 MeTo/1a OJTOXKEHA MOIIETh, PEKOMEHI0BaHHasT MeXK TyHapOIHBIM
corozom ajiekrpocsasu (ITU-R 1238) nyst onpezienenusi NOTEpb MOIIHOCTH CUTHAJA BHYT-
pu 37aHME ¥ noMmelneHuil. B crarbe npuBeneHbl pe3yabTaThl 3KCIEPUMEHTOB II0 PACUETY
JIOKAUUU MOOMJIBHBIX YCTPACTB.

Karouesve caosa: anzopummo, Aokayuy; dunamuyeckue xapaxmepucmuru; ITU-R
1238; RSS; Wi-Fi.

BBenenune

B cucremax JIOKaJIbHOI'O HO3UIMOHUPOBAHUS UCIOJIb3YIOTCS PA3JIUIHbIE MOJIC/IN U aJl-
TOPUTMBI JIJIsi ONPEJIE/JIeHUS TO3UIMN MOOWJIBHOIO YCTPOWCTBA. BOJBIIMHCTBO perienuii
OCHOBAHBI Ha HAJIUIAH HHMOPMAIUU O XapaKTEPUCTUKAX KaK 0A30BBIX CTAHITUI, TaK U MO-
OMJIBHBIX YCTPOUCTB. B OCHOBHOM, aJTOPUTMBI ONIPeiesIeHrs TO3UIINU MOOUIBHOTO YCTPOTi-
CTBa HE YYUTHIBAIOT BO3ZMOYKHOCTH JUHAMUYIECKOTO M3MEHEHUs] XapaKTePUCTUK Oa30BBIX
CTAHIUN, & TaKzKe IPeJIoJaaraloT OJHOTHITHOCTh MOOM/IbHBIX YCTPOICTB, 4TO HE Xapak-
TepHo Jiyist KoprnopatuBibix Wi-Fi cereit. B nannoit pabore paccMOTpeHbI CyTIECTBYOIIHE
METOJIBI OTIpe/IeSIeHUs MO3UII MOOMIBHBIX YCTPONUCTB, MOJEIN PACIPOCTPAHEHHUS PAIHO-
CUTHAJIa, UCCAeI0oBaHa IpobeMa onpeenennd nosumuit Mmoouabubix Wi-Fi yerpoiicTs B
caydae, KOIrJIa WX XapaKTepUCTHKH He W3BECTHBI, HO MPU ITOM MOTYT OBITH DPa3JIHYHO-
ro Tuila, a 6a3OBbIe CTaHIMK MOI'yT AMHAMHUYCCKU HU3MCHATH CBOU CBOﬁCTBa, TaKHNe KaK
HeCyIasi 9acToTa W BBIXOJAHAST MOIIHOCTH. lIpegiaraemprii HaMu C11ocob MO3UITMOHUPOBA-
HUA TTO3BOJIACT ONpeaesATh BOSMOXKHBIE ITO3UITNU MO6I/IJIbeIX yCTpOIU/ICTB nyTreM CpaBHECHHUA
3HAYEHU MOITHOCTU CUTHAJA, PETUCTPUPYEMBIX OA30BBIMU CTAHITUSIMHI KaK OT MOOMIBHBIX
YCTPOUCTB, TAK U OT COCeTHUX DA30BBIX cTaHIWil. B ocHOBY mpemiaraeMoro cnocoba momo-
JKEHA MOJIeJIb, peKoMeHtoBanHas Mexrynapoaasim coiozom sstekrpocssasu (ITU-R 1238)
JIJIS OTIPEeJIe/IeHHs] TOTEPh MOIHOCTH CUTHAJA BHYTPHU 3JaHuil u nomerenuii. Pe3yibrars
IKCIIEPUMEHTOB MOATBEP2KAAI0OT BOSMOZXKHOCTH ITPUMEHCHU A ,ZLaHHOI;‘I MoAeJIn JJid perreHumd
3asa4n onpeseaenus jJokanuu B Wi-Fi cerax.
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1. Anaaus3 npobJsiembl

B crarbe paccmarpuBaercsa npobsemMa onpeaeeHns MeCTOPACIIOI0KEeHHSI MOOHTBHOTO
yerpoiictBa B Wi-Fi cerax. HanbGonp1myto c10KHOCTh B HETIOATOTOBIEHHBIX /5T JIOKATIN3a-
nun Wi-Fi cerdax cocTaBiseT JUMHAMHUKA U3MeHeHUd CBOMCTB TAKUX ceTell U HeJoCTaTOIHOe
JIIST JIOKAJIU3AIMH KOJIMIecTBO 0a30BbIX cTaHImil. [I[pumepoM GecpoBOmHON ceTH ¢ JIu-
HAMUYECKU MEHSIONUMUCH CBOUCTBAMU MOYKET BBICTYHATh JioOas Kopuoparusuas Wi-Fi
ceTh, 0a30BbIE CTAHIIMH KOTOPOH CIIOCOOHBI MEHSITh HECYILYI0 JaCTOTY W BBIXOHYIO MOIII-
HOCTb CUTHAJIA, & MOOMIbHBIE YCTPOHCTBA HEe OJIHOTUIHBI. TaK Kak MOOMIbHBIE YCTPOHCTRA
B Wi-Fi ceTax MOTYT MeHATbCA OYeHb 9acTO, HANPUMeP, MOCETUTETN TOPTOBOTO IEHTPA,
TO OyJeM paccMaTpuBaTh IPOOJIEMY, OCHOBBIBASICH HA IMPEIIIOJIOKEHHH, 9TO MOOUIbHBIE
YCTPOHCTBA HE HACTPOEHBI Ha PabOTy ¢ CepBUCAMH JIOKAJILHOrO nosuiponuposanus (LBS
— Location Base Services). B GosibInHCTBe CIy4aeB OCHOBHBIMU HapaMeTPaMu, TOCPe]-
CTBOM KOTOPBIX BO3MOXKHO OIIPDEJC/JINTH UX BEPOATHOE MECTOHaAXOXKJICHNE U KOTOPbIE€ peru-
CTPUPYIOTCS 6A30BBIMU CTAHITUSAMU, SBJISIOTCS:

e Mommnocrs curaana (RSS — Recived Signal Strength);

e Touka noakmouenus — 6a30Bast CTAaHINA, K KOTOPOil OJK/II0YEH HeCcrpoBOIHO KIu-
€HT.

B coBpeMeHHBIX cHUCTeMaX JIOKAJIHHOTO MO3UIMOHUPOBAHUA IJIsI YTOUHEHUS JIOKAIIUH
YaCTO UCHOIb3YIOTCH BCTPOEHHBIE CEHCOPDI, TAKHe KaK aKCeJePOMEeTp, MArHUTOMETDP U T'H-
pockon. [locpegcTBOM BCTPOEHHBIX CEHCEPOB (DOPMUPYETCH TPACKTOPHS JBUKEHHUS MO-
ouabHOro obwekTa [1]. B maccoBom mpomssogctse me Bce Wi-Fi yerpoiicTBa ocHameHbI
HEOOXOIMMBIME ceHcepaMu. CylecTByeT MHOYKECTBO HAYUHBIX padOT, HOCBAIIEHHBIX JTOKa~
un B Wi-Fi ceTsax, B 00IBIIHHCTBE U3 KOTOPBIX PACCMATPHUBAIOTCS CJIeIYIOIINE arOPUTMbBI
1 METOIDbL:

e wmerog Gmzkaitmux cocesieil (KNN — K-Nearest Neighbor);

o Metos GimzKaiux cocegeit ¢ yaerom Becos (WKNN — Weighted KNN);

o nentpons (Centroid);

e nentp macc (Weighted Centroid);

® MeTOoJ] PaJIHOOTIIEYATKOB MM comocTaBienne ¢ obpasuoMm (Fingerprinting);

e sarepanus (Lateration);

muddepennuanbuas gtarepanus (Differential lateration).

[lenbio moucka B Meroge Gumkaitnmux cocegeit (KNN — K-Nearest Neighbor) sssiorest k
OJIMKAUIIIX OO'BEKTOB IO OTHOIIEHHUIO K TEeKYIIel mpejnoaraemMoi reomno3urun. OH uc-
HOJIB3YETCsI B CUCTeMAaX T'e0JIOKAINN, HanpumMep, google-kapTsl. JIokarus MOOHIEHOTO 00b-
eKTa MOKeT OBbITHb OIIpejesieHa Ha OCHOBAHUU TOYHO M3BECTHON NeONO3HMIMN OJIMKAMIIIX
oobekToB (POI — Point of interest), npeacrasmsirormux vHanbosbinuii narepec st LBS. Tpu
ucrnop3oBannn aaropurMa KNN Bo3MOXKHOI JIOKAIMeH ABISETCS HEKOE MPEeJIIoaaraeMoe
IPOCTPAHCTBO, B Ipe/eJaX KOTOPOro HAXOAUTCsI MOOUIBbHBINH 06beKT [2]. [TpuHtnum paboTst
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Meroja OnmzKaiimmx coceqeil npeacrapiaer Ha puc. 1A, MoOuibHbIH 00bEKT HAXOAUTCH B
00J1aCTH CJABIIIIAMOCTH BCeX 0A30BBIX CTAHIUI, BBHAY Yero OKPYXKHOCTH ¢ HAMOOJIHITAM
paaryCcoM TPeACTaBIgeT MpearoaaraeMyo 001acTh Jokannn. OCHOBHONW HEIOCTATOK JaH-
HOTO METOJa — HU3Kash TOYHOCTD.
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Puc. 1. IIpunnun padorer metogoB KNN u Centroid

Metoa Centroid sBasterca moaudukanueit MeToga OJMKANIINIX coceleil 1 Ipu OTUHA-
KOBBIX BXOJIHBIX JAHHBIX HpeIcTaBasgeT 6ojee TOUHYI0 HHPOPMAIMIO O MECTOHAXO0XK ICHUH
MOOMJIBHOTO yeTpoiicTBa. [Ipunnun paboThl JaHHOTO MeTo1a MoKa3al Ha puc. 1B. ObnacThb
HPeIo/IaraeMoil JIOKAIUN COKPAIAETCS 10 TeOMeTPUUIecKOil (pUurypsl, KOTOPYI 00pasy-
10T 0a30BbIe CTAHINU, TIPA TOM MO3UIKHEil MOOMJIHLHOIO 00HEKTa CUUTAETCS B3BEIEHHBIH
IEeHTD Macc moydenuoi dburypsi [3]. Onun U3 HEJOCTATKOB JAHHOTO METOJA 3aKJI0YaeT-
¢ B TOM, 9TO MOOUJIBHBINH OOBEKT B JEHCTBUTEILHOCTH MOYKET HAXOAUTHCS 3a MpeIeIaMu
0003HAYEHHOH TeOMeTPHIECKON (DUTYDHI.

Oba paccMoTpenHbIX MeTOa nMeoT pacimupenns B Buje MerogoB WKNN 1 Weighted
Centroid, ucmonb3ytonux jgonosHuTe RHBIE BecoBbie KpuTepun. B Wi-Fi cersix B kaue-
CTBE BECOBBIX KPHUTEpHEB BHICTYIAIOT 3HadeHud RSS, perucrpupyembie im0 HA CTOPOHE
MOOHJILHOT'O yCTPO#CTBa, TnOO Ha cTopoHe Da30BbIX cTanmuii. [Ipn nconbzoBannn WKNN
MO3UIEeH MOOMILHOIO 00BLEKTA CUNTACTC IMO3UINA 0a30BOH CTAHIINNA ¢ HAUOOJILIIINM 3Ha-
gernem RSS. B cirydae ucnosib30Banmst NeHTPa MacC KOOPAMHATHI MOOMIBHOTO YCTPOHCTBA
paccanTbiBaloTCs 110 opmyse [3]:

N -1

N N
Xo = ZMz’Xm Yo = ZMYQ, pi = | P? Z % - (1)
i=1

=1 7j=1 J

B nanHOM ciIydae XapaKTepHCTHKON Beca dBJISETCA 3HAUEHHE [i;, COOTBETCTBYIOIIEEe Peru-
crpupyeMbiM 3HadenusaM RSS. Snadenus X u Yy COOTBETCTBYIOT KOOPAUHATAM MOOHJIb-
HOTO yCTpoiicTBa, X; U Y; — KOOPAUHATHI i-if 6a30BO#l CTAHIINH.

Mero/1 pajgunooTiedarkoB 00/1aaeT 00J1ee BbICOKOH TOYHOCTHIO B CPABHEHUU C METO-
namu WKNN u Weighted Centroid. 9Tor meron mpemonaraer paboTy ¢ pajguoKapTamMu
1 OCHOBAH Ha CpaBHEHUHU 3HadeHu# RSS B TeKymieil mo3unuu co 3HAYCHUAME, XPAHUMbBIMH
B paamokaprax. MeToma aeuTcs Ha aBe (asbl:

e (da3sy obyuenus (obduaiin);

e a3y sokasuzanuu (OHIAINH).
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Ha daze obyuenusi B onpe/ie/IeHHbIX OLHOPHBIX TOYKAX (DOPMUPYIOTCH BEKTOPA 3HAYEHUI
RSS ot kax10ii 6a30B0il cTaHIuu (PaJHOOTHEYATKHN ), HA OCHOBE KOTOPHIX CO3AI0TCS Pa-
nuokapthl. Ha dasze jiokamsanuu onpeesieTcs Mo3uius MOOHILHOIO YCTPOHCTBA TMO-
CPeJICTBOM COMOCTaBJeHNs TeKyIuX nokasanuit RSS oT 6a30BBIX CTAHIINI CO 3HAYEHUSIMH,
XPAHUMBIMH B paJinoKapTax. /s comocTaBieHust HpuMeHsaeTcss MOAUMUITHPOBAHHBINA Me-
TOJT OIMKARIINX coceieli, pacCMOTpeHHbIH aBTropamu B pabote [4]. B cBoeii pabore aBTophI
UCCJIEIYIOT PA3JIMTHBIC METPUKH ONPE/IETeHUs] PACCTOSTHUS:

e EBKJIN/IOBY METPHUKY;
e MaHX3TTeHCKOe PacCTOsIHTE;
e MeTpuky “eObieBa.

Hawnyumrero pesyabrara aBTopaM yaagoch JOCTHTHYTH IPH UCIOAb30BaHNE MaHx3TTeH-
ckoro paccrostaus. CpeHsist OMMUOKa TMO3UIUOHNPOBAHUS cocTaBmia 1,49 M, MaKCUMATIh-
Had — 4,89 M.

C 1ebio TOCTHKEeHUsST HANOOJIBITIEH TOYHOCTH MO3UITHOHHPOBAHUS, ILJIOTHOCTh pa3Me-
meHnst 0a30BbIX CTAHIUN B CHCTEMAaX JIOKAJbHOIO MO3UIMOHUPOBAHUS JIOJI2KHA OBITH BbI-
mre, yeM B 00brqHbIX Wi-Fi-cersix [5], BBUIY Yero KoIm9IecTBO XpaHUMBIX PAJIHOKAPT Oy1eT
HoThITINM, a X 00paboOTKa pecypcoeMkoil. 3uadenust RSS, perucrpupyembie pasimaHbIME
THIIAMHU YCTPOUCTB B OJHUX U TeX Ke KOOPJIUHATAX, OYIYyT UMETh Pa3/JUIHOE YCpEIHEHHE
— 3Ta mpobJieMa TaKzKe OKa3bIBAeT CYIIECTBEHHOE BJIUSHUE Ha TOUYHOCTH JIOKAIUA U MOYKET
OBITH pEIIeHA IyTeM BBEJCHUs JONOJHUTEeNbHOI (aspl kaiubposku [6], aro eme Gosbine
YCJIOZKHSET IKCILTYATAIMIO CHCTEM JIOKAJIHLHOTO TIO3UIIHOHUPOBAHNS, OCHOBAHHBIX HA METO-
Je paanooTnedarkoB. B pabore |7| aBropamu paccmarpuBaercs Takas mpobiiema HCIoJb-
30BaHUS METOJIa PaJUOOTIIEYaTKOB KaK HEeJOCTATOYHOCTh IoKazanuit RSS, perucrpupye-
MBIX MOOHJIBHBIMHU ycTpoiicTBamu. [Ipuunnoit aroro gsidgercs ciadasi 9yBCTBUTEJIHHOCTD
IPUEMHOI aHTEHHBI MOOUJIBHOTO YCTPOICTBA B CPABHEHUH C STAJOHHBIM YCTPOHCTBOM, TO-
CPeJICTBOM KOTOPOT'O CO3ABAINCH PAIUOKAPTHI.

Takum 06pazom, MeTOT PAINOOTIIEYATKOB B OOJIBITUHCTRE CIy9IaeB HE MPUMEHTM I
pelienust 0003HAYEHHON B cTaTbe MPOOJIeMbI, TaK KaK JJIs JIOKAJIU3AIUN MOOMIBHBIX 00b-
eKTOB TpebyeTcsd HX OJHOTHIIHOCTD, & TaK:Ke JIOCTATOYHOE KOJHYeCTBO u3Mepenmit RSS.
OIHUM W3 OCHOBHBIX HEJIOCTATKOB HCIOJb30BAHUsS METOHA PAJMOOTICUATKOB SIBJIACTCA
pecypcoemKkasi paza oOydenusi. B ciydae m3ameneHusi KoHurypanuu 0a30BbIX CTaHILHIT
noTpedyeTcsi MOBTOPHOE CO3aHUEe PATUOKAPT, 9TO YCAOKHSIET IKCITYATANNIO TOT00HBIX
CHCTEM JIOKAITHH.

Meto JiaTepalliu Ipe/rno/iaraeT npeobpasopanue (pUKCHpyeMbIX 3Hadenuit RSS B pac-
CTOSTHHSI C TTOMOIIBIO MOJIENIH PACIPOCTPaHeHHs PAaIUOCHTHAIA U JaJbHeilInee ompeaese-
HUE TO3UMNHA MOOHJIBHOTO 00bEKTa ITOCPEICTBOM TOJIYUY€HHBIX pacTosnuii. JJanHbrii MeTosr
MHOT/IA HA3BIBAIOT METOI0OM TPUIATEPAINH, TAK KaK JJId ONpeae/IeHns MO3UIUH MOOWTh-
HOTO 00'beKTa Tpedyercst 3auKCHpoBaTh 3HaUeHns RSS He MeHee, 4eM OT Tpex 6a30BBIX
craniuii. [Ipuamun paboThl MeToIa TPUIATEPAIUU IPeJCTaBICH Ha PHC. 2.

B pabore [3] aBropamu paccmaTpuBaeTcss Kpyropasi (CM. puc. 2) U runepOosndeckas
Jlarepanun. ['unepbosimaeckas Jarepaius OCHOBAHA HA PA3HUIE PACCTOSHUI MEXKIY MO-
OMIBHBIM YCTPOHCTBOM M OA30BBIMU CTAHIUSAME, T.€. [JI NPHUMEHEHHs JaHHOTO METOIA
TpebyroTCcs 3HadeHnst nokaszauuii RSS, peruncrpupyeMbx KaK MOOWIBHBIM KJIUEHTOM, TaK
u 6a30BOIi cTaHIuel, 100 HeIoCPeICTBEHHO H3MEPEHHbIE PACCTOSHAA 00EUMH CTOPOHAMH.
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Puc. 2. Ilpunamun pabotsl MeTona Lateration

s perienuss 0003HAUEHHON B cTaThe MPOOGJIEMBI METO/ THIEPOOIUIECKON JTaTepaluu B
OOJIBITUHCTBE CAyYaeB He mpuMeHuM. MeTo KpyroBoii jaTepaiuu MOKeT ObITh HCTOIb30-
BaH B CJIydae, ecjau Tpu u 6oJsiee 0A30BBIX CTAHIUI MOTYT €IMHOBPEMEHHO PEruCTPUPOBATD
nokazauus RSS or MOOMIBHOTO KJAMEHTA, MO0 HEMOCPEJICTBEHHO OCYIIEeCTBIATH 3aMePhI
paccrostauii 10 MOOHIBLHOTO 00beKTa (B MaccoBoM mpoussojacTee Wi-Fi-yerpoiicTsa He m3-
MepSIIOT PACCTOSHYSI ). 3HAs PACCTOSTHUS T; 0 OA30BBIX CTAHIHI, KOOPIUHATH MOGHIBHOTO
00bEKTa MOYKHO BBIUUCIUTH ¢ TIOMOIIBIO CJIEJIYIONIEll cucTeMbl ypaBHenuii [§]:

= (X1 — Xo)* + (V1 = Y5)?,
ry = (X2 — Xo)* + (Y2 — Y0)?, (2)
r3 = (X35 — Xo)? + (Y3 — Yp)2.

Tak kak paccmarpuBaemast nmpoodJiemMa MpeanoaaraeT onpeaejaeHne MO3UIN MOOUJIhb-
HOrO OO'bEeKTa BHYTPH IIOMEIIEeHHI, TO i pacdeTa AUCTAHIAHA OT MOOHIBHOIO OOBEKTA
710 6a30BOi CTAHIMK HEOOXOIMMO HCIIOIb30BATH MOJIEJ]b PACIPOCTPAHEHHS pPaIuOCHTHA-
Jla B YCJIOBHSIX HENMPsMOi BuIuMocTH. B pabote [9] B KauecTBe Takoil Mojesm aBTOpamu
paccmarpena mozenb Okymapa-Xara:

1

log(r) = Tom

(PTX _PRX+GTX+GRX —X +2010g(/\) —QOlOg(47T)), (3)

TaKzKe 4acTo WCIOJIb3yercs Jorapudmudeckast Mogesb 3aryxanns (log-normal shadowing

— LNS):
PL(r)=PLy+ 10nlg (7"0) + X, (4)

re r — pacCTOIHHEe 0T MOOHIBHOTO 00 beKTa 10 06a30Boi cTranun, PL — noreps MOITHOCTH
CUTHAJA Ha paccTodnuu 1, P Ly — moTeps MONTHOCTH CUTHAJIA HA PACCTOSHUH OJTHOTO MeT-
pa, Pry (zBm) — momuocrs nepegaranka, Py (1Bm) — momuocrs npuemnuka, Gry (1bu)
— ycuienue nepegatorieii antenub, Grx (1bBu) — ycurenne npuemHoil aHTeHHBI, A (M) —
JIMHA PagnoBoHbB (s auanasona 2,4 T A = 0,125 M), n — koaddunnent pacmnpo-
CTpaHeHWs CHTHATA B cpejie (71 YCJIOBUil HEeMPsMO# BUAMMOCTH HAMOO0JIEe ONTHMATHHBIM
siBJIsieTcst 3HadeHue ot 4 110 5), X, — HOpMAJbHO pacHpejieieHHast CyvaiiHas mepeMeHHast
cO cTaHJIapTHBIM OTKJjoHeHNeM «. Jlis npeobpasosanus 3nadenuit RSS B paccrosinust 1mo-
Tpebdyercs nadopmanusa o 3Hadennsx Pry nu Gry s Beipaxkenns 3 u 3Hadenne P Ly nas
BBIpAYKeHUsT 4, KOTODPBIE MOTYT CYIIECTBEHHO OTJINYATHCS MPU HCIOJTH30BAHUU PA3TIAU-
HBIX THIIOB MOOHJIBHBIX YCTPOMCTB, UTO 3aTPY/HAET NMpPHUMeHeHWe JTAaHHBIX Mojeseil mpu
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MCIOJIb30BAHUU MeTo/la Tpuiarepanuu. B padorax [10,11| aBropamu pacemorpenst 6oiee
CJIOZKHBIE MOJIEJIH PACIPOCTPAHEHUs] PAJINOCUTHAIA BHYTPU MOMEIEHUI, KOTOPhIe TaKKe
TpebytoT 3HaHus napamerpoB Prx u Grx. B paborax [3,12,13| paccmarpuBaercst MoJeh
3aTyXaHHUd CUTHAJIA, BRIpAKeHHAs Caeayomeid popMy.Ioii:

P(r) = Py — 10n 1g(r), (5)

rje r — paccTosgHue OT MOOHIBHOIO 00beKTa 10 6a30Bo#l craHiuu, Py — 3HAUYeHHE MOIII-
HOCTH curHajga npu r = 1 M. B paccmarpuBaemoMm ciaydae 3HadeHHs Py u n HeM3BeCT-
Hbl. /1151 yeTpaHeHus JIaHHBIX HEM3BECTHBIX UCITOJIB3YIOT AudddepeHnnaibHy 0 JaTepauio,
paccMoTpeHHYI0 B paborax [3,13] u uCIOgb3yIONy 0 aIropuT™Mbl HA OCHOBE:

® MUHUMH3AIWY OTHOIIEHUS KOIMDPUIIMEHTOB 3aTYXaHud CUTHAIA;
® OIeHKYN KO3(P(DUIMEHTOB 3aTyXaHUs CUTHAJIA;
® MUHUMU3AIUU PA3HOCTU 3HAUYEHUI 3aTyXaHUs CUTHAJIA.

[lepeunciieHHbIe AJITOPUTMBI ANMPOKCUMUPYIOT BbIpAaYKeHHE H MyTeM Iepedbopa BO3-
MOKHBIX KOODJWHAT MOOMJIBHOTO YCTPOUCTBA, HO IIPU STOM TIPE/ITOJIATaeTCsl, 9TO 3HAUeHUe
7 U3BECTHO.

Takum obpazom, i TPUMEHEHHS METOJa TpuJarepalud HeoOXOJMMO 3HAHUE pPac-
CTOAHUI OT MOOHJIBHOIO yCTPOUCTBa /10 6a30BbIX cTanmuii. Paccmorpennbie Mojenn pac-
HPOCTPAHEHUs CUTHAJIA TIPEJIITOIATAI0T KATUOPOBKY CUCTEMBI MepeJi UCTIOIH30BAHUEM, YTO
3aTpyHsIET MpUMeHeHe MeTOIa TPUIATePAIud I PellleHns pacCMaTPUBAeMOM 3a/Ia9H.
B psane caydaeB KoamdecTBO Oa30BBIX CTAHIUN, PETHCTPUPYIOMIAX CHTHAT OT MOOWIBHOTO
YCTPOHCTBA MOXKET OBITH MeHee TpPeX.

B pabore 14| aBropamu npousse/ieHa orneHka 3GOEKTUBHOCTH PA3JINIHBIX AJTOPUT-
MOB JIOKAIUHU, HCIIO/IH3YIONINX PAIUOKAPTHI, HEHPOHHBIE CETH, BEPOATHOCTH U WHMpOpMa-
U0 o OamKalmux cocenax. B kagecTBe KIOUEBBIX KPUTEPHUEB OMEHKU aBTOPHI BBI eI
TOYHOCTH MO3UIIMOHUPOBAHUS, BPeMsl BEIYUCIEHNS JOKAINN 1 dHepromnorpedienue. 1o pe-
3yJIbTaTaM OMHUCAHHBIX aBTOPAMHU IKCHEPUMEHTOB OOJIBITMHCTBO U3 PACCMOTPEHHBIX HMU
AJITOPUTMOB TIO3BOJIAIOT JOCTUIATH TOYHOCTU TMO3UITMOHUPOBAHUSA JI0 2,5 METPOB, BKJIIO-
yag aaroputmbl Ha ocHoBe MeroqoB KNN m WKNN. /Ing pacuera jokarnuii aBropaMu
ACIIOMB30BAIOCEH OMeEIeHne IO Abi0 560 M2, B mpejesax KOTOPOro OBLIO YCTAHOBICHO
9 6a30BBIX cTaHIMi, a Takyke 64 OA30BBIX CTAHIUHU B JIPYTUX YACTAX 3/IaHUS, TOKA3aHUS
RSS or KOTOpPBIX MOYKHO OBLIO PETHCTPUPOBATH B PA3TUYHBIX YaCTIX TECTOBOM TLIOMAIKH.
13 sKCceprMeHTAIBHBIX JAHHBIX, TOJYYeHHBIX B pabore [13], aBrop menaer 3akiiodeHne,
gro HegocrarkoM Meroga WKNN gapigercd neboJibinas pa3HuIa B peruCTPUPyEMbIX 3Ha-
gerusax RSS npu 60b110M KOTMYecTBe 6A30BBIX CTAHINI, 9TO MPUBOIUT K CYIIECTBEHHBIM
HOTPENTHOCTSM TP BBHIYUCJICHUH JIOKAIHH. ABTOD He PEKOMEH/IyeT PacHoJarath 0a30BbIe
CTaHIUU OJHU3KO JAPYT K JAPYTY, UTO XapakTepHo Ansg LBS.

OcunoBubiME 1ipob/ieMamu Jijisi pacdera Jjokamnuu B koprnoparuBubix Wi-Fi cersix siBisi-
I0TCH JIUHAMHUKA M3MEHEHUs CBOWCTB TAKUX CeTell, HeJO0CTATOYHOE [I/Id PACYeTa JIOKAIUH
KOJINYeCTBO 6A30BBIX CTAHIINI, a TAKyKe OTCYTCTBHE MWHMOPMAINU, HEOOXOIMMOM /I BbI-
YUCJTEHWS PACCTOSTHUI MeXK/1y MOOWJIBHBIM YCTPOUCTBOM U 0A30BBIMHU CTAHITUSIMU.
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2. Jlokasm3anus yCTPOMCTB MexKJy AByMdA 0a30BbIMU CTAHIIUAMU

PaccMOTpuM  MOZIETb, PEKOMEHIOBAHHYIO MEKIyHAPOJIHBIM COI30M 3JICKTPOCBAZH
(ITU-R 1238) ayist pacueTor MOTeph CUIHAJIA BHYTPH 3JaHUH W MOMENIeHNI:

Ltotal =20 1g(f) + ng(?”) + Lf(n) — 28 erB7 (6)

rae N — nucrannunonnblit Koaddunuent noreps Mormuocru, f — gacrora (MI'), r — paccro-
STHIE B METPAX MeZKIy MOOMIBHBIM YCTPOCTBOM 1 6a30B0it crauiueil, L f — koaddunment
NOTEPH 33 CUET TTPOXOYKJICHUS CUTHAJIA Yepe3 TOJ, 1 — KOJMYECTBO dTaykeil Mexk 1y 0a30-
BOIl cTaHIuell 1 MOOWJIBHBIM ycTpoiicTBOM. B mpeserax sTarka mpejmnoJaraeTcd pacder
JIOKAIIMU Ha OCHOBe WHMOpManuu oT 6a30BBIX CTAHIINN TOTO YKe ITaKa, B CBA3U C UeM
uapamerpom L f(n) moxuo npenebpeun. B pabore [15] aBrop sxcuepumMeHTa bHbIM Iy TeM
MOATBED/IAJ, UTO JIAHHAY MOJIeJIb OfHA W3 Hambosiee 3(DMEKTUBHBIX I TLJIAHUPOBAHUS
OecripoBOJHBIX ceTeil. PaccMoTpuM cuTyaluio, Korjaa jise 6a30Bbie CTaAHIIUKM (DUKCUPYIOT
nokazanust RSS or MOOUIBHOTO YCTPOHCTBA, & TaKkKe JIpyT OT jipyra. IlockoabKy paccro-
sSHIEe MeyK/ly OA30BBIMU CTAHIMIMH U3BECTHO, TO MOXKHO BBIYHCJIHTH 3HaUYeHHe KO3 u-
nuenTa norepb Momuoctu N. g mpumepa, Ha puc. 3 6azoBasg craumus B puKcupyer
suauenne RSS; or 6a3oBoit crannuu Bs, a 6a3oBas crannust By dukcupyer 3HadYeHUe
RSS; or 6a30Boii crannuu Bj.

Bl."“““"‘““"‘““““! ......... ' ........... r,m,Bz

Dy

@ - Basosas cranuus

Puc. 3. llpuniun paborsl mpejjiaraeMoro MeToia

3HaveHNs BBIXOIHON MOIMHOCTH 00emx 6a30BBIX CTAHIINI M3BECTHBI, HOITOMY MOXKHO
YCTAaHOBUTH (DAKTHUIECKHE 3HAYEHHs MOTePh MOIMHOCTH CUTHAJA OT 00enx 0a30BBIX CTaH-
muit, kak L; = RSSrx, — RSSgx,, e © — Homep 6a30Boit craniuu, RSSrx COOTBETCTBYET
BBIXOJZHOMY CUI'HaJIy 0e3 nmorepb, a RSSkrx — MOIIHOCTH 3aperuCTPUPOBAHHOrO YAAJJICHHO
croponoit curnasa. Takum obpasom, 3Haderne N; MOKHO OIPeIeTNTh KaK:

Ny = (L; —201g(fi) +28)/(1g(Dy)), (7)

rjie j — UACHTUMUKATOD PACCTOAHUS MKy OA30BBIMU CTAHITUSMU, HA PHUC. 3 JAHHOMY
PACCTOSHUIO COOTBETCTBYeT myimHa orpe3ka Di,j = 1. OueBuanHO, 9TO MOTEPU CHUIHAIA
MEeZKIY 6&30BBIMI/I CTaHINAMI 6y,ZLyT ANHAMHAYCECKH MEHATHCA, a CJAeJ0BaTCJIbHO 3HaYCHHUE
N; aBngerca mepeMeHHBIM. cmonb3yem nosydenHoe 3HavUeHue N; IS BBIYUCTEHUS Pac-
CTOSTHUS MeXKJ1y i-if 6a30BOM cTaHIuell 1 MOOMJIBHBIM YCTPONUCTBOM:

LM;—201g(f;)+28

o (e (8)
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rie LM; — norepu MOIIHOCTH CUTHAJIA OT MOOUIBHOTO ycrpoiicrsa. [lockobKy BbIxOmHAS
MOTITHOCTDb CUTHAJIA MOOUIBHOIO yCTPORCTBA HE U3BECTHA, TO B KAUECTBE MCXOMHOTO 3HATE-
HUSI MOIIHOCTH CUTHAJIA MOOWJILHOTO YCTPONCTBA MPUHUMAETCS (DUKCHPOBAHHOE 3HAYEHUE
RSSrx,, = 0 1BM, Ha OCHOBaHHU Yero PacCUYUTHIBAIOTCA IPeIBAPUTETbHbIE 3HAUEHUS T
u Aj (cm. puc. 3). Tak kak Touxe M; cooTBeTCTBYeT 3HaUeHHe A;, PABHOE HYJIIO, TO IS
npuOIMKenus A K HyJII0 HeOOXOIUMO MOJT00paTh MAKCHMAIBHO TOYHOE 3HAYEHHE BBIXO/I-
HOT'O CHUTHAJIa MOOMJIBHOTO YCTPOWCTBA, JIN0O ONPEIeTUTh 3HAUYEHUs T;. B MepBOM Crydae
MOKHO BOCIIOJIb30BATHCS METOIOM nepebopa BapUaHTOB 3HAYEHUIT MOITHOCTH CUTHAJIA MO-
ouspHOTO yerpoiictBa RSSry,, A onpenenenus r;, UpU KOTOPHIX A, OJH30K K HYJIIO.
Bo BropoMm cirydae 3nadenne Aj MOXKeT IMeTh TaKzKe OTPHIATE]bHOE 3HAYeHHE, 9TO COOT-
BETCTBYET MEPeCceIeHni0 OTPE3KOB 7; U 1;11. PaccMoTpuM BTOPOI caydait 607ee moapoOHO.
3aryxaHue paJHOCUTIHAIA TPOMOPIHOHAIBHO JIOTaPU(MYy, TOITOMY MOYKHO TPEICTABUTDH
3HAUEHUs X; B KadecTse 3asucumoctn ; = X, - 1g(r;), rae X; mekoropas dbukcupoBanmas
BEJINYNHA, KOTOPAS OMPEJIESIeTCsT CJIEYIONINM BhIPasKeHUeM:

X; = (85)/()_lg(r), 9)

e 3Havenue A; = D; — > r;. 3areM MOXKHO BBIYUCANTH 3HAYEHUs [R;, CyMMa KOTODBIX
cooTBeTcTByeT 3HadeHuIo [;, a Touka M, ux rpanune, Kak R; = x; + r;.

B npemaraeMoM croco0e JOKaJIA3alME BO3MOKHAs MO3UIIMSA MOOMIBHOTO YCTPOMRCTBA,
omnpenensercsa Ha oTpe3ke [j, coeimHAOmEM aBe 0a30Bble craHnuu. llpm sToM MOKHO
HCIIOJIB30BaTh PAa3JIMYHbIC THUIIBI MO6I/IﬂbeIX yCTpOIU/ICTB, a 6&30Bble CTaHIIUKU MOI'yT U3MeE-
HITH XapakTepucTuku. B ciydae, ecam curaa oT MOOUIBHOTO YCTPOICTBA PEruCTPUPYIOT
boJiee, 1yeM JBe 0a30BBIE CTAHIUMU, BCTaeT 3ajada BbIOOpa HamboJiee ONTHUMAJIBHON J171s
pacyera JIOKAIMK IMapbl 0a30BbIX CTaHIHH. B mccienoBaHnn B KadecTBe TAKOH Maphbl BbI-
Oupaanch 6a30BBIE CTAHINM, CYMMAapHAas MOITHOCTH CHTHAJA KOTOPBIX, BKJIIOYAS CUTHAJ
orT MO6I/IﬂbHOFO yCTpOIU/ICTBa7 MaKCuMaJibHa, 4TO CBUACTE/JILCTBYET O MEHbIIEeM KOJIMYeCTBE
ImoMex Ha IMyTH PaCHIpOCTpaHCHHuA PaJUOCUTHAJIAa MEZKAY JaHHBIMU 6&30BbIMI/I CTaHIIMAMI
1 MOOMJIBHBIM YCTPOICTBOM M, KaK CJeJCTBHE, MEHBIIEMY CpeIHEMY OTKJIOHEHHWIO Peru-
CTpUPYEMBIX 3HadeHuit RSS.

3. OmnmcaHume 3KCIIepMMEHTA

DKCIepUMeHT TPOXOAUT B 31aHnu [leTpo3aBojcKOro rocy1apcTBeHHOTO YHUBEPCUTETA
(puc. 4). B 11 onopubIX TOYKaX HPOBOIMIOCH MOpsiiKa 20 3aMepOB € MHTEPBAJIOM 3 MU-

_— 2-11 aTax o 3-natax
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Puc. 4. TecroBble IJI0IIA/IKK HA BTOPOM U TPETHEM ITarKe
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HyTbl. [To3unun 6a30Bbix cranmuii obo3nadensl kak BS1 — BS9. Coeaunsitomue 6a30BbIe
cTaHiuu orpe3ku obosznavdennl Kak D1 — D7, a nozunuu mobuibuoro ycrpoiictsa, kaxk P1
— P11. Coeannsrorniume 6a30BbIe CTAHIMN OTPE3KH 00pas3yioT rpad <ciabimumocTs. [epe-
YeHb UCIOJIb30BAHHOTO B SKCIEPUMEHTe 000PYI0BaHuUs IpejicTaBaeH B Tabsuie. [Lianmer
1 ObLI1 UCIIOJIB30BAH BO BCEX OIMOPHBIX TOUYKAX.

Tabsniia
[lepedennb UCTIOTB30BAHHOTO OOOPYIOBAHMUS

Monesn Omuucanue
Konrpomrep Mogens Cisco 5508, Bepcus OC — 7.4.110.0
Bazosas cranmus | Mogenn Cisco ATR LAP1042N, TX PWR - 20 a1bwm, 2x4 1bu
(BS2) Crannapr 6ecripoBoHoii ¢Bs3u — 802.11n (2,4/5 T'T'n)
Bazosas cranmus | Mogenn Cisco ATR LAP1240, TX PWR — 17 abwm, 2x2,2 nbu
(BS1, BS3-9) Cranmapr GecripoBouoii ¢Bsa3n — 802.11g/a (2,4/5 ')
HoyTbyk MacBook Pro, Core i5 2,4 I'T, 4T'B O3V,

WiFi 802.11n (Broadcom), Mac OS X 10.7.5, 64-bit
[Tranmer 1 Asus Nexus 7 (2013), Android 4.4,

Qualcomm Snapdragon APQ8064 1500 MI ',

2I'b O3Y, WLAN 802.11 a/b/g/n@2.4GHz/ 5GHz
[Lnanmrer 2 iPad mini, iOS 8.1.2, Apple A5 1000 MI',

512 MB O3¥, WLAN 802.11n (2,4 / 5 I'T'n)

4. AnHajgm3 pe3yJabTaTOB

[Ipu pacdere JIOKAIMU Ha OTPE3KE BO3MOXKHBLI 2 cjydad. B mepBom, OT NO3MIUH MO-
OMJILHOTO yCTPOMCTBA TTPOBEJIEH NEPHEHINKYISP K OTPE3KY, OTHOCUTEIHLHO KOTOPOTO pac-
CUNTHIBaETCS JOKAIHA, BO BTOPOM — JTaHHBIM MepIeH IuKyaap oTcyTcTByeT. Ha puc. 5 mo-
Ka3aH MpuMep OTKJIOHeHud i oTpeska D2. Touka mepecednus mepreH uKyasgpa OT MO-

Puc. 5. OTK/I0HEeHNE HA OTPE3Ke

sunuu P3 10 orpeska D2 npunumaercs 3a GhaKTUIECKYIO TOUKY HAXOXKICHUSA HA OTPE3KeE,
a paccrostiue MexK 1y PaKTUIecKOH U pacCUMTaHHON 1mo3uiueil Ha OTpe3Ke MPUHMAETCS 3a
OTKJIOHEHUE.

Paccmorpum pesysbrarsl JJis MIaHImeTa 1, npejacraBieHHbie Ha puc. 6. Junarpammb
COOTBETCTBYeT IIEPBOMY U BTOPOMY CJy4alo.
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Puc. 6. Pe3ybraTsl OTKJIOHEHUH HA OTPe3Ke

Ha nuarpammMax orobpazkeHo KOJIMYECTBO OTKJIOHEHHH Ha OTpe3Ke JJIsT BCeX IO3UIIHIA,
HaIIpuUMep, JAJd nepBoro ciaydasg B 30 m3MepeHHIX OTKJIOHEHUE Ha OTPe3Ke M3MEeHsI0Ch
B naTepBase or 0,5 g0 1-ro m. Kpome Toro, Ha pHCyHKe Ipe/ICTaBI€HO KOJUIECTBO OT-
PE3KOB M CIIMCOK OMOPHBIX TOYEK, COOTBETCTBYIONUX MPE/ICTABJIEHHBIM OTKJIOHEHUuAM. 3
Pe3yJIbTATOB BUJIHO, YTO JIOIOJHATEIbHBIE 6a30BbIe CTAHIUN TPEOYIOTCd Ha y4acTKax Iepe-
cedeHus PA3HBIX OJIOKOB 3/IaHUs, YTO TaK:Ke IO3BOJHT MUHUMHU3UPOBATH HAJTUYINE BTOPOrO
caydas. Jlokanuss yeTpoiicTBa Ha OTpe3Ke B TEPBOM CJyUae PACCUNTHIBACTCS TOCTATOYHO
TOYHO, 4TO IOJTBEPXKIAET Pa3zdpoC OTKJIOHEHUi, OOJIbillasd 4acTh KOTOPBIX HAXOAMTCS B
JUana3zoHe 3HAYEHNH 10 3-X MEeTPOB.

B noswutun P7 ObLiu moJiydensl 3aMephl J7Is BCeX TUIIOB MOOMJIBHBIX YCTPOHCTB, mepe-
YUCJICHHBIX B Tabmie. MakcuMaibHOe OTKJIOHEHHE /10 3 METPOB MOJIY YUJI0CH LI HOYTOY-
Ka, TIPU 3TOM OOJIbINAST YaCTh OTKJIOHEHUH He IIPEeBLICUIA 2 M, 9TO HO3BOJISET JOCTATOYHO
TOYHO OIPEJIeJIMTH TO3UIUI0 MOOUJIBHOIO YyCTPOMCTBA HA OTPe3Ke BOJINU3U PACCMOTPEHHOM
nosunun. [IepBoMy CJIy4ar COOTBETCTBOBAJIO OOIBLIIMHCTBO H3Mepenuit — 74,5%.

3aKJ/II0UeHue

HOJIyLIeHHbIe pe3y.anaTbI IOATBEP2K1a10T BBI,H‘BI/IHyTyIO FI/IHOTe3y O BO3MOZKHOM OIIpe-
JIeJeHAN TO3UIUi MOOHIBHBIX 00beKTOoB B Wi-Fi ceTdax ¢ auHAMHYECKH MeHSIOIIMMIUCS
cBOiicTBAMHU. YCTPOMCTBA B TAKHUX CETAX MOI'YT UMETh PAa3JUYHbIe XapaKTePUCTUKU U He
TPedyIoT KaKuX-/1n00 JIOIMOJIHUTEIbHBIX IIPEJlyCTAHOBOK 1 HAcTpoeK. Paccmorpennblii ciio-
cob pacduera Jiokaruu He TpedyeT (a3 obydeHns U KaauOPOBKHU, YTO MO3BOJSIET HCIIOJIb-
30BaTh €ro JIjis ONPEJIC/ICHUS MO3UINI BHYTPU 3JaHUN MOOUJIHLHBIX O0bEKTOB PA3JTMIHBIX
TUIIOB. B psiie ciiydaeB s olpejiesieHus TO3UIIMU HA OTpe3Ke TpedyeTcs yCTaHOBKA JI0-
HOJTHUTEJILHBIX 6a30BBIX cTaHiumii. [losiydaenHble pe3ysbTaThl MO3BOJIAIOT CIeJIaTh BBIBOI
0 TMPUMEHHMOCTH TPEIJIOKEHHOr0 crocoba JOKAIU3AINN B CJIYYasIX, KOTJIA ONpEeIeJHUTD
OoJiee TOYHBIE TTO3UIAN JIIOJEH HE TPEICTABJISIETCS BO3MOYKHBIM.

Paboma nposodunacs npu Gunarcocoti noddepatcke npopamms, CMpame2useckozo pas-
sumus [lempl'yV 6 pamkar peasusayuu KOMNAEKCE MEPONPUAULT NO PA3BUMUI HAYYHO-
UCCAEA08AMEALCKOT 0eATNEALHOCTNAL.
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DETERMINATION OF LOCATIONS IN CORPORATE
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First of all, the article examines three issues: the existing algorithms for localizing
mobile devices; indoor wireless propagation models; and limitations of applying these
algorithms and models to mobile device localization. Secondly, it suggests a method for
localizing mobile devices within corporate Wi-Fi networks with dynamic properties. The
method is based on the ITU R 1238 indoor radio path loss model. Mobile devices are
localized through their signal level registered by base stations. The localization is performed
relative to the edge connecting two base stations. This is why such localization requires a
minimum number of base stations. The criteria for selecting the necessary edge are described
in the article. Previous settings and calibration of mobile devices are not required. For
this reason, the method can be used without location-based services. Furthermore, it is
applicable to any Wi-Fi networks whose base stations can measure the signal level of mobile
devices. The tests show that the method successfully localizes mobile devices in a number
of cases.

Keywords: location algorithms; dynamic properties; ITU-R 1238; RSS; Wi-Fi.

References

1. Voronov R.V., Galov A.S., Moshhevikin A.P., Voronova A.M. [On Indoor Object’s
Trajectory Trace Adjustments to Building’s Floor Plan|. Uchenye Zapiski Petrozavodskogo
Gosudarstvennogo Universiteta [Proceedings of Petrozavodsk State University|, 2015, no. 2,
pp. 87-91. (in Russian)

2. Karimi H.A. Advanced Location-Based Technologies and Services. CRC Press, 2013. 354 p.
DOI: 10.1201/b14940

3. Miniahmetov R.M., Rogov A.A., Cymbler M.L. The Survey of Indoor Positioning Algorithms
for Mobile Devices. Bulletin of the South Ural State University. Series: Computational
Mathematics and Software Engineering, 2013, vol. 2, no. 2, pp. 83-96. (in Russian)

Bectauk FOYpI'Y. Cepusa «MaTtemaTudecKoe MoJejinpoBaHUe 103
u nporpammupoBanues (Bectunk FOYpI'Y MMII). 2016. T. 9, Ne 1. C. 92-104



C.B. Magnoxaymies, A.A. Poros

10.

11.

12.

13.

14.

15.

. Assur O.S., Filaretov G.F. Issledovanie Tochnosti Sistemy Wi-Fi Pouzicionirovanija,

Postroennoy s Ispol’zovaniem Metoda K-blizhayshih Sosedey. Computer networks,
theory and practice, 2013, no. 2. Available at: http://network-journal.mpei.ac.ru/cgi-
bin/main.pl?l=ru&n=23&pa—=T7&ar=1 (accessed 27 March 2015).

Voronov R.V., Malodushev S.V. [Dynamic Creation of Wifi-Signal Level Maps for Location
Systems|. Systems and Means of Informatics, 2014, vol. 24, no. 1, pp. 80-92. (in Russian)

Malodushev S.V. Research on the Dependences of the Rss Values from Different Wifi Devices
in the Line-of-Sight Range. Modern Problems of Science and Education, 2014, no. 5. Available
at: http://www.science-education.ru/ru/article/view?id=15038 (accessed 29 March 2015).

So J., Lee J., Yoon C., Park H. An Improved Location Estimation Method for Wi-Fi
Fingerprint-Based Indoor Localization. International Journal of Software Engineering and
Its Applications, 2013, vol. 7, no. 3, pp. 77-86.

Pathak O., Palaskar P., Palkar R., Tawari M. Wi-Fi Indoor Positioning System Based on
RSSI Measurements from Wi-Fi Access Points. A Tri-Lateration Approach. International
Journal of Scientific & Engineering Research, 2014, vol. 5, no. 4, pp. 1234-1238.

Bose A., Foh C.H. A Practical Path Loss Model For Indoor Wi-Fi Positioning Enhancement.
Information, Communications & Signal Processing, Singapore, 2007, pp. 1-5.

Sadiki T., Paimblanc P. Modelling New Indoor Propagation Models for WLAN Based on
Empirical Results. 11th International Conference on Computer Modelling and Simulation,
Cambridge, 2009, pp. 585-588. DOI: 10.1109/uksim.2009.112

Japertas S., Orzekauskas S. Investigation of Wi-Fi Indoor Signals Under LOS and NLOS
Conditions. International Journal of Digital Information and Wireless Communications,
2012, vol. 2, no. 1, pp. 26-32.

Japertas S., Slanys R. Research of IEEE 802.11 Standard Signal Propagation Features
in Multi Floor Buildings. Elektronika 1 Elektrotechnika, 2013, vol. 19, no. 8, pp. 101-104.
DOI: 10.5755/j01.eee.19.8.5404

Salekh Kh.M. Mobile Systems of Information Services Positioning Objects. Dissertation of
PhD in Engeneering Science, 2013, Vladimir. 132 p.

Constambeys T., Laoudias C., Zeinalipour D., Panayiotou C. Low-Effort Indoor Radiomap
Data Collection and Geolocation on Smartphones. International Conference on Indoor
Positioning and Indoor Navigation, Korea, 2014, p. 4.

Starcev C.C. Modeli Rasprostranenija Signala Wi-Fi [Conferences System/. 2013. Available
at: http://conf.nsc.ru/files/conferences/MIT-2013 /fulltext /146127 /151267 /Startsev.pdf
(accessed 1 February 2015).

Received April 27, 2015

104

Bulletin of the South Ural State University. Ser. Mathematical Modelling, Programming
& Computer Software (Bulletin SUSU MMCS), 2016, vol. 9, no. 1, pp. 92-104





