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BeepneHue

McToYHUKM curHanos

e GPS
o WiFi
@ MobunbHbie cetn (GSM, 3G, LTE, ...)

anMeHEHMe reosiokauuu MOBMWIbHbBIX yCTpOﬁCTB

@ Hasurauus
@ MoHuTopUHr

o [locTpoeHue KapT 3aceneHHOCTH
o OnTUMK3auMs rOpPOACKOH MHAPPOCTPYKTYpPbI
o [owuck nogew B cnyyae YC (E911)

@ Location Based Services
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Global Positioning System

Puc. 1: GPS localization principle

@ Trilateration: oueHka BpeMeHH, 3a KOTOPOE CUrHaN BOCTUraeT NPUEMHUKA —> pacCTosiHUe A0 MPUEMHKKA
@ Bbicokas TOYHOCTb Ha OTKPbITOM MecTHoCTH: 6 — 8 mMeTpoB

@ Bbicokoe notpebnenne aHepruu NpuéMHUKa
]

Lonruit nouck cnytHukos (A-GPS)

crakos Angpeit (DKH HWY BLLIJ) Metoab! reonokauuu
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Mo6unbHble ceTu
Cell ID

Puc. 2: CelllD localization principle

@ OueHKa MecTOMoNOXKEHHsI MO JIOKALUK aHTEeHHbI
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Mo6unbHble ceTu

Time of arrival (TOA)
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Puc. 3: (A) L. ion principle, (B) Relatic ip between signal strength and distance

4 = (=2 + (- )’
dy = (x — x)? + (v — v)? 0
dy = (= x3)% + (v — v3)°

@ HeobxopnMa CMHXPOHM3ALMA MexAy 6a30BbIMM CTaHLMAMU

@ [Momexu ans pacnpoctpaHenusi curHana (Non-Line of sight error)

@ Multipath problem
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Mo6unbHbie ceTu
Angle of arrival (AOA)

Puc. 4: Triangulation principle

_1 (g —y1)

¢ = tan

(= xp) @
by = tan71 (y— y?)

(x —x2)

@ Heobxopumo crneuuansHoe obopynosaH1e
@ [Momexu ans pacnpoctpaHenus curHana (Non-Line of sight error)

@ Multipath problem
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Mo6unbHble ceTu

FingerPrinting

Raster Array of
Predicted Signal Databas:
(PSD)
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Puc. 5: FingerPrinting principle

@ HeobxoprMo xpaHuTb cO 3HaueHusMU RSS ans Kaaol KOOpAMHATBI CETKMU

@ bBasy AaHHbIX NPUXOAMUTCS (hOPMUPOBaTb ANS KAXKAOW TEPPUTOPHAbHOM eWHHLbI OTAE/bHO U CO BPEMEHEM
nepecopM1poBbIBaTH
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Hanover Scenario

Onucanne 6a3bl AaHHbIX

@ Cektop 20 X 24 km c 195 BbiwKamMu cBA3M
@ 3aceneHHas ropoackasi TEppUTOpUs — HensbesxkHble NPensaTCTBUS AN PacipOCTPaHEHUs CUrHaoB

@ 85 msH. HabnopeHuit ¢ GPS koopanHatamu v top-20 Bbiwek ¢ Hanbosbluen CUOM curHana

Puc. 6: (A) Mobile phones receiving -79 dBm, (B) Mobile phones receiving -78 dBm (blue), -79 dBm (red) -80 dBm (green) RSSs
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MNpepnoxeHHbir FingerPrinting anroputm

@ Anroputm cocTouT u3 2 chas: coctaBneHue Tabnuy noucka (Algorithm 1) u nokanusaums c ux
nomolupto (Algorithm 2)

Algorithm 1: Construction of lookup tables. The input is a list of localized Algorithm 2: Lateration using lookup tables. The input
RSS measurement M = { (x;, y;» ra; )}fvzl» Triplet (x;, Yi, ra;) M= {ra|:ray, ----ray } is a list of RSS measurments in decreasing
denotes location x;, y; where RSS ra; measured from tower a;. D is the order, lookup-tables T and threshold value T

maximal allowed diameter of a cluster.

1: procedure LOCALIZATION(M, T, T)
1: procedure CONSTRUCTLOOKUPTABLES(M,D) 2: end procedure
2: end procedure
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MNpennoxeHHbi FingerPrinting anropuTtm

Wnnioctpaums pa6otbi
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IKCMNEPUMEHTDI

MNapameTpbl 3KCNEPUMEHTOB

o CnydaHoe pasgeneHue Ha obyueHue,/KOHTposb: [ons B KoHTpone 67%/80%/90%/95%/99%
@ [luckpeTusauus TeppuTopHUM Ha mo mpsimoyrosibHoM cetke 1,2, 5, 10,20, 50 metpos

o [oeTopsiem 10 pa3

PeaynbraTthl

Tabnuua 1: Accuracy of localization using NN Tabnuua 2: Accuracy of localization using Lookup tables
Grid size (m) 1-99 5-95 10-90 20-80 33-67 Grid size (m) 1-99 5-95 10-90  20-80  33-67
1 10.5 - 2.20 1.65 = 1 49.85 19.78 12.64 7.85 5.5
2 10.1 B 3.64 3.2 = 2 48.83 18.66 11.78 7.25 5.09
5 15.69 - 11.68 12.79 12.43 5 45.96 16.74 10.61 6.79 5.11
10 24.10 33.42 33.62 33.73 33.7 10 43.16 16.05 10.08 1.70 6.4
20 63.69 72.46 76.36 94.58 83.78 20 40.59 17.16 13.03 10.71 9.83
50 129.18 137.93 143.01 149.99 159.45 50 42.40 24.92 22.23 20.87 20.65
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IKCMNEPUMEHTDI

PacnpepneneHie owwn6ok

: 5m Test Ratio: 90%, Grid Size: 10m
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Cnacubo 3a BHUMaHHe!
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