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A mobile phone plays as an important role in everyday life due to the
convenience of communication. Many applications have been developed to reinforce
the functionality of the mobile phone. Location service application is a kind of the
mobile application that provides location information to a mobile phone user. GPS s
generally for localizing the mobile phone. The GPS sensor is embedded with many
models of the mobile phones. Although the GPS can provide localization performances
as well over outdoor environment, it cannot provide location information over indoor
environment because structures of building block GPS signal from satellites. Many
indoor localization approaches have been proposed to address that problem.
However, they have been implemented for single-floor environment only. They cannot
identify the current floor that the mobile phone is located on. This research proposes
a floor localization system without any supporting from the back-end server and any
site survey. In the system, the localization process utilizes access points from Wi-Fi
scanning list to determine the current floor of the mobile phone. The localization
algorithm is low complexity so it can be processed by the limited hardware of mobile
phone. The algorithm achieves up to 85% of localization accuracy. Moreover, the
system has a fingerprint self-learning mechanism for fingerprint map construction. This
mechanism requires sensors on the mobile phone. In addition, the mobile phone can
exchange fingerprints with others via a virtual ad hoc network by fingerprint
dissemination mechanism. The proposed system with the fingerprint self-learning and

the fingerprint dissemination mechanism achieves 87% of localization accuracy.
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2.1 MIsEymursuUIngAnsindaun

paonsrozlIa i IuLl sruuildseydiunis (Localization system) U
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(Outdoor localization system) kagsguudInsuseysdiwvuanielus1ais (Indoor

localization system)
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2) BMsszydmunislaslt@nuuailenasusun (Fingerprint-based approach)
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2.2.1 SkylLoc

LY o a [

SkyLoc [6] ﬁasw*u53‘1468’51460ENmmﬂmﬂ%mi%’uammma@mma]Lamam (GSM:
Global System for Mobile Communication) #ann15%1914989 SkyLoc ABTEUUILASI
unuiifainesUsuindygradieaduniglueias massyiuresorasasinldlagldng
Jugd vuraiieasuiinsdniedeudildsuiudnuuailaunesususiluunuil egrdlsiniy

SkyLoc fimuusiugn 73% lun1sszuduveserasilvsdniiinfiouiioguazfeedinisiu

Toyadyey s Faenadianlidedmiunsnensyuanalunisdrsisernns

2.2.2 FTrack

FTrack [15] 1uszuussyturosennsiiinsdmiiadeuflogisuiiiondu SkyLoc u
uAnenafuiiiEnsssyty Frack adlidumeesinanusafiotuiinnsifunisldedudieg
vosfldlnsdwiiadoud Rnduazthmaiunailduienginaifumadofunaain
Funildlugntunislneglanduagdnnuiideitunmandunidugdntunidaelioula
n¥annszuvvhaululduszana 2 $alus msssyduves Flrack asdiannuuiug 90%
ogalsfinm FTrack fiosnai@sninosdmiviinsginaimafiunmatazduiuiudedld
Fumsandundslugibndunis fadsnesduialdiedmiveniausiuaralddedniy
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3.1 ATNTAUVBITSUY

Tuadad 3.1 %a%ma%umaumsv‘hmuuazamﬂmaﬂiimaﬁzwﬁgﬂaamwum
Lﬁaaﬁuayu%’jumaumiﬁmuﬁmm
3.1.1 TUABLANINIIUTBITIUY

MY UeasEUY FloorLoc-SL itumaugsalul
1. dlesuldruszuuriuneundieduuulnsdnindoud szuuiosmetooimsuazmneiay

FUYIe1AITK I usHUnldusTUUALansluINg 3.1

BuildingName StartFloor IPAddress
‘Prototype’ ‘1t Floor’ “10.168.1.2

AMA 3.1 Tumsunsiesvetayallasuialdiuszuy

2. szuuLiudnuuaianesUTurivestudiing1y @induneuil 1) aslugiudeyadnuua

Aanosusuy fainansluning 3.2

Rest Room

°

Location WiFiSignal LastKnownPosition ActivityState ActivityHistory
“1st floor’ ‘AP4, ‘null’ ‘walking’ ‘null, null’

APS5,
APE’

Common Room

Meeting Room | Meeting Room

v
Added

AN 3.2 TumaunsiiY FloorLoc-SL aslugudeyadnuuaiianasusun
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3. Wedldinstunieasludstudug vede1as seuudssudufinnIsiefeun (activity

history) a1nfNueagAsEULaINInsEUiwlls fauandlunini 3.3

7

Location WiFiSignal
‘null’ ‘null’

LastknownPosition
“1st floor’

ActivityState
‘upstairs’

ActivityHistory
‘upstairs’, 1 floor’

A9 3.3 TupsunstuiinnsinieunveldinsAnsindeui

[
v o A

4. WeglilnsdnivigaindounTunseasludtudug seuuasisuinsseyiumiagnass

)

o A - o = = =i a0 13 X
@Q‘VILLGWQI‘UJWW‘V] 34 UUVIﬂﬂ’ﬁLﬂﬁ@u%ﬁ]%i‘]ﬂﬂuw]LN@?%U‘UE‘?’]N"I‘EQﬂ’ﬁi%QG}WLL‘VI‘U\ﬂ(ﬂ
Rest Room
Office Office
Office g Office
E Office
é Office

Location WiFiSignal LastKnownPosition ActivityState ActivityHistory
‘3rd floor’ ‘AP1, ‘null’ ‘walking’ ‘null, null’

AP2,
AP3’

AN 3.4 Pumpunsszyiuniinigluenas

anszuuldanunsassydumisdagdure sinsdwiindounla szuuasidngnszuiunis

9 9

SEUsTNUUATNDTUSUVIAEAULDIAINING 3.5

£ T —————— -
:_ Fingerprint self-learning mechanism
JITTTT
Office — Office
Office 8 Office
floor
£
8 — Office
['4
§ Office
=
Location WiFiSignal LastKnownPosition ActivityState ActivityHistory
‘31 floor’ ‘AP1, 31 floor’ ‘null’ ‘null, null’
AP2,
AP3
N J
Y
Added
¥

A9 3.5 TumsunsiseuITNuUaTlunesUTwimenuLes
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5. ndInEsaEutunsuNTITURuALe Insdsiiedeuinavidngnszuiunisuaniuaeudn
wuaN LN SUTUNAUINIANNLAROUNLATEIDUS NTZUIUNTITUILLAATUIUNTENITLUY
asanuIldlnsAnindeuninisturieasluduaug nmshnuresssuuasnd uld

FITUNDUN 3 DNAT

AN 3.6 TuRBUNITWanUAsUTNLUaTLNasUSUN

JURDUVINNUNINUAVDITEUU FloorLoc-SL AIATUADUN 1 DITURDUN 6 @1U150

asUlanslsanulunini 3.7

Request
- Building name
- Beginning floor

|

Fingerprint
self-learning
! ‘ No
No Localize Stop ascending/
descending?

Start to record

Found matching
activity history

fingerprint?

Ascending/
Descending to other
floors?

Fingerprint
dissemination

Reset
activity history

AT 3.7 RIULEAITUADUNITVINITUUDITLUU
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3.1.2 gandnenssuvasszuy

an1iimenssuvessEuy FloorLoc-SL gneenkuuniioatuayunshauiaaages
STUU seuuazUsenaume 5 luga Lawn lugassysiunua (Floor localization module),
lugaseuignuuailanasusuiaienuas (Fingerprint self-learning module), lugaduun
ngAnssun1siadeudivasfldlnsdwit (Activity classification module), Tugatudiuaudu
(Floor counting module) aglugaunsnseatednuuaiainesusuni (Fingerprint

dissemination module) antnenssuYIsEUULEAILARININT 3.8

{ 3 a
Fingerprint
Self-learning Module )
\ .

Floor Counting Module]
Fingerprint
database

.

[ Floor Localization

Module y

o N a

Fingerprint _ Activity Classification
Dissemination Module J‘ Module

"

A7 3.8 anndnensTueeseuy FloorLoc-SL

lugaszydiumiaiininiAuiamyuretetnsiinsdnviaisunidegluvaedy
lugassuignuuailanasUsuimenuesasyiminnassazysuuss@nuuailanasusun
iieatuayunsvihuvestugaseuiuvus Inednuuainesusurivesdazduneluaing
szgninulilugnudeyaileinesusun (Fingerprint database) nsdinlugassysunuly
anunsavendwslagiuredvsfmiiiniouils Wewnndyaianievhentasulinsaiudn

a s 1a 6 4 a Ya a s 1a ¢ ¥V b4 v =

wuailenasusuvilag lugrudeya lugaseuignuuailanasusuisenuieszsaswatuiin
nsndeunverldlnsdnviainlugatiudnuiutu lunsduiinnisiadeunvedlugatiudiuiu
) °o & v v A & v e ° a
guty lugadndudesianiugnisindoulniianuavesdldinsdnianlugaduunngingsy
n1simdeun lugadinaniagyiminnamuinivustuaa uznsindeulng (activity state)
Yo MInsdniiduednsls wu Mauiu egladunnieduastule egralsiniussuuly
IndudeniouinuuaiianesUsuivesusazdumenuouiistod1uie WsAnsindeuius

44' N a a s a ¢ 1Y) ‘:1' = Y
ALLATDIEINTTALANLUAIUINLUANUNDIUTUNVBIAULDINY bATDIDUE) Iﬂﬂaﬂim@aﬂizﬁ]’la

FnuuaRwnasusun
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3.2 nMsszydmunianiglueiais

3.2.1 Snuuaflainastiurivasdunelusians

Fnuuatlanesusuniluseuu FloorLoc-SL Aeudaanass N a1sulsn (Top-N access
points) UBINANITAUNIAYEUI1I18NIY (Wi-Fi scanning list) anTnsAniadoudiile
Tnsdwindeufiogluusiazduroseins Tnglduuanoninsa (MAC address) dniuszyudn
anesfuAnzd SnuuafluinefUiuidmivusasiurasoimsazgninfvadlugiudeya
Tnssasredoyarasdnuuatianesusunilagnienlifed

floor fingerprint = {floor level, ap list}

a &
Wwe  floor level = MHNYLAYVUVDIDIANT
ap_list = {ap; ap;,... , apy}, ap; = LUALDALATAVDILDAENDYA N 1A ULINIINNG

NSAUAYQIaNNENIY

3.2.2 dana3iiudmiuszymunienieluainis
3.2.2.1 9ana39u FloorLoc

[ 1

WalnsfniiadeunAumdyainnere ssuvaglddanasiun 3.1 lunisseysumy
Uagiiuweserns Inedane3fiufiansanimudawanass N a19unsnveInan1sAumdygyia
Mevhetunieafsivgnuuaiianasysuivestulauniign anududeuresdanasyiui 3.1

~ W = A o ] Aaa a s a ¢ v
fifnwinfiu O(F) wle F Aednuiutuveternsniidnwuaianasusuieglugiudeyavesseuy

danasNuN 3.1 9anasnu FloorLoc

Algorithm FloorLoc

Input: top-N access points in Wi-Fi scanning list top_ap_list
Output: current floor of mobile phone current_floor_level

1: hitmax<— 0

2: for each floor_fingerprint do

3 hit — 0

4 for each access point from top_ap_list do

5: if access point is in ap_list of floor_fingerprint then
6: hit «— hit +1

7 end if

8: end for

9: if hitwax = hit do

10: floor_level — UNKNOWN

11: end if

12: if hitmax < hit do

13: hitmax < hit

14: current_floor_level « floor_level of floor_fingerprint
15: end if

16: end for

17: return current floor_level
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Fane37u FloorLoc 98AIUIMAZLUUAINNLAIDY (Hit score) SEnINIuLdALYanud N

[ '
[ 1% [ v a

AP ULINIINNANITAUIFY YU e BLazdnLuaanasUTUNLAazILY0I01AT 9

Fnuuadunesusuidazsuuuaiuviiouninianazsdusunusdagiuiilnsdnwimdoud

Y I

F9819N15YIN9UYD99aN057U FloorLoc wandlasaning 3.9 Tusheg1silldudrwanasd 3

v W

upuLsnAINEanIsAUMdygIaevhaldudnuuailanesusun aannmaznun@nuuails

WnasuTunivesty 3 dazuuuaiuniauniniign aetudanasfu FloorLoc avauin

INSENLAFDUNDYNUSIUTU 3 V99971A1S

Y

Floor Fingerprint
1stfloor 2nd floor 3rd floor
AP1 AP1 AP3
AP2 AP2 AP5
AP3 AP3 AP7
AP4 AP5 AP8
Hit=1 Hit=2 Hit=3

2N

d' U 1 o U a
AINN 3.9 AIDY1NNITVNINUYRIDANDINU FloorLoc

1 13 v a aao a = 1 o ! Y
ag1elsfinu elinsaiNndana3fiu FloorLoc laiarusassydiunustdagiues

[ '
v a

InsAniiafeunls e ndunaTiiAzwuUANUWEBUEIEALNIINTAIETNRUa TN DS

U3unt vinlidanesiuldanunsadndulald nanisszumumniadaeanundu UNKNOWN 1351

a PN ‘:glll « . P d‘ U 1 a

Sendeymifinuildn “Unknown location occurrence” Amdl 3.10 Uan4s9E19U83N15LAN
@

N v 1 < A a s A 3 o Y A '
ASUAINATT ANAMNAZLRUNTNLUANILNDIUTUNVBITUN 1 LASTUN 2 ANNNUATLUUAINY

IS [ Y Qs = ! o [l Y L 6 A Ay v
WALDU 2 ATLLUULNINY aaﬂaimmﬂlmmmamzqmme{]ﬁ]ﬁguwaﬂmﬂwwmaawﬂ,m

Floor Fingerprint
1st floor 2" floor 31 floor
AP1 AP1 AP3
AP3 AP2 AP5
AP4 AP7 AP7
AP6 AP5 AP8
Hit=2 Hit=2 Hit=1
£ 9

A9 3.10 Arogen1aindeynn Unknown location occurrence
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3.2.2.2 9ana37iy FloorLoc with top-N decrement technique

d‘ U a = a 6’5 a . ]

\19991n9ane37u FloorLoc LaNtudidaynn Unknown location occurrence 8¢
denasiaUszAnsninlunisssuimunisvesssuy FloorLoc-SL Femasiin1susuugedanasiiu
AanaL oL UTEANS A NNV

LWafia1saufieg19n156Andeyn1 Unknown location occurrence Wu31m1n
LY a = (J [ £9 o a v o w [d
danesfanduLdAaNERlUNANTAUEIMENIY ALY 3 dunsnidy 2
o w = a a s A ¢ ) a1 [J
AU AzLUUAMWTauYeIBNLUaTnasUTUTY 1 uagdy 2 avlidnlu 2 avwuuuay
1 AZLUUANLAINY AZRULANLMDUEIEALUIAINTNLUATINOTUSUVIVRITUY 1 ileaty
FELY gAvNedaneINuITaINNTOTE YA WALV NI ANTILAT B UNAINHANITAUN
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9ana39udl 3.2 9ana39u FloorLoc with top-N decrement technique

Algorithm FloorLoc with top-N decrement

Input: top-N access points in Wi-Fi scanning list top_ap_list
Output: current floor of mobile phone current_floor_level

1: hituax< 0

2: while top_ap_list is not empty do

3 for each floor_fingerprint do

4 hit <0

5: for each access point from top_ap_list do

6: if access point is in ap_list of floor_fingerprint then
7 hit — hit +1

8 end if

9: end for

10: if hitmax = hit do

11: Sfloor_level — UNKNOWN

12: else if hitwax < hit do

13: hitmax < hit

14: current_floor_level — floor_level of floor_fingerprint
15: end if

16: end for

17: if floor_level = UNKNOWN do

18: top_ap_list.remove(last access point of top_ap_list)
19: else do

20: break

21: end if

22: end while

23: return current_floor_level
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I'Last known position + Activity State = Current Position

LlS‘ Floor + 2 floors of upstairs = 3" floor 1
Location Wi-Fi signal Last known location Activity state Activity history
‘unknown’ ‘AP1, “1st floor’ ‘walking’ ‘up, 2 floors’

AP2,
AP3’
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€
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o
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=
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Location Wi-Fi signal Last known location Activity state Activity history
‘31 floor’ ‘AP1, ‘3" floor’ ‘walking’ ‘null, null’
AP2,
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9anas9ud 3.3 danasuiy Fingerprint

Algorithm Fingerprint

Input: top-N access points in Wi-Fi scanning results top_ap_list,
floor level floor

1. if fingerprint of floor is valid in fingerprint database then
2 floor_fingerprint « fingerprint of floor in fingerprint database
3: else do

4: floor_level « floor

5 ap_list < null

6 floor_fingerprint < {floor_level, ap_list}

7: end if

8: for each access point from top_ap_list do

9: if access point is not in ap_list of floor then

10: ap_list.add(access point)

11: end if

12: end for

3.4 NMSIUNANGANTTUNISIARDUN
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U3581MA (Atmospheric pressure) ToulaannduesinAufuUssINIAMSoUIsedines
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ag13lsfinu AnuLsane Ul nGuwesiue1adA1sunIu (Noise) Fagiaiu 1o
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2aNasNUN 3.4 BANBINUILUNNYANTTUNITLARDUTNAWAIAINULT

Algorithm Activity Classification using Acceleration Approach

Input: acceleration {ai, az, as, ... , Qwindow size+1}
Output: current activity activity_state

1: window «{}

2: fori=1toi=window size do
3 Aa « |ai— a1

4: if da > Oldown then

5: activity «— DOWN
6: else if 4a > ayp then

7 activity < UP

8 else if 4a > owa then

9

: activity «— WALK
10: else then
11: activity — STEADY
12: end if
13: window.add(activity)
14: i—i+1
15: end for

16: activity_state < majority activity in window
17: return activity state

3.4.2.2 NMSAUUNNGANTIUNITLARBUNAIYAIAUAUUTTEINA
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Atmospheric Pressure from Barometer Sensor
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2anasNuUN 3.5 DANBINUILUNNYANTIUNITLARDUNAIYAIAUAUUITEINA

Algorithm Activity Classification using Atmospheric Pressure Approach

Input: streamed atmospheric pressure {p;, p2, p3, ... , Pn}
Output: current activity activity state

1: previous pressure <— average(pi, P2, P3s --- » Pwindow size)
2: for i «— window_size +1 to i =n do

3: current_pressure «— average(p[, Pit+ls Pit2y ooy prindowxize-])
4: Ap <« current pressure - previous_pressure

5: if 4p > Paown then

6: previous_pressure <— current_pressure

7: activity_state «— DOWN

8: else if Ap < Py, then

9: previous_pressure <— current_pressure
10: activity_state < UP

11: else then

12: activity_state «— UNCHANGED

13: end if

14: i < i +window size

15: end for
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[ FLOOR_COUNT € 0 ]

walk walk
m walking_on_a_floor down
going_upstairs_1 [ going_downstairs _1 ]
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up down
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Algorithm Floor Counting Algorithm using Atmospheric Pressure Approach

Input: streamed atmospheric pressure {p;, p2, p3, ... , Pn}
Output: amount of floors floor count

1: initial — 0

2: floor count «— 0

3: for each p; from streamed atmospheric pressure do

4 if p; # 0 then

5: A « initial - p;

6: ifA 2 Bflooridawn then

7: initial < p;

8: floor_count < floor_count -1
9: else if 4 < Broor up then

10: initial < p;

11: floor_count < floor_count +1
12: end if

13: end if

14: end for

3.6 nskanUagudnuuananasusunsenIansAnaaaun
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FnuuaRanasusun siiviinvestennudu “beacon”

- Sender folafiuaninsaveisznie

- Location Index ABMRLNELATTUVDIDIAITNINTANLAZDUT

- Timestamp AaTuuaziia1venugnas

AluaRnasUsuUnN
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Inséniadeudiarldudeniny mniadoslafidesnisdnuuailanesusud Avzds
Fonundulufuedasiivsenaaddennuunifievednuuaiianasusun deausngn
9ni38n31 “Query message” ﬂﬁv‘l’wmmaaﬁzumauﬁl,l,asgﬂwami’fammﬁgﬂduﬁa
vednuuailanesuuvinandldfannd 3.17 (b) sUuvudonnudignuansliluaimi
3.17 (b) azUsznauludedoyadetelud
- Type Aeviavasdeny dmiudeninuvednuuailunesuiwidy avilviinves
Jonadu “query”
- Inquirer flefiuannTarDITRTNRUATILNDTUTUN
- Provider folafiuaninsaveslnsdniiindeuifiduidivesdnuuaiaunes
UTuy
- IndexLocation Request foturasanansiifuedosnisdnuuaiianasuius
- Timestamp fAefunasaniifenugnas
dledeaiudnuuailsinesuiusigndsunisinsdnsiindouimiuiiivesdoya
Inséiiadouiiivesteyaazddnuuaiiane fUsuwingnuenduludsivedeya 13den
T8AIIUAINAIITT “Reply message” JULUVTBITDANLLALNTAMTDAULARNILARS
Al 3.17 () sUuuudeauiignuansliluninil 3.17 (0 azusznevlusiedoya
Fesallil
- Type Aoviavesteniu dmsutennunsudnuuailanesusuindudy axiivia
Yastanudu “reply”
- Provider fglefiueninsavasida@nuiuaiianaiuiuni
- Inquirer AolefiLonnsavesinsfmindouiinidugvednuuailanosuiuy
~ Location fetuvetermsiideinisvednuuaiiunesuuy
o s

- WiFiSignal Aenuuaieinasusum

- Timestamp AafuuazafivenIugnas



30

QG\B/QG

Type
‘beacon’

Sender
‘10.168.1.2"

Location_Index
11,3}

a(]

(@) NMSWNINTEIBTRANUNBUTENATNLUAT N DSUSUTIVBINULDY

Timestamp
‘13 July 2014, 11.17AM’

Type Inquirer Provider IndexLocation_Request Timestamp
‘10.168.1.3" 10.168.1.2" {3} ‘13 July 2014, 11.20AM’

(b) NsEUBANNVERNLUANNBSUSUN

QE\g ~{i

Type Provider Inquirer Location WiFiSignal Timestamp
‘reply’ ‘10.168.1.2° ‘10.168.1.3 3 floor ‘AP1, ‘13 July 2014, 11.21AM’
AP2,
AP3’

20

(© msdd@nuuailanesUsuinduludilnsdniindeuinvedaya

ANA 3.17 N15vinauvestusipnaatanasudniuananasusun



31

3.6.2 A3aUNBUAATRNLUUIENBUAIMTUNIINTERTNIUAN N sUTUI
\AIUIBLORTRNKUUELDUARIINMIUSEENAlTNevegenalan (Wi-Fi hotspot) Uy

Tnsétwiiiadeufiadranietienuulifilassairefiug iy (nfrastructureless) dnunisieniiuiy

\n3etousnsenuulnsAnviladeuil (Mobile ad hoc network) Tnsdwviiadeuitluiaione

aunsaeuiuldlagaziiaseamtsyinriniidulnuanan Inuandnid aluunsenalantinad

D
/ Client
D

4
S \D

Client

v A A - W =
i’eﬂ,ViLﬂi’eN’eJUﬂ ULYBUAD AININN 3.18

AN 3.18 LASVYLBATDNLUULEL DU

Tumsiauasetiewengeniuualoutuy lolimmegeumnuaunsalunisdadoya
serindlnuanigluaietis nan1snageulanilafnisnen 3.1 9nassagnudlunisds
9 a ¢ . & ! = ¢ . | v a
Tayauuugiaian (Unicast) du Inunagninevselaataus (Client) arunsadatoyanuugl
madmiuldlaenss senavanfaunsadsoyauuvgiaaniudilaateudluniotials us
lpaudldanunsadsdayauvvedaadludidvuaiilugenaleonls dwiunisdsdeyauuuy

¢ A c 1 v Y & I
senmad Walaalauddilayauuuusenmanludmnlnuaniuiisenalsnuazsenalani

aunsauseamanvayaludmnlvualuasednglauiu

= 1Y =) 1 IS
M1319% 3.1 Naﬂ']'i‘lllﬂﬁ'e]Uﬁ\‘i‘U'eJHﬁﬂ']EJ&IuLﬂifz)‘U’]‘c’JLL'e]ﬂEl’e]ﬂLL‘lJULﬁﬁJ'e]u

H¥u
WBnsdedoya Hel Hotspot Client
Broadcast Hotspot - v
Client v v
Unicast Hotspot - v
Client X v

wseny v mnefsanunsadslayalanasiasesmany ¥ vunedaianusodadayala
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iawndayymnisdsdayanuuginangadaslddmsunisds Query message uaz Reply
message LA3BYBKEATANLULLANBUITUSEENALYNTHITRYaL UVUTaRAARL TR dTaYR

a ¢ A v | v v ¢ A a | v ) A a '
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& Yo v < 2 v v A o a !
JugSutennuivziiuteauliiiediiunissaly
Tun1sWaunseuU FloorLoc-SL 1Asin1590n5kUUNISH19IUYD9LAT 08 LBATDNLUU

iadoudmsulugauninszate@nuuailanasusun Tunsunisviauanslafaianuluning

A

3.19 WaldnTzuIunswnsnsznedniuailenasusu Insdniiadounavaunigenaleon

Ao ' « . . 9 I3 = 1 & a ¥ | & a
NUYDI1 “LocalizationAP” BINWUNILLIDUAD INNUUILLIULVIFVUADUNITHANLUAYY

Y
Fnuuailenasusunlaunisds Beacon message LWFmniasodluAiatie MInATeIdue
foansBnuuailanasususifazads Query message nduiimulusinnead nsunsEa18dn
wualanosusust lunsaifldnusenalontiein “LocalizationAP” Insfnviindeufinazasng

aueslugenaUandmsuinIednsuanganLUULalouLa150N 5L T0NABANLAS DIDU

Yes No

Found hotspot named
“LocalizationAP”

Connect to Enable hotspot
LocalizationAP mode
A N
Disseminate Wait for incoming |
fingerprint connection N

Ascending/Descending
to other floors?

Ascending/Descending
to other floors?
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Wiesndygranenisanudawanssdiuiinuldiaios awnsadsundadlaniy
a1 (Time variance) 8198IHANSENUADAAUVDILD ALTEND YA LUNANTTAUMNE QYUY
vele Fedesdinisiiutufinuan1sAumdyauenIsaInaIedenal enagauaLl

NUNURDNITLUABUBLUAINILLIEAN

4.1.2 miudaya
nsnaaesbazTuiinnanisdumdyaininenielaeldinsdmiiindoud
JeUUUURNITUEUATREA 2.2 J1 Google Nexus One ﬁgﬂamﬁgﬁﬂ%mw% Cyanogenmod 7
nsneaeissldinmstuiinnamsiumduananienie 12 Su fnanshumdaain
NevieTn 496 ¥ LilovadeuABMUNLi s sABULUaMmNNA T IdANe TN Y
funtsneluanansitagldlussuu FloorLoc-SL
4.1.3 n3IUsEANSAN
Tunsmeaesiiinasin 2 1nsindmiunanUssansnmassmssyusumtanngly

]

91A15 bikA Auwiudglunsssyiuiuassnsnsiansailiaiunsassydula

- annuwsduglunisseudumile

ANULugluNSTEURLTLPRTosa YRIHANTTE ML NAB U UNaN1S

szyfwisianan anuusiugdinanansosnaldlaeldaunisi 4.1
- n 4
Localization accuracy = —eed x100 aunsil 4.1

W8 Neonee = ITUIUVBWANTILYIUMNTIGNADY

N = §1UUMTTLUAMUNUIIIVLA

- #annsiiansalfilianansaszysuald
Hesnniinsdnansseydunisnislueinisandanedfiuidu UNKNOWN dufie
Sanesfiuldannsossysumbvedinsdwiindeuils nsiatasuansdsfosarvosmans
szyshuvtisneluennisidu UNKNOWN Wisufunansseysuisianun annsofumn

18lneldaunsh 4.2
Unknown localization occurrence = wxmo AUNST 4.2

WO Nunknonn = SWIURANTIZUMUMALUTITY UNKNOWN

N = 1UIUNTTEURMLIUIIVLA
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4.1.4 HANIINAGDY

nswilunmil 4.2 Wunsmiiiiouiisuanuusiudrssninsdaneadfin FloorLoc uag
9ane3fiu FloorLoc with top-N decrement technique WNUUBUVDINTINADI1UIULDA
wanosd N uusniignlfifuBnuuaiiunefUuidmiuusarturesenas wnusirenu
wduglun1sszyiunus 1nnsIMaznuIINIsUTuUadanasfiu FloorLoc ag Top-N
decrement technique VilseAnsnwlunsszymumisiidu Weldudawaness 3 susu
usmiludnuuadlanasusum danesfiu FloorLoc with top-N decrement technique 2l
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wiuglunsssyimuniainduuway Sgivannisiinnsdindanesiuliaiunsassydiuns

vaalnsdnradeunlasname snsinsiansdindanasiuliaiunsassusunislavzogn 3%
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4.2.3 1033UsEENSA N
- AMuLUg1YRINTIIUUNNANSINN1SIAR DU
ALLLETaINT MU ANTINNSIAA U AeferarvamanisT LN AN Ty
msmﬁ'auﬁﬁgﬂé{mLﬁauﬁ’uwamsaﬁwLLuﬂwqaﬂsiumsm?‘%auﬁﬁ”’wm a1usaAwInlaan

aunsil 4.3
Accuracy of activity classification = %xloo aunsil 4.3

W8 Negrec = MWIURANTIUMUANGFNTTUNNSIATOUNTIGNADS

N = I1UIUHANITIHUNNYANTIUNITLATDUNVIINUA

4.2.4 Nan1INAay

4.2.4.1 UsEANSAINNITIIUUANGANTTUNISLAROUNAIEAIAINNLS

| Ao

Tumsneaesiiaedinavaaouiiomaiinfigad miuamdnuts @, A, woe @

v ) walk Yup ¥ YUdown
M lvgana3fudinuudug lunsILunngAnIsuNIsLARaUNNINTZA I1NHANITNAADS
wuIEneaeULsazALaziA1Uau U lgludanasAudwunng AnTsuAIsIARa UNLAN 1Y
- 1Y ' o 44' P v P | ' o
e ngvedeuwsazaulidnuvaznisindeulmnunndeiu a9 4.1 uansrnuuavesy

VNADULADL AL

A15197 4.1 ANTALUIEINSUDANDSNNIUUNNEANTTUNISIARDUNAIBAINIULTS

ANTAUS AULIUE (%)
Aok | Ay X, | steady | walk up down
Q’maau 1 0.4 2.0 3.0 89.73 50.25 24.91 25.78
ﬁEﬁ/lﬂﬁEJU 2 0.6 2.2 4.1 92.27 48.29 26.99 27.10
ﬁEﬁ/lﬂﬁEJU 3 0.9 3.8 5.1 94.47 50.05 14.63 23.50
Q’maau 4 0.6 3.8 5.0 94.00 60.24 18.34 32.33
Q’maau 5 0.8 3.3 6.0 93.35 51.06 34.38 22.41
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20th Floor

STATE =1 <

19t Floor

STATE=2

STATE = 4

18t" Floor

17t Floor

)STATE =3
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Main node:

20t Floor

STATE =1 C

19t Floor

1. Get fingerprints from Node-1

STATE=2

STATE =4

18th Floor

17t Floor

>STATE =3

Node-1: 201 floor - 18! floor > 17t floor = 191 floor
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Main node:

20t Floor

2. Get fingerprints from Node-2

STATE =1 C

19th Floor

1. Get fingerprints from Node-1

STATE=2

STATE = 4

18th Floor

17t Floor

> STATE =3

Node-1: 20™ floor = 19™ floor

Node-2: 20™ floor = 18™ floor - 20™ floor
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Main node:

20t Floor

3. Get fingerprints from Node-2

STATE =1 C

19t Floor

1. @xfivmemns fmmiess

2. Get fingerprints from Node-1

STATE =4

18t Floor

17t Floor

D

Node-1: 20" floor - 191 floor

Node-2: 20t floor = 18™ floor - 20™ floor
Node-3: 171 floor = 191 floor

STATE =2

STATE =3
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Main node:

20t Floor

A, Gt fngerprints from Node2

STATE =1 C

19" Floor
1. Get fingerprints from Node-3
2. Get fingerprints from Node-4

3. Get fingerprints from MNode-1

STATE = 4

18th Floor

17th Floor

D

Node-1: 20" floor = 191 floor
Node-2: 201 floor > 18t floor - 201 floor
Node-3: 171 floor > 191 floor
Node-4: 18" floor > 17" floor - 19" floor

STATE =2

STATE =3
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Accuracy of Localization with Fingerprint Dissemination
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