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ABSTRACT

This thesis proposes an application of Wireless Sensor Network (WSN) for indoor
localization using IEEE 802.15.4 standard. The proposed algorithm applies data
clustering and Genetic Algorithm (GA) as engine to prepare off-line information which
result in increasing accuracy and decreasing computational cost of fingerprint
technique for indoor localization. Data clustering will be applied to cluster received
signal strength indicator (RSSI) vector into several classes for coarse positioning
estimation. Consequently, GA will be applied to search the optimal weights for each
reference sensor and used in order to obtain more accuracy for positioning estimation.
Experiments are conducted in indoor environment using Zigbee sensor network and
the proposed algorithm can be compared with K-Nearest Neighbor (KNN) algorithm and
conventional weighted distant fingerprint (WDF) algorithm. Results demonstrate that in
testing area, the proposed algorithm can increase an accuracy to 87.56 % for identifying
correctly 1.5 m x 1.5 m area of target node and also decrease computational cost of
67.60 %. Moreover, in realistic area containing many obstacles such as doors, windows
walls and so on, the proposed algorithm can correctly identify 98.33% of user’s coarse
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2.3.1 Received Signal Strength Indicator (RSSI) [3]

Usgannisiauuu RSSI lunisiansanmasdygruiwuesinlaandaymyiud
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2.3.2 Time of arrival (TOA) [4]

Ussammsiuuy ToA Whifiasannariidyanaanimad g dudumands
wulwes Tnsadudnyy amimanitndeuiitiinan (AIu5uas n3eUszun 300,000
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2.3.3 Time difference of arrival (TDOA) [5]
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2.3.4 Angle of arrival (AOA) [6]
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2.4 wénnsiugiuvaamalulagand

svvuiadetigliansluiiufidiuyana Wireless Personal Area Network (WPAN)
s¥UU WPAN Slddnsisuiaunmnsgrudmiunsivasoyainuaiotiesserlndided
2002 Tngoading IEEE anasguilifendn IEEES02.15.4 dwsuanasguiagiianadhiuldsy
1nsgIunsdeanslianedu 4 wu WiFi wag UWB (Ultra Wideband) agnslsfnuunnsgiu
IEEE 802.15.4 azusnsinsanunsgIuduilnudnuaizsng 9 fio nisudadoya feanss
i nsladslaiindies gunsalsiagn eaUszasdfiftelrannsaaiessuuiGeniasete
dueslianeld Fespvuiiannsaiiogyiaulusy narsuds nuwan nudy wazoglddae
wunLma3Aeudn 1wy dw AA 2 Aoy wiuludeudul wanzauldiufumainuednes
(Monitoring) #14 9 uaedianiautilunisdnnisdauesld Tnedndduaedinsvheomdumsiu -
deteyariudruinian Ingasdueyaluizosy aufsganunefinuosdesnisfiazdidoya
Mntulagsgideyatuluiinseine luauideilld xBee PRO series 2 Fsanunsn
sesiulassanaaierauuy Mesh ilulasmiefiiusydvsamgaiosandouaamunsodsly

dadmunelanatgidunie wangagdnluldiunisseudumiaaen1395393un158ue09
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s
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g‘d‘ﬁ 2.7 #9879 XBee Pro [7]

XBee anunsaldsumuunasgudnldlaeilideadsulusunsuaiianiotedndiae
w31 IMREALF IR FILAS (Firmware) fiagTnanidluluss XBee Tristamnsnda
Amnsiine SiuiUsraulusunsy (Software interface) 1Wu X-CTU w3elusunsuilifeu
Fuies Tnpk1un19 At command willeufunisaauau GSM Module Tagld Hyper terminal
vierunenisiudideyadelilasroulnsanesldensiions Tasdlovinisded XBee 1

auueunsalluiietiedndud is1avSendndusazdrindulvun (Node)
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2.4.1 AruauUAvas XBee

1)

2)

3)
4)
5)
6)
7)

viauguad 2.4 GHz Fadugunufiionsidedaaseugelild
flu gnamnssu (Industrial) Inenenans (Scientific) WarN1NITUNNG
(Medical)

fargenidlildenldvatguuude WUUTFNLOUN (Chip Ant) FULOUN
(Whip Ant) glanueamau(UFL con) 915filoaLdniamau (RPSMA con)
Tng 2 Luunad seslunaniniagu 2.4 GHz ﬁLﬁuﬂauLﬁﬂma%Lqu
lonLoa (UFL) Wsoloaone (SMA)

Supply Voltage a@jﬁ 2.8-34V

Power Down Current < 10uA

i RF data rate agj‘ﬁ 250 Kbps (udruvesdyainuiiasinueinie)

11 Serial interface data rate 8g5¥131¢ 1200 - 115200 bps

LUu Spread Spectrum 4@ia DSSS (Direct Sequence) N1 A1 UAAT
FnUI(Addressing) HaAUANYMY AB NruA PAN ID d115ULA30U1E
wia 9 Avnevesdnyeyios (Channel) wasiismuned s (Addressing)

YDILABLA

2.4.2 1RsFIUMAEATSEREIN TR UTNU

dmsunansgiungnnnualiiuiAseYieluudnife IEEE 802.15.4 fA1nunalag

. + < = ¥ Ao o [y [ P ° Y @ ° a
ZigBee Alliance \Ju msdeasuuulang nildnsinsiudstayar 1dnaue 1190 &n

Uiuuegiunnudldaununinggiuly 3 6ruenuafe 61 2.4 GHz, 694 915 MHz was

81U 868 MHz lngusiazeiudzilvesdyain 16 983, 10 993 hag 1 109 AUaIRU dIUsnT)

Sudatioya (M391n17) azegN 250 Kbps , 40 Kbps way 20 Kbps mudiuituiu

868MHz/ Channel 0 Channels 1-10 T
915MHz e
PHY l T

8683 MHz 902 MHz 925 MHz
2.4 GHz
PHY Channels 11-26 — — MMz

AAAAAARAAAARARARNARA

24 GHz 24835 GHz

5UN 2.8 W nsgrunisaeansvesdnd [7]
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aglain
1) g1uaud 2.4 GHz § 16 Yesdyao gns¥udsdaya 250 Kbps
2) g1uAud 915 MHz i 10 Feadayanny ans1sudstaya 40 Kbps
3) g1uAud 868 MHz I 1 Tednyaya ans¥udstaya 20 Kops

TneANUE 2.4 - 2.4835 GHz aansaldeulévilan uazaiad 868 - 870 MHz wag

902 - 928 MHz Tdnulaluitunivesesnuvile glsU oeanside waziduausn

%ﬂﬁﬁugﬂaaﬂLLUUIUiImaamﬂeﬂud’auﬁum Application layer, Application support
layer tLaz Network Layer Wintduusld MAC layer way Physical layer #1u11955714 IEEE
802.15.4 Tnelassadnswos ZigBee azuvuiy layer e ail

(1) Application layer Suduiitdnues Endpoint 8¢i58n31 Application framework
Taedl ZigBee Device Object (ZDO) vhmthitunisdanistunisi fanar 14y Application
layer

(2) Application support sub-layer Vmtifilunisasiamisunes Application layer
LLazﬁwwﬁwﬁiuﬂWi%’u—dﬁazga 53uE9 N158amEuee q MAeadesiu Application layer

(3) Network layer wthiiluns routing UoyarI199 nunslUSilatennsiions

! A 1 = U & I A 1 U
agmﬂumsamammau NIBANATBDUIENU

Application
Device Qbject
Application Application Application
Object |~ -~ -" " "~ Object Object

Application Support

Metwork Security Service Provider

PHY

FB02.154 4——— ZigBeg ———————

JU# 2.9 Fumsieuvesdnd [7]
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2.4.3 Juuunsideusa
‘LumuéfaﬁmaﬁmumgﬂLmumu%mia (Topology) flouladensiuntifives
XBee LLﬁaz&’aﬁ%aguum‘%mﬁadau Fafl 3 wuuAe
1) Coordinator dntihfiad1an1sdeans Weuloap3es1855mine End Device fiu
Router %58 Coordinator iU Coordinator #3eiuLad #5e Coordinator iU Router tJu

[y

fartisun address Tty device floglurainiadnslailiigniu quadanisdesnis Routing
umasenindu Full-Function Device (FFD)

2) End Device Lﬁuqﬂﬂszﬁmsﬁ%’ué@@nmmﬂLez?uL%%ﬁagjﬂawmw%aﬁqaaﬂ
lvinefivatevng Tiwdsausilunisvieudends Reduced-Function Device (RFD) 3o

91af AUy FFD Tuuiensdl Juedfuduiwesvsegunsaluaeneiildigouss

Y

¥

MY

3) - Router fnthnsu-cetoyaluidunisingg veuaietneiiedindu FFD

@ Coordinator

G UM
’\,R/,@/\

/\ ( :‘
\ﬁ: Router E L‘/R/I / ,\/F;/ E
I {ROE WK
\ @,
E | End Device E E

a

sU# 2.10 lassadransetiednd (7]

JULUUMTIRRNARIVIVIA 4 WUY
1) Point to Point

A | o | o [ Y o I . | a v o Id
NsLEpNRBLUUAIRDRI LA 1UAlRILINLUW Coordinator @audnfininuaiiy

.i l-‘

Uil 2.11 mMsidewsioluy Point to Point [7]

Router
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2) Star (Broadcast)
dl' 1 = [~ [ 1 % 1
ANSLYDUNBDLUU Star ¥39LUU Broadcast LUUﬂ’]i’iUﬁQ?J@;J”aLLUU‘lMLQWWSLR]’]SN

nu1eUatenis lag XBee ynsdningluszuuniadieferduaiuisasutayalaynes
Usznoulume XBee 7111911 2 sUunuufie wuudl 1 1Uu Coordinator viwinfiasnna3ate

wazuuil 2 W End Device vhwmthilugnuie

gﬂﬁ 2.12 Msdeusialuy Star [7]

3) Cluster Tree
mMsfvdidayanuudiumiodsre iU A doinisiase U C ud Caglnadn A au

A lignansa Aasteriu C lalaense weilllosa1ndl B agsewing A fiu C faty Cluster Tree 9

14 B Wuwilou fnansfiounsinfe (Repeater) 5ewina A fiu C

gilﬁ 2.13 msieusanuy Cluster Tree [7]
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4) Mesh
mM3feusiaiasev1ewuy Mesh Wulasaeffiusyansamguiesaindeyaaiuise
daluiadmunelivaredums vilissuuanunsesu-deeyaludgamnedatenislauiueou

Y Yy

wiziinaudemevessyuuluuisdiuiny (adduegiunisesnwuussuuresyldnie)

Y

S A Yo a I3 I
ig‘UUu"‘NLUN§3UUW1ﬂiUﬂ'J']3JUEJ3JLUuE]EJ’NlI']ﬂ

gﬂ‘ﬁ 2.14 msdourounuy Mesh [7]

2.4.4 NMAUAAIUSLINNID19D9UITNU

Tuslnneavesdntlusnasgiu IEEE 802.15.4 Yuasiiuagfiunisseysiianes Address
Fsil 2 wuufe 16-bit Address Uy 64-bit Address UnAudrnTyniaazgnimunaianain
Tssanudu Address 64 bit agud dau n13fI9uA 16 bit address Huunisimunlvmn
n135u-deteyavesnd faedlnunfa Uncast Mode Uag Broadcast Mode lunisdauuy

4 L4

Uncast Aan1siudedeyalagardendnnisuaaluiadiiiumn (acknowledgement) Agnin
v @ [ 1

mesudeiy dulayaly waldlasunisneunduaindisufavyinisdsteyalvi wagnisds

WUU Broadcast nsdadeyalidanemslilasuteyannda

2.4.5 [uANTSIN9UYB9 XBee
XBee 2¢a11150 U5V ulmdu 5 wuu Ae
1) Idle Mode 9zdulnunilaildfudadaya f XBee wisufivgyinaululvunduy

soluvuivniitaulyu1eeis
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2) Receive Mode uluualutieil XBee dn1s3ulasazuusdnuaizn1svinauges
panlulaiSa (Direct) Aunuudulasa (Indirect) NsA1vuAkeaLATARUNILATUANENIS
RSLTaUDaLDELTALIUN (Clear Channel Assessment) LagN1SABUSUNANLEALULATLIUY

3) Transmit Mode \Julnunlugndsdoyalasazuusdnvauznisinnugesmiou
Receive Mode

4) Sleep Mode ulnuntasdi XBee agluaniunisalviiundsnusiigailolsid
N5l

5) Command Mode Wulnuaildlunisusumsfimesvos XBee sosiunisldanu
19 2 Tvium A AT mode wag APl mode

£ L2

- AT mode #7 XBee dimsAnsaiulaziu-diloyaiunagaiial (Transparent) Toya

149970 XBee AwitlavsdalUds XBee dnfantlaniufiaguaienia (Destination Address) 7
Avualilusdamesaeddugatu lngarursaddsululnuadduieUsuiddsy

AnsIsimesuuluga XBee lalseniinislyras AT

- APl mode \lumsdstioyanif8nneuunnnid windutdoundimedniion lnfeasu-

dateyamulusinneandmunll

2.4.6 VUIALAZVIAN9Y9lUAR XBee
Y1nvesliuga XBee LarI18a¥IB8AUEIUIANNTARAAILAIINTUN 2.15 Uazn1T19
2.2

XBee XBee-PRO
(top view) , (top view)
!
} 0, 257" {
{6.53mn)
) (4] O] --——PIN 20
2N 7| 7 o
4 X PIN20 | PIN 1 7 | ©
o ] ©
< NARH = el 1.257
ol L9875 @ el (32, 94mm)
ol (27.51mm) o * o
[s] = <
= o o
@| =+§—PIN 11 2IN 10-—w|a A~ PIN 11
l__, _0.856 3 ‘
(22 .00mm) f
| 0.960% 0.866" |
(24.2&mm) 22, comen} |

L eg—— 03607 -
(24 .38mn}

gﬂﬁ 2.15 LAAIIUIAUDY XBee [7]
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A1519%1 2.2 5198L8nYa9U XBee

Y791 %o A195UNY
1 VCC 1l 3.3 V
2 DOUT U1 Tx ¥8anain Serial luga XBee
3 DIN U1 Rx Y8930 Serial luga XBee
a4 DO8 21 8 Wosn Digital output
5 RESET 1 Reset (Inedyanansdondu Low lisndt 200 ns)
6 PWMORSS) | v1 0 wasadgyeyias PWM #3aw1 RSSI (RX Signal Strength
Indicator) YIHARIAIINILIIVBIE T LHT
7 PWM1 V1 1 Woshdt QU PWM
8 (Reserved) Tail
9 DTR/SLEEP/DIS | undslii XBee Wilviun Sleep %i3eu1 8 wasn Disital Input
10 GND YINTNIA
11 AD4/DIO4 91 4 WesheUd A MOUIADN 1381 4 WesA Digital
Input/Output
12 CTS/DIO7 91 CTS (Clear-To-Send Flow Control) #3891 7 wesn
Digital Input/Output
13 ON/SLEEP UAAIENUE XBee aglulvan On(¥n91w) n3elvun
Sleep(miav)
14 VREF PWSUT1De drursusudyaneuaen
15 | ASSOC/AD5/DIO5 | anAssociated #3071 4 U8INaIngIUQYQIMOUIRDN 3D
97 5 wesn Digital Input/Output
16 RTS/AD6/DIO6 | 91 RTS(Request to send) #3991 6 UaInasneudayayio
DUNAON 3016 NOA
17 AD3/DIO3 U 3 NoIPETUSYYIOUIREN N3OV 3 WOIA
Input/Output
18 AD2/DIO2 U 2 WoSAB LAY IOURDN N3OV 2 WOIA
Input/Output
19 AD1/DIO1 9 1 NesheTuUdYIMEUIEEN UsOT1 1 WOIA
Input/Output
20 ADO/DIO0 21 0 NosHB LAY IOUIRDN 3DV 0 WOIA

Input/Output
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2.4.7 malulagvas@nilulagiuy

Jagduiinisiiuinsgiu IEEE 802.15.4 (inalulad@nd) Wlduseleviludusieg
WNIY WY syuun1smIvansaludfdmiuludiu 1sasu uas Indadvdudi udu ssuu
Msfnmudmsunsasade Frzountiy wazdanaden mamsravdiumsiiiilullunns
URtRNTmanmns uazudsmiidesnisnisnsiamiuriaiuunansd dudulieuduis
i naflnvinue uATTRLAULUY interactive wananilszuuioudilutiagiulidléidouste
fufuszuuiedetne wazigunsaiiesidnanisldnunnuunmeddunas faaiuns 39
A130th YUY IEEE 802.15.4 Ssanunsathgunsaiiugiuitu sensor uag Actuator fifisan
gnanld viilvenunsofaaanmgnnsaisneg wargunsalagsiaueedaluiamudisidesnis
dmiun1suseynAseuy IEEE 802.15.4 wnldareludiuazaiunsavinlvgunsel uas

& d' Y a A 1 Y 3 = 1 14
miaﬂﬁiﬁ”lv\lﬁmmmﬂwmﬂwmaQmam ﬁ@ﬁ’]iﬁ%%??ﬂﬂﬂLUUi%U‘ULﬂi@sﬂ"lﬂiﬂ

awv aa =] :

2.5 NAIUIFYNLNYIVDINUUINDY

AunisAuInludInre L inesy drats eudduliunaueisnisss i
lngldmatianisdawuy RSSI agneansuiuiinisidmaianisiniuu RSSI vilvenlding

&l ' A Azge v 1 o 1 v £ o 4 a v ! 1o
va3gUnsaiiisnaign wiwmelladnluauusiudlaligaln Feilvanuidediulngiiaue
Fmsawusgieimuiluseswenuuiug wagluiteiasliiisendnisnuiden
b4 dl U I o 1 g.Jl 1 ! = a o dl v d‘ o dl

WusesUsuURAnuktugImY uginanisifeiiiusamisannisiwanldlunis
N3srYimiany Jaluszuunissyysiuntsveanisauluggeengiu uenaindznedinig
wiugauarnesaziinrusiasilunisiwiaiag eazauisa uanrauiininmeues

Hewdelasasuindazduldls lnowsazauiseaznaniuaisusslil

2.5.1 Linear Least Squares

Linear Least Squares [8] 18ui3n1siugiu 1nssnnaiilidudeunarsuiunis
furatdosuin Ynauslae S. Gezici | Guvenc, Wag Z. Sahinoslu #9335 Linear Least
Squares Iumsszydumisvedlvuathmnelasliisnsuuauudadu Jsannsnasuie
swasdenlaned smueliitavedundnady (x, y,) Ainvosguweiilu(x;, y,)
wazszezmeiiialdanluuadvunglus nwumesidu djima 1=12,...,n LaAIAIDLINRY

U7 2.16



19

(xlzy]) &\
) ~ . (x5, )
WUasA 1 ~N _
\\xO»J’o) - e 2

7 Ly

ps
A 7 N

d3 // Tuald e \\
Ve

/ 2

(evy) 12" N
3s.V3 N\

N\
N
o <l (x4’y4)
LFULYDIN 3 LFULYDIN 4

JUN 2.16 awshegeinavedumdmineuasisuiges

PN a s g.j/ Y ida v
ANFUN 5 UBUDIINUA 4 AIDYNNNA (X, Y1) (X5, Y,) (X, Y3) wae (X,,Y,)
auanuiiaveslusidinuisde (x,, y,) kazszazsniialaanluatunngludunas

e 0 o /N o w U w6t P
wugeife d, d, d, war d, MuEau wansakansnuduiuslusUaunisiasauns
2.1

€ :(jj _\/(Xj—xo)2+(yj—y0)2 (2.1)

o A

) e ApAANURANAIATILRAAINNSIRSZE 19N TuALd Wi lU S UL S FaN

j e ldfienuRanaleiiaainnisin (e,=0) fagleaunisi 2.2
—ij—yj2+dj2 :(X02+y02)—2XjX0_2yjyo (2.2)
wazdloisunuaeuigessnd n luaunisi 2.2 axldBuaunsii 2.3
=7 =¥ +d,2 =0+ Yo ) = 2X,% —2Y, Yo (2.3)
Mniuthauns? 2.2 audeaunsi 2.3 agldaunisii 2.4

X7 =y A x4y =0 = 2% (% =X ) + 2y, (Y, - Y)  (2.4)

]
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Y

aun1si 2.4 dwisu j=12,...,n awnsaleuaglusumesndlanadl

2 2,42 2 2 J2
X -y +d +x+y, —d, X — X, .-V,
2 2,42 2 2 12
=X, =Y, +d, X4y, —d, _ Xy =%, Yo=Y |:Xo}
: : . Y,
2 2,4 2 2 2 42 X —X —
__Xn—l —You +dn_1 +X,"+Y, _dn ] n 1 Yo~ Yna

wsande Y = Xb Muusansamiinansediunusvesiuadhmng (X, Y,) 1ne
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2.5.2 Gradient-based Search
3% Gradient-based search [91-[11] tJu3gn s AdauLslUN1INNI1TS Linear Least
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method) #1738 Gradient-based Search \luflsuldogrsunsuanglunisszusiunisls lngis
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2.5.3 Multidimensional Scaling

7% Multidimensional Scaling [12]-[13] Lfﬂumﬂﬁﬂﬁi%’%meﬁ%’azﬂaﬁﬁmm
AdneAdaru Fegniinnuszgndldlunisszysiummis [nsdunasnnnd 2 Bdasduusli
aruusiudldannnd Tngisnstas BuainihszeenisdeUsznaudeszesnsseningdun
Wmnefunneumesiasszosmissrinasue fmefunnineginazaagaiidudumu

Yol uaINULAE YUY DS NIVUA Sﬂﬁﬁaﬂﬁﬂﬁﬂgﬂﬁ 2.17
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@— /. AQ— & —I@
I< Aoy |
a y X o 4 a y X o A a y X o A
ndignadrstudaiio gafignasietudail yaignas U2

k 591(}70”01%5&(17”]72)_)“
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ismwammgﬂaﬁwuu INITUAE | muumamaqmﬂmwgﬂaﬁaﬁuumw 0 LWURAILNUYDY

' [
Y

Tuadhmuneuazaiignadadudaf 1 uag 2 \Jufunuveaueesimi 1 uag 2 muainu
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%
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Stress = ZZ[ (p,, ) 4,1 (2.6)

i=1l j=1

1
o

o | ] A = | v v A vaal
IUﬂ’]TVi']W’]LLVUQGUENLLWﬁz"q@IWQﬂatiGUUL‘W@W’]FLMﬂ'] Stress u@ﬂm?j@aqﬂqiﬂiﬂnﬁﬂqi

59UlANa83B19UIS SMACOF (Scaling by MAjorizing a COmplicated cost Function)

2.5.4 Weighted Distance Fingerprint
Weighted Distance Fingerprint [14] {J138n37ignusuussanuuiugrdmsumada
Hanesuiu wazanudugaulunisAunaviednuunsAnanldasdueg fuinuudeyaty
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Yang L. Ding kag L. Qian #dnn13599335n015 Weighted Distance Fingerprint 92 uUIn13
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Tuguteyanfiddsdyaralndifsaiuiuidadygaiialdamnluatving Tasnms

U q/

LarduRewTLAuasIss Weighted Distance Fingerprint anansauanslafsgun 2.18
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Off-line phase Location Fingerprint Table
Fingerprint Location Fingerprint RSSI

FL =(x.,3) FRy = (rssi, 7SSk, 5 75T, 1)

FL, =(x,.¥,) FR, =(rssi,,,rssi,,,...,ssi, )
FL,=(xy,Vy) FR,, = (rssiy ,rsSiy ..., 7581y /)

On-line phase

Received Signal Strength Estimated Location
(1.1 i) (x, ) !

. Pattern Matching
| eccver Lol PRI Ly

U 2.18 AINUIZNDULERAIIDNTS Weighted Distance Fingerprint

CaN

dmiuludiu Pattern Matching lugu® 2.18 agviinasidane1fing (x,y) 310

v a

Fingerprint Location lugiudeyanilsyezmegadnfiumasdyanilasuaninuaidmane

Y
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Y v o

Andsdyaruilasuainlvuaidiune (n,n,...r,) saziidsdygiulugiudeya

(rssiy,;, ISSk, 5,..., ISSI, ;) HIUFNNITN 2.7

distn(xn,yn):iwm(rm —rssin,m)2 (2.7)
=1

(% '
o Y =

lagardmdn w, AiAUgUEasA m (m=1,2,..,M)3zuUsunluiuAIAIY

Y]

wUSUTIUVRINM AU UTLUEDSA M 971Ue LABAILIUANNANNTS

A

W = M (2.8)

m M
ZI %/arm

@9 Var_ AariAnunlsUsIuues RSSI vodwugosn m 81uld deldain
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Var, =axr, +b (2.9)

o r, Aad1 RSSI Maulgash meuld uagnsniwes {a,b} awmleain linear

regression [15]

PNdunssEyRiialaedeniidnlugiudeyaiisssyngaannuluad e des

<

galunadnsn1sseyiinmeaunis

]

(x,y)=min{dist, (x,.y,)} (2.10)

2.5.5 Fingerprint-Based Technique using Fuzzy C-Means Clustering

Fingerprint-Based Technique using Fuzzy C-Means Clustering [16] Juasnnsaild

v o

watiaianesUsugnunaueluwivesnizannisiwin laeldisnisuuinguinddyy o

T U

Fuzzy C-Means {B%18aAN15N1TAIUAINAINANTI SEEENNEATATENINMAIT ey 1A In
¢l

lonumdedyanalugiutdeya dnaualag DJ. Suroso ngdmiuldluaaiunisalniivue

Whnnevanalyualusyuu NNSINYeIsNITENLITaLEnlARIAINg 2.19

Database

[ [ Pattern Matchin Estimated
Received signal Receiver Clustering $

strength > Algorithm location

3‘1]17; 2.19 AMUsENOUIBNIS Fingerprint-Based Technique using Fuzzy C-Means

Clustering
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1AS9a519n1991191UU8 975 Fingerprint-Based Technique using Fuzzy C-Means
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2.6.1 35013 K-Nearest Neighbor (KNN)

aa < ad o 1 & a A =Y a =

T8n15 KNN [17] Wudgmsseydumnisiuuiiugruveanailailanesusy lagisn1si
Unausluing dnusiauaziinugiureisnistiundesenlvdanuuduguinduwasld

o ° Ry I a = aa Had aal & | |
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Y

Uanunsauanalugui 2.20

_______________________________________________________________________________________________________________

Off-line phase Location Fingerprint Table
i Fingerprint Location Fingerprint RSSI
FL =(x55) FR, = (rssiy 1S54 5500, 7'SSEy 1)
Tl ={3527) ) FR, = (rssi,,, 7St ,,....,7SS, /)
e 0] FRy = 7SSty |, 1SSTy 55 'S8Ty )
- S WX S0 O P T E TR S N — ]

On-line phase

Received Signal Strength Estimated Location
i (r}:rj:"':'?:‘_[) (x,j') i

. Pattern Matching
| RECEIVET [y Algorithm -

U 2.20 MNUsENoUABN3 K-Nearest Neighbor

dmsuludiunisdugueddsnis KNN lugun 2.20 azvinisidendiiia (x, y) 31nlu
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M

dist, (x,,y,)=>_(r, —rssin'm)2 (2.13)

m=1
] o a o A a o ¥ a a £ N ) v 6
ﬁ]']ﬂuu‘lmﬂ’]ii%“qﬁ/\lﬂﬂiﬂﬂLﬁ@ﬂWﬂﬂIugﬁu‘ﬂ@ﬂﬁaWNﬁ%EJS‘I/I’NE\J}@&@U@EW]QWLUUN@&WS

N33 uAnnMmeaunIs 2.14
(x,y)=min{dist, (x,.y,)} (2.14)

2.6.2 NM33angutaya
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2.6.2.1 FnsIangudagauuuLaiiy (K-means Clustering)
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TUYBIISNTINGULATUAINTOkARS AR

1. duAgarunsess c, vousaznguitavin K ng

2. AnnunIvesssEinausiasdeya x, fugaumsend c,
3. danguusiavdoya x lUdsngu c, fiflsvzmeduiian

4. fnagaeunsess ¢, v K ngulisi

I '

5. g lutuseuil 2 84 4 Bnastauniudazdoya x, agkilinnsdendy

ndegen1sliisnisiangudeyanuuieiiuiudeyadmsned 2.3 Tnevhnisuuaiy
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=] v Y 1 Yaa Y 1 £ IS
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daya A B
X 1.0 1.0
X, 1.5 2.0
A 3.0 4.0
X, 5.0 7.0
Xg 3.5 5.0
Xg 45 5.0
X5 3.5 4.5

Tunewuil 1 guyneunIeen C uag C, dandu (1 2) uay (5,7) mudau

Tuneuil 2 MUIUMNSEEENNsERIN X AU C; UAAWInI19 2.4

A5190 2.4 SPBENIEEENIN X AU C

Joya ngui 1 nguil 2
X 1.0000 7.2111
X, 0.5000 6.1033
X5 2.8284 3.6056
X, 6.4031 0
X5 3.9051 2.5000
X5 4.6098 2.0616
X, 3.5355 2.9155
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genURENgn Aeunaudl 1 azllaunn

F9 (X, %, X, } warnguil 2 asilann@ndio {x,, X, X, X, }

Sunouit 4 ﬁﬂmmmﬁ;m%umaaﬁ C, o Czié’lfﬂu (1.8333,2.3333) ke (4.1250,5.3750)

a & = = S o ' Y = o =
LIHUUABUN 2 BNATIATUIUNITEYENINIENING X; N Cj (FDUV 2) hazhanIPNRITIN 2.5

A151e0 2.5 swpyesewdng X fu ¢, (5euil 2)

daya nguil 1 nguil 2
X 1.5723 5.3765
X, 0.4714 4.2757
X, 2.0345 1.7766
X, 5.6397 1.8456
X5 3.1447 0.7289
X <713 0.5303
X5 2.7336 1.0753

Sudumeuit 3 dnnsedanqudeya X ludandundu c;fillse

v
v v

gensdosNgn delun

fean@infe {x, X, } wagngudl 2 siannTnae {X,, X,, Xs, X, X; |

quin 19

SUTUROUN 4 ﬁﬂﬂ%’aﬁm’amm'«gm%umaaﬁ C, ey Czié’lﬂu (1.25,1.5)ua2 (3.9,5.1)

2 & S $ o i ) = o =
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[
Y

Uaya ngail 1 nguil 2
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3.7500 0.7211
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LU {x, %, ) WaE (X, X,, X, Xg, X, } A10A0U wazdigaigunsosdidu (1.25,1.5) uas

(3.9,5.1) udwU Fanadwsnlauansnazun 2

+ Cluster 1 4
7 % Cluster 2 X b
A Centroid 1
6 O Centroid 2 -
C2
5 7
51 e [ 4 .
G AR
o 4 X .
3 g &
2
2 OfiA= 5
1
1+ =+ .
| | | | |
00 1 2 3 4 % 6
A
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2.6.2.2 A33NLARULATD (Fuzzy logic)
a =) a o 1Y) a ¢ a Y]
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aunsaeduietunsuluganisdangy lngazeniieg1an13InNaNgamiveATaIINTHATEN
wilsieglungula Inefinguidu gu wazdounuaduTarsdvunaudail
Tunaudl 1 Fuzzification Wudunaun1siatsanszaunisiiuaundnaes
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ALV IYUARIAIFUT 2.22

Low Medium High
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2 = = )
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Medium waz High lneariuaquiasevatamumgivednsosinsiiinlaaziinauiu Low og
80% uazilnrulu Medium og 30%

& < ] < 3 v a = v o &
JUnaUN 2 Rule evaluation tlutuneun1sangula mm'ﬁmauiwwgﬂ

Mvualaenguad (I-Then rules) 8nfmagnau
IF 9umnil Low THEN dabvieglungy “iu”
IF gaunnil Medium THEN dalvieglungu “gu”

IF 9aunil High THEN dnlvieglungu “Sou”

wazyhnsesnuuuilesndunisiluaunineinyuansdsgun 2.23

Cold Warm Hot

Miow = 0.8

MUmedium = 0.3 \ / \

JUN 2.23 leidunisiluaun@niensinm
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Jumeaufl 3 Aggregation of the rules outputs LUNTEUIUNITIIUNAENST

J L3 [d a '3 [ A
ATUIUIINIING ﬂﬂiﬂﬂi’)ﬂmﬁ’ﬂ’]ﬂﬂﬂﬂ“UUﬂ’ﬁLUuaﬂJ’]‘UﬂLE’J’WW\!V]LL?{W\WQEUV] 2.24

Cold Warm Hot

. : >

JUT 2.24 nan1sviumlavesilsitunsiuani@nveenying

fumeudl 4 Defuzzification lunszuiunsaeinevesisnssnzaquiadelas
nsTkadwsTavan tneunfudisnssnsaauiasersiisaldidennadniinitwunsessves
snanLALiIs Nl dnndenkadwsanurafiinniian S1anguit 2.24 asvhns
Fon Cold mgiimannaiiynndudamneanyigunaiiveuniesinsezgnineglungy

“Bw” dnlunsdln@dunmaunnnda eluguil 2.25 aansonansined1anis Fuzzification

1* machine
Low Medium High
M1 jow = 0.8
lll,medium =03
c’ =
g Temperature
2" machine
Low High
U2 high = 0.8
MUz 10w = 0 -
CO
2 Temperature

5UN 2.25 nmUsenauduneu Fuzzification Weddunniinnin 1
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a v A =

91n3U7 2.25 szaumnuiuannnvesoamgfiaan 1 davnadu Low 80%
way Medium 30% d@iuludaf 2 Sanudu Low 0% wazdimnudu High 80% lnadunau

Rule evaluation Wieldunninnnii 1 nHagdn1sAmins AND uag OR L3 smeLiu
IF 9umqfivesii 1 Low AND #a#l 2 Low THEN dnlvieglungy “wu”
IF geuniveesian 1 Medium OR 391 2 High THEN dalvieglungu “Sou”

Fanarod AND Aanisiaonsziuainuluaundniosiign uazuavas OR A

deonsrAuauBnNunfanuanslanaguin 2.26

Cold Warm Hot
HM1,low = 0.8 U2 high = 0.8
AND OR
I-'ll,medium =03
l’lz,low =0 >

5UN 2.26 n1siRenIEAUANBNaINNNSIY AND way OR

dunslainga “Wu” Adnamannngidmualfuuy AND azifend Low 0%
YoBuNAiaf 2 Liesaniiatiesndn Low 80% vesBumadail 1 waylunsdlvangy “You”
Afananngiifimualikuy OR azidandn High 80% iilosandaAunnit Medium 30%
waznaiintuludumeu Asgresation of the rules outputs ﬁamﬁaﬂmjuﬁﬁmaumﬁqﬂu

[
YY)

niffengu “Fou” detunislanssnzaquiaseainisaitbinisinnquiliioulusiagle

(%)

nueTanTuedfudieryigluniseenwuy

2.6.3 35N BINUFNITY

Bnsdeiugnise 2o duiEmsdumdmeunienaleasiimngaulagedenis
BouluunsEUILNSANLERNATNEITUIR (natural selection) uaglduurAniiefuiug
Manin1TTInewsegndldlunismeamevvsenanay lngaialasiulouvateqlasiuley

YuuFanmazlasiuleuazunuAInausanaeas aalaslulaunfazaninunduduluuiioy

Y

[

asalasTulaufiddulugudnly luAsnadeiugnssuaslilsdduaumuzay (Fitness
Function) Wusdinaumanzauveusaziaslulen Tnelaslulonfimngauazgndaiden
Tngnisdaiden (Selection) Faazdndenianizlasiuleuifiniedauminsauliiiy
Tasllsuduuvuvdolasiulonsiows (Parent) arntulasluleumautiuviinisasealelies

(Crossover) Aan15un 2 tastulouunwaunuiabinnlasialaulviataunisynlmnanig
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Wasuwladuesdal I nfvainmane hazanni1sAsedalallasfazaniiu1vinn1singu

Y
i

(Mutation) FudSeutaiiounisnaneiusluddlain lnelasluleunmuaiiiandiainnisased

lonasuaziunduazgnisonusenslugulug Fanseurumsiiaziegilrlasiuleuvse
[ ! < o a N aa

walaegnUIuUTInnumIgaluyn g suanduA e uivsNEauvSeANan LaznTesuIunIg

YOIIBNIBINUIN TSN TaUARlARagURN 2.27

Initial Population

[
>

\ 4

Compute fitness function

Yes

No

Selection

\4

Crossover

New population

A\ 4

Stop

5UN 2.27 nsyuIum B Baiugnssy
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gnfieg N sENsBsiugnIsTuMINaIRasYes max{f (x)=14x-x’} ; x<[0,15]

50

40

30

20

f(x)

10

-10

-20

f(x) = 14"
|

sUT 2.28 flaridu £ (x) =14x—x°

TURBULINABNITHNUTENNT SUAUTUIN UL ARIvUe lundazendiagialag

dudsznsisudiy 6 Yafe x ={6,4,5,9,1,2}

nndulsznsluniarynvzgnussiliuanuminzaunilsiduanumangay lng

AN TUYDIUTEVINTHAREFIAIUITOREAIAIAITIN 2.7 FIAHINTUANUMUL AUV

Tastulzuladaruinfasuineaiiuiilasialeuduiiainuwmuizauuin wazludliag1aila

[
a1

Hantuauvsneaufs fitness function =14x — x? F9nungaaunlasiulaulavinliaunis

14x - x*TAunfannasdunalaasves max{ f (x) =14x —x*} ; x &[0,15] Lo

AN 2.7 AHINTUAINILLIE ALUBIUTEIINS

DUAU X " Fitness function 14x — x?
1 6 0110 14(6)-(6)* = 48
2 4 1000 14(4)4(4)* = 40
3 5 1001 14(5)-(5)% = 45
4 9 0100 14(9)9)% = 45
5 1 0010 1411 % = 13
6 2 0001 14(2)-(2)% = 24
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fnuUsznnsnniiazgninduiulnilasissanuanilandumnumangan 69

P P & a | a = D
m31 2.8 Inedeyaguasitiazgnisenlasiuleuuasudaznazgniseningu

M990 2.8 IPDUAUUTLVINTLI89ATHINTUALLLNE EL

JUAU X TasTailas Fitness function 14x —x*
1 6 0110 48
2 5 1000 45
3 9 1001 45
4 4 0100 40
5 2 0010 24
6 1 0001 13

adusieNARdEINTBINISARTRNIAEALYIINITARIERNUTEYINTHAIUINEAN AR

= ° =~ A o o o s = v A ] =~
LWEJQ?]']U'JUVIUQLW@Q%U']IﬂﬁTNUi%?ﬂﬂiEUOﬂiﬂﬂqﬂﬂqiﬂiﬁﬁiﬂmai FINIIAALADNUUITUD

e

[

6 Bl
1) Pairing of top to bottom Aon1sdudlasiuleuanidarlanduainuinuisas

Y

WNNgASeIa Wwulumsan 2.8 uglastulaalansilae

A 1 : TasTulewd 1 4ty Taslalsa 2

Y

a7 2 : Tnsllwaii 3 dffu Tasluloudi 4

Y

a7 3 : TasTaulewd 5 Aty Tnslileuil 6

Y

2) Random paifing AoN1saularTIIUANTUIIAINTIIUUTZHNT Inediaviiu
EATENININRINIIUINUTETING WU avtudenlasulen undlog 19gudIuIu
Usgannsianuauingu 6 Avinsduiavsendng 1896 11 6 auyidnladu 151253

MUEIAU Asdunsuglasiiulaume

@J’Vi 1 Tastaland 1 adu Taslulaui 5

Y

A 2 : Tastulewd 1 gifu Taslaloud 2

Y

fjﬁ 3 - Taslalleadl 5 Ay Taslulaud 3
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3) Rank weighting Aon1sduglastuleumesaduduiisesmuaileiduniy

winzaw lneduauiia azdanuiandulunsgnideniinninduduiises Gwmnuiazduy

ANUTATUIUINGUNITN 2.16

P ~N-n+1

(2.16)

@i P, Aeauiiasifuvedesialaaludaudl n uay N Aedwaudseaing an

U I = | U L gj
MDY NUUTETINIINAY 6 AU

p_ 6-n+1 ~ L3N
o7 14 2 3% 45 g~ O1

WAZAITNT 2.9 wandfIog1enLUs T ausazlastulyy Inaldds Rank

weighting

A157199 2.9 Anuthazduresusazlasiulouainidnis Rank weighting

YY) n
auny Taslulay IF; >R
1 0110 E-:0.2857 0.2857
21
7-2
2 1000 ——=0.2381 0.5238
3 1001 E =0.1905 0.7143
4 0100 ﬂ =0.1429 0.8572
5 0010 E =0.0952 0.9524
6 0001 E =0.0476 1
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dl' n & 1 ' ' g o '
de Y P AeAanuinasiluavauvesusazlasiuley anduinisduiavai
Funulszrnisiaeduauiiinsening 0 89 1 uaziaviduiunnaglutiddavesnuinanduy

< o & gJI A [y 1
avaunagyinsiaenlasiuleuiuivesniue

<

4) Roulette wheel {uisn1sAndeniindnaiu Rank weighting uiaN1nzidy

v v 1 v LY

vosudazlaslulenaylilavuegivduduresmilanduanumngan uiasduegiuaileidu

Y

ANMUMLNZ AR LALLARIFIDE19LARINISIN 2.10

A15199 2.10 AutaztduraaLsazlaslalauainisnis Roulette wheel

v Fitness function _ fitness function )
Sudu | x| leslila , = Total fitness function | 2P
14x - X

1 6 0110 48 48/215=0.2233 0.2233
2 5 1000 45 45/215=0.2093 0.4326
3 9 1001 45 45/215=0.2093 0.6419
4 4 0100 40 40/215=0.1860 0.8279
5 i 0010 24 24/215=0.1116 0.9395
6 1 0001 13 13/215= 0.0605 1

IHULAEIISARLEDNILUY Rank weighting Agvin1sdutaumiuduysesnsag
Faviiduduagiiansendne 0 3 1 uasiafiauaneglutinnuihasnduayaulafiaz
Tasluleaniuanvhmsiug e P Aeraunanduazanesds Roulette wheel

5) Tournament selection Aensdudusiuailsidunnumnzaunnduguaziden

v v 1

laslulounlduauAlsAtuAImLNEaARNINYIINITIVE 8nfiag1Ranisen 2.11

M19199 2.11 Megansdulasiuloudmiuisnig Tournament selection

JuAUNIIUS susuvadlasiuluuiiguld Tasluloaisududnd
1 211 1
2 51U 5 5
3 6 iU 3 3
i 4 fu 5 4
5 1ru 1 1
6 44U 5 4
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saunsdudlaslulaune
A 1 : lasluleudt 1 v lastulewd 5

i 2 - Taslulaud 3 Ay Taslaleudi 4

Y

eD_

fjﬁ 3 - Tpslulaud 1 Ay Taslalewdi 4

6) Stochastic uniform @sazuuslaslulauduridaemiuninafaz319awinAual

auaziuveausaglasiuley lneanuiieziluvesudazlaslulonazduegiuailidu

AAMANEamdaunuls Roulette wheel wagyinn15gduditava1udnulIudseyInig

I| 1 1 = 1 d o U 1 ¥ = ! 1
lngiaviiguazogsendng 0 aa i W N Aediuiudszyng lusededl N =6 Faduen

q

s¥wing 0 3 1.667 w1 6 #1151 {0.1656,0.1611,0.1432,0.1367,0.1123,0.1344} 91nijusm
lertunanuasarauuazuansanle {0.1833,0.3267,0.4699,0.6066,0.7189,0.8533} Fausiazen
sneglutnsvadlasbilsuilvufideniaslulsntudulashilsuiuniug Tnonailduansld

Flaguil 2.29

Pointer1 Pointer 2 Pointer 3 Pointer4 Pointer5 Pointer6

v h 4 h 4 4 ) 4 \ 4
L 1 | 2 1 a7 A D% &~ Y9,
I ] ) j ] i
0 0.2233 0.4326 0.6419 0.8279 0.9395 1

P= 0.2233 i 0.2093 > 0.2093 l 0.1860 lO.1116|O.Ol605
| | | | | | |

E‘U‘ﬁ 2.29 nssaentaeleid Stochastic uniform

Nn3uTt 2.29 Tastalendignidenifulaslalensiewsidelaslulendni 12 3 3

4 uay 5 MnuwIMsvalasiuleuviewdlasnsdunaiilace 4 3 12 3 5 datiy

A 1 : Taslulewd 4 gifu Taslaloud 3

Y

a7 2 : Taslulewd 1 ity Taslalad 2

Y

a7 2 : TasTaulewd 3 Aty Taslulouil 5
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Felumogananinseuiunsvelssiugnssuilatldnsdadoniuy

Stochastic uniform wagludiuniswaniasuiiuagldis Scattered Tngasrsluunsnnmes

NNTEU BNFIBENNRITUN 2.30 UALMTNT 2.12 UanwradnsvaInsuaziudeuduiiin

NNM3IUAVBTT Stochastic uniform

Random crossover vector O 1 1 0
rarent1 | @ | D CI|d ofpring1 | 1 | D | C
Parent 1 1 2 3 4 Offspring2 | @ 2 3

5U# 2.30 Megramsuaniuagudiulagls Scattered

=] Disg .:4' ~
13199 2.12 LEAAINAaNSINNNISLanLUasugy

o | Taslulonawsi | TasTulwsmiousd | Tuunsianines | Taslulwagn | deyaavgudu
’ fafl 1 fiafl 2

1 0100 1001 0111 1100 12

1 0100 1001 0111 0001 1

2 0110 0101 0010 0111 7

2 0110 0101 0010 0101 5

2 0110 0010 1010 0110 6

2 0110 0010 0010 0010 2

2 A a U e s @& & A ] a
LUu%Lﬂﬂﬂqﬁﬂa"IﬂWUﬁqﬂ@ 1 1JosLgun ﬂ@IULLWaS‘UWM

wasaInNsasedlenesnaziinnszuiunisnIsnaleiug tnewsiinualiaulieg

A A

TDYUUD

Tastulauazilaniainnisg

Waguande 0 1Wu 1 vSawasuaints 1 1Wu 0 widu 1 1wWesidud endiegrainnisnany

v 6

Wusveslaslulay 1 lu 6 Tasluleuiildarnisasealonesaelulasiuley 0001 Waludni 2

9

g &

Aaluaznaneduy 0011 FellAawiiu 3 luavgudu
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JuRaugAneAen1TngnnssuIuNIsinsleulun1snganseuIuludlegaliieny

Ly

Ameuvesnalaay max{f (x)=14x—x"} ; x €[0,15]BaHalRaga1u1IanlaINouus
Y89 f(x)As x=7uagwadnsnainnisuaniddeuduuagnisnareWusae
x={12,1,7,5,6,2} Filnaassinegmeininisganssuiuns wininlinunamasii

ASLBUNTEUIUNITTIDNATS
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aumﬁgﬂuuazmﬁaamwu

3.1 umin
luunilagnasauyiguiastunouvaisnisssydmmanigluaimsndnausly
INTNUS UazNa1IAINITEBNRUUNITYINIUYBITEUUNTTEUMuWMtanglu1Asdmsy

Uszenilisiuiun1snsiadunisdy

3.2 dUNAFIU
PN A v = P 19 a o )~
1nUNil 2 Aiuanldnanfsnaramndsnldmainnasdawuy RSSIneLns1l
AldangvesgunsallusiadliunsnasdslidesnisgunsaliaSuludiueingg wiegwinsuiy
1 1 v PN a dycé v 1 o al 1 CY = = v
Palddnglusaiignuesnaiiadiuanuidisaiuuivginliadn Wewinidadevans
DYNNNNANTENURDAIULITUNITDAS AR 18d 1A8LRN Iz g NEINaNTENUINTARNIIN
(Multipath Effect) 1utinnisazNeuvasdggia (Reflection) N151a8LuuY0Id Yy

(Diffraction) uazn1snszsRsvesdayaIn (Scattering) «Uusiu wansldnaguin 3.1

Scattering F‘/ Transmission T

M 3 o |
NS —

~ Y L

N Diffraction _
N\

\ D
2

Reflection

3UN 3.1 mandadniinanglueians
Faavsmatlinai i asdy g raiewgosinlala1unTurs o e aannnaag
a1y wazdsluanmuandounigluenmsniideinneanuey Aune Nilsios nimg

Usen daunardusdnunnune vlvidanansenuaindainivladng
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[ [%
Y a Y o

luanuidgisauyfgiudi iwuesgagninnimuduriiiggaiglueiaisaesu

HansznuINaansninnteelivindu wWuaaunislugui 3.2

1% sensor
= y o)
GIES o 4
2" sensor E
™ Reflection
o
Difffaction Refldction %
Scatterihg Reflection

T
[1 @g

sU# 3.2 Mo sdyganlasuraindadin sy

(% s

91n3U7 3.2 asiuldddygrannunsaingldludusueasdam 1 azldsuna

' 1%
v A v v Y

Nndarnsndeendyaruniiundludugugesing 2 dnusunisaiuiunededeya

'
v @ = o w

Adsd ey aiauAwInALrdenIsaziinislinu e fevse umidndudeyanids

1% '
U v =

funaiwugesusazminlalumingy wuluaniunisaldaisesiuininmseanuudeis

'
v v A 6 o

Audyraumeuosaaf 1 TalauinnndyyIuisuigesig 2 Takd Auuisn195zy

v 9

s =

suvidsniauelwineinusiazdnislinnuundededvdy g runwuse sudaziasulall
wiriulaednsldisnisdwdmiln anmetaflanesUsunnsansseen1egadanuaunI s

3.1

M

dist, (X, )= > (T, —rssin’m)2 (3.1)

m=1

=

e dist, (x,, y, ) Aoszugnngadnseninidedygaiiwuwesinlauazindedyyialy

A o

AaMadyey1veIgna1eden N

[ Y]

Futeya I Aemasdynilgugaiiai Miala rssi

L A7) n,m

lugrudeyaiiwuigaiinn M Iald war M Aeduiuwuwesianuanldlunisseysmumis
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dunaladinisauiamsseenisgadaluaunisn 3.1 aglianuaeioduiids

'
a

fyaaiusazisumesialdivingfu fannauyigiuidyyraiidunsangldlududas

[

wuwedarlasunaanannisnldivindu anuddedevesusazduaafisuled asazly

e

o
v ad

Wiy Asdudsnsimiauedeldnisdrnimdnlunisaiuiumsseensgadauanalan

AUNIIN 3.2

wdist, (X,, Y, ) iw (rm—rssimm)2 (3.2)

m
m=

v

W w_AsaAniminuismamninetenludumnasdygiaisugesan msuls

wazludsefunainfaainvtnimuizauaisastduwinle Wewsldaiunsansule

o Ql'

Ny ramwugessulatu lo5unaandafinsunteaiiods mefineazdululadensld

v o

URHGIRNGAR Imanmﬁwﬂaﬁﬂaqawmmsﬁ’lqiuu&iammé’w@q WAYINTIATIEIUIvENg

Y

WUNgEN G9750159 °1Lauaﬁ1 ’]ﬂﬂi‘\]ﬂﬂalﬂ‘lﬂsﬁ@ﬂ'mx‘lﬂiUiU’WﬁW]IﬂaLﬂENﬂ‘L!@EJI‘LmaZLILG’IEJ’Jﬂu

[y [

lnga1ningaiididygrunisnvasaaiegduaslasunanssnuaindadinisinaiaeaiu

o w = s I

gnei10eg199n3UN 3.2 Iegarndnnaeiidsdyaiumeuessine 2 ol ligldazed

L)

}2 (%)

sunudlanisluiesueuasliynidvdyainnangiukagaInnisdInaandanniinain

[

sunisluesuauliagramileuniu warndinnidenduliyamaadyaiunlasunaaniag

v o

wismileugduegienuuds NMazsinstumdminiimuzanliiuudaznguidsdoy o

(%
Y

FeUupauvaIsn1ssrymurinfgluaimsiauadinanaznanluiitedaluil

3.3 YUABUATANSITUAUMILIIUNLEUD
lushdetiazaSulenszuiutaztumaUYasNIsAYIEUD Tnganunsanusasuiedy

2 @UAD @IUWIBUNISHATEIUNIS LTI Fadis18azLDYARIl

3.3.1 d9UNISMIBNNIT

1%
v o

1) 1M wuwesifufoyaidsdygiagigan N fuitdrds mndumeiadonn

[ Ag )

¥
0 Y w I

Yoyardsdyaaluudasiuiisnids uavadagiuteyadesznoumeiinensd(x,, y,)
LLaszaaamaqaigﬁgm (rssi,;, Issi, 5,...,Issi, ) Tuusaziuiiensds (n:1,2,...,N)

2) Tsn1sdnngudeyadnngumddayayiailugiuteya (rssi,,, rssi, ,,..., rssi, )
Tnsuvadu K ngu mndesnismsdanguuuudaluffazliitiadudannyduditlidmng

nsdanquvsedeyaiidiuiuuin wasmindesnisdnngulagldautiungluhiemeasly
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'
o

N13INNGURVUATINEAGUIATBTIAUNTOANNLLUENZINT Inennldiadivagyinnisdudin

Y

1 ' v o A:l'

ToUAANIUNTOYA (Cq1Cpre-vyCop) wazindedyardiiduaundn (Member,) Tunsaz

nau (k=12,...,K) Wdwsulugiudeya wininldnssnzaguinioarinniseaniuy
flsfdunsifuann@n (Membership function) wagng (rules) fldlunisianguainaam
TUNRYVDIRIANG

3) MHunouiBidatugnssudumidhmiinfianga (Wk,m)‘\]’lﬂﬂuﬂ’liﬁ 3.2 liuM
wuwosluynanguionun K ndw Tagldfoyardsdyyramnmsiasqildlusuneuusn

warduiinminfuvnzaunlianntunewisidaiugnssulugudeya

3.3.2 d2un1s g9

o Y o

1) nsaildndy vinrsTeamdedyaiaaingldan (6,6,..1,) wazainduiild

U@

Wiguiigunuisunsegnvasunazngulugiudoya (G, oy oGy ) HOAUNIIIAING

dyaranialagldemeglungula lagldaunis

distk(k)=2(rm—ck’m)2 (3.4)

wag k™" =min{dist, (k)} (3.5)

nsdlldnssnzaquiase inisiamasdyanaingldau (6, n,.., ) wagdiiid

] U

v o

Foyey i inlaluduBunnlinunssuiSessny rquiesenioanwuuld Wierumanmasdayaa

v 4
ialaasavednaala (k™M)

2) the k" Alglddemimtiniivanzay (w,,, ) wazidsdyaalugiudeyadn

Duaundnlungun k® iethunszysuiswesyldiulaeldaunis

M
wdist, (X, Y, )= D W, (T, —rssinym)2 (3.6)
m=1
oy (x,y)™"™ =min{wdist, (x,,y,)} (3.7)

a

d' - a A o v o v J th
bUB I’SSIH’mIUﬁﬂJﬂ’WW 3.6 ﬂaﬂﬂaqammﬂmlugﬂwauamaﬂusiﬂuﬂqm k

Y Y 9

(Member, ) Muiwosansdaluua m



a7

gnFIBg1IN1IALTUNISVRIIsNSTEYMUMisndaus nsdidangulasldisindiu 1oy

wansanIunsalluguin 3.3

1* sensor

412U 2 93

Og ]~ 0 |08

===

@ o

=

_b @

5U# 3.3 nwdnegen1siiiiunisreisnisseymirisiiiiaus

nanunsadluguin 3.3 THaugesviaan 2 Mlunisseuiumis uasfmuaiui

o

¥ Y [

e

[

[

1989 Juttes 6 e Tngtulsnvesisnisiviauefaiiudayaiiaadnyayiud
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o

1%

19lunmay

NuN91989 nUuInIImIAtadsfISd Yy Iukas Tuiniasdygralulaas Nunen98
o
PINFUN 3.4
1 sensor
[~ @” Average
_ >
2

’2 1% Room | rssiyy| #ssi; 5 P81y 4| PSST]
2nd Room }‘5.5:::'_ ?‘.5.“::: ?‘SSE::I }‘SSE:::
- 3% Room rs:::'_;:-_ rss:'_;:: | rssis:l rssil:
4" Room | #ssiy+ FESiy o PSSy | P85ty
Q 5" Room | #ssis 4| Fssis 4 PEsis 4| P8STs 5
‘ 6 6" Room F5S5ig 4| F5Sig o FSSig 4| F551g o

= I I

JUN 3.4 nnuansnisinudeyandsdeyay ol
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Abstract—This paper proposes an application of Wireless
Sensor Network (WSN) for indoor localization using IEEE
802.15.4 standard. Proposed algorithm applies K-means
clustering and Genetic Algorithm (GA) as engine to prepare off-
line information which result in increasing accuracy and
decreasing computational cost of fingerprint technique for indoor
localization. K-means clustering will be applied to -cluster
received signal strength indicator (RSSI) vector into several
classes for coarse positioning estimation. Consequently, GA will
be applied to search the optimal weights for each reference
sensor and used in order to obtain more accuracy for positioning
estimation. Experiments are conducted in indoor environment
using zigbee sensor network and the proposed algorithm can be
compared with K-Nearest Neighbor (KNN) algorithm and
conventional weighted distant fingerprint (WDF) algorithm. Results
demonstrate that the proposed algorithm can improve an accuracy
increase to 87.56 % for identifying correctly 1.5 m x 1.5 m area of
target node and also decrease computational cost of 67.60 %.

Keywords—wireless sensor network; indoor localization;
fingperprint; K-means; genetic algorithm; k-neaserst neighbor
algorithm

1. INTRODUCTION

In recent decade, indoor localization was popular in
several research topics and it was applied to several
applications such as positioning of employee in office, object
tracking in factory, mobile tour guides for museum and so on.
Fall detection for elder in [1] is an interesting application that
can be combined with indoor localization. Hence, it can detect
falling of elder while it also point out an area of falling as
well. In order to help those who fall immediacy, indoor
localization algorithm should be accurate and quick.

To increasing an accuracy, there are localization
algorithms which are proposed in many researches about
improving location accuracy such as linear least square [2],
gradient-based search [3]-[5] and multidimensional scaling
[6]-[7]. Finding distance from received signal strength
indicator (RSSI) is necessary for these algorithms. In fact, it is
difficult to analyze relation between distance and RSSI for
exact transfer due to indoor environmental effect. Fortunately,
fingerprint technique can avoid complex analysis for finding
distance. Moreover, performance improvement of fingerprint
technique will be proposed in this paper. In [8] proposed that
credibility of reference sensors should be considered because
variance of RSSI at reference sensor is not constant due to

978-1-4799-4075-2/14/$31.00 © 2014

multipath effect. Therefore, weighted distance fingerprint
(WDF) algorithm was proposed to improve the accuracy of
fingerprint technique.

To decreasing computational cost, fuzzy c-means (FCM) is
used to cluster fingerprint locations with target node in [9]. It
can use to evaluate location of target node only fingerprint
locations are in the same cluster as target node. However, it
needs clustering by FCM every time and the computational
cost is not effective. In our method proposes an easy way but
effective. It can avoid clustering every time by exploiting a
centroid of cluster.

The rest of this paper is organized as follows: In Section I,
we introduce background of necessary algorithms that used in
this paper. Section III, the mixed K-means and GA-based
WDF algorithm will be proposed. Section IV, experimental
setup and results are described. In Section V is conclusions.

II.  BACKGROUND

In this section, the necessary algorithms that used in
developing the proposed mixed K-means and GA-based WDF
algorithm will be reviewed and introduced as follows,

A. K-Nearest Neighbor (KNN) Algorithm

KNN algorithm can be divided into two-phase. First, off-
line phase, fingerprint locations and average RSSI at
fingerprint locations are recorded into database. And then,
online-phase, all reference sensors measure RSSI (ry, 7y, ...,
ry) of target node. The measured RSSI is matched with
fingerprint RSSI and the result of matching is estimated
location of target node. KNN algorithm which is the basic
fingerprint technique can be shown in Fig. 1.

For pattern matching algorithm in Fig. 1, Euclidean
distance is calculated by

dist, (x”, y”) = i (rm —rssi, . )2 . (1)

m=1

Then, the fingerprint location in database which has minimum
Euclidean distance is selected as estimated location by

(x,y)= min{distn (x,,, )} ) ()
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Fig. 1. Basic Fingerprint Technique.

B. Weighted Distance Fingerprint (WDF) Algorithm

WDF algorithm [8] is similar to KNN algorithm, but
weight or credibility of reference sensor will be considered by

dist, (x" .V, ) = EM: w, (rm —rssi, . )2 . 3)

m=1

The weight of reference sensor node m is inversely to
variance of the measured RSSI by

1
//arm
w =L

where Var,, is variance of RSSI by

Var, =axr +b

)

and r, is reveived signal strength that used in on-line phase,
parameters {a, b} are obtained by linear regression [10].

C. K-means Clustering

K-means [11] is an automatic clustering method, it is
widely used for cluster analysis. K-means aim to partition N
observation into K clusters in which each observation belongs
to the cluster with nearest centroid by minimize an objective
function

2
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j=1 i=1

x' —c.
i J

(6)

where J is objective function, x/ is an observation, ¢; is the
cluster centroid, N is number of observations and K is number
of clusters.

D. Gentic Algorithm (GA)

GA [12] is a search optimization by mimic the process of
natural selection. Procedure for using GA in the proposed
algorithm consists of: 1. Initial population by random (which

are optimal weights of all reference sensors for this proposed
algorithm). 2. The optimal weights are evaluated by fitness
function (the correct localization of target node). 3. The
weights are improved by natural evolution which consists of
reproduction, crossover and mutation. 4. The process will be
repeated to step 2 and 3 until the criteria (number of iteration)
is met. Procedure for GA can be summarized in following
flowchart.

Initial population

v

Evaluation

Reproduction

Crossover

Mutation

v/

Terminal No

Criterion

Solution

Fig. 2. Genetic Algoritm.

III.  MIXED K-MEANS AND GA-BASED WDF ALGORITHM

This section, the operation procedure of proposed mixed K-
means and GA-based WDF algorithm will be described. The
algorithm can operate by two-phase: off-line phase and on-line
phase. The explanation of two-phase can be explained as
follows,

Off-line phase:

» Measure RSSI from all reference sensors at reference
locations and record reference locations and
corresponding average RSSI at reference locations into
database as Fingerprint Location and Fingerprint RSSI,
respectively.

» Use K-means to cluster Fingerprint RSSI as K clusters
and then record centroids (c,) and corresponding
cluster of Fingerprint RSSI (Member;) for each k
(k=1,2,...,K) that obtained by K-means into database as
Fingerprint  Centroid and Cluster = Member,
respectively.

» Use GA to find the optimal weights (w,;) of all
reference sensors for each cluster £ (k=1,2,...,K) and
record the optimal weights obtained by GA into
database as weights.
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On-line phase:

» Measure received signal strength (ry,7s,..., ry) from
target node by all reference sensors and use Fingerprint
Centroid to find cluster & that the measured received
signal strength should be contained by

dist, (k) = Z(rm o' [ )2 (@)
and k = min{dist, (k)}. (8)

(This step refers to Pattern Matching Algorithm 1 in Fig. 3)

» Select wy,, and Member;, from database corresponding
to k from the previous step and use wy ,, and Member;
to find estimated location of target node by

2 2
Z 1\ m ( m rSSln,m)

m=1

dist X, y 9)

(x, y) = min {dist" (

xn’yn)}

where rssi,,, in (9) is only Fingerprint RSSI that is
contained in Member, at reference sensor node m.

and

(10)

(This step refers to Patten Matching Algorithm 2 in Fig. 3)
The proposed mixed K-means and GA-based WDF

algorithm both off-line and on-line phase can be summarized
as shown in Fig. 3.

IV.  EXPERIMENTAL SETUP AND RESULTS

Experimental setup area, each sensor location, including

equipment will be described. Experimental results
analysis of results are explained in this section.

A. Experimental Setup

and

Experiment is conducted in 12-storey building 11™ floor
area of elevator hall at faculty of engineering, KMITL. In our
experiment, we have deployed 4 (M = 4) Xbee pro 50mW
RPSMA-Series 2 (ZB) as reference sensors and using 1 Xbee
Pro 50mW PCB Antenna-Series 2 (ZB) as target node. The 52
fingerprints locations and 4 reference sensors are placed as
shown in Fig 4.

10.5m

Flyg | Fly | Flyy | Flyg | FLyg B
FLg | Fhz | Flyy | Fly | Flyy | Flys | Fosy
Fr, | o, | FLyy | P | P | Ezy, | oFLg
5 FL, | FL, | Fhig | Fly, | FLys | Fry | Flg
FLy | Flhyg | Fhg | Flyg | Flyy | Flay | g
Fr, | Fry | P, | FLyg | FLy | Fr, | Fi
L Flg | Flyg | Flyg | Flgp | Flyy | FLys

. Fly | Fhys | Flyz | Flgp | Flzo - Ig
- Reference sensor 15m

Fig. 4. Fingerprint Locations and Reference Sensor, Position

Note that there are 52 fingerprint locations (N=52) and
each fingerprint location has 1.5 m x 1.5 m area around itself.



We evaluate the accuracy by checking the correct
indentifiying of 1.5 m x 1.5 m area of target node. For
proposed algorithm, K-means is applied to split 52 Fingerprint
RSSI into 10 (K=10) clusters. GA is applied to find the
optimal weights for all reference sensors in each cluster.
Results that obtained by K-means and GA are reccorded and
used as off-line phase information that shown in Table 1.

TABLE L OFF-LINE PHASE INFORMATION
K-means Fingerprint Centroid (dBm) Weight Group Members
Cluster obtained by K-means obtained by GA obtained by K-means
1 -55.9,-63.2,-58.3, -64.41 0.32,033,0.15, 3,9,12,41,42,43
0.20
2 -61.9, -66.8, -47.6, -57.5 012, 0.08,0.56, 6,14,22,28
0.23
5,10, 11, 26, 27,
3 -61.2,-55.4,-53.2,-56.4 0.09,0.33,0.25,
0.32 33, 34, 36,37
13,21, 29, 30, 38,
4 -54.4,-66.0, -58.6, -51.2 0.15,022,0.17,
0.46 46, 49, 52
24,25, 31, 39, 40,
5 -57.8,-47.4,-58.4,-63.5 0.25,034, 0.14,
0.27 47,48, 50
5,10, 19, 20, 45,
6 55.3,-57.3,-52.1,-50.8 OgF- 0. 0.46,
0.34 28, 33,37, 46
7 -53.0,-51.9, -58.6, -56.8 -28, 0.2250,16. 2,17,18,35,34,41
0.27
8 -46.7,-60.4 -67.4, -65.9 0.475026,0.13, 1,4,23
0.15
9 -60.5, -58.0, -66.4, -52.7 Quldn0lp. 0.1 32,44, 49,51
0.54
10 -48.5,-54.3,-59.5, -68.7 020, (())AZ o3, 4,7,8,15,16,23,24

For conventional WDF algorithm [8], linear regression is
applied with 52 Fingerprint RSSI and parameters {a,b} that
used to calculate weights for reference sensors can be shown
in Table II.

TABLE II. PARAMETER {a,b} FOR CONVENTIONAL WDF ALGORITHMS
Reference node a b
1 -0.5311 -24.5760
2 -0.2479 -11.1358
3 -0.8059 -40.0920
4 -0.0812 -2.6072
B. Results

In experiment, three algorithms are KNN, conventional
WDF and proposed mixed K-means and GA-based WDF
algorithm can be applied to find the position of target node at
52 fingerprint locations. Moreover, each fingerprint locations
will be repeated 15 times, that means 780 locations (52x15) are

TABLE III. ACCURACY

52 Locations 780 Locations

Correct Percent

627 80.3846 %

Percent

78.8462 %

Correct

KNN algorithm 41

conventional WDF

0,
algorithm [8] 41 78.8462 % 579

74.2308 %

Proposed algorithm 46 88.4615 % 683 87.5641 %

tested in this experiment. Experiment results can show the
accuracy of localization that obtained from three algorithms as
in Table III.

From Table III, the proposed algorithm can give more
accurate of estimated positions than compared algorithms. In
experiment, for 52 locations testing, KNN and conventional
WDF algorithm can correctly identify 41 locations that equal
to 78.8462 %. On the other hand, the proposed algorithm can
correctly identify up to 46 locations or 88.4615 %. And when
consider for 780 locations, each algorithm can correctly
identify 627, 579 and 683 locations which equal to 80.3384 %,
74.2308 % and 87.5641 %, respectively. Therefore, the proposed
algorithm can give highest accuracy for fingerprint technique.

In theoretical, conventional WDF algorithm should be more
accurate than KNN but in practice, it did not right that. It is
shown by relation between the mean and variance of RSSI at
the reference sensor 1 in Fig. 5, which can see that some value
of mean RSSI able to have several variances. Therefore,
weighting  factors that obtained by linear regression in
conventional WDF algorithm cannot work well enough for non-
linear relation of mean and variance of RSSI. On the other hand,
the relation between mean and variance of RSSI in first cluster
and second cluster that obtained by proposed algorithm can be
shown in Fig. 6 and Fig. 7, respectively, which can see that
proposed algorithm has lower complexity, i.e., decreasing
several variances for one mean RSSI. Although, K-means can
be applied but relation between mean and variance of RSSI still
be non-linear relation. Consequently, GA is the good choice for
this relation in order to find the optimal weighting factors for
proposed mixed K-means and GA-based WDF algorithm.

30 Z : :

© RSSI information
25 — Linear regression |
20+ b
15+ i

Variance

-65 -60 -55 -50 -45 -40
Mean RSSI

Fig. 5. Relation between mean and variance of RSSI
at reference sensor 1

Variance

-%0 -58 -56 -54 -52 -50
Mean RSSI

Fig. 6. Relation between mean and variance of RSSI
in first cluster at reference sensor 1
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Fig. 7. Relation between mean and variance of RSSI
in second cluster at reference sensor 1

For computational cost, KNN and conventional WDF
algorithms need 52 Euclidean distance calculations per one time
of localization. The proposed algorithm needs only 10 +
n(Membery) as 10 Euclidean distance calculations of Fingerprint
Centroid and n(Member,) Euclidean distance calculations of
Fingerprint RSSI in n(Membery). For example, target node is in
location that received signal strength vector is clustered to first
cluster that means n(Membery) equal 6 (see Table I). Thus, total
Euclidean distance calculations of proposed algorithm equal 16
operations. Note that maximum and minimum operations of
proposed algorithm are 19 operations and 13 operations when
the target node is in sixth cluster and eighth cluster,
respectively. In Table IV, number of Euclidean distance
calculations for 52 locations testing can be shown. KNN and
conventional WDF algorithms need 2704 operations and the
proposed algorithm needs only 876 operations or 32.3964 %.
That means the proposed algorithm can decrease computational
cost of 67.6036 % for 52 locations testing.

TABLE IV. COMPUTATIONAL COST
Algorith i
gorithm KNN Conventional Proposed
Algorithm hlLy Algorithm
- B Algorithm [8] <
Fingerprint centroid - - 3% ><.10
operations
Fingerprint RSSI 52X5.2 52X5,2 356,
operations operations operations
Total 270.4 2704 operations 87§
operations operations
Used percentage 100 % 100 % 32.3964 %
Decreased percentage 0% 0% 67.6036 %

V. CONCLUSIONS

In this paper, mixed K-means and GA-based WDF
algorithm to increase an accuracy of estimated position and
decrease computational cost for fingerprint technique for
indoor localization is proposed. Indeed, procedure of the
proposed algorithm is similar to double fingerprint technique
by using K-means and GA. First fingerprint and second are
applied to  coarse localization and fine localization,
respectively. Experimental results can show that the proposed
algorithm is able to handle non-linear relation due to indoor
environmental effect, and demonstrate that the proposed
algorithm can increase accuracy up to 87.56 % for correct

identifying 1.5 m X 1.5 m area of target node and also
decrease computational cost of 67.60 %. Consequently, the
accuracy that obtained from proposed algorithm is good
enough to localize larger area than 1.5 m X 1.5 m such as
bedroom, bathroom, lobby, and etc. when the proposed
algorithm is applied for fall detection and movement
monitoring for elder.
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