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ABSTRACT

This thesis proposes an-application of Wireless Sensor-Network(WSN) for indoor
localization using AEEE 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 senser 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.algorithmi 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

position.
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2.3.1 Received Signal Strength Indicator (RSSI) [3]
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2.3.2 Time of arrival (TOA)_[4]
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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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2.4.1 ArueuUAvae XBee

1)

Yauguaad 2.4 GHz %'aLﬂushummﬁLﬁamﬁﬁ'ﬁq%aqmﬁﬂﬂ%
fiu geamnssu (Industrial) Inereans (Scientific) wazn1aNITUNNG
(Medical)

farwonraliidenlduarsnuuae wuuBwuoun (Chip Ant) IUusun
(Whip Ant) gionuoanau(UFL con).m%ﬁtamﬁma AU (RPSMA con)
Tag 2 wuunds Fealunianeiniagy 2.4 GHz Mlureuiiniaefuvug
1eviea (UFL) w3atoaiduie (SMA)

Supply Voltage agjfl 2.8-3.4 V

Power Down Curtent<"10uA

i RF data rate agjﬁ 250 Kbps (Hudutvasdnygradideitueinie)

11 Serial interface data rate 885¢%319 1200 — 115200 bps

L1 Spread-Spectrum wiin DSSS (Direct Sequence) A15AIRUAAT
Avita(Addressing) ianudnwals Ao Aavln PAN ID dansuinsedne
Wil 9 fvueveedunTns (Channel) LA WuAA LYY (Addressing)

YDIFASHY

2.4.2 Mnsgiuuaznisaesnsiildiudnd

=

dvsuunasgiungndinualiduiasednguuudniae. [EEE802.15.4 fviualag

u
]

. R =3 o Y Aa o T 4 ° v ) a
ZigBee Alliance \Uu-n15doansuuylizneg nldnsanissudatadany Tdwdagua :angn In
Tfmunguarudldvuaunasguld 3 dadaiuiae 11424 GHz , 814/915 MHz wag
81U 868 MHz lneunage WagivosdgnIn 16,993, 10 999 Uae 1,483 auadau d1usnsn

Sudstaya (M) ﬁ]zagjﬁ 250-Kbps , 40 Kbps taz 20 Kbps. augIfuuiuy

P o a =
3U% 2.8 uwsgrunsaeansuesainy 7]
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1) 81uAnafl 2.4 GHz T 16 veadtyaes 8n13udstoya 250 Kbps
2) dhumud 915 MHz 3 10 Yeadnyqyios Shs13udsdona 40 Kbps

3) guANd 868 MHzZ i 1 dosdtynyrn snsriudsdoya 20 Kbps

Tawaud 2.4 - 2.4835 GHz anunsaldauldvialan wazanud 868 - 870 MHz uas

£ 74 J 4 a N a €
902 - 928 MHz Tdulaluiiufivesewsnunile ylsy seanside uaziduaus

Fndtugnesnuuulusinpeauildludiuves Application layer, Application support

+ B02.154 4—————— ZigBee —————

d b -
3U# 2.9 Fumsvihauvesdnd (7]

wnanstluenansianulidmsunisldnuionisnwvinuu ldeygslmhluldusslemisunisen

ludnsdllagau Snvivinudlvidaulauilon wassesedadadnvetenarsynasaminisintuld



13

2.4.3 jUuvumsiausie

Tusudeainisimunguuuunisdeuse (Topology) Aeulasdeansuninfives
XBee ustavsitoraguuiniotienou dail 3 uuude

1) Coordinator fintiiias1in1sdears iienloaia3etiosewing End Device fu
Router #38 Coordinator iy Coordinator #3818 n38 Coordinator fu Router 1y
frimun address iU device flaglurnn3etiglilyidniu quatanisi3esnis Routing
Wunaisenandu Full-Function Device (FFD)

2) End Device Lﬂqunsniﬁ'lﬁ%'uﬁtynylmmnL%uma%ﬁagjﬂawmeﬁaéwan

a v @ ° ° a ' . . -
Lmﬁwmwﬂmﬂmq londsaudnlunisvinausenia Reduced-Function Device (RFD) %58

A

AN
o

3
‘l
(s
4

- A
ULuUNsweNRBin
1) Point to Point
A ! o 1 o ° v * 1 = e o
nsweunauuuimdefilagdmualvisausnidu Coordinator daudndifimumidu

Router

3U#t 2.11 meideusionuy Point to Point [7]

= = Yo w v - = Y ' v o Yo ¢y Y
whanstduenansianulidmsunsldnuiionisneringu lleygslmiluldusslomisnunisén

lidnsdilagiadu dnvivnuiilvidaulasient wagdasnadadudvesenalsynasaninisuiluld
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2) Star (Broadcast)
- ' - v v '
NILYBURBLUY Star w38UUY Broadcast 1unisiudedoyauvuliianizianzas
O | A o o v v v Y
nungatena lng XBee yndaviaglusruuiniadreifioafuaiunsaiudoyaldvnia
a o - { . ° a &
Usznauluiig XBee 7191w 2 gUnuvfe wuui 1 Wy Coordinator imtifiadrainsetie

a . ° v o '
wazuuuhl 2 (Uu End Device vimihidugnane

gﬂﬁ 2.13 Msidouseuuy Cluster Tree 7

& N v o 1Y) ] ~ = "3 ! ) v ¢ v v
whanstduenansianulidmsunsldnuiionisnwivingu ldeyaslimihluldusslemisunisen

lidnsdilagiiadu Snviavnulilvdnulasilont wagdesdnadadadivesenasynasandnisunlule
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4) Mesh
o 1 A = | aa a a = o
msleumaLATaIELUY Mesh Wulasstheniussdniamguiiosandeyaaiuisn
daluadmuneldvanedume vldssuvannsadu-deoyalugagamneuamenslduivey
wiszfinruiemevesssudluvidinfinig (Rilfuegiunisesniuussuuresdlidae)

dvd [ c; v a [ 1
szuutndussuunlasuanuidsudusgtein

ERLHG

3Uﬁ 2,14’ nsiienreiuy Mesh [7]

2.4.4 Muuea1Usz1M9199 9uasny

Tuslnreavasdndlumnsgiu IEEE 802115.4 Huastuprfunsszytiinges Address
Fafl 2 uuuAe 16-bit Address 1oy 64-bit Address UniuaatinUynaasgniavunaiuiain
Tsamudu Address, 64 bitegudy dou msimun 16 bit address fulunAsivunlnun
nssu-dedoyavesind Jaesluunfieo Uncast Mode uae Brdadcast Mode Tunsdeuuy
Uncast Aon1s¥udatayalasardanannisioalutaaiiuyi-Geknowledgement) Aavan
masudstiy dedoyaly wilailgfunismeunduaandaiufisziinisdedeyalua uagnisds

WUU Broadcast msdsdeyaludaumemslilasudayanndy

2.4.5 [uAN15Y191UY89 XBee
XBee 3z@1u150uUIt9n15vIuladu 5 wuu fe

1) ldle Mode azilulnuniiladlsifudedoya & XBee wisoufiagyhaululyunduq

| v P '
W?JVLTJWUV]W'lﬂJJNE]UVL‘UUWQE]Eﬂ\‘]
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2) Receive Mode 1uluualugaeil XBee fin1sulasazuednumenisyautes
sanilulaise (Direct) funuudulasa (indirect) n1sAmunLaaAsERUNILaTUaEYINe
\ndesuvausaLeaasiul (Clear Channel Assessment) Wazn1smausUndnuarAluGasTuY;

3) Transmit Mode WWuluunludasdedeyalagazuisdnuvugnsviugesniiou

Receive Mode

[ !
< <

4) Sleep Mode iJulyunga97t XBee aQ’Luamumszﬁﬁwmuwé’wwus‘i”mqmua‘lnjﬁ
N5l

5) Command Mode ulvaiililunsusumsifinesves XBee sesdunisldiny
16 2 Tvum Ao AT mode wag APl mode

- AT mode 1 XBee fiMsAnranuuay Fu-delayafiuageaiian (Transparent) foya
fide91n XBee AmilsardelUds XBee Snsnilinifleguaisnns (Destination Address) 11
ﬁﬁwumlﬂu'%%amai‘wadu@aﬂu’u‘] Tasaunsa sy ulnundidufeuiuvasy
Ammiineiuulune XBee IdSunsnasldidd AT

i g

& [ et 1 ' [ g v v oa
- APl modeslunnsdsdioyaniisaneuunnniuiidudeuniaieidniias Tnysaadu-

detoyanmuluslampaiiniavunld

2.4.6 YUIAKAZUINN (YD lUAR XBee

N = % ] P
untedligs XBeé LagsgaziBynvosIanInnanlvnzURn 215 Laga1snad

2.2
XBee XBee-PRO
{top view) {top view)
33;296"-—» g %
{7 . 30mr [ G287
{6, 53}
PI¥ it K a] O] ettt BTN 28
: O & \_ » I 4 o
3= Mty 9| (- PIN 20 | PIN 17 e o
@ N i e o, © ek o el 1.283%
(G e 1. QY . B g e
2 PUES ENE 2| o s s g| 192 samm)
Q < & -
2 5 {8 &
PIN 10| @) ~ogfme PIN 11 ZIN 10~win o[ —w-+--BIN 13
e 3 BEGT g )
{32 . o0nm} }
i e B LBEEY
[ SRR T IR~ 1% e —— ——— o]
{24 28cmi {22. bl
ot e C - DE QY ifmd

{24, 38me}

gﬂﬁ 2.15 LE@nuUInUDY XBee [7]
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f15199 2.2 S18azifenvadnl XBee

O
=

i D A195U"Y
1 VCC Pldes 3.3 v
2 DOUT U1 Tx veawasn Serial luga XBee
3 DIN U1 Rx Y24nain Serial luga XBee
4 DO8 21 8 wasn Digital output
5 RESET 1 Reset (nedyauazsendu Low lisndr 200 ns)
6 PWMO(RSSI) 21 0 WosAARQ I PWM %5091 RSS! (RX Signal Strength
Indicaton-UMARIAI TS IVDIE YT e T
7 PWM1 21 1 wesndyae PWM
8 (Reserved) lafld
9 DTR/SLEEP/DIS.__| andslé XBee 1nlnuisr Sleep 3991 8 nasn Digital Input
10 GND AT
11 AD4/DIOY 914 Wosme Wl o uiaen wseu 4 wesh Digital
Input/Output
12 CTS/DIQ7 97 CTS (Clear-To-Send Flow Control) n3owa 7 Wasn
Digital Input/Output
13 ON/SLEEP uaAanUz XBee aglulvun OnGianw) nielnum
Steep(id)
14 VREF YU US1DY FmTus Uy aeuiaen
15 | ASSOC/ADR5/DIO5. | v1Associated %397 4 waswasneuliyyrounien wie
91 5 wase Digitab nput/Output
16 RTS/AD6/DIO6 |~ TRIS(Request to'send) #5e17-6 voawasnoudyaan
BUTADN 138916 WM
17 AD3/DIO3 91 3 Wesneudygaeundon ¥Sa 3 Wosn
Input/Output
18 AD2/DIO2 91 2 wosnaudyaaouden wion 2 wesn
Input/Output
19 AD1/DIO1 9 1 wosneudygaueutaen sev1 1 wosn
Input/Output
20 ADO/DIOO 9 0 wosneudy ueuIaon wiew) 0 wein
Input/Output

!f&L

3
)
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o
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2.4.7 walulagvas@ndludagiu
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fuluszuuiniedny uazfgunsaliafitranisldanuainuumneidunazisinung 3
&11150U"S¥UU IEEE 802.15.4 %ammsaﬁwqﬂnsiﬂﬁugﬂmﬁu sensor Wag Actuator ifisA7
granld villasnsafannuivenisaliineg uazgunsalasiauatedalud@audiasdesnis
dmiunisuszgnaseuy EEE 802,154 imldmeludiuszaiuisaviligunsal uay
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2.5.1 Linear Least.Squares

Linear Least Squares (8] fHu3snsiug i Mmssnmadlidudounaziuiuns
Anadosnn daualay S. Gezic I. GUvene, %a¢ Z. Sahinoglu 3933015 Linear Least
Squares JumsszyiumiwadnuathvinglagliBnisuvauuidaduy Fwaunsnesune
swazBunldell dwualiitavedumimnedu (x, ) Afnvesuwedidu (x,.7,)
uazszezniitnldanlnuntihuenelus n wueesifu d Jlag j=1,2,...,n uanasiag e
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Stress = Zzn: AL p’ )~ (2.6)
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° ' 1 < v £ 4 o v v o Yoy
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UIBUlIMAETBUIS SMACOF (Scaling by MAjorizing a COmplicated cost Function)

2.5.4 Weighted Distance Fingerprint
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Off-line phase Location Fingerprint Table
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Var, =axr, +b (2.9)

o L ) = ¢ 1 2/ a b4 .
dlo 7, AA1 RSSI Mwulwein m 81uld wagwiiiiwed {a,6} wnlaain linear

regression [15]

a e

PNwMsssyRnalaedeniinalugideyanilszesnngadanulvundmunetes

nanlunaswsnisszyfifinmeaunis

1

(x,7)=min{dist, (x,.7,)} (2.10)

2.5.5 Fingerprint-Based - Technique using Fuzzy C-Means.Clustering
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2.6.1 33117 K-Nearest Neighbor (KNN)
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dist, (x,,,) = (r, —rssi,, )2 (2.13)
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Cold Warm Hot
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1N3UT 2.25 seduauduanndnvesgumaiisng 1 iy Low 80%

Y

waz Medium 30% d@auludf 2 fanudu Low 0% wazilmnudu High 80% lnsdunau

Rule evaluation @eddunnunni 1 ngagiin1sAuin AND wag OR 15 ImieLtu
IF grunniivessiafi 1 Low AND #i#l 2 Low THEN dalvieglungu “fu”
IF gunaiiveain 1 Medium OR ## 2 High THEN dalvieglungy “Sou”

Fanaved AND Fanisidensyiuauluanndntdesiign uavnaves OR fe

WenszauanTnmnfianuandlanaguin 2.26

Cold Warm Hot
Hi,1ow = 0.8 “2,high =08
AND OR
I-"l,medium =03
Uz jow =0

E‘U /2,26 nsiaonsghugi BN an 15k AND-May OR

Funaladingy e fiu” ﬁﬁ'\mmmnﬂgwmmmhtwu AND 3zi5onen Low 0%
yosBuwniaf 2 HISRInaAIiBEn N Ko 80% YesBunmiail ¥ iz Tunsiivasngy “Sou”
fifunanngiitavunlivty OR sidanan High 80% tdessanilamingiMedium 30%
wazwaiinaulutunou Aegresation of the fules Gutputs s ingu il Ianfigely
fififdondu “Sauy Fdunmslénssivandiafe awasiinlnms fandudidoulusnanlé

WNIBTN UL UG gl aentuy

2.6.3 TNSTYINRUINITN

FBnsdaiugnssu [20] . uISmsaumaewsoralaas iz aulage1fenis
BOULUUNTZUIUNIAALEBNANGTINYIR (natural selection) wazlduulAniiedfuiug
ManINTInemIUssynalglunsmdneuvsenaas laeasnslasluleuvatsqlaslulyy
Pumdaudaziaslulaazunudnounionaiany SelasTulsuiirezgniaifuduuuiiou
afulaslulsuiadulududaly luisnadeiugnssuagldiladduanumungan (Fitness
Function) luit fnmumnzasuvesusaslaslilan Tnslaslulsuiivmnzauazgndadon
Tngn1sdaidon (Selection) Fsazdnidonianizlasluleniidniefinnnumuizanliiy
TasTulessuwuunielasiulounous (Parent) 91ntulashilsamawinvhnisasealaiies

- ° LY d‘ YV a 1 -~ o YV a
(Crossover) Aan1sun 2 lastulauunaunuive viialastulaulvdiatiounisvinliiinnis
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Stop

JU# 2.27 nsznnunTIan1sieiugnsy



36

gnfiedansl9IBnsloiugnssumnalaasYes max{f (x)=14x-x>} ;xe[0,15]

f(x) = 14*%x°

Ui 2128 Hertdu £ (x) <14 -2

& - ] 2w X © y o 4 Y 1

Tunp UL IN A TEIYSEN I NALTUIN e TR vun Tuntazendegielag
guuszanIlinau 6. yanRe x=16,4,5,9,1,2}

nduissunsluuiaeynizgnussdiuaaumanganinien fyuasmuizau Tag

AN TUYBIUTEYINS A LA AN TALAAIAIAITIN. 2.7 TIAMIATUAINNALNZ FUVD S

i
=

lasluleulnfiarwinfasnuraaruiNeslylauduiiartunyazauinn wazlusaegeila
Handumnuuvuiedude fithess function =14% — x* Fwinnernuinlasiulealavinliaunis

o - )
14x — x*TAnnniiganasiunanagyel max £ (x)=14x=x*} ; xe[0,15] Uuios

A15199 2.7 Adleandua g auveUsEeIns

UMY X TasTaTon Fitness function 14x— x?
1 6 0110 14(6)-(6)* = 48
2 4 1000 14(4)-(4)% = 40
3 5 1001 14(5)4(5)% = 45
4 9 0100 14(9)-(9)% = 45
5 1 0010 14(1)-(1)% =13
6 2 0001 . 14(22)? = 24
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dnunUszansynsiazgnindudulmileaiesnuailsidunimmungan i

57l 2.8 Inedeyagruaesiazgnitenlasluleuuazusiazinasgnideningy

A15199 2.8 IRdURUUSEIINTIS ANt uA LIS Y

BURY X TasTailes Fitness function 14x — x>
1 6 0110 48
2 5 1000 45
3 9 1001 45
q q 0100 40
5 2 0010 24
6 1 0001 13
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1) Pairing of top-to bottom AomsauglaTlulvdangiipflendumLIva

ll

mnwamimaqm wuluang1ed. 2.8 Juglasiulaulastanune

a1 - TasTailaai. 1 ANy Taslafleaf 2

Vv

@;‘ﬁ 2 Tasla ot 3 Ay Yaslalaad 4

A 3 - Tasluleuit 5 Ay Taslaleaid 6

YU

2) Random pairing AeATsamE@YI L ILANTUIAR T TIUUsE NS Tnesiauiiy
wiiseninmildsnulsenns iWetwiauiudentaslulsy sndegratusiuau
Usgnnsiavuawiniy 6 fivnnsguiasewing 1846 11 6 auuAdildidu 15125 3

Auawiu Asdunisduglasiulaufe

@;ﬁ 1: TasTuTewd 1 Ay Taslalowdi 5

AN 2: Tastulawit 1 Ay Taslalowd 2

f 3 : TasTulewdt 5 gu TasTulwudl 3
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3) Rank weighting flanisduglastuleudedduiuisssnmamilaidua
v o da P 1 o 2 | v ow o dy = 1 o
wiwan lagduauid seliaudaslulunsgnidennniduduiises Famuezdu

AWNTNATUIUINAUNITA 2.16

p _N-n+l

n = N
2

(2.16)

e P, Aernunaziluvesdaslulenluddiuil # uway N fediulssyng ain

L2 1 = 1 L L2 5
M98 UUTEYNTININUY 6 MUY

I 6—n+1 _7—n
"VTH243444+5+6 21

pA] o ' ' ' Yt
LAYANS TN 2.9 wanssaagsmInuLsiTuvausaslastilaw Tasl47s :Rank

weighting

pu] t ] ada L ¢
M19197 2.9 anunaifuvesisaglasladenannisnig Rank weighting

dudiu TasTulvy E, P
2510
1 0110 2202857 0.2857
21
2 1000 in?a 0.2381 0.5238
21
3 1001 =3 0.1905 0.7143
21
4 0100 7-4_ 0.1429 0.8572
21
5 0010 75 _ 0.0952 0.9524
21
6 0001 % =0.0476 1
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fo )" P Aedmuesfuazauveusaziaslulon nduiinisduaray
Sunuvsmnslasduianiidisewine 0 8 1 wasiavfidgudunneglutaslavesnmuinagdu
avaufiagvinisdenlaslilamniuiiendug

4) Roulette wheel \{ASn1sdmdaniindraiiu Rank weighting wirutazidy
°ua<1Lwiaziﬂﬂm‘[suu%lajlﬁ%uaEjﬁuﬁuﬁumaqdwﬁqﬁ%’ummmmsam LLﬁazﬁ'ﬁua&ujﬁ’UmWQﬁ%’u

ANUMNNITENLAY TRELAANR20819LARIAN197 2.10

A15199 2.10 anuthazllurausazlasiulenainisnis Roulette wheel

. o Tnslsilaa Fitness function | , _ fitness function .
auaY X - total fitness function Zi=1P"
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
q q 0100 40 \ 40/215=0.1860 0.8279
5 2 0010 24 20/215=0.1116 0.9395
6 1 0001 13 13/215=0.0605 1

WP BANRNWUY Rank Weighting ssviimsduiaumadnuaulseannsiag
Y o 1 & o 1 =g = ( 1 ) [ °
MlavguiuesiaTsenind 0 i1, wastauiquanagluteniiiagiuazanlanaz
laslulantunninnisive We-PAeriarudias Jugeauwsds Roulette wheel

5) Tournament selection fanisaudusuatiNidguamanzaultluguazidon

)
dAaw ot
i

Inslulgungudumeiduraumneaunfingdmain13due gafveg9ndR39 2.11

A1519% 2.11 ﬁ’mEi'Nmﬁiﬂﬂﬂﬂ%uﬁ’m%ﬁ%ﬂﬁ Tournament selection

Sudunsude Sufuvastaslalowiiguld TasTailouiidududind
1 2Au1 1
2 5fU 5 5
3 6 iU 3 3
aq a4fus 4
5 1fiu1 1
6 4Au5 4
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sedunsivelasiuleufe
an 1 : laslulondt 1 giu laslulewdn 5

A 2 : TasTailawdi 3 gt TesTuleuil 4

a3 - Taslaloud 1 Ay TasTuleadi 4

UG

6) Stochastic uniform #aazuuslasiulauidudlasanuniuaazdieazvintuan

Auunaziluvatuaazlasiuloy Imammu’wzLﬂumaaLwiaziﬂﬂuisdmwﬁuaEjﬁuawﬂeﬁﬁu

AUz aNmdaufiuds Roulette wheel uagyiin1sgduddiava1uduiudssvInig

d‘ I 1 ' L 1 4" P o g 1 é’ =f
lniavfiguazegssning 0 i =Zs N-FadTudsering ludred il N =6 Jequen

1

58119 0 fis 1.667 11/6./1A {0.1656,0.1611,0.1432,0.1367,0.1123,0.1344} ndusm
flafdunanuasaralubruansd s {0.1833,0.3267,0.4699,0.6066,0.7189,0:8533} dsustazen
anagludsvedlaslulensilmifidenlashlouiuduladilauduimivg Tnenadlfuandld

Faguil 2.29

Pointer1  Pointer 2 Pointer 3 Pointer4 Pointer5 Pointer6

B B g;
] o Iél

s

1 { Z | 3 i
0 0:2233 0.4326 0.6419 0.8279: 093951

p= 0.2233 { 0.2093 | 0.2093 ’ 0.1860 ‘0;1'116'0.‘0'6,0_5
| t i i 1 | I |

Uil 2:29'ms1dentngld33 Stochastie-dniform

mﬂgﬂﬁ 2.29 IﬂﬂuieuuﬁgﬂLﬁaﬂLﬁuIﬂiIuImuWaLszﬁaIﬂsIuTwﬁaﬁ 1233

4 uaz 5 Mnwihnsduelasiulaunsudlagnisdunanlade 4 3 12 3 5 dsify

af 1 - Tastaleadi a Ay Taslaloud 3
A7 2 - Taslulaud 1 Ay Taslalaud 2

'1'7i 2 - TasTaledt 3 Afiu Taslaleadi 5
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Mixed K-means and GA-based Weighted Distance
Fingerprint Algorithm for Indoor Localization System
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Abstract—This paper proposes an application of Wireless
iensor Network (WSN) for indoor localization using IEEE
02.15.4 standard. Proposed algorithm applies K-means
lustering and Genetic Algorithm (GA) as engine to prepare off-
ne information which result in increasing accuracy and
ecreasing computational cost of fingerprint technique for indoor
rcalization. K-means clustering will be applied to cluster
eceived signal strength indicator (RSSI) vector into several
lasses for coarse positioning estimation. Consequently, GA will
¢ applied to search the optimal weights for each reference
:nsor and used in order to obtain more accuracy for positioning
stimation. Experiments are conducted in indoor environment
sing zigbee sensor network and the proposed-algorithm can be
ympared with K-Nearest Neighbor (KNN) algorithm and
mventional weighted distant fingerprint (WDF) algorithm. Resuits
emonstrate that the proposed algerithm can improve an accuracy
crease to 87.56 % for identifying correctly 1.5 m % 1.5 m area of
wrget node and also decrease computational cost of 67.60 %.

Keywords—wireless sensor = network; . indoor localization;
agperprint; K-means; genetic algorithm; = k-neaserst neighbor
‘gorithm

I. INTRODUCTION

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

To increasing an accuracy, there are “localization
gorithms which are proposed in many researches about
1proving location accuracy such as linear least square [2],
adient-based search [3]-[5] and multidimensional scaling
I-{7]. Finding distance from received signal strength
dicator (RSSI) is necessary for these algorithms. In fact, it is
fficult to analyze relation between distance and RSSI for
:act transfer due to indoor environmental effect. Fortunately,
1gerprint technique can avoid complex analysis for finding
stance. Moreover, performance improvement of fingerprint
:hnique will be proposed in this paper. In [8] proposed that
:dibility of reference sensors should be considered because
wiance 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 II,
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 ¢an 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, r,, ...,

) 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(r;" —rssi, , )z . )
m=]

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

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



-

Oft-line phase Location Fingerprint Table

Fingerprint Location Fingerprint RSSI
FL =(x.») FR, =(rssi,,.rssi ,,....rsst )
FL, =(x;,3;) FR, = (rssi_,'.; 2 AP, rssiu,)
FLy=(x5. ¥x) FRy, = (rssiy 755k 0y 188y 4 )
On-line phase
{ Received Sigual Strength v Estimated Location |
: (B tyelyy) {x.x)

- Pattern Matching
o) Receiver fomedp Algorithm e 2

Fig. 1. Basic Fingerprint Technique.

3. Weighted Distance Fingerprint (WDF) Algorithm

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

dist, (x",y") = i w, (rm —rssi, )2 3 3

m=1

The weight of reference sensor node’m is inversely “to
ariance of the measured RSSI by

1
Var

w — m
" f 1 3 (4)
-4 //arm

‘here Var,, is variance of RSSI by

Var, = axr,+b
3

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

. K-means Clustering

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

K V. 2
I T
j=t =l

here J is objective function, x{ is an observation, ¢ is the
uster centroid, NV is number of observations and K is number
f clusters.

. Gentic Algorithm (GA)

GA [12] is a search optimization by mimic the process of
«tural selection. Procedure for using GA in the proposed
jorithm 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 <

A4

Reproduction

\

Crossover

4

Mutation

Terminal
Criterion

Solution

Fig. 2. Genetic Algoritm.

I, 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=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.



obtained by GA

Cluster Member
obtained by K-means

Weight

e — e
| Offline phase
|
1 . . .
: K-means | Fingerprint Cenfroid
Cluster | obtained by K-means
1 {611 Cra0 e Crag)

(W1 Wize e

W) Meinber

2 {633, €220 - C21g)

(w23, W0 W0}

Memer,

K {Cr1 CroCrag)

Algorithm 1 Memter,

(iatyearys)
-—u% Receiver

)n-line phase:

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

dist, (k) = Z(r o 4 ) Q)

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

M

dist" (X,,,y,,) = Z Wk’”', (rm

m=]

- rssin’m )2 (C))

and (x,y)=min{dist, (x,,,)} (10)

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

(This step refers to Patten Matching Algorithm 2 in Fig. 3)

The proposed mixed K-means and GA-based WDF
sgorithm both off-line and on-line phase can be summarized
.shown in Fig. 3.

Pattern Matching
Algorithm 2. [€

¥

Estimated Location
(¢ x)

M UM S S

IV. -EXPERIMENTAL SETUP AND RESULTS

Experimental .setup area, each sensor location, including
equipment will be described. Experimental results and
analysis of results are explained in this section.

A. Experimental Setup

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 5S0mW PCB Antenna-Series 2 (ZB) as target node. The 52
fingerprints locations and 4 reference sensors are placed as
shown in Fig 4.

105 m

Fio | Flyg | Flyg | Flyg

oo | Fhzo| £y | Tl | Fhap | Flgs | I
FLs | FLip [Py | Flyg | Flyg | Fly | FLg
E Erg | Foyy | Fhyg | Flpy | Flyg | Ly | FIg
FLy | Fhyy | Fhig | FLys | L3y | FLy | Fly
FI.: .l9 )"‘L17 FLJS FLg FL.“ "LJS

FL | Py | Fhg | Fly | Foan

FLy | Fis | Fly | Iy

Reference sensor
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.



Ve evaluate the accuracy by checking the correct
dentifiying of 1.5 m x 1.5 m area of target node. For
roposed algorithm, K-means is applied to split 52 Fingerprint
\SSI into 10 (K=10) clusters. GA is applied to find the
ptimal weights for all reference sensors in each cluster.
lesults that obtained by K-means and GA are reccorded and

sed as off-line phase information that shown in Table I.

TABLE L OFF-LINE PHASE INFORMATION
K-means Fingerprint Centroid (dBm) Weight Group Members
Cluster btained by K: ined 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 0.12,0.08,0.56, 6,14,22,28
0.23
5,10, 11, 26,27,
3 612,554, -53.2, -56.4 £.09,0.33,0.23, ’
032 33, 34, 36, 37
13, 21,29, 30, 38,
4 -54.4,-66.0, -58.6,51.2 0.15,022,0.17,
046 46,49, 52
24,25, 31,39, 40,
5 57.8, 474, -58.4,-63.5 0.25,034,0.14,
027 47, 48,50
5,10, 19, 20, 45,
6 553,573, -52.1,-50.8 0.13,0.07, 046,
034 28, 33,37, 46
7 -53.0,-51.9, -58.6, -56.8 0.28, %2297' g 2,17, 18,35, 34,41
8 -46.7, -60.4 -67.4, -65.9 0.47, %2165' 0.13, 1,4,23
9 -60.5, -58.0, -66.4, -52.7 p-i % lsi 0.16, 32,44, 49,51
10 -48.5,-54.3,-59.5, -68.7 0.20, %‘;24' 0.13 4,7,8,15. 16,23, 24

For conventional WDF algorithm [8], linear regression is

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.

pplied with 52 Fingerprint RSSI and parameters {a,b} that
sed to calculate weights for reference sensors/can be shown
1 Table II.

TABLE IL 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

' Results

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

30 3 y :

o RSS! information
25¢ Linear regression [{
20+ J

"]
15k

Variance

-60 -85 -5;0 -4'5 -40

TABLE 1L ~ACCURACY
52 Locations 780 Locations
Correct Percent Correct Percent
KNN algorithm 41 78.8462 % 627 80.3846 %
conventional WDF o o
algorithm [8] 41 78.8462 % 579 74.2308 %
Proposed algorithm 46 88.4615 % 683 87.5641 %

55
Mean RSS!
Fig. 5. Relation between mean and variance of RSSI
at reference sensor 1
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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 +

(Member,) as 10 Euclidean distance calculations of Fingerprint
entroid and n(Member;) Euclidean distance calculations of
ingerprint RSSI in n(Member;). For example, target node is in
ocation that received signal strength vector is clustered to_ first
luster that means n(Member,) equal 6 (see Table I). Thus; total
uclidean distance calculations of proposed algorithm equal 16
perations. Note that maximum and minimum. operations of
roposed algorithm are 19 operations and 13 operations when
he target node is in sixth cluster and' eighth cluster;
espectively. In Table IV, number of-Euclidean distance
alculations for 52 locations testing can be shown. KNN“and
onventional WDF algorithms need 2704 operations ‘and the
roposed algorithm needs only 876 operations or 32.3964 %.
hat means the proposed algorithm can decrease computational
ost of 67.6036 % for 52 locations testing.

TABLE IV. COMPUTATIONAL COST
Algorith; i
gorithm KNN Conventional Prove
Algorithm /IR Algorithm
- € Algorithm (8] g9
Fingerprint centroid - - 22 ><.1 9
operations
" . 52x52 52x52 356
Fingerprint RSSI operations operations operations
Total 2703 2704 operations &
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 WDE
Igorithm to increase an accuracy of estimated position and
ecrease computational cost for fingerprint technique for
ndoor localization is proposed. Indeed, procedure of the
roposed algorithm is similar to double fingerprint technique
y using K-means and GA. First fingerprint and second are
pplied to coarse localization and fine localization,
espectively. Experimental results can show that the proposed
Igorithm is able to handle non-linear relation due to indoor

vironmental effect, and demonstrate that the proposed
gorithm 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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