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ABSTRACT

The wireless communications very important in the role of the short-range
wireless communication systems, especially for, an indoor localization. However, the
factors of the indoor environment are to be caused to reduce the precision and also
increase the error of distance. Therefore, this dissertation studies an evaluation of
the wireless local area network (WLAN) at 5.8 GHz for the indoor localization. The
proposed methods are significant to reduce the error of distance and easy to analyze
in an implementation. In the experiment, the evaluated of wireless local area
network in an indoor localization has been verified under theoretical and analytical
of a path loss, and the received signal strange (RSS) are parameters. This dissertation
proposes weighted centroid localization algorithm and relative span weighted
exponentially localization algorithm. The contributions found that the proposed of
relative span weighted exponentially localization algorithm can be reduced the error
of distance as the best and given more accuracy 10% than weighted centroid
localization algorithm. Therefore, this method can help to increase the precision of
localization and reduce the problem of the error of distance as to be caused by

antenna pattern the time-varying within indoor environment.
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a A s v A Yo o ¢ Ay w9l P o &
InerinusatulllaafusuuuauvensAnuideaslanansdugun 1.2 waziiiom
P vy e = a ' N X
ASANYILUILANINUA 6 UN TI518a2LD8ALARLUNTIAIT
un? 1 nandsanudusnuazanudrfguesdom TR UTEaeAr0INITANY AuyRFILYDS
N3N NeuNitluauide veulnwaTUAaUNITINY
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uni 2 nanisgunsalldlassieviediuliane uwagludiugavnaldnanifamguliugiuluns
PRI
unil 3 naNdamge)ineItes nanNITIATIERNTEILTLe agludiuanyineazna1id
ANSATUIUAIAIURANAIAVDITL TN
uni 4 naniegunsalnldlunisin nasasaiaunsal warludruanvngaznaniuuudiasy
AFIREIMTUNTIIAIALIN g TLeA1S
UNA 5 NANDIINANISNNARIITENIAAINNITNARBITA KANITNAABINTULAAIAIAINURANANN
YBITLYEN WAL TINTUNTWANWANELEY USEnaulunlgnanIsnaansueI9anasNunIsais
Uminusurdsiuuunsesn lneldmsiineiainaunssesdygraisulinazdanesiy
N15ANUIMUNAIALAULAVT AN FIVDULYAFUNNS
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TasevneasnuldananaznalAnISHIALAUY

2.1 umin
nsdeansielassineviesiuliaeldsuamnuaulaifusgramnnuazgninluldauiy
og19n199279 wardinmsludssgndldauluszuunisdeanslfasuvudng q uuniy
esnldmmunguaudldnununnggiu IEEES02.15.4 13 3 gwuanud Ae nisdedns
1%ﬁ§1ﬁ‘1/|84ﬂ3’]ﬂ5 2.4 GHz wiseanidu 16 Yesdyayraiq az 5 MHz dmsuAnud 900 MHz
wUseenidu 10 Yesdaynaar 9 uazA LA 5.8 GHz uIATgIU IEEE 802.11 10unnnsgu
dmfunsaeansszerlndniiunislindsanudt anusilunisivdadouas lnefisnsinis
Sudstogasindmieniiiu 250 kbps [1] Fadumaluladfilduinsgiud Tnodumaluladly
aefignitanlviigauu Ae daniign lwdautosvilrannsofadalilduiu wazannso
afulasstnedumesliansld fnnadeudees ndudouiiiesesiunisdondedmiulaswine
g n1sdnuuuuUTsmsandaudienisidnulienuiunndsuiunmes @unse
doanssverlndlusyey 10 wms 39 100 wAs
wiulsilflassdefiesiulfamudumaluladnisieansliaoszoslndndanus
gunselluntssudedoyaiivunndn Fedmnumanzanfiazihludszendldaululassinglfane
dnyprasuiunisdenssseglndagrilinisdearsiluszansamunty feduazwy 97
Jagtulinisiundssendldnuaninenainraieniu
Tuunindmiegunsalldlassneviesduliasuasluduaarinsagnaniisnis
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fugulunIsmdmg

2.2 asetneviasauldane

2.2.1 pruantAvasgunsailasstiefiasaul¥ane

Hlasseriesiuliaaidunisdearsiitoonuuiudmiunisdearslulasse
viosdulaneludinny azdiuinerde Tneisuainmsivusinsgiunissunazdsteya
naal IEEE 802.11 fifumsdoasuuudszndandsanu mnndinsiudsteyamuaziisangn
nsfeansdnunrdldgninulddmiunsiomsseninaiommataviodumeidomnis
foansuuulmeiiieanaugienndudoudiniunisiinge Tnsnisdearsszerlnduuugunaal
THlessneviesiulsaaiqauudsil

1) finsdeusedelidudouiiosessunsdeudedmsulassievunalng

2) NMSIHNURUUUTERTANGINULND NI IEULA 81U LN NI UBUAN DT



3) Nsdeansszeslnaluszey 10 Wes 89 100 LIRS

4) Lﬁuma?{lami%’auﬂaﬁmmﬁa 125 kbps 94 250 kbps

Channel 1-10

A UATRATTARRIATTO

5.2 GHz 5.8 GHz

Channel 11-26

LAAAAAAARANARANALN |

2.4835 GHz

2.4 GHz

JUN 2.1 mnudldaunuanesguvesgunsaililassiieviosiulsae (18]
g1uAIIND 2.4 GHz 31 16 Yesdaya1e dnssudavaua 125 kbps

iy
g1UAIND 5.8 GHz & 10 Yosdmy

78 9nsITudItaNa 250 kbps
gunsaildlasavreviesdulTaeignimundulitaaaundimalulagliaewuuau
nanfe 1Aa1 tdwassutes Janunsadnaslilauiulazainseaiislasengla damany

Aunstdauiueuee Flia1nI9a URUNNITBTINRAEATIAB VAN NS OU 1ng

anunsonanin sissuifisumaluladldatewuudu q luause o 1o faes1en 2.1

A19199 2.1 msiseudisumalulaguuulianewsiingng ¢ [18]

UMY ZigBee Wi-Fi Bluetooth
802.15.4 802.11b 802.15.1
FLELNINNITTU-A 1-100 1-100 1-10
wusees (Ju) 100-1,000 0.5-5 1-7
VUINVDILATIVIY >64,000 32 7
nstlUly ATUANLAZNNTNY v Blad Fale 195u-detaya
ALY sveglng
gnsINTAINIUTEYA 20-250 (kb/s) 11,000 (kb/s) 720 (kb/s)




qﬂﬂim“lmaﬂwﬁaa?ﬂuﬁmaﬁﬂ%u'umamw ( Physical layer) LLaz%umU@umiL%"]ﬁa
(MAC layer) ¥4 IEEE 802.15.4 Faidusnsgiunisimunnisdeansifaisdiuynaa
(Wireless personal area network: WPAN) whenlussiutuiinania @ izﬁu%ua'ﬂdqm)
W BesesseAuidsdyyia Aunw Msauay Avsasnde Tas usilusedutudaluay

Juguuuuvesguuuuaes WiFi daanslugun 2.2

\\ o
v ’

KMITL-WIFI

JU# 2.2 sUuuuvedlasagiesiulians [18]

gunsnllassneviesiulfangarannsoahadulassiodumeslfaelfingegdw
1m3gIu IEEE 802.15.4 wagdinnsdansluseutudaly el IEEE 802.11 wiswdiagunsallu
Tasathgoonidu 2 Uszinn Ao gunsaliduisesniianuannsaiiia (Full function device) #4
minefsgunsailanansavinulsvnegslulassinguaggunsalidumesiianuausoanas
(Reduce function device) Faanefsgunsaiignanauanunsanisvinenilulasadng

gunsallassneviestiulfangliuimudnuurnsinu 3 wu fe

1. Tneofiulnes (Coordinator) fintnfia¥ranisdeaisidonloalasstigszning

gunsaluatenie (End device) fus19ines (Router) nielasediunaiiulasaiiuines



migiiu selArefiuwmeiiulsnes nvusaneyliiueunsainedlulsiasanelalvagiy
guadanisisainsdendumsdaiisuldiugunsalidugesiifiauanunsoiu
2. gunsaivanenne Wugunsalvanennsan dagldsudyaiuanlassieviesiuls

'
Y v o

aeNuaten1 Iaedlandsnusilunisvinauisulssiuaunsaliduwasninnuaiusnanas

]

saa I3

viegunsaiiduwesfiiauannsndusnsdituegfudume iy
3. 15imed Inthisudedoyaluduniasing o vedlasedie duieuldfugunsal
WuwesAdanuaansnidu
2.2.2 qruantAvesgunsailasetneviesiulfanefidanld
gunsaflasstnetiesiulaneidentdluinendinust series 3 (WF) fnuautfdsdl
1. fghumnudlunisivdstoya 5.8 GHz Idnsinsiudstoya 250 kbps
2. dn1sitfereedygalaenisle Carrier sense multiple access with
collision avoidance (CSMA - CA)
3, @11903995U Address 9@ 64 bit IEEE address (65535 networks)
a. \ouseidulasevie (Topology) lnateuuy Wy wuua1e (Star
topology) LUUsZAULAEA (Peer-to-Peer Topology) Wunuy
5. Tiwdasunn lnewssiuliinogdl 2.8-3.4 v wae Ténszudlwilniosndn 10
lulasuend
6. lvargoantanuvalnnidl (dvianenuy SMA) nelldnsiveny 3 dBi

duiiuaug 50 Q anandlugun 2.3

N o

5UN 2.3 segrsgunsailasaieviesiuliane [18]

aunsaaielasadreviesduliarglalagiliddeadeulusunsy wmgdmendala
FavnASUwIS (Firmware) Nazlnanntulussuulasevienesduliaelvaiunsasa

ANNNS1TLWaS (Parameters) HusUsza1uluswnsy (Software interface) Ao X-CTU lneiile
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ymsnsandnddliinudugunsallulassinetesiuliansud 1azdongUnsaiuasin
Tudulvun (Node) wargunsaiusazdfagshminfimuiialddednly

2.2.3 AMSVNIUTBITUNIBATN (Physical layer) LLﬁZ%ﬂﬂ’JUQNﬂ’]ﬁL?’l”lﬁﬂ (MAC

layers)

Tgduviauiiand 24 GHz udlawizfondnunilenauiigiuaud 915 MHz
uagiiglsuviauiiguanud 868 MHz wagdigiuaud 5.8 GHz iugruanudfeya el

1len3 dvundndanisenaszawnsaldlomlan udndualudagdunmunazldlanegu

a

A 2.4 GHz 1uﬂqﬂﬁhum’m§1‘% DSSS (Direct sequence spread spectrum) figupany
868 MHzuwaz 915 MHz 1433 Binary phase shift keying wazfig1ua31ud 5.8 GHz 1935
QPSK (Quadrature phase shift keying) '17i&hummﬁﬁawﬁgwm%ﬂ%’lﬁw%uﬁmﬂ%’ﬁ’umﬂLLaz
fidansunIuINT Y U1M5314 IEEE802.11 ﬁqmamﬁ’aummaﬁazﬁﬂﬁﬁadwﬁ%umau
mvhauidetieldnmeldanimadendianiredian laoflAdidn 3 & Ae sivlvdesdnyaia
119 (Clear channel assesment) UixLﬁuﬂmﬂ’lw (Quality assessment) LagN15M5293U
f¥undsau (Receiver energy detection) iitetlosiulamiivziiatudsmadafidania
CSMA (Carrier sense multiple access) Lﬁ@lﬁﬂumsﬁﬁa;ﬂa%ﬂLuﬂﬁ]dﬂﬁfiaiﬁt,ﬁmﬂﬁgmms
yufuteyaiigndseglugiuuuumaing (packet) uazunainaiivuingian 128 lud Fa5aule
nesisnvedlnslanoare fddldgean 104 lud WenSauisuiuBmesiunidaroudis

14 1 !

=3 1 ' a Y] v & A A vad & v
Laﬂﬂ’J’]LLG]LL@WW@Lﬂ‘U‘Llll'mll’]EJﬁ’]ﬂJ’]iiﬂfULua‘VILVI’]UI@@EJ’NLWENW@QNE‘?NUWVIL‘U‘Uﬁﬂ‘ﬂm%

[

Sealnduararunsodmualndenduddduanudifygegalalaglinalanisiusgianan
Frfudannufifdifuesddyguransagnastldiiftansinfiandulfunduneside
2.2.4 IwT.UIa§°Uaaqﬂnsm%wﬂwﬁaaﬁu‘l%’ma (WLAN Topology)
nsidesseidulasaineviesdulimeimuslagninsgiuiiegasaguiu Taun wuu
AT UATLUUTEAULAEN
2.2.4.1 WUUAT
nsdeudonuuamuansluzuil 2.4 lunsienseuuun1a msdeansiiud
goufufuseningunsaliduwesuaznisauaudrunaafer Mdufduindoundnag

A o ¢ saa @ o = o o v & A o
Lsﬁallm@ﬂuq‘ljﬂimLGUULGUEﬁV]ﬂJﬂ’J']QJa']NWiﬂLG]@J‘U']U']U‘VFUQVWHWUTV]L‘UUL‘UUL%@ﬂiaqﬂ
—

) ()

5UN 2.4 fregunswensanuunilulasainglany [18]
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2.2.0.2 WUUSLAULAYY
Ausunislsusawuuseauiedunisitauseatiavenslassinelining

sonludananslugun 2.5 Inglun1swensetulzdesdimsmuandiunaInfeldLiousont

Y

fugunsaiidulwesifiauaiunsaidulunismidunis wagegunsaliduivesuuuiil
anuansaanassdoudefugUnIniffinruaninsadiudniivis fegunsaififiniuanunsa
wfieuwinldfugunsalugysuuuimih (Masten) fvihidousedusmiididun eld
Lﬁmm%aszhaﬁlmﬁu
) )
) o 6
o B\
6 /6
~

5UT1 2.5 sUnuunswelesszaulaedlSane (18]

2.2.5 Yulassdne (Network layer)

Fuinsenugnesnwuunieiinsdseyatulasstieviestuliaelindsnuly

£
v

10 ansadansiulassieiifisusuivunanneg I viamthiissd
1. aunsnadislaseaiglZaneauluile
2. annsansinazeanainlassnelianyla
3. ansaimusiegliugunsallassineviesiul faneudazals
4. ilmulsusvasdinnulasnne

5. IS AUALEUNIVDUNTL

Header Frame Length Frame ID Data Depend on Checksum
1 Bytes 2 Bytes 1 Bytes Frame type 1 Byte

UM 2.6 108z 8uAUIVBLAALNAVLIA [19]

[

sUnvusuilglunisdeaslutuinisniawesuanidsgui 2.6 deavidunaadl

- Header wu1m 1 Byte la@msun1svin Byte Stuffing
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- Frame length w119 2 Byte Tddmsussyruinvasnsy
- Frame type w1 1 Byte lddmsussyussinnvaalsy
- Frame ID w10 1 Byte lddwmSussununeiavvasnsy

- DATA Fuagfuussianuaaisy

- Checksum w19 1 Byte l¥dmiunsiaasunnuianainvesdeys

2.3 sUuuuvaslasetngviasnuliany
TAssasalasenenestulsateUsenauig 3 @aulawn 1ul85uIASIUIY LAY

wazanIligiu (Base station) A5UT 2.7 wiesadummasdnuiuunilsinluanin windey

Y
=3

iWioifiudoya Tnsudagmitesiulassineidenlesdearsuuvliasfuniissiudues
URNEER %ﬁuaqnummamﬂiﬂiuﬂWi%’UﬁaLLuul%faﬂa WAL INTULLOTIZAIUANLAE
Fansvhanvesiaes yamhesuiduwesiaasefeiuiausmiuiulaswodueesly
anevhlusagmhesinduesaunsodatenaluninuld uwidmbesinduwesiaienis
Lianwnsafasefivnmiesuduesiunalilagnss Inglimisesudugesseninmnegis
detayanian fusauagumaiatenis msduuudiBenimsasuuiiadson (Multi-hop)
A ulazdsteya sevinsaanigunaglassnediesiulimelaninangorady
ymihesudumessssunvieitumhemiduwe sifmnuaunsafiavlulasaheduisesly
e annilgruvhuthilfudeyafifaldeinwiissulassieriesdulfaeaiuaunisiay

waehnsiaiurldnunseafinderiulaseiedu 9 Wy Bunesin

Me"'o\

/ ] \ / @ | i

64/»6 LAALIE)
% SN/
Vv

11n859UlA599e

UM 2.7 wuudnaedlaseineviesiulsany [19]
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2.3.1 dnwazvaslaseinefiosauldane
1) wiesaufismanfionisadlaseieviesduliaeiideddnuis sy
J1UIUNN
2) mesufvuadniietsiluaninuandas
3) ITINTLraIAUlarANENsaluNsUsERNaRATNA
4) niresaunazlassieiesduliarsaiusasnnisiaedls Tnglddedl
WywilUAIUANYSOTIBMED
5) migswduun nszemnseuaguUIarinsvedlasieviesiy
Faneniteiiudoya
6) Tnseneviesdulsasnunusorudemedioniissiudugesuisdiy
waulala
7) Tnssasdlassoduesifaodulasiadrefiliviusuasildounladld
PLARDALIAT
2.3.2 wiresulasenefasdulians
mMyhuvesheTLiues Aemyinuaziiuteyanldananiwiindes thieya
TWuszanana adslassiaduwesiiansuazdsloya vilimhesiuduresiidiuusznauds
Ul 2.8

Y

MeSudITaua '
YT > EUTEIINE | || {as9qng
15ae
PUIYAINUIN
LAAINAS9IU

JUN 2.8 drulsznouremiiesiuidusges [19]

IassevissdulianglimudAgiunasnunnn insigseuulianuindunaana s
A1dm i lrndsnuinaunduszuulSatswazlasaeduwasisats Tudiuniseenuuuis

USuusaluslnaeannuasluud1ass Open systems interconnection model (OSI) 1o

[ [
U o 4

pUdua LT ULAENTIT UL AL T U YUt A N8 98Lad AsliA U8Rt uUY

[
v v !

LAEVBAIUYILNEIINTUANRAAUTUALDY druTzUIVTRTaulesiunNNTUILAIUAY
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usnsdanislunngduliviaumuingussasdvasssuiuiug egralsiniunisldaud

wansnsfufidmadeguuuulusinneanniiuandieiu

FULATBYE
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ee
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) ) 1 L4 =
FuLTousataya S
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2 =
FUNBATN
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o

3UN 2.9 szavtulusianeavedlaseuievieadiulians [19]

2.3.2.1 Funen N suRnreunssukazdsdygalsanalusiunisnin Lo

(%
U

FreAufdeya 0 N1seNaN MU TTETEAUYBId Y INTUNIEA I

2.3.2.2 Fuidonsietoua Fuliavaunsiuuardsdeyassiadumesinafes
nslivesdyan n13nIuANToRANRIA VR ITBYA Welvinisfeansseninmiiesinduy
iwosgnaesuaziBefield tagtiumsiilivesdyaavommesnduwefasfuuuugudn
Ty Aduduiingznslinulaseiadugesliaevsznaulufmemhemdusesey
Hudrwumnuazliifilassadaiuiuourinlinisnrvguivysaaudildein wazansld
YosdayayreuiuuanyiAnaumsuiulun sy asdaya

2323 fuedetne Sulisveunisiulavddayaseiuniatne esnszuy
lasshedumesliaeldmsdsieyauvuiarsemifliodsdoyasnmiesundumesludannd
11 Mamumdunaivnzalumsdstoyaunihindnuesiuil

2.3.2.4 syutundanu Suiinouaiugunslindseludusing vemae
fudumeiuarlanireduesifaeliiuszdndaimlnearrtseaunutudy iwu e
Pudugesivdondinudesomanndmulunsdsioyalutunenin Tasusvanauy
fudulasaeiiodondumiinsasdiioys lunsdifiszovdsdoyaananiosnsanndsny
lumsdsdeya

2.3.3 msiasanszuulassieiissiuliane
1) mslindsnuegnivszdninm Wesnmiesamszuuiinganuegdiie
Fandsendiiifvazavegdushuuvilsvesegnisldaumesinszuuazergediasade
vipsiulFane
2) mwantwesteya nislinulaseeviesiulfangluusszinndeanisl

= [ J

ledoyaisifian vieliszauauaitivesdeyaliifiuaNimuandsainuuiesiussuuiy
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Toyals 1 lunudyaaufeudedund T ‘vﬁaim’mmuﬂuﬁmmé'}%’waa%’azﬁaﬁwa&ia
UsganSamnisvinauvesssuuauay 1Jusu

3) Anugniesvesteya Tnssdieviesiuliataisazlidouaiignieags 3s
JuagfuamnuniugwessrutagmsUsvananadeyalumesussuunielulaseosiuly
aeileliilsdeyaiigniesiian

4) pnuyuuseANIEEY innsalinesiuviesiullaunsayhaulad
Tonaiaduld fefulassdedosduliamedesuiudoulasadaiolilasoduresly
amedsnsvhaudsluld Wy msfidunsdsedumsdendelassineuasiunisdideya

5) Anuanunsnlunisdsdeys usesnilunuanunsalunsdeyavesusiay
mhesmduwes uazarwaunsalunisdsieyavedasseviesiulfae lunsdifidideya

Linouiu anuamisalunisdedoyavesudazniiesiuszunidudsdfy uslunsalids

1Y
14 L o =~ = o

Toyanseus Auduunn anuansalunisdideyavedaswiodudisdfy Fuediu

o

Ashraulasaeiesdulsane

2.4 mqwﬁﬁugﬂﬂumimﬁ’umﬁa

denadmisszuumsvsiuwisnieluems tulligtuiifuifinsislfnuiuegg
unsvatsuagiintsiewnaluladlug g ualdsiuiunismaunisuining laediegsueg
nderszuumstudanldlutagtuiiieds wu mamiumisesitaeniely
Tsanenura msmiundsvesthiumasidnludioimdedussaudsanslueias uaznnsm
Mumjswesdsuesmelulndadudi 1Wudy

2.4.1 maamsiaiianldlussuumdiuvis

fwedanisuszanaiurisinnumnigiaue Janadanisussanasiumiamnant

'
a Y a

A2AYITOIAVAMITNTADTANLTIVDIFTY Y 1N TU L AAN1INTeY gy 1auLAUNG 1189

o

FUUIULAUNIIUIDIRALAINUAIIVDIIA N T U T LAUNIGUNDY [20] tialrunTan

g U o

AMNAINTTlUNTTEYRUMLITiTaduktug1avedlas e uesliae natianis
Uszanausundimsaziinisasageuiludusuusn msussunasuvisvedduunlulassing
1Sanefnen AunsuanidsudygiaseniniuatulasIUILYlRUANld01999 Auml

voslnuadmingaransauszinaldmelvunidmineewmseuszanalamenudnais
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Received Position Position
Signals Estimation Estimate
(a)
Received Estimation of Position Parameter Position Position
Signals Related Parameters FEstimates Estimation Estimate
(b)

5UN 2.10 wmadanssyydiumus [21]

(a) Myszyiumialagnse uay (b) MIseyiuiaLUUaRITURBY

Fauandluzud 2.10 (b) Fumeuusnuesdaneifiunisszymumisuuanstunauiy
gt dmeslunisussanmsiundwedlnundanune nsdmedinaiduines
Aenfundsanu van wasfirnnvesdyginddunessninduumdivansuasinund1ads
fawdinanfudesndlunisussanamsniivesifeivesudasdyin seninduadmue

wagluun1999 Wi LarlunITPunIwItesdygIa YenantgauisaiazUssunals

[ d'

ateswvtlingInumsdwesiuldasdy o Wienazusulsilanisseusmunusiinag
9NADILUUEININTY

2.4.1.1 welan13IAnaINITIaU s

]

mMyianaInsdwesdyypasiidnvaznIsiarsansimesidunan
Py IuIInaIasURUNsnisdrigiu Wunisiisnsanmisunilasldnisdaiuves
nay Fadurnauniisaiivindusseenieiiniesueginsainanifigiu lneauisaazm

5r8EN1ALAENITAIUINIINIANFYUINIINAIATULAUN LD @0 T U FeTFn15d

(%
1 v

LADITINANBYNUDY 3 WUFANY LD MNAY 2 WAANUILIAAAUATI 1 1dU AaruLiledl

v @ a £ =

29Na3 3 WAANUAILAMEUNTY 3 Ui LAALTURNANEIFDIN1TMFLAUIAS D LU
RBINNTITY UaARIAIFUN 2.11

2.4.1.2 watANTInAMNAU LA U SND B iyl

o

ATNITUILNUIA8TTNTInANAST A luN 1SN DR sd ey Ul

[y

ANBAZARNIAUIENITIANAINITUINBIFYYIM HB91NIENITIAaINTNIDURd g0

]
=

fsuIandygaldlunsiuniaessaranigiu @nisnsinauweaitunig
Wdwesdyyinarinausiiswediailuwiasganiigiuwanihundeudunsmvesdaes
Tudn Fevendssveziessmineganidgiu fafufiellddunsiidomsisoddidunsm
oo 2 dundaiu Fainananisiuetnates 3 donil Astddouedisifeurazani

4

FuAelinisUszaiunuiy Balunisneassdinsunismdinismeisnisidesldisnislu
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NTIATIINENIFL MU NS UAUITN T UNLA8TENTIALIAINITUNET A0S
GRTRAT!

JUN 2.12 Msmunmialegiinsinnusavesattunsinteesdyyin [21]

2.4.1.3 wallan17InfiAn1enIsandeunsdey i

o

nsinfianenisundwesdgygrandunismsuniadlaegirniwesdyy i
ImEJmsﬂ"m’;mmmmeﬁwqmaaLWamaqé’mmwmﬁiﬂﬁqawsJ'mmmt,eiazﬁ”;m%agimm%’u
dyann Tnglumamdumisiudesiiynaseniafivinnumiieutunnusgnssiuunileds
3on91 @BeINALUUIED1LSE (Phase array antenna) agnaties 2§ Fauandluguil 2.13

piulainnsmdunineisnsiafienisnsuniwedganasilaenuazderldiiea
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[ '
a v v Y a

dnederanradamauiianainaindingnisainisnszidswesniuingdneie Jeliees

Wundenleistlunisusdiundaunnidn

(%1, v1) N 91

(%, v)

Wz

(%2, ¥2)

5U% 2.13 msviuniilagismsiniianiesnsindeveadayayia [21]

o

2.4.1.4 MATANTINAIAINLIIVDIF YR 10U

matammiutswesdyyranduisnsiiasadunidaeiiansanaiay
uswesdnyaadgnaseuauiesainnisgydeluia (Path loss attenuation) Inglinisda
furansnandadurnauiil frfiviifuszesneiiniaueeiiminaanigiu 1s1ansam
svenlnENsAaeINANLLswesE MRS ULY fe3EnisTiEdedldanatednwles 3
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PL(dBm)~PL(dBm)
10n (3.2)
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A 1
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d  ARTYYENITEMINMLAUNU LY LASALAU9D19D9 (WRT)
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331 sanesuniserstuinmAutsuUIuNIess  (Weighted Centroid
Localization Algorithm: WCL)

Tutiagdumsmaifasumisesgunsaineg meluiuilafuiindddsuanuauls
waziinishunindsalusiuauinn sueiinnsinauenanwate3inisluniseuaamidita
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P(x.y) =iiai<xi,y,.> (3.3)
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Anvitefiwanfgslifoelauasdlidanmnsarlimnzauiiaald sadulumsufoauagly
Anw13deiuudy Weighted Centroid Localization Algorithm (WCL) A3an1sialuIway
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Z(W,--a,-(xl-,y,-))
P(x,y) =+ (3.4)
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o ol [ Y [ o v LY Y] | 1
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uno1989 wagldlaaeningy g Weinnsarsdminliiuszozne d Auiulansaunis
(3.5)
1
= g
(d;)

P(x,y) A9n15Us2ui AL UUSIUNT D8 ATBIALALLTNAINe

(3.5)
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a, POFILMLIDNNBITIRNU X KAZIAU Y
W, ABIZAUNITANUINAIIN
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3.3.2 $an93Aun1582 9T AL LA VAR dsvauAdURNS (Relative-
Span Exponential Weighted Localization Algorithm: REWL)
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> | RSS,, —RSS, |

i=1

(3.6)
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PIFLAUNLAVINAIFUNNS (REWL) [27]
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Abstract—New wireless network solution, the distributed
network nodes short range area are unknown. This paper,
consider the accuracy with weighted algorithm (WA) based
on wireless network received signal strength is evaluated for
localization. The wireless transmission model using wireless
ISM band with four reference nodes and one target node
operated at frequency of 5.8 GHz. Distance error is used to
evaluate the precision of location approximation with respected
to the CDF. The received signal strength in measurement field
is presented in this paper. The contributes of this paper is
useful for a study in an indoor positioning with 5.8 GHz for
future home network applications.

Keywords—component; indoor localization, weighted algo-
rithm, wireless localization, wireless sensor network, received
signal strength

I. INTRODUCTION

Wireless Sensor Networks (W SNs) has been mentioned in
more research. WSNs has also been applied for practical use
in various sectors such as the military that has been used to
detect vibrations when attacking with heavy weapons within
the territory where the sensors are installed or detecting
the movement of opponents passing in the designated area,
Geological has been used to install sensors in the crater
to check the vibration before the volcanic eruption and to
explore the ocean have installed sensors to check various
physical parameters such as temperature, pressure at various
depths. All of these are to bring various physics information
from the detection or measurement of sensor networks. for
analysis in the central area or use as static data to share
with interested parties. Moreover, modern wireless sensor
networks, e.g., target routing, robot tasking, data processing,
are require a precision of position approximation [1] and
[4]. With respected to a separation distance between target
and reference, the wireless positioning can be categorize
as range-based and range-free localization algorithms. A
proper positioning method shall be calculate the position
as soon as possible and should tolerate the influence of
the environment, including uncertain distances. A desired
algorithm of localization is the weighted localization (WL)
with wireless ISM band at 5.8 GHz.
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The wireless technology is a low-cost, low-rate, and short-
range system in the wireless localization, which is satisfied
TEEE 802.15 standard under FCC for medium access control
(MAC) and physical layer [6]. The features of UWB are
shown as follows: 1) high reliability and time-saving, 2)
distance ranging from lm. to 100 m. 3) video surveillance,
industrial control, work environment, and medical and 4)
data rate ranging from 125 kbps to 250 kbps.

This paper studies experimental WL algorithm based on
received signal strength (RSS) for UWB network. The wire-
less ISM band technology operated 5.8 GHz frequency was
used to measure in the indoor environment. The accuracy
of estimated position is considered in the term of distance
error. The cumulative distribution function (cdf) of distance
error is shown.

The rest of our paper is organized as follows Section
II describes algorithm model. The measurement data and
results of this paper are explained in Section III. Finally, the
conclusion is given in section IV.

II. WIRELESS TRANSMISSION MODEL

A. RSS Parameters

The ranging received signal strength (RSS) is the output
parameters from 5.8 GHz wireless communication. There-
fore, the propagation distances error of the wireless signal is
increased, the received signal strength presents exponential
decay. Using RSS, the difference distance between reference
node and the target nodes can be measured [4].

PL(1)[dB] = PL(ly) + 10nlog(li) e
0
where the path loss is PL(l) and distance is /. We set the
value of distance [y is 1(m) and get the value of PL(lp).
We to know RSS value and be able to calculates distance
from reference node [y to target node ! follow (2)

PL(dB)—PL(!O)]

[ = lo.10! 1on ()]
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B. Weighted Localization method

The weighted localization (WL) is very good for accuracy
estimation localization more CL. where WL consists of target
node and references node. More efficient of the hardware
equipped with reference node and target node localization
consists of minimal hardware. For localization, consider
WL algorithm. In first phase, target node and reference
node define. For second phase, the received signal strength
measure to each reference node at every target node. And
third phase using WL algorithm to find the position of target
node. [2-31, [5-7].

The centroid localization (CL) is operated well by average
the reference position coordinate and target position coordi-
nate to estimate the desired target. However, the weighted
localization method is introduce to increase the performance
of the CL, hereafter is call weighted algorithm (WA) [3].
The mathematics form of WA is describe in Eq. (3) and
the extended form of WA with the replacing with weight
component w;is describe in Eq. (4).

y
Pi e ;;ai(luyi) 3)
A Zi:ﬂ“ﬁ%(ﬂ%yi)) “)
T s

Where PZ.” approximated position of target node WL is,
w; is weight of distance /; and n is number of reference
node in range.

From (4) can solution follow (5) and (6)
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The positioning error f;(z,y) is defined as separation dis-
tance between the actual location P;(x,y) and the estimate
. / ~
location P; (z,y) of a target.

Fmg = @ -2+l —0)? @

A weight component w; is related to the function of
receiver characteristics and the separation distance between
reference target and desired target. The weight component
can be different due to the variety kind of applications and
environment. It is noted that weight component in close
distance is higher than in far distance. Therefore, w; and
l; are opposite to each other as describe in Eq. (8).

20, 1

RNOD
where /; is distance between reference node «a;, target node
P;, g is adjustable degree.

The degree ¢ is necessary to guarantee the location
estimation by not set the degree g value too high else the
distance error f;(,, .y will increase, while the lowest distance
error is appear when the degree g is ideal.
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Fig. 1. Localization estimation of network node Pz-/ (z,y) and WL
Pi/ (2, y) with measured distances d; of reference node [3]
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Fig. 2. The localization model and measurement setup

III. EXPERIMENTAL SETUP AND RESULTS DISCUSSION
A. Experimental Setup

The experiment was done in the indoor environment at
KMITL building with no undesired object in the testing field.
To ensure the precision of the positioning of the experiment.
The received signal strength (RSS) is consider for evaluate
and analyze the indoor localization with 5.8 GHz, which
typically used in ISM band. The localization experiment
model with the 36 testing points, testing field area of 6 x 6
m is illustrate in Fig. 2. The separation distance between
cach testing position is 1 m along both x and y coordinate.

B. Results Discussion

The distance error of estimated distances error is shown
in the term of cdf.

For the distance error in z, y axes of WL algorithm define
g = 1, the average of distance error is 1.2 m as shown in
Fig. 3.

For the distance error in z,y axis of WCL algorithm
defines g = 2, the average of distance error is 0.71 m as
shown in Fig. 4.

For the distance error in z, y axis of WL algorithm defines
g = 3, the average of distance error is 0.8 m as shown in
Fig. 5.
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Fig. 4. Simulation of the distance error with range different weight (w;),

g=2. Fig. 7. Average values the RSSI of reference node 1 (Coordinates 0, 0)

For the distance error in z,y axes of WCL algorithm
4 define g = 4, the average of distance error is 0.98 m as
shown in Fig. 6

J To determine the optimal g, we simulated a tull equipped
wireless network of the enclosed 2 x 2 reference node (4
nodes). The shown figures (4, 5 and ©6) represent the cdf
1 of the distance error with different weight localization. The
1 agreeable simulation shows several minimum distance errors
depending on the distance and the adjustable degree (g).
The smallest minimum of the distance error exists at g =
2 bestows the best result for Fig. 2. Hence, before starting
s VR the localization process, an arduous analysis of the distance,
Distance etror (m.) transmission range and the dimensions of the network are
necessary to get smallest distance error.

Figs. 7-10 show RSS value of reference node 1, 2, 3 and
4 for each position following the model and measurement
setup in Fig. 2. The value is plotted by collecting RSS value
for all the specified positions.

CDF

e

Fig. 5. Simulation of the distance error with range with different weight
(wy), g=3.
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is aim to used for future home networks applications. The
measurement data was collected by using vector network
analyzer in associate with 5.8 GHz frequency band antenna.
The results show by compare the CDF of distance error at
different weighted component and degree g. The measured
RSS at different reference position. is also present in this
paper, which show a good agreement with the theory. The
contributes of this paper will be useful for further design and
evaluate of indoor localization with 5.8 GHz in the future.
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IV. CONCLUSIONS

This paper present a addition wireless localization algo-
rithm with 5.8 GHz based on WA. The objective of this paper
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30 | -49 | -49 | 48 | -48 | -48 | -46 | -a6 | -46 | -46 | -45 | -47.1
32 | -44 | 44 | a4 | 44 | -a4 | 44 | 43 | 44 | -43 | -43 | 437
33 | 41 | -42 | 41 | 42 | 41 | 42 | 42 | 42 | -42 | -42 | -41.7
34 | -42 | 42| 42 | 43 | -43 | 41 | 42 | 42 | -42 | -42 | -42.1
35 | -41 | -40 | 40| =41 | -a1 | a1 | 41 | -41 | -41 | -41 | -40.8
40 | 49 | -49 | -48 | 48 | -49 | -a7 | -a7 | -47 | 47 | -47 | -47.8
41 | -a4 | -a5 | 45 | -45 | 45 | 45 | a4 | -45 | -a4 | -44 | -446
42 |44 | a4 | 44 | 44 | -44 | 44 | 44 | 44 | 44 | -44 | -44.0
43 | -a1| 41 | 42 | -a1 | 41| -41 | a1 | 41| -41 | -41 | -41.1
a4 | -39 | 39 | -39 | -39 | -39 | -38 | -38 | -38 | -38 | 38 | -385
45 | =38 | 38 | 38 | -38 | -38 | 37 | 37 | 37 | =37 | 37 | 375
50 | -a6 |45 | -a5 | -45 | w45 | -46 | -46 | -46 | -46 | -46 | -45.6
51 | 44 | 44 | 44 | 44 | -a4 | 44 | 44 | 44 | 44 | -44 | -44.0
52 | -44 | 44 | a4 | -aq | -44 | 44 | 44 | 44 | 44 | -44 | -44.0
53 | 40 | -40 | -40 | -40 | -40 | -40 | -40 | -40 | -40 | -40 | -40.0
504 | 36| 36 | 36 | 36| <36 | 36 | 36 | =36 | <36 | -36 | -36.0
55 | 28 | =28 | 28 | 28 | -28 | -27 | -27 | 27 | 27 | -27 | -27.5
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