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ABSTRACT

Impulse radio communication is another wireless communication technology
developed for short-range communications, with low transmission power and
wideband frequency. Which compliance with communication systems that require the
speed of transmitting large amounts of data. Therefore, this thesis has designed an
indoor impulse radio localization in the frequency range of 3.1 GHz to 10.6 GHz with a
vector network analyzer. The results of the measurements were analyzed and
evaluated in comparison with the path loss, power delay profile, and distance error
with matched filter technique and time-gating techniques. The distance error in case
of using time-gating technique is better than without using time-gating at 48.15%. The
results of this thesis are based on theory and very useful for basic information in the
research and development of short-range wireless communication systems and

positioning by impulse radio transmission.
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[ |

MU UUTIALUNASUTHINIINS DL T UTEAUNITINARF I UTUNIUAIUN -41.3 AULBNGAD

T o



a a v €

wneidsnd (dBm/MHZ) AegUTl 1.1 wanensilSeuiieudygyiaineduiaddadunisdeans

9

v a

WUULAUANANTE dn1snsratemasuvesdy s Meglutiuauanuinenluseiu
a 6§ a (% (% P N d‘ Aa o W
nzLdsadiisuiudygrunltlun1sdoa1suuuna UL LAUTIIN1IN T2 918899 UVDY
Tuaaeglutiuauanunuauviiasiig q (4]
2.1.3 Yandaidavaamalulagingdunadu1nsgiu IEEE 802.15.4
2.1.3.1 Yofvassyuunsdeasimalulagingduiad [14]

1) FLUUAINYVRIAYYIUNINNTUNATADU ) LT Direct Sequence Spread

v A

Spectrum (DSSS) feLuuAInNAnINdsmAuANUnIILLLTsaUnasuTRIAddatos
ibinalulagimgBuiadanunsaldanudsiudussuuduneglutinseiiula

2) NM155UNUANAIUVITLUULBIN AN 8NNV AAINISOUTEUUN b0

walulagingduiadanwiuannunldsuiulaluuiaiimun

sala o

3) ANASN N AFNTYMWAUTIIATEUUNSERas Al Ulagingdunadlule

3

o 1
a o Y

SUNANTANID WadNaznounautuazluinanistauriuiulwinlrldiinnissuniudaiu
LaYNU

4) awsalideyavnaisluiiuszegnianidainnugndesas (Weendn 1
WURLLAT) YA u15aUnAknUala lagldAS a9d9nangfIns Ui L U3 oLIkANISAUNI
AWNUINAeINISTIENNsav e lneldateanARafural sy

5) gmsnsdedayalagandinaraiunsasessudiuiug 14 launndn

\ a aa A o &a fa & Y ~ | o ¢

W5II58UUNsd a1 smalulading uiadiuuudinnin g wasdnsdamuuiadues
[ d' = o v Y2 I3 4 1 <
FyaunuavinIsihlrnsdsdanandululapgresns?

6) finslanasnuilunmsdedyan wsizseuumsdeasmalulagingdy
v 6 % o 1 o [ | (v SJd' aad & |
WadlagNAMUAAINISIUNITUNTNTEERBNYOIT ey 1uliN -41.3 AU UAD
WNeLBIeg

7) fimnuanansangarudniarinaled insigdnssuy nsdeanswalulad

a a v

&l Vo | Y] Y] . ~ A fa ¢
'JV]EJ@?JW@GQJﬂ’]iﬁﬂw']usli@\‘]ﬁiyﬁyﬂm%LUUﬁﬂ‘Um%GUEN Slow Fadmg LUBIITINUYINLUUAINN

A4

a a [y

8) 151A19NNT1 NTIERTAIATUVRITTUUNTSARasImAlulag Ing Buad

131717995 Mixer (VCO waz PLL) IF way LNA

a v 6

9) ernsien1suluedeya Insizinssuunsdeasnalulagingduiadiinisly

PRAMNANNTINUIN UAZTWAMLDNAFTILAUNIN
2.1.3.2 Taidgvesszuunisdeasimaluladingduiad
1) WinAnuAaLNsuresde I (Distortion) talun1sds Lesann1saInuy

[y

Ado7199zAnANURALN UL



a

2) gunsalonalianunsaldaulaialan Weswntiemnud maluladingsy

WadiauafinsvilvgnasluusiazUszmaoonuuugunsaivesmilianansafuanuilutag
#1499 Ausneeiu Faihligunsalvessemanilonaayliannsaldnuludnussmandsls
3) sruudyanadiinddestuduaasuniu e19agiiliannsliuund
(Mismatch) fiulgl
2.1.4 npdiasfuvasszuumsieansingduwaduinsgiu IEEE 802.15.4

a v 6

deddgedrmilailagnimundulunisdeasingduiaduuife n1sdnassainudly

9

sl Falasinguvinuluansgausnilaneismdidnvasdeinuatunisldnuinannud

v 6 14 v a

vaawmaluladingduiadainngtoTeAuAnYesnMensIUIBN1INIsERaSUMsEnIFeILTNT &

[ 1
U =

gl ldnedsd ued1aifunienislaeldd a9 Ultra-Wideband Working Group
(UWBWG) 1t 810151959 v annass 1 uanenssu1sn13d sansuvisanssoiusnn
wudaduiuluglsuAldinsmdennasnisdaassadunnuiuaznisunsnaonvesniiud
Ingd dlutagtudslifiinsmmuauavanuddnsunisldaulussuuingduiadluandu
ﬂ"mummwmgwmaimmummw’aawquiiﬂ (European Telecommunications
Standards Institute: ETS) 959 @vWus IMsANUIANTENI 19Us2Lne (International
Telecommunication Union: ITU) [15]

2.1.6.1 ToivunvredszuuIngduiadluanigeLsn

Tud A.e. 1998 AugNIsUNITAANITINTANUIANLYIanNI FRIT LA BEN
UsgmiAAenfun1sasavaeunie Notice of Inquiry (NOD Tnefausidnagldmanisaifiasedu

|
v o

Masnuildlunsdehudygyranissaumunn Sdinduinatuayulussuumiavinissenu

a v 6 a 2/

msihszuvingduiadanldnudmiunsiemsvemaiieu Sstoiieniedneunaziieites
fumsaanisaifsnsifisturesssfunsunsnaealusauauififogegadin orfigy
wouanudlunisnszanedyyralnsied Tnsdesdnsuimanisluwisanssowinmie
Federal Aviation Administration (FAA) lsiansaanuifiuisdenisunsnasavesdayaynaiis
sosruuAmUUanndsluaIuAIg 9

Tudeunuaniius U a.a. 2002 MenmznsIIBMTARaIWAETTFaIEMN 16

90NNNAMSUTEULINYDNad JudunisimunveuwnveInIsunsnszatemdsnudmsy

9

a v € a v €

szuvingduitad Gsluenanslénanidsnsoygaldaulussuuingduiadiia 4 Ussioy
LAENITAINUAYRULANITLNTNSEAENF 1 udnT UL ludseaneng 9 Taeainileny
Tresfu daudedrinnisunsnszaemdsulaganznssnndnisdomsuisansgonini uans
Tiilumsnedt 2.1 dwisuldlunisioanstoyavianielusaznisuonainns

2.1.4.2 Toimunvedssuuingduiadiuglsy



Jagdulasesnwvesdenmunszuuingduadlunivglsvegluyiesedeya

a v s a

manadafiAsadunanssnuresssuuing Suiadvussuuiud Tldiuog Tnovaglsudy
UAmTest oMU iANuNIeIMsEnFoIE N nszvnadiuglsuiuludaunes
weluladlmidosuandiiiuindmansznudeeviolidwaidomeneszuuifuifeylneg
Tadrfanisunsnszaremdsnudnsunsldauianelusasnisuanaiaisiiminualag

aotuimuannsgIunsinsaunauwisannmelsUuansliiulunsad 2.2

M3 2.1 TaTARlUNITENINITEERIUMSNUIAUANNTSUTN1SFRASWIANaNSTOLENT

dmsunistaaulunisaeassnielutaznneusneians [15]

y . meluenag NYUDNBIATT
ANNA (LWNLLETADY)
EIRP in dBm EIRP in dBm

960 - 1610 -75.3 -75.3
1610 - 1990 -53.3 -63.3
1990 - 3100 -51.3 -61.3
3100 - 10600 -41.3 -41.3
§4n71 10600 -51.3 -61.3

M15199 2.2 TaFAALUNITUNINTLERUMAINUIAEATUAMUANIATEIUN NIV TANUIAL

witannmelsy dwsunisldaulunisaeasianiglukazateuanainng [15]

F29A018 (Rnend)
f<31 3.1< f <106 f>106
melueiang -51.3 + 87log( f / 3.1) -41.3 -51.3 + 87log (10.6 / f)
Meuana1As | -61.3 + 87log( f / 3.1) -41.3 -61.3 + 87log (10.6 / f)

2.1.5 mauszgnaldnumaluladingduwaduinsgiu IEEE 802.15.4

walulagIngduiadgniunldlussuumsdeasssevduseninipeuiunesaunsali

agn1eluenasdtneu warlasainengludiuinends NdauAein15ANLEIge 89

Y

'
o =

AuNUNONE909NUNIINEIYBINALUDIILONAANDUNIAI9Y (Power Attenuation) 1o

A7} ] ]

Uaduene 9 wu gnaaveulsegndavseriunseterns 1ndangunsalinsedinegluuiion

o '

TndiAes anunnlananiuldaulauadmnanssnulagn s on A N RIS UNNIAIY
3095V Waluladingduiadiuaiunsainludszendldau lavatgguuuvendiagrau
[16] Lag [17]

2.1.5.1 msUssgndldaulassineniglueiasdiney
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winlulagingduwadinisuseynaldluoiarsddnau wwu n1saiuay
Aewfiamed gunsnideaslasiiusyuuldans Jautueuiinisldgunsainsdeaslians
9199¢le¥unansEmuaInanzuIndoumeluesdiney wu Tz e dums 3s
g13agvhlvignanneumasaulunisasdyay

2.1.5.2 msUseyndldaulassienieludiuinende

nsileusoseninegunsaiveslasaiieniglutuinends wu n1sidaln
andlifmeluthusinuszuuliane vienisianandalagunsniuuudalutd egndlsfinm
mahlldRasedeansnelueasinezidadefidmansenunetesdyaialunisioansls
aneuReatunsinluyssendldanulassisnelueiasdidnau

2.1.5.3 m3dssendldaulaseisuuianmenyedliae

dnwagnisldaulunmsideusessninsgunsallassinguuineanenyusluds
\n3eailedn onaziitiadenarsesidimansenudenisdeansluannzuindenaie uazan
FNUY Y

2.1.5.4 m3Ussgndldaulassienieinunsunmdliany

anwaznstdaululasaenanswmduuulimelagfiansananuanssvu
Mnfmenyed Mlkaudnvazdimevesgunsaivieiniosiamenisunmdivasuluuay
nsdenderiiiulaseing Jadeiidwansenusenisdeasiuanisiindouaislsviiliiin
NsRANAI LA

2.1.5.5 M3UssgnlgaunITIfILmILg

Tumsuszgndldfumsmiumisdinmsiludssandldianmsmeunisues

WFulasNaguus19ntsLaznIsusiwudanislueas Fududnvaznisivaulunismd

Y

AunielagiansanaNMsgedsddtiazailsede wienveiladenaigegandana

NTENUABDNNTADAT I UANILHINADUIZINYVIN LA ARV RANAIA LUNI TS

sensor node \'/ fusion center AV
| [ Ow ] | UWB
| sensor | II ADC [ ransceiver| processing unit [—transceiver|
data acquisition data tusion |
data processing communication center |
2 ol

physical field
sensor node array

UM 2.1 msmdunislagldmalulaguauninegs [4]
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2.2 WALAN Y IUNISUIAILAUY

2.2.1 WATANIIINALALIAI829naN 3 29 (Trilateration Technique)

AL IRe9nan 3 1ndumadanismaiund sl endendnnsiniuves
29naulag9rAIUINNITEETTENI A8 Ad Az a1801n1ATU G s udufi szl
#199101ADY1NUBY 3 91U LAUAITATUIURIAILALIILUNTL L NIIVBIANEDINALAAL D UL

Noadunnauiunisnliszsiinnsdeuriuiuvenaui 3 29 wanwiagui 2.2 [18]

N

JUT 2.2 nMsmiunisnigmaiansmdumianieanas 3 19 [18]

2.2.2 walla Min-Max

Min-Max tJumeafianismsunisfildndnnisteuriuiuvesnaoamisveuiuniis
fanuazvouiniigefigaluunu x way y Sanadeddnduiideddaneinimdsesation 3 fu
NS AU 995U 51 LA D 591980 1N AU AISE BT RIS E NI 19EN BB N Ad LAY
ANUINIASY INTIATINSANdevEeveUATinaNaNYeINAds uiazsulnpmLmL
fidesnisarmldanAnedelunnux waz y vesdiidouiiuiuveindemieveuiuntiaa

(18] wag [19]

-
7
</

5UN 2.3 Mamdunissnginaila Min - Max [18]

o~

(€3]
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o

2.2.3 wmallan1sinasaenaneallanizauis (Fingerprinting Technique)
nsfiasanenanvalimgiunisdumaiiaifidnvazadieiuisaunuiiiioveayud ng
srldgrudeyaiiioszysunis TudupeuusnaziuAmsdmesvesdyaaifeanisiiug
f1sanbilugiutoya Mnduvihnisseyduniatmneglastiiinsimesvesdyyinun

a a & Y] ¢ ° | Ay Yo & ! a s Y]
Wisuiisuanuduendnwalvesiunusilavinnisinuainisidmesvesdyaialilu
grudeyanauntiuds sl munenlafeduwnisideviinisiuSeuiigunaiiing
IndlAesiudian [20] Ine3Snnstlanunsaldgunsalinudsegatos 1 f Aanunsamdumnula

| I Y van A v v & a sal v a
aglsfinnu YanegvaInsldisiAedadddiiatuinlunisiiuaInisdimnesideanisnansan
Wlugudeyadmiunsdivsundesnismdundadivuinlng dusunszuiunism
o 1 v a <) 1Y 4 o 1 1Y a a a
sunidlagldimaianuluendnualvaainumis uanswiaguin 2.4laginaan1siansan
enanvaliamgiurisaziinmaiudeyainnsiwesvesdyainiisenisiiiiasants
lugrudoyanau TeaziTentunouilintunounisiniu (Training process) nasantuly

¥

nszvIuNsIR LTl iwesvedyaaezgniiuidiudSsuiisuiugiuteyaiivia

Y

nsAulineunin nasantuazynsuansurdeadansdwmesvesdyuuuana1eiu

degian Fusentunauilintuneunisnagaeu (Testing process)

[o ] Access Point [e ] Access Point

X

! \
v

\ Locatioy'

Measurements & Location = Measurements

Database

(a) (b)

UM 2.4 nszvrunsniuidagldmelianisiansanendnualianizsums [20]

(a) TUMDUNSHARY (b) TumBUNISNAZEU

dusuluduneunisineutiu Wumsnisiivaimsimesvesdnudasuanstuonanual

WNNEYRIALI FeaziSundyadeyarnny (5) Ingaunsalsulvieglugvesaunisnail
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s={(myp1).(myps)ern(mo)} 2.1)

m. Ao Wisdwesvesdygraluiumisil i th

1

aa

p.=(x.,y. An AU suUsal 2 86 VoA lULWILAY X WAy v
1 1 1 U

=4 o v =2 :.J/
n A mmuma;ﬂawﬂwumwm

wasniugadeyaszgninlulszinananeunsiuagutoya Tudiuduneunisngaus

Y

s (%

Junsfumnsiwesvesdyanardaftuividuliluguteya wagshmsioudiou
fudeyaioglugnutoya

2.2.4 §ana3AuN1531AT18Y MUY K 9ad19LABefi g (K-Nearest Neighbor
Algorithm: KNN)
KNN 1 umadalunisdnduleisudedineandsnissiniidesvesaadsidaes fiawse
senevounveinisindulalinniulnenisnsvaeu K sruiuimileutunselndifisaiu

WnAige danesianiioutulnanandiuiu K i1 uansisgun 2.5

sUN 2.5 danesiuieuinulnafnandnuiu K 7 [8]

wedlafazidunismuasiy (Count Up) wess1uaudouly nionsdane q dmSuwdaznig
fndnla nsthdanesfuitoutulndfiaasiuiu K slulddudunsmszesvinsseninaud
agsuus (Attribute) Tudioya Favsnzdmiuteyadasiinm

2.2.5 dana3nulassungUszarniiay (Artificial Neural Network Algorithm:
ANN)
TasswgUszamifsndulimanisadamaniidiassnsiauvesanssyud uanadsgud
2.6 vitelmeuiamesiinsiFousldinilounyed Tnsaunsailnruliandigunuusing 9 saly
fansguIuANg ez lalduddamsie 4 Iaswiedssamdendidunis

dnewmurfnvedlaseirglnidinnluaussvesuywd dedsenaulunly wadUszam
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(Neurons) waggauszauUszam (Synapses) uWiagivaduszamusenaumeuatglun1ssu
nssuayszam Sonan leuszamuidi (Dendrite) Faludune wazUanglunisdanssua

Usgamiendn unuuszameen (Axon) daulyulaiiouiainaveranlszam

X1\

Xo—-

X3 w3

I

g‘dﬁ 2.6 lasaveUsyamiiey [7]

'
a =

dmiulassheUszaminieuysznaunieteyasunn Jalunsazdeyatiuaziianivin uavgn

q

=

deludailandunisnsedu (Activation Function) iievinnsdnaulauasladeyatenvinnaenyn
2.2.6 wmadAN1sNALAT (Time-Gating Technique)
a ) Ya L3 LYY dl' < o
wadanisinaandunisidiuladaududygalulawuianiedunisiimue
1 a o Y a0 1 a 1 a o Y v a1 [~ &
e lidyadaussinasingy wagdanaiviiidyagiadaussanasdugud
uregnglsinumsiiuladagilineaianainvesdymradutiaiaifenisyu Julain
ilnliandananainduiegazredanuaudilulauuaiunfe launanagieauautazianiy
Fuun Taudaasdesdszaun ienazililinuandfiraidiulainugiusiingig o 1w
a s A a ¢ s ca s A a ¢ a a I3 Y v
Wladdwdey Julaivrsaniiulaineuds ulaisnuils wazdulainvanuuy azaedldany
g1veulatuinuarduduiuladas JuladnviiiAsadanaindesuazldniue1ives
TulaidosazA09ldTulainssAd 1 TInauluut e wiluladsdatddanudugounis
a s a s 2 a ¢ al a I3 9
Adnansuin Auladlawoi-varaduiulainusenasnaniulainsind1evsInauLuy

14

TeleglumeuniendinAansninedu udidiasnuaudanyiliinadanainiey [10]

[
Y

a a s % dyd Y A va [ |3 a
patuluineinusaduddsdadenltiulailawes-ludwa lnsuansuaonlanezinsumaia

ATTLAFLIAT LLﬁﬂx‘lﬁﬂEUﬁ 2.7
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[ Time-Gating

Kaiser-Bessel

Y

FFT

A 4
=
Tl
—
\ 4

H () h(t)

v

window

JUN 2.7 vdenlaezunsuveanaiinnisinacian [10]

Asnaranduisnisannissuniunaeiduaziinauudugilunsind silsd duanelou
ANATRINSIE BuRaTINTENI A INAdsR UasenAsUllansardalalansaly
Towuarud JesududedinuamFefiowadieglulauunmiou fuiuiaihunldly
nmsindyaaingduiadlasiimaiansinanaiundsegndliannanssyuvesnsideuse
SsEaeInAdetuasonasululawuna wWeiulailawes-uawa w(t) wanala

FIAUNISN 2.1

2
2[t—tp] T T
W(t): 10(72'05) 1- T ,tp—EStStP'FE 2.1)
0 elsewhere

[y

deflsiuvawatignudlodudiviigudvessiiousn 1 (x) awnsomlifaunisi 2.2

I,(x)= lJ-ﬂems(e)dﬁ (2.2)

T Ain ANUNTIYBINUIANG

tp( 0,09 ¢s) B LIAENAAYBINTIIFNG

a AD VOULINYBINLNANY
mananan neldiulaslaweswwawalulawunaiiefiaznsosndunanegddfiundresn &
mmaaLLamﬂug‘ULLU‘UGUmﬁqﬁsﬁ‘fumadwu‘[auuazmamauaum%uﬂ’aﬁlé’ﬁﬂammiﬁ 2.3 uay

2.4

0

H(f)= j_whc ()w(t)e > dt (2.3)
hy(t)=IFFT (H LS )) (2.6)
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2.3 &3

Tuunauiildnanisanudunisasndnnisvhauvesmaluladingduad Jof -
a v 6

Jodeveuvaluladivgduiad nsuszgndldiusiniteterunn 9 liasdugienudn

q
199U Fafuius AuwUUAIAYI V8958 UUN NNUALARIANTTANUITLA 89903 9171LYuY
AYNITUIBNITHANTUMIENITFOMITNT NFUTATINNUAMENTTUIBNTHRATUMIENSFRLTM

wazganunmvuaLInsgIunnIaNuANkisanamglsy Tiudainsgunldluniseneds

o
a v

Sniadalenanfamguiisnisuasmaiaildlunismidumis lidrezdumaianism
FILNUIAILINAY 3 39 WATANITIHIAILAUS Min-Max WATANISHIAILALINITNAITN
lndnualiamzsiumis adansiieszituy K edafesdige lassneussamiiion uas
madanisinanan d9inednusidenldmaianismmumisnisinnsanendneaiianis

Awnils esandanudiedon1sinszilagaziiinisiuamsdwestiluguteyanou

'
= 1

nRWAIINTmesTuneunImage v UTsuWisuiuteyatiaglugiudeya wayldy

Y &9 Y

i 1

ANYDINANUALNEIFALIVIUTENEAANLTINEADNIT TN LALANABLLNIIEINANAITY

q

Rananladne faduInednusiIwauanIsumASANISINALAMNBLANAULLUTILAL AR

ANURANaIRtuNIsIIELManglue1ns



D.

unn 3
N153ATILNYRE U RiINTUINYBUNEE

3.1 nann
Iuw‘ﬁ%a%msﬁmé’ﬂm’iLLagmqwﬁﬁugﬂuﬁumﬂimé’mmmmiLwiﬂizma%qﬁmﬁaﬁ

wuukauni1ededniusruvdeansuuuldansnslusasaudernuauauainuisauiie

111U UNINAN TENUVRIT N8RBTy Y 1N TARULAg N ¥ kAT VaNNITNT

deludygrumesda (Friis” transmission formula) infinnsandundnsiuisaminines

a v 6

#19) Nilnasian1sidsunlainnn v vetesdy M TUNSNTEAIEINg BuadLuuLay

]

N711984 91U NANITNTLTAIUNINIAT ANURANEUVDIA QI LA LIaIN1TUIDITDY

[ =

dyaudmannisuaznguiiuguiamuaiiaudayduegeBsdmsunisfineinas

v v
a o ¢ 1%

UssLiiugasd g N IsHHNIZ Ny BUNAARUULOUNINEY

]

n1sdeasingduiaduuunaunindudunisdearsiiarendndusesiansun

Id a

nansenuluadesing o Ndwarnenisilfsuwdasesdyaaliinasduguiuuvesdygy o

v (%

'
= =

uanNANlUIALAL SEAUVOINIANIU KINTENLIaUTEITANTUT IR a1 Uil A LAY

[

AOINNIATIZATOIF YY1 0MUBITEUUNTABET TneTliln sy Ui Tasdy i aInnIAEs

o

ludsinmsudanndeulneseunsevesdyguavdmansenuasiinanlidsdnduazfosing

H51980UYIN15ATIa ULl DI UMEITNITIRaINTuNanlaa N A TRt uT T udastiun

'
[ =

WATITRRWAMNITITN5A18 o TngluiideiazvonanivaniznislinesidAy 9

P lglun1simszvinaniaannnIsneasinvaIne dnusatul fall

3.2 nqun1suszenagaIn1 ey MveIa dmsuszuunisdeniu
deyguraiuukaun31989 (Extension of Friis’ transmission formula)
[12]

Tusguudoanslsarsdygyiudn

4

aan1sazdvgnieuldiasoinieienazudas

3 = = [y

SouaalwindueduudwdndlenaudyguaiueiniAuifieniasuaiseiniafaginuing

wlasmaunimadnlniidudygralwihdnmelunidnisdindudygrariuoiniainiuingy

A

a Pl a a aa 1 = A ) [y 1 1
Heulvia1nsgayderiainlueiniadng (Free space path loss) FellAndudnsidiusening

MasuTsdygIniulaneiduuresdyaungndsennun lnearuduiusainaisen

Y

[y ] I

Aulaegialuinaunisnisdsniuaesnia (Friis’ transmission equation) [21] TALansn1w
aun1sh 3.1 gasnasdsiudygyinveaisaillagnuiunldeginiiswinasaiunsa

Uszgnaldlunisiuudmivdesdyanaluseduaen (Line of sight) 8naae
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Gms<f)=%=Gt(f>q(f>cf(f> (5.)

1ng

G (f) PR d091n59818v0995a

U v

P.(f) Ao Mawasdyyinausuluguresmdany

P(f)  fe maswesdyarumuddusveaigeny
G:(f) Ao 9nIIN5Ve18T00d Il LDINIATNWANIRIFUNITA 3.2
G.(f) fAeodasnmsvensvasdyyiuniuiu Tuniewdiua

G.(f) A9 BRIV VRIF YA UES TURIEURLATLUA

A 2 c ’
Gf(f):(4ﬂ_d) 2(47@,) (3.2)

lefl G, (f) AednsaeevesesdyaaluoiniainewmieiiAnsiineaiiu (Line of sight :

LOS) vispa1unsafwumilandunisatelauvatadinaielaiduaunisa 3.3 wWumsweuly

[

sUwuuvaatlaitunsasiTudy I

V.(f)

HFriis(f’d): V(f d)

=H:(f,dH (HH (f) (3.3)

Tngn

. A dlendunisdeiudygadueinieing

Ao MINTUNITEIRNUA Y QYIUVBIEIBINIAATUSU

= E X

-

&
Ao MATUNITEN U Y UVDIEIBDINAIRIUES

D ALDUNGYAVBIFYYIUNWAUTY

-

!
D AULDUNGIAVBIF YU WS

-

Ao AUD

SN

AlD STYTIITEIINIANUAILAEATUSU

uazdmsunsal lelalnsla (Isotropic)

HFriis,Iso (f) = Hin (34)
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anunsamuamilendunisasudyaalueinianglaanaunisa 3.5

c
47edf

H,(f,d)= exp(—jkd) (3.5)

Lﬁaﬁ k :2—7[
A

luszuunuuwauuAuAIaIRUaLan (Link budget) ¥aan1sgayidenisunsnszangly

1 [

anadsUnAgnuseiliualaegasnisdeudygyuveamSadeaunisi 3.1 lanaunly

v £

Pasuualianunsanaziiunldlalaenssiun1sinseriseuutedyyIunIsunInsEaeIng

Sutaduuuuauninedaaiifinnsuanadeilsiduvosnnuitunansinaunisi 3.1 aziiniu
wnzaufuAALaUIRlwiuagliansathuldussuuuuuaunidslalaensed
fnmsusuUssaunmInsdsiusesidlimnganiussuudsansuouning Fadonin msvene
aun1IN"5daE1UveINIa (Extension Friis’s transmission formula) [22] Ingagiliguaglugy

oINIATUNITAINIUIAL A TANTIATUNTAIN UV IF QY Yl E 991NN TN LT AW A d

1%
Yo A

(Pulse generator filter, H,) iioAAsizvanuRaieurasdeygIlanil

He-Fr{{s (f= d) H_\-EF (f)
- - -————— >
H,(f)
s h K
Pulse Macthed o Peak
generator filter detector

o

UM 3.1 vdenlaezunsuvesssuunisdmiulaensussandldgnsnisdesinudygiuveansa

A7}

Tneflkuntiawasniamus et ldiussuumealuladwauningds [23]

[

Jahnsuszendvesansnsdeiudyauvemainyssgndldiusuadunsdesin lndsil

He (1) =D (rom B BG) 6o

H.(f,d) #o Wlandunsaieleulusiniaing
H(f) fo Mandunisanelouussdygyinds

H () fAe WandunisanslouvesaisainiAniues
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H ()  feo MndunisaslousedaignainiAnuiy
sULUUEY UL v, (4,d) mleanauns
Vi (t’ d) =V (t) ® hFriis (tad) (37)
v (f)  #e JUMUUAY R INNeaUES
®  fe Aeuligiu

M (1, d) A9 NARDUAUDINDBUNAATDINTVENAUNITVRINTA

LaTNANBUANBINIBNTAFYEIDIN1ATETAAWINIAAINNTLUAE I SN AULU UL,

(Invert fast fourier) A9aNN1ST 3.8

he-Friis (t,d) =F" {He-Friis (f,d)} (3.8)

uazdmsunsal lelalnsla (Isotropic)

He—Friis,Iso (f) = Hin (39)
3.3 dygradsuunaunIedilaainnsgnass
Updudygradadildannissiaesdaeluswnsunisneufiowmesaiuisaldlunis

NAHOUAMURNNEUYDIFUARUA Y IUNITTUBITFUUNTAILMUULAUN IS UANAYDY
AnuRnieuve iy Uriutuzulidaaundenun e Lo uANATLN T

' £
a v e o =

ﬁqﬁ?u%ﬁawmnmaamhamm5%@4mﬂiuiaﬁimqamwaammwumuimaﬂmzﬂﬁumsﬂmq
Mfuquaianisieans [13] lngldsunduuausitusiniiasaveslsdlagiet (Root Raised
Cosine Waveform) fignsuauamuidaus 3.1 InsiBsedas 10.6 InziBsnd ﬁmmﬁ@uénmq
WiNAU 6.85 INLLEING LazalUnASULUUAIAYILANAY 6.37 INLLEIAT HINTUAUAUILUY

awnesuvesguaduwuukauiusINAideadlsdlage uanslanaunisn (3.4) waz (3.5)
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1 _ (1-p) (3.4)
- < "7
V1= .|<—;
V. (f)=1A4 (1-5 . (1+ /)
1, re - — < -—
2T <‘U| "r"|_ 2T
0 otherwise
k)
(3.5)
1 T 1-p
A=,/ —|1+cos| — -f|-—
Jale (5 in-r - 52|
r=1/f, Ao drunduresdndydnual
Iy A9 AUNASULUUAINN
I Ao AuAnang
p=0.3 Ao Ausenaulsadaan (Roll — off Factor)

JUN 3.2 uanstaguadudyyraiildlulamuna laguny x uanatamzasiaiaziny

y wanafsvuinvewaundyanldlunisdeiuszuuingduiaduuuwauninadainiu 1

a

Tad JUN 3.3 wansilaanuvnuwiuaiUnafumasuvesguaduinldlunisdaussuuingsy

q

WAL UULAUNIN LA UAINE TA8TknAY x WEASDNIAIANUDLAY WAL y LAAIDIAIATM

nuduaunasuluniievesR b usonzE e

Normalized Ampltude (V)
= & s o2 o o
N (=] N -+ =) [--] —

=
'S

o
=)

S
@
I
|

A

A
S
@
S
o
=)
'S
S
N
o
=]
N
o
'S
o
o
=]
£
-

Time (ns)

5U# 3.2 sUndulauiusndesvadlsdlageinignuesuualadiilaninnisinassme

TUSHATUNIIADURLADS [26]
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10 T

— Root raised cosine passhand spectral density
----- FCC indoor spectral mask

o

Normalized magnitude (dBm/MHz)

| | | |
8 8 10 12 14

Frequency (GHz)

5UN 3.3 anuvuduanesuvesgladuiauinusnfiaesedlsdlageuinlaainnsdiass

MULUTHNTUNABUN MDY [26]

v v

3.4 wasndiwasnlglunsmauwidslaslddyarauwaundng

MATeiarRarsuanidmesilddmunisimszinasmunds 2 wuu fe
W151n05A1MINRS T YA SUL warnisifimesnanfidyyinunds Tneazin
Fyaraisulduuuuaunirdanierzssimmsiinesiasuy Tnsanunil 2 dwaa
wuukauneBadudyaaiifienuasdeaniaiaiunn iraunsodanadiuiduisu
Iennitgn uaznafidy s fegunduvesdyaraniuliiuuinunidsasuandy
U7 3.4 Togaziilummsdmedina 2 wouiitotluldlunisduimmszesnasening
anwemAas wazanee1nasy ethluldlunsiuamiwmalegldinadianismiumia
maly

3.4.1 winiwasAranuussvasdymuisuld

a

AruLsesdaunsuldavilunsiansaunmmdsnuresdyaaisuls Ineay

o

'
[ =

ansndeseilnaniasnuvesdyaunsulauniign Tnemdnuvesdygiansulauin

A7}

gn A lunidee@iua awnsouanslaneaunisil

B = 2010g[max|vr(t)|] (3.6)
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Imax
S0k i

E5F i

BEL i

Receved Power (dB])
o
[
1

Fok i

F5F i

a

JUN 3.4 sUrduvesdyaansuldiuuLauninegs

NUUILTNTLYLNNNTENINNEDINAAY WATE1DINIASULLDIATIZUNAIENITITLNDST

ANMULTIVOIAUANTULR drgg @snsamulIulansannisl

0|PO—Prmax|/(10n)

drss =dp -1 (3.7)

<

44' = Y a a a e o !
e dy A9 53881981989 Gnendnusiivuadu 1 waes 3 nagenieada)

A A

P, fio Massunsulanszesniagneds Aefiszes 1 was Gnerdnusdle
NAaeTInMaUNsulaNssey 1 Wes na@1weInTAas Faagliayindu -46.0928 Wadlua)
n A9 |@YENMAINITEaLAsTaIn (path loss exponent) (neniinusillalden

WInAU 1.85 [17])

3.4.2 AMNAAYIINI5UTLIINIAT
a Ql' o [ Qi I 1 & a a o
nsUszlanafiadudyg i £ Wuafad uasliuoundyn o, LavruInmaey
I a v} e‘d' % < [y & U 1 1 [~3 a =1
7, Aduiadiimluaudnvugresilsiduresaumuindy thagilunsdsyisanasd

ANUARAAITUNINTTIUNTITELUY Weuegluauns (3.8)

07=\.r‘ ;— (7)?2 (3.8)
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a r (3.9)
- k
T=
DX
k
2(:31’% (3.10)
_2 k

Y

k

o o]

3.5 N1TIATIEINIAUNINTIVIINITMAUNLIAIEAIAIUHANAINTTHINS
a A
LRICE

N1534AF1ENMNIAMULNUIIVDANATANITHIITUNBNANYAANIZATLAUIVUNUFIY

LA DVIINUNL3A18L NN UL DUVDIANAMURANAINTEHLN 1R8N AUATAND AR LAY

( )L‘U YNNG ﬂmewvl,@fmﬂLwﬂuﬂmiwmimLaﬂaﬂwmawmmwuq WAL ANAUA LA
Wﬂmml,mm( . ) JuRtad 9NABY ANANUAANAIAYDITZEEN €, ALAUNTOAIUIY
1a97n

eq=yf(*¥e=x) (37 (3.11)

ANPURANAINVDI5E 8N RIS T UNIT TR0 S AT IUNITIATIZAT AU UE VD 9
nsmisunuslagldmatianisiiansanendnualianizduruiuuiuguesevienunliae

F992TAMULLUEIUNI DI AIAIURANAIAVBITLYLNILID8

3.6 WaNTuUNISLANLLANELEY (Cumulative Distribution Function: CDF)

larduniswanuasarandunisuaninswanwasiinazausie fulagasginuduves
dunandslunmgufidunsmiasiinnunss (Linear) ustupuduasaziluegilstiudes

ANNANITNARBITIA1YBITTUNITUINUITETALANTAMLARINANNTS

R 2
P(R)=Pr(r<R) =f p(rydr=1- exp(%) (3.12)

0 o
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JUT 3.5 nlilandunisuaniasagay [28]

91n3UN 3.5 Wusegansmuanstayaveilandunisuanwatasaud  azgniun
wanstoyananisnaaedlaefiinuaa1uineseliiu A Jaduwamesdisimidn wagly

LUILAY ¥ ABAIYDITLULNIANURANANS E Wioigunu CDF

3.7 WUUIaBINIsUIAUInIeluennns

AMFUNI59DNLUUNISIIALAUIN18TUDIANS AT UNISTNAFDUTITUADUNITIIALAUS

'
L2 =

AN 3.6 uagldAmnfinesniun1s1an 3.1 AT TUN1TEBNKUULUUTIABILARINT
JUN 3.7

POALUULUUINABINITIMLRUIN8TUDIATS

AnssgunInilunisveassinyesdyginuauninegs

v

WATMNTITNDIAIAMULTIVOE IS ula

v

AU E NN EMINANYDINARILAZANYDINIASU AIAIUIUAIR LA

Tngldwmatinaknuagiiie

UsgLlUNaN1Taa 0 lngARANA AT EE N

UM 3.6 Udienlnevunsuvesn smuriinieluenis
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AN5199 3.1 WIRRsALIUNNSIELLIn1elua1Ag

a [-4 |d'
W150L9935 A lglun1snagau
929ANUD 3.1 INLLBINTD 10.6 INLLBING
Y49VDINAIVD I Y QY10 80 LA%LUA
UIUYAVDIANUR 801 90
UsgLAnNangania #189INFANTILA
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31N5UN 3.7 WUUTIA0INITNIILNUIHRANINITEONLUULUUTIADINITNIFILNUS
meluemslaglddyaraingduiadimungadniunisiaviaan 100 90 Faluusdazaniing
Aulusuanny x wag y 1Wuszesne 0.18 was lunisesnwuunismsmuniiniglueinisd
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% 1
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'
[ I

A1891NATUA A8 A YIUNTEAUANNGIVBIEIERINIA 1 AT LnedTunaunITmnaaes

[

&
JU



27

1. YSuiigugunsailunismaaeuaige1n1AnSIgANo UL aUs e
A188INANULATOIIATIZAATIVIUUULINADS
2. faseageiniansigeiiniuialaglvoguuuiunyuLayyinnis

(%
o 1 Y 1Y

WWRUADANUAIUTENINTIVDIAIEDINASUNETANISNAZBULI NN ULATBIILASIEMLATIUNE

A7}

LUULINLADS
3. USUfAnn9vesaeannidsunelanisnaaau
4. RRFAIEN8DINAAII UL UILAUNADINISNAFDULALYINNISLTOUAD

AedEYIUTENINTIVIEIYINIAGITIAULATOTILATIZALATIUIBLUUINADS

3.7.1 gunsainldinnaasin

3.7.1.1 1ABIHATIEMEATIV YL UULINLADS

L [y 1%

nMIneaesindesdyyruvesdyyrunaunitdiiudesefonisdonniznie 3

v o

idedarlfiadosdiotaduadluzuil 3.8 azdsznaulufeniodiinneilassieuuy
NALDT Gﬁqqﬂﬂiﬂi%ﬁmﬁ%zﬁmmmmmiuﬂﬂimaﬁmimé’igmﬂmiuimq‘dWwﬁawa%w%
daanainfld msveassiatifunsindosdyanunsdmiuuuasmein Inewesniivide
wasafildlunsdadayeyias (Transmitted) waznasnfiaesazldlunssudyains (Received)
Mntulmevesiaesmoinazsoiiiuaseinia dsluemiddeilldldasermeanuunsieg
(Biconical antenna) WWua1ga1n1ads (Transmitted antenna) wag@1801n1@SU (Received
antenna) Namsmaaﬁwsﬁaaé’mmmﬁlé’%agﬂulmLuummﬁ Feazahludeszailunism

Aoty
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'
[

nsneaesintesdygrudndufiazdeddaisoiniedieldlunisiudedyyiu Iny

o ]
[ [

arwemeangniuitdluniseaesinifearveiniawuunsiog danisveaesiilaiiunlos
Aues waza1usu lngangeinaLuunTIgdlauaudRnIsinsnsyeAauLUUTeUiAn iy
WUN1A (Azimuth) Beange1nanuunsieanidlunisnaaesinilidniveny (Gain) og
5¥MI19 1.5 dBi ©i9 15.0 dBi fFeAudinsuEnIzIteasounquisaudnlinaassin fie
| a Y a = o a I3 a a . =
H39A1UARUNTE Fednvauzvaalalinnuduluinuin Jauiusseglna (Farfield) 9
¥y 0.2578 UM 1AT9aT1evesatuen1Asiidun I uaAudNaIaNgIuYeInsie Ae 65.34

a a 1 ! z = a a d! L dl
HAANAT TTYSUNIEUINGIUNTIYYINED AD 37 4aalung ‘UQLL?{WQWQE‘U‘V} 3.9

44 mm.

78 mm.

5UT 3.9 aeenALuUnIIeaitinaaesin [20]

! A
= A 1

Tunsneasvinilalddyaruuwaunied@litisnudasis 3.1 GHz 63 10.6 GHz &9

< v

angenakuunsieantdlunismaaesiniagiiAduusyansnisagvieundu (Reflection

coefficient)|S,, | Turasanudvesdyqrauauningsing -10 dB Fazuanidsgud 3.10

wandbiiuinaieoniawuunseglausatunltdluguanudvesdygrauauninedsld

1Wunenef
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0 5 10 15 20
Frequency (GHz)

JUN 3.10 duusednSnisasviounduvesangaIniAkuunTIganlinaaesin [20]

'
1 o

lumsinsanagenmeanldlunisnaaesin Auaulisneganidfy Asvun uazina
YoIleATUNTANIUYDIEIERINIA FaUUR kazinaveilandunisdeuvedagaINIALUY

nyednldlunimeassiniiasuanasiagui 3.11
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Phase (degree)

1 1 1
3 4 5 5 7 8 9 10 1"
Frequency (GHz)

3UN 3.11 vneauazilavesilsidunisdeiuvesaigoniawuunmedildnaaesin [20]

3.7.2 aounilglunisnagaulndesdygrumauning

IMNTinTienAsMAIYInTANLIAN U 2 UTINNIUAY LaRIRIgUN 3.12



30

SUN
U

Tuunillanannd I umaunNIseBNRUUKUUTIaBIN5 I LLIN18lua A5IAY

3.12 LUUTARINTINYOd Q1N INDI

3.8 @3

Uszgniltgasnisdsiuvesiiauas fnrnanuusswesdyauisu daimsimungadniy
nsTaavae 100 futs vumadunigluerasaniuldiadedinssilaseennnes
LLazmammfmsJ@J’ﬁu’aéf’méaLLazé’wu%’ﬁmmmmLLiwaqé’igzynmﬁ%’uiﬁ Lﬁa@ﬂﬁﬂizma
auksvesdyyaluiufiildvaaey Tnedoyanismaasuilaazgninluinszsiuay

a s v ! (% LY
BEAINAYDINITIULADINLNYIVBDIAN €) @ﬂLLﬁﬂﬂlﬁUUﬂﬂﬂ‘l‘U



unil 4

UsZIUUNANISNNaaslY

4.1 wan153aszsnaslssfiunanisunurueneluanans

4.1.1 Annsgeyideriainvasdeaiu

1y} =~ =~

INMTIATIRAINSFEBTTIvesdy e liaTeinsaanauvesdyy 1o

A7} o

LUSEUANUTLEENNTENINLAI DIFILALLATDISU LAUILLARIHNALAYLUS B UM UANNNSEELEY

YRS

W9ITnNN15 IR AN wsvered I akaUN 19T UTIAINMNATIANISINALIATLAZ 99T
neeLund N13inAuanvarYeIYsdyyIakaunilagldisasnsound wagn1sin

AANvazvasrasdyyIkaunIlagldinallan1sinana aunsauansnegui 4.1 1 4.3

AUAINU

y axis

[s2]
%
w
Path Loss (dB)

v 6

5UN 4.1 n1sgeyFeidainvesdesdyaunisdeinuingduiad

[

INFUN 4.1 uanansgayidelicinvesdyynainn1sinnuanyusIoosday 1o

o

[

waunddlagusaninadanisinaiaiuazeasnseduadluusagiinduvis lneiivue
wiazuauAunuAINT gy deinvedayay il

— Fhdudufeitihgeu ununsgydedaiuity 50 f 52 1ndlua

—  AWyuduid@lengau wiuAMIaadsRInwiiu 52.5 4 53.5 1Aua

=] A Y = A A 1 U = a aa | [ = a
— @ADL THANELABIBU WNUATNITELESIYININY 54 83 55 agua



32

y axis
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Indoor Localization Model with Impulse Radio
Transmission for Short-Range Wireless
Communication Systems

Yannopas Muangmee
Department of Telecommunications
Engineering, School of Engineering,

King’s Institute of Technology
Ladkrabang,
Bangkok, Thailand
64601038(@kmitl.ac.th

Abstract—Impulse radio is another wireless communication
technology developed for short-range communications, with low
transmission power and wideband frequency. Which
compliance with communication systems that require the speed
of transmitting large amounts of data. Therefore, this project
has designed and fabrication a biconical antenna. Furthermore,
perform the antenna's performance test for an indoor impulse
radio localization in the frequency range of 3.1 GHz to 10.6 GHz
with a vector network analyzer. The results of the
measurements were analyzed and evaluated in comparison with
the distance error with matched filter and time-gating
techniques. The results obtained from the study of this project
are based on theory and very useful for basic information in the
research and development of short-range wireless
communication systems and positioning by impulse radio
transmission.

Keywerds—indoor positioning, short-range communications,
UWB impuise radio, time-gating, fingerprinting.

I. INTRODUCTION

Wireless communication technology has played an
enormous role in daily life, including having developed
rapidly. It can also provide simultaneous communication
services for data, images, and sounds. A variety of devices
have been adapted to wireless technology. All devices will be
compatible.

Wireless communication technology has been applied in
many fields, from the medical field to patient monitoring,
business such as land and air transportation [1], and
positioning, Specify the current position in GPS (Global
Positioning System: GPS) is a navigation system that uses
communications via satellite. Moreover, the speed of light
traveling to the receiving device is a limitation if used inside
a building. Alternatively, an enclosed location will prevent it
from calculating the location.

For this reason, guidelines for indoor positioning have
been developed by applying Impulse Radio Ultra-Wideband
(TR-UWB) technology. A future was developed to support
broader bandwidth requirements. Moreover, it is a technology
that has received much attention Because it is a technology
that has a wide frequency band. It has a bandwidth of 7.5 GHz,
in the frequency range between 3.1 GHz and 10.6 GHz [1]. Tt
has a large channel capacity, allowing large amounts of data
to be transmitted. Tt also uses low power. And the transmission
rate is high. In addition, devices using broader band
technology are cheaper than other devices. It is a technology
that is used for short to medium-distance wireless systems
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such as wireless monitoring network systems and Wireless
Personal Area Network (WPAN) [2]

The advantage of an impulse radio signal is its high-
accuracy positioning. Due to the impulse radio signal, it has a
wide bandwidth, resulting in the receiver can eliminate the
problems caused by the multipath component [3]. Therefore,
impulse radio technology. The arrival time of the first
trajectory signal can be accurately predicted. As a result, the
positioning accuracy is high.

For indoor positioning systems, high accuracy is required.
A number of positioning techniques have been proposed to
make predictions. Such techniques [4] include trilateration
techniques, received signal strength (RSS) techniques, and
time of arrival techniques: TOA). These techniques determine
the direction of power and time of the received signal. Another
technique is [5] fingerprint scanning method [6] which uses
channel characteristics to create a unique identity. The
locations are then processed by comparing the test identities
of that location with the underlying identities saved in the
database. This technique can help reduce the impact that
causes a position error from the indoor environment, making
indoor location predictions more accurate, accurate, and
reliable. By comparing the data, a data-matching pattern
algonithm, which 1s responsible for processing the current
position and the position in the database, is used to make
decisions.[7] There are many methods used in the algorithm,
such as K-Nearest Neighbor (KNN) analysis technique [8].
Artificial Neural Networks (ANN) [7] and [9] time gating
techniques.

In this paper, the fingerprinting method is applied.
However, it is a comparison between the prototype identity.
Moreover, test identity to make predictions on target position.
In this paper, the time-gating technique is applied in indoor
localization analysis as it improves the signal quality in the
time-domain of the impulse radio waveform using Windows
Kaiser- Bessel [10]. To reduce the time delay of the impulse
radio waveform due to the effect of propagation, improving
the accuracy of the position prediction.

II. IMPULSE RADIC POSITIONING

A. Fingerprinting Method

Fingerprinting is a method that is similar to the human
finger scan method. It uses a database to determine the
location. The desired signal parameters are stored in the
database in the first step. The target position was then
determined by comparing the signal parameters to the unique



location for which the signal parameters were previously
stored in the database. The resulting target position is the
position that, when compared, is the closest possible [5]. By
this method, at least one transmitting device can be found. The
disadvantage of using this method is that it takes much time to
store the parameters to be considered in the database when the
search area is large.

By fingerprinting, the desired signal parameters are stored
in the database first. This is referred to as the training process.
In the process of locating signal parameters, they are stored
and compared to a previously stored database. After that, the
position with the least difference in signal parameters is
displayed. This is called the testing process. For the training
process, It stores signal parameters that represent the
uniqueness of the position. This is called a training data set ()
and can be written in the form of an equation as follows.

§= {(ml,pl),(mz,pz ),(m3,P3 )" . "(mn’pn )}, M

when
m; is the signal parameter in the position i
p = ()q,yi) is the position of the coordinate x and y
n is the total number of training data

Afterward, the data set will be processed before being
stored in the database. In the test procedure, the parameters
of the same signal type are stored in the database. Then
compare it with the data in the database.

B. Time-gating Technique

The time-gating is a method of reducing multipath
interference and improving measurement accuracy. The
frequency-transfer function of the nonconnection between the
transmit antenna and the receiving antenna cannot be directly
eliminated in the frequency domain. Therefore, it is used to
measure radio impulse by applying the time gating technique
to reduce the effect of transmit antenna coupling and receiving
antenna in the time domain. [10]. Therefore, in this paper,
Windows Kaiser-Bessel has been chosen. by showing a block
diagram of the time gate technique as shown in Fig. 1.

Il Time-Gating |
| |
I Kaiser-Bessel | |
H (M) —‘->i| IFFT |—-| h(®) |—> > FFT
| window :
N b

Fig. 1. Time-gating technique [10].

III. METHOD OF IR-POSITIONING

A. System Analysis

The indoor positioning uses impulse radio signals using
fingerprinting techniques and time-gating techniques. The
radio impulse channels were measured at a frequency range of
3.1 GHz to 10.6 GHz. Then measure the received signal
strength in each position. Evaluate the distance error values
from the cumulative distribution function. Also, in the
evaluation, time gating techniques were used compared to
those that did not use time-gating techniques, as shown in Fig.
2.

a5

generator

Fig. 2. Block diagram of IR-localization analysis with time-gating

B. Transmission Waveform

The transmit waveform obtained by computer simulation
can be used to test the distortion of the receiving waveform of
a wideband transmission system. Nevertheless, the effect of
waveform distortion is very noticeable when the bandwidth is
wider. Therefore, the entire frequency range of impulse radio
technology established by the Federal Communications
Commission [11] is determined using the root-raised cosine
waveform, as shown in [12].

C. Experimental Model

The experiment is located within the building used for
testing. The parameters in Table 1 are taken into account in
the model design, as shown in Fig. 3.

TABLE L IR LOCALIZATION PARAMETERS
Parameters Values
Frequency range 3.1GHzto 10.6 GHz

Number of frequency sweeping

point 801 points

Tx and Rx antenna type Biconical antenna

Tx and Rx antenna height 1 meter

Number of training points 16 points

Number of testing points 100 points
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Fig. 3. IR-localization experimental diagram.

From Fig. 3, this positioning model illustrates the design
of an indoor localization model using a total of 100 testing
points, each axially and distance apart at 0.18 m. A vector
network analyzer is used to collect the data, and the antennas
area biconical antenna on both the transmitted and received
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sides, where port 1 is connected to the transmit antenna with a
carrier cable at an antenna height of 1 m, and port 2 is
connected to the receiving antenna with a carrier antenna. The
antenna's height is 1 meter.

Fig. 4. IR-localization experimental arrangment.

IV. RESULTS AND DISCUSSION

A. IR-Localization Distance Error

By analyzing distance ecrrors arising from positioning
using techniques like scanning a fingerprint. This is displayed
in the form of the cumulative distribution function of the
distance ermror obtained by measuring the channel
characteristics of different wideband channels. It measures
wide band channel characteristics using a matched filter
circuit and broadband channel characteristics measurement
using the time-gating technique. It can be shown m figure 5.

1
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08t
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06 -
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(&)

04t

03 r

0.2 Without matched filter and time-gating

Time gating
= = = -Matched filter

01},

0 .
0 05 1 1.5 2 25
Distance error (m)

Fig. 5. Comparison of CDF of IR-localization distance error between
without matched filter and time-gating technique, time-gating technique, and
matched filter.

Fig. 5 shows the cumulative distribution function of
distance emrors from positioning using the fingerprinting
technique comparing three cases. It can be concluded that
Distance cmror from measuring wide band channel
characteristics using matched filter circuit. It has the lowest
mean error of 0.38 m and distance error from wideband
channel characteristic measurements without time-gating and
matched filter techniques. The average error was 1.71 m.

46

V. CONCLUSION

This paper presents the alternative indoor localization
model using impulse radio transmission technology. By
introducing the time-gating technique at the receiver side,
expect that the time-gating technique can be used to decrease
the distance error. The experiment was conducted indoors
while the biconical antennas were transmitted and received.
The experimental data were measured and recorded by the
VNA. The results were discussed with the comparison of the
CDF of distance etror in three different cases. It was found
that in the case without the time-gating technique and matched
filter, the average distance error was 0.81 m, and the
maximum distance error was 1.71 m. The average distance
error was 0.22 m, and the maximum distance error was 0.40
m using only a matched filter. And the average distance error
and maximum distance etror in the case of using the only time-
gating technique were 0.42 m and 0.83 m, respectively. The
contribution of this paper is meaningful for further research
and development in indoor localization.
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