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ABSTRACT

This thesis presents the experimentation of the ultra wideband propagation in the indoor
environments. The purpose of this experimentation is to find out the appropriate positions for the
receiver and transmitter which also show the parameters that effect to the ultra wideband
propagation in the indoor environments, for example, the measurement of the path loss of the
transiuitted and received signal from 3 GHz to 11 GHz by using VNA and then analyze the
results to find out any parameters that have been effected to the ultra wideband propagation in the
indoor environments, then compare the parameters from the vary environment measurements,

finally we can see the path loss, pdf, cdf, that it’s very useful for the future work.
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ﬂ’J‘IlJm’JﬂgIJ (Wavelength), m

BuRLANFBUNTUFA (Intrinsic impedance), 77 = [/, 0

ANINUBN (Permittivity), & =¢&,¢,, Fm”™'

A1nafi 1aBianA3N (Dielectric constant)
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anuFuau lAvesvInaing (Permeability of free space), 4, ~ 4007 %107, Hm™
ANUFUIL TAFURNT (Relative permeability)

Fhm?;unmﬂszfia (Mean excess delay), s

AINISUHL5ET9 (RMS delay spread), s

Y as = n" o ar o
Handudurse Ansandunus (Correlation coefficient)

XII



=
unn 1

VN

1.1 anudusnuazanudifyvesiuym

fegtiuma Tuladnsdeas ludszmalne msldaunsdems Fmeldinswaun
" =] ar ] 8 o - ' = 4. v Qs Y =a
p01932a15 2 assziu IRnnludninaunie e1ms Ingjq sxlimdesdsdyguaseiuing
o Y a - < - - P TR aq ¥
mluzdupyveams uimafiemsnyl nie uvInsuVYEINY FeRraedygrunlFaul
o o dl ) J L] '
liiudauiluszuunouaiwduay n3e IEEE 802.11 ¥aluswnamiveuiiniudesnislu
v @ ’ - 4 a ° - P "
n3 ldminensteuiinndsvunaz 9:in15115 2 VUYL UAININTI9 (Ultra Wideband :
uwB) nlFnuludnuuzvasmsasdyginuvuIassuioiesdudruyanauvn 1¥me
4 wad [ - " 4 4 ' a ]
iieannguantanmuzAunsAadedemsnisluesins nie Tasevisvesdudiuyann
L S o <
nuv'l¥a1e (Personal Area Network: PAN) luszeznnalnds awnsodedoyadloanuiage i
o s ' ; A o v ar A .4 A 4
anudeanismdsnulunisasdr sl bifinansenuduszuuduag Alieg 1iessin
dynuves UWB mndygiusuniu Tasmaiezgnminnldsunuginsainmelueins

s s v ] = o 1 o A 9\ =g = o o
Wundn dedraru aeufiuaesdiuyana gnsainsesld ihadnnsetind uazgunsoin

1¥lunsandedemsuuy 15asaieg

802.11a (100MHz)

Part 15 limit
i-41.3 dBmMHL

Magnitude

UWB (1.5 Ghai

T e e e e e e e e e e R E

3.16H: §.125-5.825GHz 10.63H Frequency

JUA L1 anumuuiuanaainvesszuy UWB S ouiouiuszuy Wi-Fi

= L. - = 4 A ]
maTuTadnsasdyyruuuuuaunindsde gduuuvesnisdems $meiuanan
p A da - ' a
2INN13ABAIINNAAUANNDINGUIUDUY Tasgaduve sszuuuuunauniedefieiy
M cl 4. JJ ] - o -‘.”i o ]
szuudemsniswonadunnizs himileunuszuvau nazdyarulunmsdwesszvunyy
a a o o ar - I o
uaundsssziuduyanuiad Tassuduiaduaug vunadszanm 0.2 wrTudui Jai Wi
' o @ : -4 v ' “ as
anumuiutauawinn i dAniudwiknszereaseunqueaanwd Idndelusedy

as

a ad - aa da  od 2 . & - o
NNTIFIA (GH.Z) llﬁxluUﬁﬁiﬂizﬂﬂunlluuﬁjﬂ‘ﬂ‘ﬂﬂ‘g'i\ul'lﬂﬂﬁﬂ11Hﬂ1U13ﬂ1’lﬂ$38Q5U‘aﬁﬁ'1



o

maasdoyaldgadia 110 Mbps Tuszozmassunm 10 was et 1dna12 1Uudah dynn

=

o daq Ve a 4 o Ya o a s e - Y] o
adilaivinaiiuaunniah i@ lafia (Duty cycle) fiad Suiluaumgildszuiis
msldmdsildons lUdeluzgli L1 anwmmiuanesuvesssuy UWB wW3oudion

a 5 i b a qy -~ o i 4 o =
AUIEUY Wi-Fi Tumisldauesevesszuuiieidnuurnisih 1 19nolue s dasnoeil

@

@ ] ' ar @ a ar 4 ) L4
Javohidanansenudososdygiauasdynyiawadauiulunisdoats gy ginsal
A 9 ar Y 1#] 3/ A:Iuv o [ 24 4 a 1 '
1030919619 9 mils wihee ifudu uenandideiidnilesoniledeausofivzdanass

=

' o a () : a 0‘:
FosFyy MU un e IMiguiu uAfeanzindouniolueininuies sz

aniu T 1449 anyazvosdmialunsegaiu-devesdyaines laaneunseifa

IS °

= dy s s dy 3 a o 1
anuAaonveIgUdyyradiuiy dumaiiseadanusuduiivzdoaiinisasteaeu

) o dy

dnuazanmunadeunislunmsdmansznudedyaudia 1Aunz dyanauiaddniuly
msdemsuuunnunietosls
a - 24, o ' } - <
Twinniiwusiissimsfnndemsgudomsunsnszaoaaunaunnuiniessly
' ¥ A ) o3 1 ; o v e =l [
uaazanIzIAnoun1vlueIng worwudeyaiugiudimivisoniedsuliauas

a a o [ qg a
wannhiitiUszansamlumsdadyaraldaiulussuuueunedede 1) luewins

T @ <
1.2 mmsjamnguazinglszasnveamsin

3 o
ar o =]

3ﬂu1ﬁwuﬁ'a‘uuﬂgawmwaﬁnmuaﬁmswﬁﬁam‘squz?mmsuwémmwﬂ?;uamu
ﬂ%’nﬁa“luﬁma:s.nﬂ5anmuiummﬂﬂuﬁmmmg 2 doufemsIadyanauauanuinie
?iamu“lummsua:mﬂ%’gmui‘immmaﬂtﬁﬂmm5"1%1%%@%;301ﬁ'umsqng;ﬁums
unsnszwadunaunedelushenuiaung 3 GHz 89 11 Ghz wazrhwams iadygini
Tl anszinmniiinesing fuaasdiiiudwansguidenisumsnssnoniuount
E‘iﬂufmnzmwé’anmu“ﬁummﬁTﬂuﬁmmﬂuucﬁas@mmﬁ'igigm*?i%’u‘lﬁ'ﬁﬁﬁzuxﬁn
GiNf‘i'uunw‘iumﬂwaayuﬁc—haﬁmm:msqmnﬁurﬁiaszu:ma (Path-loss) M3 AANDUR 13311
maqﬁ'nggymﬁ%’u”lﬁua:wmmmsnszmummawmﬁiaﬁﬁ'fytymﬁa Aundvaysz s
(Mean excess delay) 11azA1M150HY 5233 (RMS delay spread) c?efhf?aﬁmf‘fﬂzuﬁm“lﬁsﬁuﬁa
dnvuzmanmvosdyanainieiimoerniadiuty o 19lunseenuunuas

dadulalunmisdimuadumisvesddsdyginuaziify TyauounuanIeginely

o 2 =X a ' A Y A
ﬂ'lﬂ'l‘iiﬂﬂﬂ'l‘uﬁﬂ\?ﬂ'l?Qﬂglﬁﬂﬂ'ﬁllwsﬂ'i&”‘ﬂﬂﬂﬁulmllﬂ'ﬂﬁﬂﬁ



1.3 auuAFIUUOINITANY

ar =

y a { ar s 4
lumsdoms Timonvuuoun$adadumaTuTadidasdoyaidudygruiad Foi
. ¥
mm;i‘lu'lﬂ"lﬁ"n?“r'nurigmﬂgﬂmaeﬂmmnﬁwmmﬂﬂ’umw:gﬂaﬂmuﬁmwmau
P Y v o= V@ 4 v oa
woawnnanzwndensw lfeszoemelunisdsdyanuuounnuindreselu
= =Y o 4’ = = = " A Yy A & n’:
IMNURUTRUVLIZANYINIMIgadomsunsnszoaduuoun e Falunisduneuves
msdadygrnuounnuind ndsimuadusiifoitestuanizinadouseudis Taves
ﬁmsmf‘iafhmsqnuuﬁweaﬁfyiymunummﬁn%’nﬁa“lumia:qﬂﬁ%”uﬁngfyﬁm"lﬁ’f nag
' Y w4 a4 4 o Y ¥
szprnNIzINaweInanuiunasu luswdsdnuuzanizinedonniolueinisdiei
Unnuduius ludnvazlavazdenadenisnisgaudonisunsnszvionduuouniieds
o o =<

¥ '
odals TasTwidiosdumainluudazdumisveans AMuaasudyyIudeziidumnian

9 ar 1 = o =1 " @ i
Indifsiuuamsgaudovesdyanufszuanaiaiuldqe

1.4 nuiseuifanlylumsise

3 N .
a a ] = ' =
Inuivusildanmndaims g domsuwinsznwaiuuauniess luanizuadon
4 a < v o o < o
muluemsdssinsanuuiiuguvesms Iadyaauouanuinesuasuuuiiaeem
= o o o YA - o ' o v )

auamans Tavlumsiadyagaldinsosiinnzilasswisnuunnmes lasldawoiniayia

v ¥ Ll
n390f 4z IN3IAAABAYIAIWAAIA 3 GHz B9 11 GHz AsPUAUEIINILATIRIMUATY

4 é -3 ~ 4 ' o Ll
Fulunisdems INAMUATAUANENITINTMsMsTomsuaan$omIsnT (Federal

[

¥ ¥

Communication Commission : FCC) [1] Tudurouveamsiaiu 1dinsSadaarunioly
01M3 lasmsimuanuuiiassoeniy 3 gduuy e liiidnunzIndifvasums i 1141y
ﬂ'§an1u°lummsTﬂuﬁmﬁﬁmum%u"lmmzmmﬁmafﬁimq uaziuInI 1z A9y

= o A <1 3 4 a
Ilsunsuneuiiamesiiensnaeuiwansgadomsunsnsznoadunounrdeluanios

e ’ '

wndoumeluemsiiiamgliuninsgydomsunsnszoaiuiisaiuniel ogiels
4 o Yo ¥ = ' A ¥ a ¥
iefiey I doyavesnsguydonisunsnszanvaduuaunietsluanszndeunioly
omnuuuamelunsaamsguidonsunsnzaniuuoun s auiioinis g

959

= ! ad .:; o @ Ao U
1.5 ﬂTil'i.Eﬂ'lJmtl‘U‘iZH’JN’Jﬁﬂ‘l‘i‘ﬂ““ﬁﬂﬂﬂ‘ﬂ?ﬁﬂﬁ!mmﬂ]

= 3 a' :: o £ a' @ 4 u,: o ] n’:
maluTatuvusaun Hegeih lWdiRersunsdemaniuieg lusunsuvesnisiin

L] _y Ell el J o ' Y ‘2"
mmgmnaﬂumummﬂs1:ﬁﬁawanszwnmﬂﬂwnumﬂmsnsmwﬂﬁ'mmummnn%’w



a A L] Yq Y4 =) " as o ar J
gaiindviuaas I idamsgadveinnsdadyyiuunznisSudyyia (3] udluns
i ldanueiadeinansenusemsgaudomsunsnssneniunouanuiniietedainie

ANNZIIAADY
. 2 y

a = L4 @ a o ar as ar o
Aniuanorinusauiisldduauendnns fadyginuazuuusinoanis

= )

= o = ¢ o " 4 a
AuamasuazMsIneiine IMutinisgadomsunsnsznonduununebeluaning
windeunwluenis Taslimsdmuauuusiasuie 1 ¥amisnsing 1w lunsazyaniinsds
dyauuazmsiudyauivandradunieldaniizuradounislueimatouninde

Iranssumsaumd oz Idimai 1dvnmsIssmsgadonisunsnszvondmndesaile

v
o o =

Apamsfunhdyanauuovanudinedadunidauesluanizadonifisvas Indides

s

Ny

1.6 VOVIVANI AN

be

= = ¢ ' 4 a
InvtimusatuliveAnudimsgadonsunsnszsroadunouniegluanioz

v
&

maﬁ'anmuiummsnuwugmmmmiﬁmummuﬁmaﬂumi"iﬂﬁnurfgwmué’aﬁmaﬁ‘lé’m
° a 4 ' o o ) L Y o ' [
Wimsdnsizdlasnismisminiiimessinlusunsuneuiinaedimo 1¥isui lundas
o ‘:: o ‘g : o : I ~ 1 g 1 u’:
uuumaam'Isa’fﬂmuﬂmummmmumaaauunmsqzymummwr:ﬂszmuﬂﬁuamﬂsmmm

o o =Y o ey ¥ =
Vl'lﬂ’lﬁﬁ';'NHU'U’ﬂ’lﬁ@\?ﬂNﬂﬂJﬂﬁ1ﬁﬂ51@01%’3ﬁﬂ15'ljigflJ']iHﬂ'Iﬂ'l'iﬂﬂﬂBUL!UUl‘HﬁLﬁu

1.7 VHABUUBINSANE I DY

= =Y o o 1:1” 9/ ] dr 9 ar ‘:: o d'
Inntiwutatuil TWudademesnilu 6 undaesulaoumst 1 ssfuuntiuie

d " o o = - = =) [ (9
nandvinguizasduazgayainusvesmsiineiinusatui TaoSouifousunis Sa
Tyanunoluomslusdazanmiadeuiiuanaiasy 1y

= = < ¥ a ' Vv d 4

unii 2 wma luladmsdemsuvuuounindeiunisnanIdviudsnnmiuyves
szuumsdensuaunnudn e lufmuanid yasuvesdyyin nguazdetanuveg
srvumsdemsuauanuinings maiialumsuegalussyumsdeas

un#i 3 nouguazndnnisuouanuindiets Tuuniez1dng12 108015 30
' @ [ o = a S o - o
yosry I uazgduuuvesmsialuTamuniwd sau'lUSasiine i sins 12y

¥ ¥
HoM1YDIINUITNUT RV



unii 4 TavimsiioTaoms Sanaaeudyyiamovniin s, TavlFmuveinia
uuunnusj;m:msﬁ'ﬂgﬂuuwmms‘S’ﬂﬁa_;tywm;mnmm?;n"iwﬁmw“lufmn:u'mﬁ’auuuu
muluoinis

uni 5 Nammﬂaamaﬁms1Wﬁ%’aua1uuwﬁyﬁ~"lﬁndnﬁawamﬁﬂﬁ‘lﬁ’mnms
ﬁmsﬂuummﬁwaimﬁ'iuﬁm:n,mﬂaaumﬂumﬂnmmnmqnuaan'lﬂ"lmmmmnmuq
Fang tmm“lmﬂummmsﬁmmumdn‘umﬁmmmimmmﬂﬂ

uni 6 ﬁsﬂwamsnuuawamuauuz“luwuﬂvﬁsﬂwa‘uaamsmaaﬁﬂf‘fiynpm
un‘umwnn'muwaaﬂm;ﬂuwmammsamn‘lﬂﬂwnmi‘i’umaiﬂmummsqqmumﬁ

uwsnszﬁmﬂauun‘umnuﬂuﬁnnmnﬂaanmuiummsS’mﬁq‘lé’fﬁuﬁuﬂuu:uu'Jma“lu

mah lnu3dvde lun1s3soms fadygyaunuanuinihegs



)
UNN 2

A 2
maluladnsaea1sHUVHa VNG

1 o
2.1 AW
= 9 a i =1 wa § ar u‘.: 1
waluTasunun31989 (Ultra — Wideband; UWB) 152 00U HAINIVIIUIUAILLA
v o =] & k4 = A ' o d " o
asiof w19 Indl (Marconi) ldnaaosasansosdsmisnunyl (Spark gap) Tumsaadyg i
a v a P 4 apa ¥ A Yo w
Ingdammaymsueanaudnlud 1901 Falu 20 Ynrmnszvunauniedegnladmiy
STUUSAM (Radar system) S2UUATINADY (Sensing) HAZITUVMITOAITYDINDINH ADI
demeunguninudl a.e. 2000 MenmzassNIENISMsTomIsuHITHiZomTnI (Federal
Communications Commission; FCC) [1] TAeenniiadie Notice of Proposed Rule Making
2 a 9 ] " o Y a g ' - o ar Yy
(NPRM) FuFayaauliniiaoaiuai q duauededamuaie q fvzihwnlivdjunlung
fotlafuves FCC ioaiunuiaziifamdedsdygravesszuuuaunNateildlunsds
@ o 'dy - Y o=t A
FoyaTaodetiafulnii ldgnilszmasenunldoudeafounuaiusl a.a. 2002 Ak

£

v ¥ 3 ' v '
Fansuldsuudasil Fee seninFviafiszuunauniietanasgnlddimiumsfadedoms

b

ayarureInsdemsdeyaisudeaiussyusamuaznsliiieanulaeaivuazuoy

e

a a [ [ = & = o Qs
anudvesszuLuoUn T ldTumstaassogh 75 GHz Fufuuuuadanildsuns

faassinhengadioiuiuma TuladunuuauAIn15 199 2.1 [2]

! o o a
msen 2.1 1WSvuiivums Hiuudiavveuna TuTaddoarsdoyaliay

eEnl wwus3an | msasuauluansgewsm
AMPS or D-AMPS (1G or 2G cellular) | 0.03 MHz wauANuAndntvoyaly
GSM (2G cellular) 0.2 MHz uouAuATdesveay Ay
1S-54 CDMA (2G or 3G cellular) 125 MHz wouANNATABIvEOYYIAlY
Wideband CDMA (3G cellular) 5 MHz wounMuAnAeIveaYyAlY
IEEE 802.11a or 802.11b (Wircless LAN) | 25MHz | oglunnuniufivad ISM 3o U-NII
UWB (communications type) 7,000 MHz oR wﬂWﬁddWlﬂﬂU%ﬂﬁ’!Huﬂﬁ’]uﬁ 15

@ =t [ a do < o 4
Pagiuldiimsiauunaluladvesainddanennumirgeildssuumsdoms

9

uupnaunesd ldsuanuanlsdmiumai szgndlgluszuunsdemsszinnaieg

d? A = ¥ A z @ I~ a e A LYl
wndu Tasmsdeasunuuouninsaiuiy 1dutduifauinsvesssuumsdems 15aw

o _ o o

= 4 y o ot i Ei é
Taviims1Fuouanudlunmsdeinhanndsznouduldiddandes Fedyyrmvesszuy




v al 1 v
ununhedniuiinnuiandniuszuumsdeas 1¥meildtuegluilegiu 2 Uszmsie ns

. ¥ .
ddyruuuuiounnsnivesiinsdadygaludnyasidusuiad Taolusnsyue
)

dyaudoyaliiinisuequaanudyg s %'szxm‘mﬁaﬁmmgmuuuunun%nﬁm:u
dadauveuuuian lumsdannnimsemifny 20 % veauouauEnas niedinis1suoy
ATNDIINNTINTBIMIAY 500 MHzZ Fugnuhiannanimouanuivesszuums deas 12
mwildiuegluilogiumn Tasiima Fec W8dmunnounudildlussuums dearsuuy
woun3Be13 7 3.0 GHz $9106 GHz  Feuvudaviviiy 7.5 GHa INMIHTZUUMI

- ¥y a 3 a4 ¥ o ddg o F=) vy o
domsuvuiouneglsuauanudnnhann lasinounudn i 18onsvudeusy

'
o

3 l:; ) or é o s
szyvumsdomsuvuiouanuduauiiiegluiligiu Fane Feec Amuaszduvesnin
munniuvesmasdsaonud lumsdadyguluszuuuouniee 13 8iAy -41.3 dBryMHz
= = 4 a ' o w o 1
Fannmisiiszuumsdemsuuuuounedeiinnunuunivyssiidsauvesdyaude

Ado 4 o 9 Vo Sq 9 4 4 Y & gy
Awdhid1 v i dgarailadaluszounisdomsuuy uoundebs 1d5unanssnuves

¥ " I
dygusunIun duiud ldinsinauenansIsvaag ieiszuansI¥iudmagingn
A Y a4 @ a a v d a = s

Tumisdemsuuvuounheduiedivlialszdniamuesszuu ety laoinoinusios
ﬁwmuﬂmﬁms1::1fﬁawansznwmﬂmwumﬁ’auﬁﬁda“ﬁmﬁ”fgn‘nmiusznumsﬁaﬁmnm

Yy oo & a ' " ) P e a = o
HOUNINGY FI5Waz10uan199 znadiluunae 1l Tasiluuniiszeiuiodandnnis
¥ » " . v
Wugunazdedmuadie 9 vesszuumsdemsuvunounibs Tasiis Ui 21 uaas
alnasuaawn Tae FCC vasszuuuounhatnolueimsuaz Tugdi 2.2 szuanslviviug

=2 v ] é " U
UINIIFIUVON IEEE 802.15 5’m‘1ﬂmﬂquuaumnﬂumm§mwﬂmma:nqu (3]

45
£
(=]
T .50
= =
©
.55
c
o
880
E
w
& -85
w e )
g_: — Indoor Limit
2 -70- -=- Part 15 Limit
75
10° 10"

Frequency in GHz

314 2.1 mnasunawi Taw Fee vesszuuounstanielueins



IEEE 802.15
WPAN
IEEE 802.15.1 IEEE 802.15.2 IEEE 802.15.3 IEEE 802.15.4

-Based on Bluetooth - Develop coexistence =10-55 Mbps - Low power
standard model and mechanism - Range:30-50 - 20-250 kbps
=723 kbps - Collaborative and meters -Range:10-75 meters
-Range: 10 meters noncollaborative - Spectrum:2.4 GHz -Spectrum:2.4 GHz
-Spectrum:2.4 GHz coexistence between band,915 MHz band,

ISM band WLAN and WPAN and 868 MHz

IEEE 802.15.3a
-“Very” high data rate WPAN

- Spectrum:3.1-10.6 GHz

31N 2.2 1ms3 1009 IEEE 802.15
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3. Sr = Zez, = Z(yi,mmmrfd _yi.modd)z = Z(}’, — 4y —ax, )2 (323)
i=|

i=1 1=1

- - dyd 3 W . . & o @ Vo a1 Y o
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¥
MOUAY g, 1182 q, AN

”ny D RIN uag  a,=y-ax (3.24)

tTaEe ()

o x uaz y AeAundvves x uaz y awdwulasAmanuRaNaIATTHIIM

7o a o
yoaanFuazdoyars niuasom 1dsn

ez\/%i(y} —a—b:cj)2 (3.25)
1=l .
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asa g a Y :‘

auUATUNNATATMTULoyaR 191703F Linear regression fi
L x iWudeyaiimiveulildmiiguuuas hifianaia

' 1 l:;d ] |J L") ' d‘
2. My Lflumwnmmuﬂs1Jswuuuauuaz'lmuagnumau

3. Ay AMSUAAZAIDY x INMINTEUUUNG

o tums Iwd luidiva Taul433 Polynomial regression

AvuruMIuNUgadoyadloauns Ind Tuiivamdiaes

y=a,+ax+a,x +e (3.26)

limasidsresvesnnunnisznieailaisusudoyai iy

n -

S, = Z":E,z = Z(\ —dy —@X ¥ az,tf)h (3.27)

i=l =1

"
=

ldwdnn1sifodiuiy Linear regression fovima, . a,, a, #in il s, iAeunga

o o = a ny v
moyiutves S, ouiy q, 1

as, = 722 ( Y —dy—ax = n:.\',:)

da,

o o = [ vy
MIBUNUSYRY S, ouny o 14

= —22);r (y, —a,—ax, — a:.\‘,“)

as,
da,

w d =1 o v
MBYWUBYDI S, 1Houny a, 19

as,
2

r = —ZZx," (y, -Gy —ax, — azxf)

4

o "o o o 4 @ dy
va i inugudnazTagFae idssuuaumsdane 1

(n)a, + (Zx,)a, +(Z_\-f)a2 =3,
(Xx)a+(Xx)a+(Xx)a, =Y xy, (3.28)
(X5 )0 +(Xx)a + (T x)a, =X x,
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MIUATUNIMIM ay, a, a, MawWIBMmsufszuvaunsiFudulasisnism

= d" =Y o w o v
aums Ind ludlsatheduiionnsoldmaunms Ind Tuilvaidale q A ldwounugadeoya

y ° o
y=a,+ax+ax’+.+ax"+e 10 m Wusnauwdnla g

@II0UNAIBEIIVDI M5 Linear regression 1HOUAAUNITHIA G, , a,, a, 149

M3190 3.1 Saeongadeyalunsiiy

=,

Data 1 Data 2
20.8637 0.025
21.1985 0.075
22.5807 0.125
23.3788 0.175
25.4838 0.225
26.4578 0.275
27.0140 0.325
28.0551 0.375
28.4799 0.425
29.1035 0.475
29.9393 0.525
30.1359 0.575
30.4688 0.625
30.8056 0.675
32.6877 0.725
33.2455 0.775
37.5846 0.825
38.1115 0.875
38.5100 0.925
40.8389 0.975
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VINUUNINITHIDYWHTUDY (Partial derivative) mounuas a,b,c MUAIAVLBI

A 40 q W1 a ¥y
lﬂﬂt@ﬂuqﬂ]ﬂﬂjiﬂﬂ'lﬂﬂ?ﬂﬁ'lﬂﬁ']UUUU'YI?[?I

a—q:iZ(yj —a-bx,-cx}) =-2) (y,—a—bx,—cx;)=0 (3.29)
da Oa‘Z e -
9q _ 0<% 252 2 2
—=—Z(yj —@=bx; —ex;) :MZZxJ(y_, ~g=bx, sexy=0 (3.30)
ob ob‘D = :
g _0 < 242 - 2 2
—=——Z(yj %, —ex7y = —ZZIJ (y,=a=bx, =ex;)=0 (3.31)
dc aC J=1 j=1 -
11 -2 M13ARDANI (3.29) (3.30) uag (3.31) v ldaums ldde
an+by x +cy x: =Yy, (3.32)
J=l J= J=
"Z’L +bz.rj + czxf = Zx,yf (3.33)
J=1 i=1 J=1 J=1
(3.34)

n n n n
A e . s N
”Z"_f T2 +LZXI _L’\f)f
f=1 J=! j=l 7=l

wiriu'1a31A1 n = 20 msizniidounumiaslu (3.32) (3.33) uaz (3.34) 9218

20 20 20 20
x, =10, > x?, =6.6625, > x', =4.9938. 3 x*, =3.9917
i=1

/=1 =1

20 20
y, =594.94, > x,y, =329.4, ) xjy, =230.84
=] J=1

[

J=1

~

aumsnlne

20a+10b + 6.6625¢ = 594.94
10a + 6.6625b + 4.9938c = 329.4
6.6625a +4.9938b +3.9917 = 230.84
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=a,+ax+a,x +..+a.x" +e
0 1 2 m

¥ =68.546-2.7831x + 0.97525x* + 0.90724
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30N 3.9 vuviaeusuduvesiedegadoua
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HOZAIHANAIATIN (Total squre error) ND
g=).(y,—a-bx,—cx’) (4.3)
J=l

3
o o Y " . . . o o o w &
mnuummimauwuﬁ'uau (Partial derivative) LﬁU‘Uﬂ‘Uﬂ?uﬂS ab,c mumﬂ‘umar‘f}u

A &0 q Y a Y a
NE]LI1%1?1?1‘1111?1"lHﬂWﬁ'lﬂi’muBU‘HEIﬂ

a 0 < 2 4 3

a_q—iz":( —a-bx, — 2)2——22": (y,—a—-bx, —cx’)=0 (4.5)

ab = 2b ~ y,—a X, ij - e XY, o I :

°q 0% b 22_2" 2 bx 2 y=4) (4.6)

gwgz(y_r—a_ xj_cxj) - ij(ylﬂa_ "J_CJ'J)_ ’
J=1 j=1

11 -2 M1I9aBANe (4.4) (4.5) uaz (4.6) v laaunisia luie

z:;v1+;.’)Z":J.'J +czn:xf :iyj (4.7)
j=1 I s
aixl+bixf+cixf=ixfy, (4.8)
7=l J=1 J=1 J=l
azn:xfwtbzn:xji-cix;:ixfyj (4.9)
Jj=l J=1 J=1 J=1

TaomusommsIniasivesn R donuRaNaIARIAT04 (root mean square error)

n v
lavin

e=\/l y (y),—arkb,\:J.—c,wcj)2 (4.10)
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winuldd m n=3 mszaniumdounumaslu 4.7) (4.8) uay (4.9) 9214

J=1 j=1 J=1 J=1

3 3 3

2.y, =17134, 3 x y =353.19, Y x2y =8414]

J=1 4=l J=1
aumsinlde

3a+6b+14c=171.34
6a+14h+36¢ =353.19
14a+36b+98 =841.41

Taowamavvosaunisna e
a=45417,b=6.6709, ¢ = -0.35285

910 (4.10) A5 INAAIVDIAURABANVRANAIRR ST

” 2
et\/lZ(yj —a-bx, —cx?) =0.1535

n';
wounumiaalu (4.2) 92 1duvusiasimsonosududune

¥ =45.417+6.6709x — 0.35285x% +0.1535
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4 4
x'; =30, ) x*; =100, > x*, =354
1 =l

J=)

4 4 4
2.y, =27561, ) x,p, =699.49, Y xy =21233
J=1

J=1

aunsna ldie

4a +10b +30c¢ = 275.61
10a +30b +100c = 699.49
30a+10056+354=2123.3

Tnowamavvesaumsnallie
a=68546, b=-2.7831, ¢ =0.97525

910 (4.10) MIINNADIVDIAUDAUANVAAND NS ITDIRD

n 2

1
e:\/—Z(yj —a—bx, - cxf) =0.90724
dounumaslu 4.2) 3w lduuuiasinmsonneusaduie

¥ =068.546-2.7831x + 0.97525x> + 0.90724
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4 4 4 4
2, =10, > x%,=30,3x% =100, 3 x*, =354
J=1 /=1 J=1 1=1
4 4 4
2Y, =275.61, 3 x,y, =699.49, 3 ¥’y =21233
J=1 J=1 =1
aumsaluie

4a+106+30c = 286.63
10a+30b +100¢c = 731.42
30a+100h +354 = 2225.4

Taomamasvesaunisnillie

a=66477,b=0.78067, ¢ = 0.43225

910 (4.10) MIINAADIVBIAUNAVANUAANIIASIGITDIED

e= \/l (v, ~a-bx, —ex?) =0.0025044
n

J=1

iaunumaslu 4.2) s lduvusassnsonnensuduie

¥ =606.477+0.78067x + 0.43225x* + 0.0025044
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“da+10b+30c =290.09
10a +30b+100c =727.32
30a+100b+354=2187.3

Tauwamavvesaumanalie
a=7294,b=-1.0449, ¢ =0.29262

910 (4.10) A5 INNADIVOIA IR AUANUAANA ARG IdDIAD

i 2

ez\/lZ(yj ~@—bx, —cxf) =0.16836

n j:]
& 3 3 o =) 3 A
mmmumaﬂu (4.2) %31ﬂLLUUi]'fﬁﬁ]dﬂﬁﬂﬂﬂﬂm‘hﬁlﬂuﬂﬂ

y=72.94-1.0449x + 0.29262x* + 0.16836
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AN AGUITDITIID (Path Loss)
i 15202 1 s 51.7352 dB
1 2 320¢ 2 s 57.3476 dB
i 3 3208 3 w3 62.2543 dB
i 43802 1 003 53.2156 dB
i 5 5202 2 a3 58.5454 dB
il 6 5202 3 was 63.0854 dB
7l 7 5202 1 was 50.9300 dB
i 8 3302 2 s 58.6322 dB
i 9 5202 3 wns 61.8688 dB
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MINN 5.2 Mgyiiudaitdessoemalums fages Ty rumolueimisuSnud |

AT MgadeFa3n (Path Loss)
1 67.1442 dB
2 67.8666 dB
3 68.0445 dB
4 69.0207 dB
5 ' 63.4795 dB
6 65.6639 dB
7 67.4850 dB
8 68.2078 dB
9 62.0774 dB
10 67.9969 dB
. 11 70.1914 dB
12 69.5374 dB
13 60.9263 dB
14 64.6164 dB
15 67.6388 dB
16 72.6121 dB
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16 76.5172 dB
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Indoor Measurement Results of UWB Impulse
Radio for Shot-Range Wireless Systems with RMS
Delay Spread and Path Loss

Keatichai Leechaikitjaroen*, Sathaporn Promwong*, Pichaya Supanakoon*,
Somsak Chensirikul** and Sompoph Kaewmechai*
*Department of Information Engineering, Faculty of Engineering,
**Electronic Research Center
King Mongkut’s Institute of Technology Ladkrabang
Chalongkrung Rd., Ladkrabang, Bangkok 10520, Thailand
E-mail: s6064605@kmitl.ac.th

Abstract—In this paper, we describe a simple method for
measurement of the ultra-wideband (UWB) frequency
response for evaluation of the path loss and RMS delay
spread which are the important parameters for the wireless
communications. probability and cumulative density of rms
delay spread and path loss are evaluated based on the
measurement of UWB indoor environment. For the
measurement, the frequency responses of the UWB channel
are acquired by using a vector network analyzer (VNA) over
the frequency bandwidth of 3~11 GHz The biconical
antennas are used for both the transmitter (Tx) and receiver
(Rx) antennas. The probability density function and
cumulative distribution function of the rms delay spread and
path loss are shown. The results are discussed in this paper.

Keywords—Ultra wideband (UWB), RMS Delay Spread, Path loss

L INTRODUCTION

The potential for ultra-wideband (UWB) is to provide
wireless communications solutions for the indoor
environment (e.g. home networking, and personal area
networks (PANs) motivates which to consinder need for a
reliable channel model. Determining such a model requires
measurements taken in a variety of different environments.
UWB technology, a revolutionary approach to radio
communications, allows systems to operate across a range
of frequency bands 3.1~10.6GHz defined by FCC [1]

In this paper, measurement results and evaluation
scheme of UWB impulse radio for short-range wireless
systems UWB propagation indoor environment over the
frequency bandwidth of 3 ~11 GHz. In our experiments,
the biconical antennas are used at both the transmitter and
the receiver. The probability density function and
cumulative distribution function and RMS delay spread are
considered and disscused. The results are show in this

paper.

11. MEASUREMENT EQUIPMENT AND EXPERIMENT
PROCEDURE

The UWB channel characterizations can be
achieved by performing measurements in time domain or
in frequency domain. The radio channel measurement
system consists of the vector network analyzer (VNA)
model HP-8510C, the s-parameter test set (HP-8514B), the
frequency synthesized sweeper (HP-836204), the biconical
antenna pair and the personal computer. The VNA is
operated in the response measurement mode, where port 1
is the Tx port and port 2 is the Rx port. The biconical
antennas with the maximum diameter of 65.3 mm and the
length of 37 mm are used at both the Tx and Rx. The
antenna has typically an omni-directional radiation pattern.
with a linearly phase response. Table 1 shows parameters
of the experiments.

A.Signal Model

The rectangular density spectral waveform covering
the FCC band [1], thatis 3.1~10.6 GHz is used to test the
distortion of the received UWB waveform. The UWB
transmission signal is set in the full UWB spectrum
bandwidth. The minimum and maximum frequencies are
fmin = 3.1 GHz and fmax = 10.6 GHz, respectively. The
spectral bandwidth is/b = 7.5 GHz.and equation is

v,(!)z}_l—[fm sinc(2f ,uut) = f min sine(2f,,.1)} (N

b

wherefmin = 3.1 GHz,fmax = 10.6 GHz,/b =fmax - fmax
and sinc(x) = sin(ax)/( ). This signal waveform in time
domain is shown in Fig. 1.



B.Measurement Setup

We have chosen the biconical antenna for ease of
fabrication, as well as it is often used as the standard
antenna for the wideband application. The geometry and
dimensions of the antenna and its characteristics are in
Ref.[2]. The UWB radio channel transfer function is
measure as S21 in frequency domain by using the VNA. In
the experiment, point distance 0.3 m. The hights of Tx and
Rx antennas are set to be 1.5 m.

I1l. PARAMETER ANALYSIS
We describe the parameters based on indoor

measurement for ultra wideband impulse radio. The model
for measurement is shown in Fig.2.
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Fig.2 Model for measurement
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TABLE I
SETUP PARAMETERS

Parameter Value
Frequency range 3~11 GHz
Number of frequency points 301

Tx antenna height 1.5m
Rx antenna height 15m
Antenna type Bicomcal
Distance between Pomnt Model 03m

A. Delay times

The mimimum possible delay time in a channel
impulse responses is given by the distance d between Tx
and Rx. One has to keep in mind, that the number of
propagation paths and the attenuation increases with
increasing delay time. Therefore the delay times are
generated according to:

t= = )

B. RMS Delay Spread

we considered the time delay of the arrived signal
at the Rx, which the multiple reflections of the Tx signal
may arrive at the Rx at different times, The time dispersion
can be characterized by using the mean excess delay tmand
the RMS delay spread tms to illustrate the effects of
environment Fig.2 The mean excess delay tm is defined as

3]
[z Ih(r)|" dr
rmeb (3)

I|h(r)| Ydr

and the RMS delay spread T ms can be defined by

n]‘(z‘ —z,) - |h(z) dz

_ﬂh(r]l dr

0

4)

Trrms=



C. Path Loss

The UWB path loss PL can be defined as the ratio
between the maximum amplitude of the transmission and
received signal waveforms [4]

max | v, (1) |

PL(d)[dB]=20L
(d)[dB] og max | v, (0| (5)

where v, (t) transmission signal waveform and v, (t) is
the received signal waveform.

IV. RESULTS AND DISCUSSION

A statistical model for the indoor environment
that using the VNA for measuring frequency transfer
functions with the number of frequency points of 801 are
taken in the indoor environment. The UWB transmission
signal is set in the full UWB spectrum bandwidth. The
probability and the cumulative density funtions of the path
loss at zone 1 are shown in Fig 3 and 4, respectively. At
this zone, the avarage and standard values of the path loss
are 67.03 dB.and 0.03 dB, respectively. Figure 5 and 6
show the probability and the cumulative density functions
of the rms delay spred at zone | respectively. The average
and standard values of the rms delay spread are 22.8 ns.
and 2.61 ns, respectively. The probability and the
cumulative density functions of the path loss at zone 2 are
shown in Fig 7 and 8, respectively. At this zone, the
average and standard values of the path loss are 71.81 dB.
and 2.49 dB, respectively. Figure 9 and 10 show the
probability and the comulative density functions of the rms
delay spred at zone 2 respectively. The average and
standard values of the rms delay spread are 27.79 ns. and
1.11 ns, respectively
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V. CONCLUSIONS

This paper, we presented an indoor measurement
results UWB impule of radio for shot-range wireless
systems. We have shown probability and cumulative
density of rms delay spread and path loss based on the
measurement of UWB indoor environment. We can be
observe the probability and cumulative density of rms
delay spread and the path loss at zone 1 and zone 2.
Results the average and standard values of the path loss at
zone 2 more than zone 1. Therefore, the UWB
communication systems design must consider the effects
of environment.
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Abstract

RMS delay spread and path loss are important pa-
rameters for the wireless communications. In this pa-
per, probability and cumulative density of rms delay
spread and path loss are evaluated based on the mea-
surement of ultra wideband (UWB) indoor environ-
ment. For the measurement, the frequency responses
of the UWB channel are acquired by using a vector
network analyzer (VNA) over the frequency band-
width of 3 ~ 11 GHz. The biconical antennas are
used for both the transmitter (Tx) and receiver (Rx)
antennas. The probability density function (pdf) and
cumulative distribution function (cdf) of the rms de-
lay spread and path loss are shown. The results are
discussed in this paper.

Keywords: ultra wideband (UWB), path loss, RMS
delay spread

1. Introduction

The potential for ultra-wideband (UWB) is to pro-
vide wireless communications solutions for the indoor
environment (e.g. home networking, and personal
area networks (PANs) motivates which to consinder
need for a reliable channel model. Determining such
a model requires measurements taken in a variety
of different environments. UWB technology, a rev-
olutionary approach to radio communications, allows
systems to operate across a range of frequency bands
3.1~10.6 GHz defined by FCC [1]

In this paper, measurement results and evaluation
scheme of UWB impulse radio for short-range wireless
systems UWB propagation indoor environment over
the frequency bandwidth of 3~11 GHz. In our exper-
iments, the biconical antennas are used at both the
transmitter and the receiver. The probability density
function and cumulative distribution function and
RMS delay spread are considered and disscused.The
results are show in this paper.

2. Description Of Measurement

The UWB channel charateristic can be achieved
by performing measurements in time domain or in
frequency domain. The radio channel measurement
system consists of the vector network analyzer model

HP-8510C, the s-parameter test set (HP-8514B), the
frequency synthesized sweeper (HP-83620A), the bi-
conical antenna pair and the personal computer. The
VNA is operated in the response measurement mode,
where port 1 is the transmitter port Tx and port 2 is
the receiver port Rx the biconical antennas with the
maximum diameter of 65.3 mm and the length of 37
mm are used at both the transmitter and the receiver
the antenna has typically an omni-directional radia~
tion pattern, with a linearly phase response. Table 1
show parameters of the experiments.

2.1 Signal Model

The rectangular density spectral waveform cover-
ing the FCC band [1], that is 3.1 ~ 10.6 GHz is
used to test the distortion of the received UWB wave-
form.The UWB transmission signal is set in the full
UWB spectrum bandwidth. The minimum and max-
imum frequencies are fmin = 3.1 GHz and fmax =
10.6 GHz, respectively. The spectral bandwidth is fi,
= 7.5 GHz and equation is

1 ;
v (t) = f—[fmusinc(ilfmut) — fminsine(2fmint)] (1)
b
where fmin = 3.1 GHz is the minimum frequency,
fmax = 10.6 GHz is the maximum frequency, f, =
fmax — fmax and sinc(z) = sin(nz)/(wz). This signal
waveform in time domain shown in Fig. 1

2.2 Measurement Setup

We have chosen the biconical antenna for ease of
fabrication, as well as it is often used as the standard
antenna for the wideband application. The geometry
and dimensions of the antenna and its characteristics
are in Ref.[2]. The UWB radio channel transfer func-
tion is measure as So; in frequency domain by using
the VNA. In the experiment, point distance 0.3 m.
The hights of Tx and Rx antennas are set to be 1.5
m.

3. Parameter

We describe the parameters based on indoor mea-
surement for ultra windband impulse radio. The
model for measurement is shown in Fig.2.
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Fig. 1. The transmission waveform of UWB signal.

Table 1 Estimate setup parameters

Parameter Value
Frequency range 3~ 11 GHz
Number of frequency points 801

Tx antenna height 1.5 m
Rx antenna height 1.5 m
Antenna type Biconical
Distance between Point Model 0.3 m

3.1 Delay times

The mimimum possible delay time in a channel im-
pulse responses is given by the distance d between Tx
and Rx. One has to keep in mind, that the number of
propagation paths and the attenuation increases with
increasing delay time. Therefore the delay times are
generated according to:

3.2 Delay times

The mimimum possible delay time in a channel im-
pulse responses is given by the distance d between Tx
and Rx. One has to keep in mind, that the number of
propagation paths and the attenuation increases with
increasing delay time. Therefore the delay times are
generated according to:

= 2)

3.3 RMS Delay Spread

we considered the time delay of the arrived signal at
the Rx, which the multiple reflections of the Tx signal
may arrive at the Rx at different times, The time
dispersion can be characterized by using the mean
excess delay t;,, and the RMS delay spread t;ms to
illustrate the effects of environment Fig. 2 The mean
excess delay t., is deficed as [3]
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B fom 7 |h(7)|?dr
T T I(r)dr
and the RMS delay spread, 7ims, can be defined by

(3)

[P = )2 Ib(r)Pdr
Trms = \/ s fooo fh(‘r)l"’d‘r (4)

3.4 Path Loss

The UWB path loss PL can be defined as the ratio
between the maximum amplitude of the transmitted
and received signal waveforms [4].

maxin)] -

max|(v(t)]

PL(d)[dB] = 20log [

where v¢(t) is the maximum amplitude of the trans-
mitted signal waveform and v,(t) is maximum ampli-
tude of the received signal waveform [5].
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4. Results and Discussion

A statistical model for the indoor environment that
using the VNA for measuring frequency transfer func-
tions with the number of frequency points of 801 are
taken in the indoor environment. The UWB trans-
mission signal is set in the full UWB spectrum band-
width. The probability and the comulative density
funtions of the path loss at room 1 are shown in Fig
3 and 4, respectively. At this room, the avarage and
standard values of the path loss are 67.03 dB.and 0.03
dB, respectively. Figure 5 and 6 show the probability
and the cumulative density functions of the rms delay
spred at room 1 respectively. The average and stan-
dard values of the rms delay spread are 22.8 ns. and
2.61 ns, respectively. The probability and the cumu-
lative density functions of the path loss at room 2 are
shown in Fig 7 and 8, respectively. At this room, the
average and standard values of the path loss are 71.81
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dB. and 2.49 dB, respectively. Figure 9 and 10 show
the probability and the comulative density functions
of the rms delay spred at room 2 respectively. The
avarage and standard values of the rms delay spread
are 27.79 ns. and 1.11 ns, respectively

5. Conclusions

In this paper,we presented an indoor measurement
results UWB impule of radio for shot-range wireless
systems. We have shown probability and cumulative
density of rms delay spread and path loss based on
the measurement of UWB indoor environment. We
can be observe the probability and cumulative den-
sity of rms delay spread and the path loss at room 1
and room 2. Results the average and standard values
of the path loss at room 2 more than room 1. There-
fore, the UWB communication systems design must
consider the effects of environment.
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Table 2 Path loss
Position Path loss Room 1 Path loss Room 2
position 1 67.1442 73.9090
position 2 67.8666 74.0494
position 3 68.0445 75.9581
position 4 69.0207 76.3557
position 5 63.4795 74.0648
position 6 65.6639 74.0991
position 7 67.4850 77.9826
position 8 68.2078 78.2714
position 9 62.0774 74.3046
position 10 67.9969 74.9086
position 11 70.1914 74.6032
position 12 69.5374 75.9996
position 13 60.9263 74.5678
position 14 64.6164 74.8582
position 15 67.6388 75.1885
position 16 72.6121 75.5272
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