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ABSTRACT

This thesis studies about interference effect of signal in Ultra wideband (UWB) impulse
radio system. Interference of signal is an important problem, which makes the performance of
received signal decrease. Therefore, the investigation about interference is significantly interesting
topic on wireless system. This research will emphasize on considering about interference of
ground reflection model which frequently occurs on wireless communication in indoor
environment. For this reason, it is suitable for studying because UWB technology is also the
technology applied in several indoor equipments. In this thesis, it is processed on real
measurement as design model in indoor environment at Department of Information Engineering,
Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang. Vector Network
Analyzer (VNA) machine is used to be the transmitter and the receiver. About antenna, the
biconical antenna is employed to be the transmitted and received antenna and both of side of the
antennas will be also changed in height with 9 characteristics. For reflected surface, three types of
surface are implemented that are smooth surface, rough surface, and very rough surface. The
result from real measurement will be considered about characteristic of signal and interference
from ground reflection in UWB system. About interference analysis, the received signal is divided
into direct signal and reflected signal by using MATLAB program. The performance evaluation of
measuring result will cause from combining the designed waveform with transfer function. To
compare performance from interference, several parameters will be used that are bit-error-rate,
path loss, and waveform distortion. From these parameters, they can indicate characteristic of
interference in each case. Beside the analysis result can use to be information for indoor wireless
communication design and the designed model used in this thesis can apply to analyze about

interference in multipath as well.
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waisou dadaly1&TinsMmuadnuasdygraiies19ds 3a18Tmirsnunilsiide s
DARPA (Defense Advanced Research Project Agency) l@animseendefmuaniiufiniie
ﬁm‘i"uz‘r’mtumuummunﬁn?iqéqa;juuv‘fujmﬁ’nﬂﬂ'wuuuﬁ?nﬁ (B,) vesdygnulay

' v ° o
Aealifnnnnd 0.25 Tavamnsadmual@awaumsii (2.1) (Taylor, 1995)
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(VA )]

Taoil £, Aenuddiqauns £, Ao anudgegavesnounnudilfouluszuums
domsuvuuaunteds

TuSudi 14 quaniug 3 ae. 2002 Fec 18venngifuszuuuuunounisss
Fuihumstmuaveuwavesmsunsnsznemdsnuniivi 1 dmuszuuuuuteuniads
uazdsoygnalhiiuma Tuladi 19 ludnuazmamsd148nda0 Tassreaudigavesd
Usgmaozszioumanivi 1 TRweuwisommisaryluiui 22 Weummou 1 a.g.
2002 @slwenes Inantemseyanaldlfauluszuuiuuounthess 18 4 Uszinnuae
MsMMuAveLINAMTUNInIERIBNds UG mIums 19 luudazszinn Tavanilow
dreduldmimssnanm B, Whilddn 0.2 amaunsit 2.1) uasfodrfamsunsns
nszvwmdalae rec Ruamsliiitulumasd 2.1 dwdulflumsdemsdoyais

moluazmeusneins

] »
an 2.1 Jodinalunmsuwsnsznedidsalae Foc dwmsuns o lumsdeaisis

Mo lutazniousnems

mmﬁl(MHz) Loss 78114 (dBm) Loss 78480 (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
QNI 10600 -51.3 61.3

2.4.2 ngdeisfuvesszuuunauntiedauglal
legiuTaseirevesdodmuavesszuunvuuounireds Tunilylsdoeg
lushsedeyamamniinfifeafumansenuvesszuumnmounbsmessuu@uii 14
oy '[mmqu'n.lﬁ"’u'lﬁ'ﬁ‘l’l'aﬁ111uﬂ'uthu'?;fnqum'wmmwrﬁgum?m INTIEN WA
q'[iﬂtfu'lufhuummﬂ'[u'[a'i‘;'lnﬁﬁ'muﬂm'lﬁnﬁu'imnnsznuﬁﬁ&uﬁauu?a'lﬁﬁwa
niznuidomiedeszuu@uiidogine Taodesiamsuninsznemdsaudmiums e

¥ ]
o o 4
'l"lﬁﬂ'llﬂllllﬁzﬂ'lﬂuﬂﬂﬂ'lﬂ'ﬁ‘ﬁﬂ'lﬂuﬁTﬂﬂ ITU H?ﬂ ETSI llﬁﬁi1ﬁl'ﬁu1uﬂ‘li1iﬂ 2.2
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M3 2.2 fetmualunmsunsnszaedidsnulae ETsi dmsumsldaulums

v
Aemavamoluuazmousneins

Frequency range(GHz)
[< 3.1 3.1<[ <10.6 [>10.6
Indoor mask -51.3+87log( ] /3.1) 413 -51.3+87log( ] /10.6)
Outdoor mask -61.3+87log(J /3.1) -41.3 -61.3+87log( ] /10.6)
25a3

4 ' va 4
Tuunitldnandalsz Muazanuihuanveuna TuTaduvuuaunhds Aurodn
widsilapiiunazsanlilfamsdmuangioasi lumslfauuazdetiafudng hiteaiy
H ad & o o Jw da o v o & - ' :
FuanuanlFnudsduiuiivruudiaivesssuy ssavduiiunsnszneianely
P ° ¢ da Y A4 a -
uazneuenemingnimualavesnnsniimiineades eriisu Fcc, WG, ETSI, nio

4 P-4 ad A o
1mu  dudu daiuessnnudidiesduvesmaluTadiieldidudoyadmiunmsioun

duanisoluszuunuuuaunhetene




uNnn 3

= LY a d
ﬂﬂﬂ{][li\zﬂﬁﬂﬂﬁ?!ﬂ‘ﬂ&:ﬂ

3.1 A

'luun'f:%zaiuwﬁ'mquﬁ'ﬁugmmﬂumsi1amﬁ'ﬂ;ﬂpmuuuunun"inﬁmnz
nquimsunsnszaroaduiman i Tasszhmaniululiinsundnszaevesszuy
uuuuoun$atelueInIAII (Free Space) unzfnnmﬁﬁ:ﬁauﬁuéﬁﬁu;mm'inﬂuﬁ'nmi
vouria sauiednuaizvesdniiudygaildluszuuuuumeunteis Taoldeue
nquﬁwqmsﬂzv’fﬂuuuvfu HazWIIfiAeTA19Y 'ﬁlfﬁﬂmﬂamsLmsnﬁaﬂumﬁ'tunpm
IFU MIINTTNONNND,  BRTIANUAANIAYETIA uazmIgadoFadn (Tudu uae
3ﬂu1ﬁwuﬁ'ﬁﬁuﬁy'lﬁ'l*§ﬂﬁ’ﬂmsﬁ'«nfh':'lumﬂhzqﬂi's'wﬁ'u'[ﬂsuﬂsnﬂﬂuﬁamaﬁﬁ'a
finsamai ldnniniesina e TnssveuuunnmesluTasmanwd Tasluunii 4 18
nfinﬁq-ufunaun"ls"iﬂuazmﬁms1zﬁﬁtytmm dmiuluumii 5 saflumsuanwai 1o

MIANTIZH

' - . '
3.2 nmmsnizsmnamauzuuuauni'nih‘lua‘amﬂ'm

[ E 4
msunsnsznedyanuuuusoun s lueamansiulidnyasadofunisuns
¥ 3 [ 9
vosnauuu 3 14 uenniniunlndifssvesmoememdmdsnu lunsunsnsz i
4 44 = P @ !
nIzUDIINaN lunng nunddyaraudune it dmfumsunsasnouuusey
y o = { -4 H 4 z - o 1 r
NANITY WAINIUN VAL LA IAININTTONUNR? (4md2) WoanauuulSATmIRY d
. ' " o 2 o i
AIUUMIUNINTTIIVYOINNUH U UNAINUYeIdgyaee Taduduaud Tasanu

) s U ar e 4 3
nununds Uz nsz o ludnuee 1/424° wnu faiuaaslugali 3.1

Average energy

density decreases
Sphere of radius d, enclosing with square of radius d
copolarized lossless scatterers despite scatterers

1 3.1 maunsnszwihnenouvesdayga (6]



16

ar n’: Y :iw 9 cid T oW 1) d' ‘i :; ¢==1 [

asiundsnuniylalasameeimanindasiversmsdeni laskunlumsiy
@ ' { 4 & - 9 -
Foanaiiim 4, =22 /4z Mdsanuennau 1=c/f,, szgnidiouIieglugilvesniwduas

' A a (] i @
f]'r}ul%"JTuﬂ']i““ﬁﬂ?:ﬂ'lU lua“Tﬁﬂr‘“]ﬂqaiﬂ'ﬁfNﬂ’lu\lﬂ\'”riﬁ ([FI'ISS 1946]) AITUNIT

c
= 3.1
P, =20 log( andf, J (3.1)

naumItauy ldesuredmasnunlddesenimenauuuinsasversnisaanai

# (3.1

e ld Tnoninaunsil 3.1) Aesilumenvesnsnsznovesndud sy
mmﬁunx'lumfm'naav‘fuﬁﬁ%’uﬁmqmﬂmmumn1ﬂuuu€uﬁumwﬁ Famsulsiudy
mm?{-ueqmsu'ﬂs'ﬂsziwifummnnmu]ﬁuﬁuﬂqm?iﬂﬂ@ﬁﬂﬁ'lﬂﬂﬁ%’ﬂﬁ'ﬂgﬂpﬂﬁﬂq
e mALAISATvEIIMIdInd (Ae =2 fan f 2) fvzgnilszinaimdan £, dausm
MidaniisuIdkmunszm ldnamssuiinsamammminhidadanladuium 4,
Tugilvesnauid TavmsBuiinsadiduldi laoyszinamnsnoni £,n Bailusranud

NANIENINAIADIgAaTANDMgAYeIdyg Il
L] L] &
3.3 MIUNINIzwRaNYeIsTULIILNaUn B lum Az e uNY

1 4 ; - 4 4: e 4
nsunsnsznovesnau hhuuwuimiSsuiilduns azfeunanussgauaasdsgili

= = - 1 o_ o A L]
3.2 Tauszozvesiimansaazismeazfoudinuilu D uaz R awdidy Feezeglugilves
ANUYIYeIa1we A Tao H Aeanugevesaieeinmanisdas H, AoAnugaves

o 4 L) L o H.
M0 IMATY mﬂgmaﬂmﬂm:uzmq d ([Siwiak 1998]) A3qruM3N (3.2) uag (3.3)

D=yd? +(H, - H, )’ (3.2)

R=yd?+(H, +H,) (33)

dmivanlszlwnmmuandniusenhdyanaluiimmasfounnzdyanalufinmaass
P
aunsom lRnnaumsi (3.4)
R-D
A il (3.4)
c
e ¢ WumvesnnuE il unsuninszae
= ' a o
vz 32 (n) uamsmsuwinsznevesdaygalufirneasswesdyaauuuuoy
o as w o ‘g A a‘: & o &
uAuLazYeIR Y NN FUUVLOUN Y Taedyanauuuuouuauiuidaduuun i da

= L ar d ) A ar 1 ar L "
wUNMsININIENdy Y unUuAIiuazdeiiosiu lanes diudgyanunadezdauyli



dninneayAna K WizvBNINmaIANTAR

Direct narrowband signal

SR

Direct UWB pulse signal

(n)

Reflected narrowband signal

\/

¢))

Narrowband signal é

UWSB pulse signal

Delayed repeat
pulse

s

(M)

i 32 () dygnaluiiemmsweszuuuuouunurasyesss v U 9B
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(v) deygnaluniemsasRouvesssuuLIBID UUALKEZ VBT ULIUULOUN 95T

() dygnalusirmaaswasimmeazfoulumsuninszareuuuaesiiom [6]

82873
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ﬂ'mﬁmttazﬁaﬁ'ﬂgty'lm"lmi'mfuq Lﬁnfu‘luzﬂ"i'i 3.2 (%) uaRsdggnaiiiannmsaziou
it éaﬁ'q;mﬂumuunuuﬂu'lfuﬁmuﬂuﬂﬁuuu'u'lmfuazﬁmsuws’nsmwnmm'u‘i‘m
Wiy luvasiisuiadiastounnnmaniuszdamslsedanm (Delay) UazinaNsNAY
madenSoudfvusumavesdyanalufirmanss Taolugilil 3.2 () szuaasmssawiu
uaaﬁﬂmmﬁ’wmﬁﬁmqmmazﬁﬁmmzﬂau Taoaduuvylnisinficmeaswazen
fismaazRoudaiiuninszanronuudeiiosliies sadenalinduuuy ledaini
ﬂmﬁﬂnwtfuﬁmssauﬁ'uluzﬂxmuwmﬁimﬂuumc’fq Taovinavesnduiumusa
f'i’qmn'lﬁ'mnmwﬁmmﬁmlmzﬂﬁ 3.2 (A) dunssandyaavesszuuuueuni1ebe
Huszunuudaen hiderles iiofinsendygnui iy nuhdygrafinenimmaass

' o de = & ' '
ﬂziﬂa\‘lﬂﬂu lmzﬂ'lflJll'lﬁ'lﬂﬂﬁﬁ'ﬂu‘l'il'lﬂﬂﬁﬂ'lﬂﬂzﬁﬂu ‘lf\'lﬁ]ﬂ'ﬂllllﬁﬂﬁ]\ﬁg‘H'T'N‘izﬂz'n'l\'l

-

vosiimneasazirmeasfeuiiiuinnhnnuenvesnad dygnuvadnivldeiia

" w " a A of v
ANNUUINULDS 1”1ﬂﬂﬂ171ﬂﬂﬂu’ﬂ1ﬂulﬂﬂ

4 X :
3.4 HUUTIaRIALNOUNUYBINAY (Ground Reflection Model)

T,

4+ \ AV AR\

| \ <&

] N\ .:7
= 3" 7
; o’

L 4 @\//

-+ —— - [ = ——

== T 1=
N

11 ¥
314 33 uSaseaziouny

c:. [} 3 J (] 4 = o

11317 3.3 uamsdaupraesaziouitu [7] Fufhuuuinesinnsandyaie 2
ar -~ o P - ar o a 1 -
dygu Ae dygnanmnnimmiasuiludygrandunisnnmoeinmadiudenis
mwomad iy Taohiidsfaynandediuiiemafiveaity (Line of sight: LOS) 18 du
dygraunnnnmsazdeuiludygraindumannmoeiniadudanieaiseinis

ar o - : ar
neduiuTaedygruez@unenssnuiuudasfoundum

Tagansadnnamiszesmaszninmenmaduduazamonimadiuiuves
dyguluiienase (D) uagszozneszninmennmedudauas oo madiuiuves

dyanaluiimmeazounu (R ) WWonaumsii G.2) uaz G3)[ 13]
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L 1 a d'
Tav g fie szozvineseninaweImAdudAz AoeINAAIUSY e H, uas H,
fie ANgIVBImEIMARIUAWAZATUTY MR LAZAINIORMIUIUNIAIYUANATENY

(@) nnfmmsﬁ (3.5)

0 =tan™ (ﬂ;—H’) (3.5)

dudganaudiuaunsosnnu ldnndgananunneamainsuiudyau

F T o 4
NagNouINMNNY Asarumsn (3.6) [8]

v,

re

¢ =Vios + Vref (3.6)
Ao V.. fie dagranmeeimadiuiuasasaen’ld uaz ¥, Ao dygnaninis

¥ P 4 4 0 i
neRsag v, Ao dygnaiazdounuds v, aunsosnnaldninaunis Fris

transmission @ V., annsaf s ldninaumsi (3.7)
Vyor =T, €k)

v = an
Tag I' fie mduilszdnimsazouvoaiuia (Reflection Coefficient of Ground)

Fefmnldnnaumsi (3.8)
I'=I,+I, (3.8)

Y Vs < & > &
Tao T, T, Ae mdudszansmsazdeuvesiuuuy Inar lsaduinaf (Vertical
2 i @ g - &
Polarization) tazuuyIwanlsisFunuIueu (Horizontal Polarization) #af12a: 18910

quNsN (3.9) uag (3.10)

r - v 85 sin&ﬁfs,. —cos? 6 6.5

£, sin9+Ja‘, —cos? 6

sinf — /&, —cos? @
Iy = (3.10)

s'm6’+\/g,, —cos? @

v ' A ' a 4 o d 4
Taue &, Wlumanmmsoeuvosiuudassiia Femriiamnsomidan msiefl 3.1
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. 1 o o o ' o ar ad a
ﬂ’l'niﬁ 31 ﬂ’lﬁﬂ"“ﬂ'ﬁﬂﬂnﬁuwvmﬂazﬂ'l'ﬁﬂ'l“u11lﬂwi'lﬁq1ﬂﬂlﬂﬂﬁiﬂ

Material Relative Permittivity, Conductivity, o (S/m) Frequency
A (MHz)
Poor ground 4 0.001 100
Typical Ground 1.5 0.005 100
Good Ground 25 0.02 100
Sea water 81 5.0 100
Fresh water 81 0.001 100
Brick 444 0.001 4000
Limestone 7.51 0.028 4000
Marble 11.6 3 -

o s = = a’ o da 1
mimdgaruduivvesdgyapaunnninaesisni duudesmileadidudioTou
vosudazidumadoneou TaeHandud o Touvesdagnadienwasseunson 1&vinaums

# (3.11)

1 1) 4 ]
H 4 (fyd) = el =25 f (3.11)
47:] V) It
A ' 4 o a a P
e = Dfc %1 D Wuszozmavesdyanaiuneiniamians a3l 3.2 uar ¢ W
AN e

dlensudeTouvesdganuimmsaztouaunsamdnnaumsii (3.12)

1 DL o

H, (f,d)=———Fe 271 (3.12)
4n‘|f|t

A " 4 o ﬂ' - P

e = R/c &1 Rihuszozmavesdygnaimnnniienaziou awgiii 32 uas ¢

o
duanuSuas

X ¥ ;
3.5 NUGINEIAUMSUNINTZRIBNAUYE I LD INA

g UnsuninsE0IenaY (Radiation patiern) D ANUZYBINTUNINIZBARY
Fauduilerduvesanlalnesdim (Space coordinate) dwluguuugdnmisunsnszaiondui
tnezAnlunSnaiidumnuszes Ina (Far Field)

mMseFuenuauiAYeINIIUNINIT AR o UaNIAn1Ng faeluiine

. 4 e ;
ANUINYOINITUNINTZIIOAAY (Radiation intensity), AMITUVBIAUIY (Field strength),
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iWel (Phase) uazn15 1WA 1519%U (Polarization) %‘mmauﬁﬁ'mﬁﬁ;ﬂzuﬂmmﬂu;ﬂum
wisnduihilatduvesdumisuuruiaiduna 18idedsalinei

317 3.4 uaasszuuTnoodnmilfuaasguanivesnsuninsznoadudmsy
msiduiendasmdanuiiocseinasy l&auiuaiaditaned f¥edeni uwugl
A18997U (Power pattern) Y04 1001M1A Uz MBanaasnsnlasumlasvesauumimdn
wioa Wi lusirmedineg idsaidaei T¥eion1 uuugilaum Field patterm) vo9

»
AW INIAUY

3.5.1 wuuguylelanseiln, WS TAMS Ko uuuTeuRiama

Funwinszaoatunuylo Tamseiln (Isotropic radiator) fi® ﬁwmmﬂﬁqﬂ
fmqﬁﬁu TaoiiguauiAvesnsunsnssioadumiiulunnfiamie sndaera vy weusi
w03d (Point source) (Humueimeuuniiai ignnseadie1dvss udsinee 9ol
nJ‘%'ﬂmﬁuuﬁ'uﬂwmmﬂﬁﬁ%’]ﬁfue?mﬁmﬁummﬂmqmﬁuﬁ'ﬁuazuﬂmﬁﬁmwm
w1t [17]

UMM (Directional antenna) ﬂumummﬂéqﬁqmﬂuﬁ'ﬁﬂm
msdamSesunaumimin Wi 18amme lusirmafid muaminiy

Dipole m‘s*
Dipole axis

d'- L) A - — ar
11]‘" 34 I.lll‘]Ji'ﬂ'!lﬂs'lﬂ'lﬁllﬂ'iﬂi3%1Uﬂﬁuﬁ!ﬂ~1ﬂ‘|ﬁ0‘lﬂ1ﬁll'ﬂ'ﬂiE]‘lJTlﬂﬂ'N (Elﬂ!Ju'lﬁﬁﬂ‘lmuﬂﬂ)

3.5.2 wuuinan
isuinszeTuIRuauiAvesmseImalumenyeauuUNdn (Principal
pattern) ¥o3au W 1WA E wazaunueimdn H dwmivawermai Inar lssuumiduass
(Linearly - polarization) wuugdluszu £ swiifuszunviivssynnmesauny i uas
firnavesmsuninszaonduiiussiige danwvugluszu B ssifluszuniivssg

o v g = ' A 4 {
NNABITUINLINAN nm:‘nﬂmwmmmmﬂi:i‘mﬂnuﬁuﬂﬁanﬁqﬁ [15]
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3.5.3 Tauveanuuglnaundnszersnau
Tauveansun3nsz910AAY (Radiation lobe) 1TudIumilsveanuugilms
uwsnsznenduiiadiuuion TavnsTadenvesdniidanuduvesmsuninszawadu
#1310 3.5 uarmagiiuuves (Polar pattern) iy i Fumiaihi Tavuvudien fail
Toumdn (Major lobe 138 Main lobe) iilu Tauvesmsuminsznendudegu
femadilinsuninszawaduuseiiqa augild 3.5 Tlaundnogluiiens 6 =0 dmiy
meeInIAuIaFiia 0193 Taundnunndmilalay Wy oo mauoniy (Split  beam-
antenna)
lautan (Minor lobe) auA Tavduq uenmiielninTauwdn
Tauds n3e'ladlay (Side lobe) (Tulaudeviieganrulaundn uazoglu
frmendsuuvesnnaydniieaiy Taundn
Tauwds (Back lobe) il Taudeniioglunivasnavassduiu Taundn
UnaudTaudevszifaninnisuninszarendu luienei ludeants daifu
mummﬂﬁﬁmzﬁmﬁﬁn‘[numfhi’i"lﬁﬁ'ﬂﬂﬁﬂﬁ Tavszavuveslavdesdinszuaauily
dasrdmvesnnumuiiu veandsnululaviinadidsdennumuminveandsny
luTaundn daeziFonds dasrdnweaTaudha (Side lobe ratio) W33V Taudha (Side

lobe level: SLL) TumafiiaTaenaliiusinesdesnts Iiszauves Taudhaisonit -20 dB

H L A
U1 3.5 Tavvessvugimaunsinszaioniu

3.5.4 anvarveamsemanlsluszvunoun b
. ® A . td
Tuszvuuukauniiets menmmiudinsesgilaiuiinn Tasanuiadiow
y ¥ ¥ ]
vosdggnalulawunudiiuneidannudamoudegiuuuvesiadnldds Feseml

" < o 4 4
medusudygnuiinnududoutan
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awomaluszuuuioundisniuiuiudesdiguinasveaauns T
VSWR finsfinneanauuudda lumsdedaana nsnlaounlassvesgudnarsveans
m11nzv‘i111i'nf‘inﬂmuﬁnri’;uuﬂmﬁ’mfﬁqnﬁanmz'lé‘ﬂizt"?m'?mwﬁo’hmﬂmqﬁ'm%’uﬁ'tyqnm
Fnfumsesnuuumonmedmiussuunuueuntesaiuiudsiimmeedissanns
doam idunudr, mldTvinadnas uazdesd Tnssadwitiilss@Aniammunsauiy
gunsali 1§ lumsdemsiiag Tl 148ndau

a v a
3.6 “q'ﬂaﬂaqﬂ15ﬂQﬁqm1ﬂllu‘izﬂﬂllﬂﬂﬂg1Qﬂ\1

ar Ly 1 A
dmiugasdamonsdaveaaaunsom Annaumsi (3.13)

GFriis(f)=%g)l:Gj(f)'Gr(f)'G,(f) (3.13)

lag F,(f) uaz P,(f) fefmdswesdyanudmdwnsdygradiuiulugilves
fdsem uar G,(f) waz G, (f) dludasveemsdavesdyanudvuduasdyg i

ausulugiediua andwu [11]

Gr(f)= (4—2?)2 (3.14)

Tagh G(f) Ao dastvnonisdevessesdygraulueiniairmieiiamii

o - [ o 8 ar
wounu wiewoueylugiilandunio Toudaauns

He—Friis(fad) = Hf(fsd)Hr(f)Ht(f) (3.15)

dao ' @ ¥
lav H , fio WendudioTouveseameiuaz H, uay H, fie Haddudiolou

vesmweImaRuduara s udmiunsdl le lanseiln [16]
He—Friis,Isa )= Hf H g, (3.16)

o o a ' " 1
wazansofnumlsnune leuveseamang ldnnaumsi (3.17)

c
Andf

H/(f,d)= exp(— jkd) (3.17)
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UAgAS Friis transmission MM (3.15) ievinnldiwiuszuudemsiniu
' a (= | o P’ Ada
uupuoundie U sruunuunaunegs sswuhiideddaluGeavesnnudniivanie
- o a @ 22 e 1 & "
Rariudedeaiinisil$inlyeaumsues Friis’ transmission Tiiuaunisi (3.18) [12] ¥aSond
& ' da 1 a o o
Extension Friis’ transmission formula ¥avoueglugivesilenduaioloulasmamuilandu

@10 Tou83 Generator pulse filter, H; 191301

Ho_pizs(f>d) = H ¢ (f,d)H;())H . ())H () (3.18)

v
HaRBUAUBINIBNNAd luedmaAsiuasafuIu1AnnmMs Inverse Fourier
4 s o =T
Transform 41 H , viuidluileddumsdeiudygnaluenn H,(f) uaz H,(f) il
WuilsnFumsdeimudygavesmoomafifuuazameeimadadeniud sy Taod
¥
o o
meomad iz 191995n309UNAY (Matched filter) lumsnses H, .. (f) uazgn

HnNMIAgagAveITy a0 MNAN AT Asaumsi (3.19)

HMF ( f) \ \[EH A|‘e—J""riis (f )

- (3.19)
JE N e
uazdmiuaums loTamseiln
V2/PH*, g 150 ()
H MF,Iso(f )= g TIg 1y 5 (3.20)
VI b O
Fannaumsezldmmsaesdygasunuiiiinined ssammsaed
2
[ w’HMF( f)l @ =2, 321)

dd’v o

ar o =
Tavlunsdilidygraueanya E; uazanlnasumednsvesiiaudu 4, (7)

waz H, g (f) ;wdrdy guisvesdyaaeidnai 1duininlsesnsesuuad

i 4

Ve (1) vziludail

Vagr (1) = By i (8) * By (1)

J—Zﬁhe_ Friis (1) * Py priss (=1)
\/ E,o B i (£)dit

(3.22)
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uazdmiunsal 1o lanseiln
Vit 1s0(8) = Po_ priis (6) * Ppge 150 ()

_ V2SR, prits, 150 () * PoFrits, 150 (—1)

(3.23)
\{ E,o hez— Friis, Iso (1) dt
ﬁmﬁ”umﬂnni‘maqmﬁunﬁummqssnmmumf Ve (f)
Vigre (f) = H o gy (F)H e ()
2/5H . s (f)* 620

. 2
Lt o
Mgagavesdygna: 1ady

max vy (6) = [ Vie (f)df

=\/W [JH* i OO 629

3.7 NYUFYIININIBUNAY (Matched filter)

ar ar = ° o ¥ A ar
dygnaneduivldinnitenssasewuasinlfineliuljequainyes

o

i Y 1 ar v e A a
wanunivldnIedandiudyyudedygiusuniu weRnsannnuienlaezunsy

NIRRT dzaguAsnnmwnmaduiy lunisnsesnawd H,, (f) aanse

fnnaldnnaumsi (3.26) [18]
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waveform
~_ Match Peak
‘ | Filter Detector ’
Channel

717 3.6 vidon laezunsuveaesnsouwaToINs dedayeya
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H *e—Friis (f )
s o

(3.26)

H e (f) =

J I o o @ i ' 4 L3 é
Fannaumsduummdesdygrusuniui ldssiininem Asaunisn (3.27)

?|HW N df =1 (3.27)

~Voo

t 4
TavlunsdifigUsrevesdygraterdna Euazanlnaiunisdmsvenily
o @ 1 o o -
By priis (@) w02 H,_ g (f) awdidy gilsrevesdgygnaueanain 1dunninasesnses

wnd vy () mldanaunsi (3.28)
vMF'(t) > he—Friis (t) ) h}'!F (t)

he—Friis (f) 7 he— Friis (‘t)

¥ (3.28)
\/ [ B s (£)alt
ﬁmi’umﬂnn%’wauaﬁunﬁnnmnnsnmumﬂi’ Vi (f)
Viar () = H o _ iz (N H pe ()
L Hepulf)’ e
= .
\/ [ \H* iy () df
mgegavesdagnues 1A
max vy ()= [_Vye(f)dt
2
=L * i (1) 6:30)

= d H -
3.8 MdmeINIY lumMIInIIeH

= [ 4 = =
Tumsnorsandsmsunsnaeavesdgygraufiunnimmeasuazismisazfou

L
@ o

iuiniuiiezdenifeyaiifaldninniesinaed Inssnionuunnmesunims insizd
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3.8.1 MINITOWMINA
y ! o ' 1 @ e =
WunveImsuninszaevesdgygusenindduazduiudygiaeziila
narwnan e uasdygra luudaznemaineziiszeznis vy dygrauediuenn
¥
wumaiudunsasznindmionezduds dyapadiuiliniz@umantedmiuga
1 = A @ - P - =
nndgygaluniamedu Taodygrulunanmsduszifanisazfoulunariamanouse
- o A ] :l L] A ' a i ]
wddusuldnansuninszasiviunh Fnnumivesdygrulundazdiu
1 ~ 5 ] 1 A J ﬂ'l 1
e ldinailyninGendt maukilsz3e (Delay spread) ¥u Vuodaaudazdulfiom
a ) v > 2 o b4 a = - A o 2 ar
@uns himhiu dniudssuiudesinsandanaigniaeusen lvesdganaidngs
L4
Ay Taoludauveaminszaon1anal (Time dispersion) 1M AWITAIATIZHN
- S " ' - P A Y 4 = - 1 :i -
WiiweiNnGend Audenaindewiuesn linnauandunIeaundolsziaam
(Mean excess delay : 7 ) 4a2f1M131M1)52391981 (Root mean square delay spread, RMS delay
A > d
spread : o, ) ¥agniienu1idseaumsi (3.31) (9]

n n
2
El ATy El P(z, ),
. =

z ay é] P(z,)

k=1

AN (3.31)

Taen a, feviavesda auduman k
ada 4 :
r,  fAenanlsgdsiinavuvesdyanaudumai &
P(r,) Aemdssvesdgygnaudumai &

dmiumnsuslszlanaansofioudsaumsi (3.32)

o, = —(cf (3:32)

Favz 181

7 = (3.33)
5 a; % P(rk) .

k=1 k=1

72 = kz=:l af 7 — El P(t" )12*
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3.8.2 BNIIANUNANDIAVBIIA
o = = Hf A 1 - L 1
sarnnuAanmavesiiail lmenSoumenanlszansnmuesdyanausas

- " oa = J - o J
frmanannuAswmavunnieomosla Tasausam ldninaunisn (3.34) Asil

BER = Q(J2(E, /Ny)C.) (3.34)

ar A ﬂ' " o o
Tav O(x) tﬁuﬁqﬁmmﬂsgmmm'lﬁ'innﬁums1| (3.35)uaz C, fio AmdamduIng

Q(x):;ﬁe ""2/2 ; x20 (3.35)

3.8.3 migadudaio
§ : o L] l& -
Tuszuumsdeas muiuthminevesms sassnsuninszniondu e ms
2 1 o o & ' i
AamsaidIAIMsgaidonidsnuvesdygiu ()  1H99910N1SUNINTZIIOAIUY
yosdggu lasnasannndasdiuszninszauiasnunlfduasseaufasnuniy
4 & ar L] T ~a ws d‘.
18 #aTagna Tiinssuanslfeglumitvvesndiua (Decibel) Awaasluaunsi (3.36)

[13]

e v, ()
P,[dB]= 20 1og{ ) (:)J (3.36)

Taun v, () Aedygraunds uas v, (¢) Avdaygraunivld
= a s o @ > 9 a 3 i
TaglunisTmsnzvimsgadovesdidenulussvuouniita Py, e
= H ws i 1 o o o 'w A o
wnsanhmdsugegavesdgaunldduasidgegavesdygunsy lddaiuieidy

va3zEn e (g ) Teednouih lmwaumsi 3.37)

max]v, (¢)

)y d)[dB] = 20log| —————= 3.37

ows (@)[dB] 0 maxlv,(t,d]J (3.37)

Tavluaumsii (3.38) IR mualivinavesdyanad lddaliswigy 1 dufuee 1daums
Tnaiilu

P, s (d)[dB] =—201og(max{v, (1, ) (3.38)
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3.9 UARNEINIUMIWATIZY (Block Analysis)
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ABSTRACT

In this paper, we study about the interference from ground
reflection to direct path in ultra wideband (UWB) system.
This study is based on two path model. We use passband
rectangular pulse with specific center frequency and band-
width for transmitted signal. Complex form of Friis’ trans-
mission formula is applied for the UWB ground reflection
channel and we use the matched filter to help us analyze
the signal clearly. After that we will compare the received
waveforms and use the bit error rate (BER) and path loss
value to explain the characteristic of effect from ground re-
flection.

1. INTRODUCTION

Recently, UWB radio technology has become an impor-
tant topic for microwave communication. UWB is differ-
ent from other radio frequency (RF) technologies. Instead
of using a narrow carrier frequency, UWB transmits pulses
of power in the range of the ultra wide frequency spec-
trum. The Federal Communication Commission (FCC)
[1], in US specified that UWB has a frequency spectrum
ranging from 3.1 GHz to 10.6 GHz. The FCC defined
the UWB signal as those which have a fractional band-
width greater than 0.20 or a bandwidth greater than 500
MHz measured at -10 dB points. The power density of
UWB signal is considered to be noise for other commu-
nication systems because its power spectrum is below the
noise level. The UWB receiver collects the power of the
received signal to rebuild the pulse. Therefore, UWB radio
technology can exist with other RF technologies without
interference. Moreover, UWB radio technology is an ideal
candidate that can be utilized for commercial, short-range,
low power, low cost indoor communication systems such
as wireless personal area network (WPANSs)

The Friis’ transmission formula [2] is widely used to
calculate free space path loss for narrow band system. The
complex form Friis’ transmission formula and the use of
matched filter were developed for UWB systems [3]. The
distortion of waveform, matched filter gain of the free
space and ground reflection channels for UWB radio sys-
tems are proposed. The passband rectangular pulse with
specific center frequency and bandwidth is used as the
transmitted signal. Complex form Friis’ transmission for-
mula is used for the UWB channel. The received signal is
evaluated.

In the closed form expressions of UWB path loss for
free space channel [4] and ground reflection model [5]-[6]

k 10520, Thailand.
itl.ac.th

o — — == — — — ]
Figure 1. Two path model.

as depicted in Fig. 1, there are several topics doing a re-
search such as waveform polarizations, ground character-
istics and rms delay spread. However, they did not consider
the interference from the ground reflection to direct path.
The purpose of this paper is to find the interference that
affects from ground reflection. We will explain this effect
in BER form, path loss value and will show the distortion
of the received waveform to support our assumption. For
the next section is the theory and two path model used in
transmission side. Section III, we describe about method
and instrument setup in the experiment. About the result
and the conclusion, we provide in section IV and V respec-
tively.

2. THEORY OF UWB TRANSMISSION SYSTEM
2.1. Free space model

For the UWB free space channel, the complex form
Friis’ transmission formula is used [2]. The transmitting
(Tx) and receiving (Rx) antennas are considered to be
isotropic antennas. Hence, the Friis’ transfer function can
be written by

Hyviis(f) = Hy (f)H(f) - He(f) (1
The free space transfer function H that we use is present
in equation (2)

ezp~j21rfto ,

He(f) = (2

A Iflto

where tg = d/c is the delay time. d is the transmitter-
receiver (TR) separation distance and c is the velocity of
light.

At the receiver, the matched filter Hyr (f) is introduced
in equation (3) to maximize the signal-to-noise ratio (SNR)
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Figure 2. Block diagram of system analysis for UWB signal.

of the receiver output, as shown in Fig. 2.
mH:—Friia(f) ! (3)
Voo Heepriss(£)Pdf
which satisfies the following constant noise output power
condition according to equation (4)
[ iaenpar =1

The received input voltage v, (t) of free space model is
given as

Hwr(f) =

@

we) = [ HUViDemr P, )

where V(f) is the spectral density of the transmitted
signal that is calculated by using Fourier transform in time
domain waveform

W= [ \ O

—00

—ianfigy, ©)

In this case, the output waveform when F; = 1 and
the spectrum of the receiver output are h._yyiis(t) and
He_miis(f), respectively. The waveform of the output
from the matched filter v (¢) and the spectrum of the out-
put from the matched filter Vg (f) are

VWMF(t) = Re—Friis(t) * harr(t)
_ he— Friis(t) * he— Friis(—t) )
\/ S e priis ()t
Vr(f) = He-priis(f)Hmr(f)
_ |H. ﬁFriia(f)lz ®)

Vo2 | Hepriss(F)Pdf
taking its maximum as

maxvmp(t) =

/_:: Vur(f)df

\/ Y

®

Equation (9) is the UWB extension of Friis’ transmis-
sion formula. It includes three elements, namely the fre-
quency characteristics of the antennas, the frequency char-
acteristics of free space propagation, and the spectrum of
the transmit signal.

2.2. Ground reflection channel

The ground reflection (2-path) model considers the di-
rect and reflect paths as shown in Fig. 1. The dis-
tance of the direct and reflect paths are d’ and d” and
the transmitter-receiver (T-R) separation distance is d re-
spectively. The transmitter (Tx) and receiver (Rx) antenna
heights are h; and h, related to[7]

=V~ B + & (10)
=Vt )2+ &2 a1

The frequency transfer function of the direct path Hy is
given [4]

-j21rft'
where t' = d'/c is the delayed time of the direct path and
c is the velocity of light.

The frequency transfer function of the reflection path of
horizontal and vertical polarizations, H,. ; and H; , can be
expressed as [5]-[6]

—j21|'fﬁ” (13)

H,(f) = ezp

1
I«||| ar|fle"

—j2mft”

Hy, (f)=T1 ywyIrT exp (14)
where I') and I, are the reflection coefficients of hor-
izontal and vertical polarizations, respectively and t” =
d” /c is the delayed time of the reflection path.
The reflection coefficients of horizontal and vertical po-
larizations are defined as [8]

— /L
cosf s
1

cos + /- — ;'gsmzﬂ

— -,sm20

Iy = (15)
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Figure 3. Experiment setup.
r _cosﬂ—\/s,—sinﬁﬁ (16)
L7 cosh + Ver —sin@’

where &, is the relative permittivity of the ground and @ is
the incident angle. From the Fig. 1, the incident angle can
be calculated by using

d
hy + b,

0 = tan™( ). an

Defining of the UWB path loss in the free space chan-
nel, PL is the radio between the maximum amplitude of
the transmitted and received signal waveforms. The UWB
free space path loss in dB can be derived as shown below

max|ve (t)|
max|(vy(t)|

PL(d)[dB] = —20log [ (18)

3. EXPERIMENTAL DESCRIPTION
3.1. Measurement model

For instrument setup, we arrange the antenna in hori-
zontal polarization angle and the characteristics of ground
is good ground that is &, = 25. The separation between
transmitter and receiver is from 1 to 10 meter as depicted
in Fig. 3. Itis operated in indoor environment. For generat-
ing signal, we use vector network analyzer machine (VNA)
to create the transmitted signal at the port 1 and to collect
it at the port 2. We bring the data from VNA and pass it
through the matched filter. The received pulse from the
matched filter will be divided into two paths that is direct
and the reflect paths. After that, they are calculated them to
find the BER and the path loss. Moreover, we will compare
the received signal to find their distortion.

3.2. Antenna under test

In this experiment, Biconical antenna with the maxi-
mum diameter of 65.3 m.m. and the length of 37 m.m.
is used in both of side as the standard antenna and as AUT
[9]. Its characteristics can be illustrated as Fig. 4.

Figure 4. Biconical antenna structure.

j |

i

{

p SASEEE | NN |

Time (ns)

Figure 5. The transmitted signal waveform of UWB.

3.3. Signal waveform
The expression of this pulse in time domain used for
transmission v and its spectral density function V are

_l [ Fmaxsine(2fy,axt)
fy

fomsine(t) |° 49

Vi (t) =

% W-fls?
Vi(f)={ 2 s & (20)
' {0 Ifl = fel > £
Table 1. Experimental parameters
Parameter Value
Center frequency 6.85 GHz
Spectral bandwidth 7.50 GHz
Frequency range 3GHz ~ 11 GHz
Number of frequency points 801
Tx antenna height 22m
Rx antenna height 22m
Distance between Tx and Rx 1to10m
Ground characteristics er=125
Antenna type Biconical
where t represents the time duration. f is a fre-

quency and f. is a center frequency, f, is a spec-
tral bandwidth. When fmin = fo. — & is minimum fre-
quency and . = f. + —‘g is maximum frequency, where
sinc(x) = %2™)  The UWB transmitted signal is the
passband rectangular pulse for both free space and ground
reflection channels as shown in Fig. 5.
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Figure 7. Bit error rate of three paths.

3.4. Parameters

For this paper, the path loss, the BER and the received
waveform is estimated by using the parameters from the ta-
ble 1. In this table, it has all details of parameter necessary
for running this research.

4. RESULTS AND DISCUSSION

From the Fig. 6 shows that, path loss from the three
paths are total, reflect and direct paths with the separation
of the transmitted and the received antennas from 1 to 10
meter. From its result, path loss value has increased along
the distance in all of paths. The direct path signal has min-
imal loss when compared to the other two paths and the
total path signal has maximum one. It means that when the
direct signal and reflect signal are combined, they make
more loss in total path.

For Fig. 7 is BER chart. We will compare the three
paths in BER as the same of path loss. The result shows
that the signal from the direct path has lower BER than
reflect and total paths. For the greatest BER is the total
path, which these results is corresponding to the results of
the path loss.

The last result is a comparison of the received waveform
coming from the three paths. In Fig. 8, the received wave-
form of the isotropic path is the best detection of all paths
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Figure 8. Optimum signal waveform.

since it is not interfered from the noise in the channel. Ad-
ditionally, received waveform from reflection path is the
worst. Therefore, from investigation on received wave-
form, it supports us to explain that how the interference
can occur. When we send the signal through the channel,
it can be affected from the noise and can be made more
distortion.

5. CONCLUSIONS

In this paper, the path loss and the BER is considered
to estimate the interference from the direct and the re-
flect ground. Furthermore, we compare the received signal
coming from three sources to find the distortion results.
From these estimation results, we can clearly see the effect
of the reflect signal to direct signal making more error to
the total path. For example, in BER case, direct and reflect
BER are lower than total path while total BER has more
different than the others, which means that when transmit-
ted signal is divided into two paths, they can cause the in-
terference to each other resulting in more BER in total sig-
nal.
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A Study of Interference Signal of Ultra Wideband
to Wireless Local Area Network

Pathamavadee Kositsakul, Sathaporn Promwong
Department of Information Engineering, Faculty of engineering,
King Mongkut’s Institute of Technology Ladkrabang, Thailand
E-mail:oui_iey @hotmail.com

Abstract—This paper stndies about the presence of ultra
wideband (UWB) system to performance of Wireless LAN
(WLAN) in IEEE 802.11a standard. From our study, it indicates
that UWB interference can cause a significant increase in the
bit error rate (BER) of IEEE 802.11a. Then, we purpose a
model 1o evaluate bit error rate when they work in the same
time. In WLAN, we use Binary Phase Shift Keying modulation
(BPSK) in transmitted signal and use Rectangular Pulse for UWB
transmission. The model investigates that the bit error rate to
explain the interference occurring from both of systems.

1. INTRODUCTION

Recently, Ultra Wideband (UWB) [1] technology has at-
tracted a lot of interest in the research community. The
UWB system offers more potential performance than any
other such as high data rates, low-power transmissions, low
cost, robustness to multipath fading, and excellent geolocation
capabilities. Given these superior capabilities, it is expecied
that UWB will quickly become a critical and integral part
of the future home and office environments. As specified by
the FCC [2], UWB can operate in the frequency range of
3.1 GHz ~10.6 GHz with an indoor emission limit of -41
dBm/MHz in order not to affect to other devices operating in
the same or close frequency such as IEEE 802.11a standard
[3] which wireless system operates in the 5 GHz. From this
frequency, we can see that both of systems have overlapped as
shown in Fig. 1. Therefore, when the UWB radio technology
present with WLAN, it can induce interference and degrade
the throughput of IEEE 802.11a system. This system studies
the coexistence of UWB system and IEEE 802.11a in both
Line of sight (LOS) propagation scenario. The resulis show
that UWB interference can greatly impact the performance of
the IEEE 802.11a receiver depicted in Fig. 2.

In this paper, we analyze about effect of UWB interference
occurring while it works with IEEE 802.11a system [4].
We use a BPSK modulation in WLAN system and use the
rectangular pulse for UWB system. For the result, we keep
watching BER to SNR in every bit rates operating. In order
10 measure any impact or interference of UWB transmission
to IEEE 802.11a system. In section II, the model of IEEE
802.11a transmission and UWB system are provided. The
cxperimental sctup and the result will be given in section 1T
and IV respectively and a brief conclusion is given in section
N

Power
Spectnum —
Daralty 5
| B/ M) o
-41.3 dBry™Or ,:_
2

Fig. 2. Interference between 1EEE.802.11a and UWB transmission.

II. THEORY

A. The IEEE 802.11a Transminer Model

The IEEE 802.11a signal used to transmit can be repre-
sented as [5]

sppsk(t) = m(t)\/ % cos(2mf.t +6.)

where m(t) is data signal, cos(2xf_t) is applied as the carrier,
and averaged power is Ey, where E, = AT, when A is
amplitude of signal and T), is duration of time.

8}

B. The transmirted signal waveform of UWB

In this paper, we use waveform shown in Eq. (2) as UWB
signal. Bq. (3) is spectrum of the waveform in Eq. (2) by
Fourier transform in frequency domain.

a(t) = 7 Hsine(2ut) — fusinc(2,0) @
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Fig. 3. Diagram of only 1EEE 802.11a transmission.
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where t represents the time duration, f is a frequency, . is
a center frequency, fi, is a bandwidih frequency, fi = fc — -h
is minimized frequency, fi —fc+—Il mmammumﬁequency
and sincx = M is waveform that has maximum magnitude
equal to 1 at t=0. Fig. 3 and 4 illustrate block diagram
about IEEE 802.11a transmission and with a presence of UWB
transmission respectively.

fl<t
©))
fl>4

C. The IEEE 802.11a Receiver Model

A transmitted signal passed through the wireless channel
including the transmitter and receiver antennas. Therefore, the
total received signal from BPSK transmitter can be expressed
as

rapgly=mi) 37% cos? (2 fot + 00) + wi(t) + nt) (@)

where vy(t) represents UWB interference [6] and n(t) is
Additive White Gaussian Noise.
D. The UWB Receiver Model

A received waveform of UWB transmission while working
with IEEE 802.11a is v,(t) that can be presented as Eq. 5.

h(t) » h(—1)

\/ I h3(t)dt

For h(t) is structure of waveform from inverse Fourier
transform. the spectrum of output from UWB transmission
is V,(f) present in Eq. 6.

v, (t) = 5)

Vo) =t e ©
oo IH(NPdf

where H(f) is transfer function.
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TABLE |
EXPERIMENTAL SETUP PARAMETERS
Parameter Value
WLAN Frequency range 52 GHz
UWB Frequency range 3 GHz ~ 11 GHz
Number of frequency points 801
Tx antenna height 22m
Rx antenna beight 22m
Distance between Tx and Rx 12~56m
Antenna type Biconical
Data rate 6, 9 Mbps
bandwidth for WLAN 0.1 GHz
Bandwidth for UWB 75 GHz
12.40 m
Y
; LO0 =
A7om 3 4 %
338 6856
27 !’ B M B B
OO0 O O 0 O
N 3 M %
388 8 806 0 °
41 2 4 M s s 2
O 0O O O 0 O 3
57 52 53 54 5% 5%
O 0O O OO0 O
61 s &
63 o cE
Al ety E
150m 150m e
a
pdq:Tx O : Rx

Fig. 5. Model 1 ammanged antennas in horizontal view.

111. EXPERIMENTAL SETUP

In our analysis about interference of UWB working together
with IEEE 802.11a, we propose a model to notice the charac-
teristics of UWB interference which affects to IEEE 802.11a
system [7]. Simulating a transmitted signal, we use the Vector
Network Analyzer (VNA) to generate the both signals. For
UWB signal, it is specified the frequency range at 3 GHz ~
11 GHz and WLAN signal, is specified al 5.2 GHz. About data
rate, we choose two rates that is 6 and 9 Mbps. When creating
signal has finished, VNA transmits signal via port 1 connected
to transmitted antenna. After that signal will be transferred to
received antenna and received signal will be collect to VNA
via port 2. We use the biconical anlenna 1o send and receive
the signal and its hight is 2.2 meter. About the arrangement
of antennas, we will fix the position of transmitied antenna
at ope point. About received antenna, we keep changing their
position from 1 to 34 points as shown in fig. 5. However, we
pick 4 points of 34 points that is (11), (16), (51) and (66) to
represent their crror. For dimension of cxperimental room as
depicted in fig. 5. For all of details about parameter in paper
presented in table 1.
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Fig. 6. BER to SNR in only IEEE 802.11a transmission.

IV. RESULT AND DISCUSSION

From the resull, when we transmit only the IEEE 802.11a
signal or UWB signal in a time, the result shows that in a
h:gberbnrau:@Mbps)hasumBERvaluethanlowerbﬂ
rate (6 Mbps). About the SNR value, when we send the high
data rate, SNR will be increased also as shown in fig. 6 and
7. About relation of BER and SNR, when BER has increased,
SNR will decreased. Moreover, when UWB and IEEE 802.11a
signal perform in the same time, the resulis have in the same
way as two scenarios above. However, the BER will be nisen
more than two cases as shown in fig. 8 and 9.

Then, from the result, we will notice that if we have to send
both systems in the same time, we should send the signals in
low bit rate to cause minimum BER.

V. CONCLUSIONS

In this paper, we explain effect of UWB signal to IEEE
802.11a performance. We create the model to investigate its
effect. From IEEE 802.11a transmission, UWB transmission,
and IEEE 802.11a transmission with the coexistence of UWB,
the result arriving from the model shows that when we send
in higher bit rates, they always result in increasing BER.
Especially, IEEE 802.11a transmission with thc cocxistence
of UWB has higher BER more than IEEE 802.11a or UWB
transmission themselves. Then we can conclude that UWB
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Probability of BPSK modulation at “hu 117

Probability of error (BER)

SNR (dB)
Probability of BPSK modulation at “hu 66”

Probability of error (BER)

Fig. 7. BER to SNR in only UWB transmission.

transmission makes interference to IEEE 802.11a transmission
in every single bil rates and especially, in higher bit rate, it
can notice obviously.
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