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ABSTRACT

This thesis, the indoor/outdoor propagation loss for ultra wideband (UWB) impulse radio
system is studied based on the measurement data. There are two measurement models, the vector
network analyzer (VNA) used to measure and save all data and biconical antennas are used for
transmitter and receiver antennas. The frequency transfer functions of the radio channels are
measured over the frequency band from 3 GHz to 11 GHz. The measurements are performed in
the corridor (indoor) and parking area (outdoor) environments. The magnitudes and phases of
channel transfer function are shown. The transmission gain and correlation coefficient are
demonstrated, these measured data can describe the systems performance as shown in bit error
rate (BER). After that, the matched filter at the receiver side for maximize the signal-to-noise
ratio (SNR) is used and the comparison results between the first and the second model are shown.

These results are benefit for design the ultra wideband impulse radio system.
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Amplitude

IFFT ' ———
Time

30 3.1 szuumsTarvesdyaa luTawunwi Taunies vNA nazmsmlasg Tawunan Tay

2

1% IFFT [13]
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3.3.1 HOADUAMDINNNTVDITOIT YR 1D
A a a ] o kY A u’: A A o Y] ﬁ @ W
iennsanmiiaresdyyinlaslanios VNA vudandevhnnud ladlududuusn
P o = v [ P o A 1 a & Yo o
A STVVHDSTYY I Tﬂﬂizuuﬂaﬂqnﬁmnmqmwﬂu “]'Nﬁ']ll15ﬂﬁ147ﬂ5'3nﬂulwﬂ1'ﬂﬁn‘i‘ilﬂ'lll

yamnehdesmsuardyaudodSnumaneninuisedisigniloudgszuniond

a

ar

duygoaudmiodyaaBuna Gnput signal) ¥035z11 tazeziidiuamamonimuiedisoonin
MNsEuLFIGond Faarusennioda oA (output signal) WIPHARBUALDA (response)
¥93570Y Taoannsouaanion laezunsuvnaszuudagidi 3.3 Hawanevmunadananiiuey
WudsilFuanainuamuiivesszuy nazninmisSana i 1diaomanlszAnsnisdariuuos
Foyanasanlsiuasafuiladdus o Toun19nud (frequency transfer function, H(w)) o1
ﬁmﬁugmﬂmiﬂﬂﬂqﬁ%'udwhuﬁ’qna'nl‘i’:mzuaﬁﬂﬁ'nﬁuﬁmaﬂanauamamﬁvmimﬁ’mmﬂm
'?'iﬁm1sﬁ%1sm1agi=?aﬂizﬂauﬁ’1wumﬁfgnpmﬁfhphu (magnitude) ltazHAADUANBIMUV @
(phase response) Yoy TaoanuduRuT sz wmdulsznsmsdeudygafuilaidu

¥ 1 '
oo TouvesresdyauiuimuamuaNMsh 3.10 [9] uazuaafezi 3.4

Signal Response
——— e System e

511 3.2 vdenlaezunsuveaszuy [15]
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Y(w)
X (o)

Sy (@)« H(w)= (3.2)

Taui Y (@) 7o 10anavesszunlulawuniud

X () Ao duwavosszuululawunnud

X(o) Y(o)

» Hiw) ——

=

71U 3.3 anwduiusvesdyanaunauazioidnaveszuy Tu Tamuanud [15]

a0 e @ o
3.3.2 HAADUTURIDNWATVOIVOIT YRy 10
¥

wa ' o ° ans A adda A
ﬂ1§llﬁﬂ&ﬂmﬂﬂﬂﬂﬂﬂd‘nﬂQﬁﬂlumu1ﬂ!uuﬂ1u1ﬁﬂﬂ11ﬁﬁﬁw’m lﬂﬂﬁuﬂu']'ﬁ‘l"lumﬂﬂiﬂﬂﬂ

= o

MINAAIAIBAINAAD A UBIDUNAT (impulse response) VBI5xUD TauSuAMIUIZYONA DR

- do a w o = ' o o
HUWDININTUDUNAL (impulse function) NOUAIN

L a & w o ] - o o o S a o 4 " @ o i
Hanvuduwadez lumidounufanuna Tl TaeHadsuduwad i esnuroniiouunuaiy

o o [

Tyanual &(r) uaziinuaniadatine

ff(f)é‘(f—fo)df—{g(’“)' ESy s (3.3)

otherwise

[ 4 ' » 1 »
Taoluiil £ (¢) wdoailuflanFuiiiisidenios (continuous) AT =1, 910 (3.11) 1ile

Amuald £(r) =191

rﬁ(f—fn)df:‘ (3.4)

b
=

» v ¥ »
nnHaveIMsMUsRusHandulas 1 dramisunun Ididu TR fuaass flansusiuun

L] = Al " -1 A \J 1] v 1
Hrweselu (3.12) sxnan ldhmunlfiduldwes 5(r—1,) a1 wie Tavan 1dninman
UiMusitionsondn dimiin (weight) vosfansuduwadiudniveznuinihminvesiaidy

¥ ¥

" 1 s 1] o = 'd o U @ -y s A
AS(r) Tawmnin 4 mice ManFuduiadnininin 1 mihoiuSond AadFuduiaduila
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190 (unit impulse function) udNHanFudNRade: Bieunsaadialdesa lumal fiiaualuma
nguaziiunumlumsimsisidyainuazszunTaomwizmsvonguauidvesszuudnna
% = l:: o < o C§ L] u’/’ ar =y 1 E=) Y3

FygpadunaniluilinFusuiaduilimeiudigninwiEoni sanouauesduiaduosszuy

o o o a 3 & = w o 3 ﬂ
l¥dydnual A(r) unuranpVAUBIAINAIFIHAAD VA UBIBURATVEIsTVVA NI 16T
3 ]

AWNUVITTVUINI s auenaaauTAvesszuuiu Iduas Taomwiziloszvunio1dns
AnsuniluszunFadulin/Gouauna (Lincar time invariance system ) #1u01AWA () ¥04

szuviifanadyanadunn x(¢) Ia q duszannsadouduanuduiug 185109 3.5

647} W) ¥

U 3.4 Mwduiusveadyapuduwauaziodwavesszuu lu Tawunm

A 4

333 dwlssansanduiug

TumsasmaoumanuAaiouse gl dyanaisn Ifuaunsednssiuazaasli
wiuTasins s IdusEdnd anduius (correlation cocfficient) §auarAafioumuaums i
3.13 @Aﬁui'luﬁ'nﬂthuszn'i1afi1qaqﬂmmﬁmwﬁuﬁ'uﬁi’1'w (cross correlation) TiiluflafiFuves
ﬁ'a;mgmtfaua:ﬁ'ausmumﬁ§'u'lé'f'fumqaqﬂmmmﬁuusnfﬁnﬁﬁawmwaﬂmswdnmﬁm
ANduUT (auto correlation) ¥osdyIMdIAdyYy iy 18 Tasaumsfitivwiamdnd

¥V o - = = o
llﬁﬂﬂ1ﬂl“uﬂ1nﬂnﬂ15“ 3.14 99T UNITN 3.16 AUAIAL

max

N r)|

d) =
A max| r, (), (7)

(3.5)

TasaumsidnumMandunusa fio

Fadt) = J:v, (2)v, (t+7)dt (3.6)

HAZAUMTAUOIUMOATHTUNUT AD
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r.(t)= [,;v, (z)v,(t+71)dt (3.7)

A E J:vr (z)v,(t+7)dt (3.8)

- |
laon

o

v, (1) fo dygrwds

L7

v, (1) Ao deymnuiisyld

1 =4 - oaet
3.3.4 Mgaaeyio
A v u’: o o ' 4 A
°I.u5:mjmmamﬂsmaumﬂmuw‘nan‘ummsmaaamiumns:%wﬂauﬂa N3

mansdiiemgydodaitvesdyanu £ ilssmnmsunsnsznoiusoaduginTaoiinsan

[

VINOATIAIUTZHINTZAUMDINUN 1S aazsza

ar

° Ao 4 o o :
virdesnuniulageTawi Tl dnezuaaaliey

TunsvvouRFIIa (Decibel) Aanaadluaunisn 3.17

PL, = ~—2010g( e (')] (3.9)

v, (1)

=S =

a Lol ad a : = {o o
Taglumsimngimgapdodadn lussumoundnba 2L, Mezinsanimdugegavos
o ] o ar .W A Qs A =
dyananldduwazidigegauesdyapui i Idsailufladduvesszozna @) Taoiliiow

W ldmuannsi 3.18 uaz 3.19 mudey

PL,,,, (d)[dB]=-20log il ()] (3.10)
max Iv, (I,d)l
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»
o s o e

Taoluaunsi 3.8 1ddmualdvuiavesdyaranlddadinuiiy 1 dnfuauisedaaums

{TH LA

PLyy, (d)[dB] = ~201og| max

v, (1d)] (3.11)

A 1 ar H ' 1 ar ' - et r o
Famonsvnenmsden 76 suiludiunduvesmgdosain lasadasiversns
dariuimualasdnndiusznineameunagaduysalggavesgiadududaazgdaau

AUSUAIL

max | v, (,d) |

IG(d)[dB]=20log max | v ()]

(3.12)

3.3.5 uunvrames (Matched filter)
Tudauveamain1dldvsunasiamesinesr0 ¥ dasidudaguro dyga
5UNIU (Signal-to-Noise Ratio, SNR) Umigefigalavudonlaszunsunazfansusiolouves

uuasawmes H,, (/) uaaslugili 3.6 nazaunin 3.21 aud ey

Tx-ant 7

input
waveform

i 2
31 3.5 vaealaezunsunuailame§

21V
Hm:(f)= !Thr(f)

(3.13)
\/ﬂ VAN df

Tav  7,(f) fie Handunnumumnivaninaiuvesdyanuisy 14
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' o A o = ¢ o, s ’
ﬂTUJHu’IL!quTlﬂﬂﬁ‘iH'ﬂﬂ\“I‘;J"ﬂﬂauﬁﬂgﬂg1mﬂlﬂ1ﬂ7§ﬂﬂlﬂQlinﬂ”ﬁﬁﬁmﬂi VM}-'(f) GRIVEFIA

[

g lanldfanducioTouvesunadiamesguiuilifunnumunniuailnasuvesgy

=) o

aaudyy sy V. (f) Aruns

Vir ()= Vf(f)' H,w.~(f) (3.14)

g = 1 o A ar = L4 o’ o
naannh ldanunuuivalnasuvesglaaudgyganerinavesuuadiairosuda 151

awsammglaaudygausuvewmasiames v, (f) TasmsimlasSwioundy daaums

Ve ()= [Vie (f)e?™df (3.23)

3.3.6 DA IANNAANIADA

=1 v =1

o 9 ¥ a A @ & da o a oS A ¥ 3 X @
11»!?1'Nli’}uﬂﬂ’nﬂQ‘W1511]!?]E}‘iﬂﬂﬂ'l'ﬁu\iﬂuﬂllu'lllTﬂﬂﬁ131‘““@1[@'?’[\311’1lﬂuﬂﬂixﬂ'ﬂﬂﬂi']

a == o Y r:i i ::' =1 = oA 1] v 9 1) d‘
ATTUHANDTIAUANIVINIEINIATY Wﬂkﬁuﬂ”lﬂ'l}ﬂﬂﬂ\‘lﬂﬁ$ﬁﬂ'ﬁﬂ'lﬂi‘l&ﬂﬁﬁﬂﬂ?“ﬂlﬂl},ﬂcluuﬂﬁgﬁlﬂﬂ
=

n

9

o = o = o a o 1 1 ' o { o o oar
TéimsTinszd Taeinsanvindulsz@nimsdadussnindyapaniulddumdy

15 umsaa [11] dauaaalueumsi 3.24 uazamoasaanaaiaaasluaunsn 3.25

. [ cf.ar
C = (3.15)

Lt [ gala

BER = O[ \J2(E, /N)C, ] (3.16)

Taon

Q=—Lfe_%dt,xzo (.17)

Taon

E, /N, = cnergy = onsiiadoyanodynasuniu

R

4
o ar

C, = HanFudulsy@ntanduniug
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33.7 3§ﬁ1é’mmﬁauﬁqa (Least squares)
Tunsainianuranaaluygadoyai 1d matalumsiszmmaifaddun ldunuya

doyaruszldmsunudawn hinnd g veedoyaTasHandui 15lszuaniuhisuilude iy

b

o @ o A v 4 fao g Y ) > o
'megannqﬂm'lugﬂﬂ 3.7 ‘Iﬂﬂﬂ’l'iiﬂll'!ch'ﬁ"ﬂ\‘lﬂ‘l’u‘?ﬂ‘lﬂ.iﬂu‘uﬂ‘llﬂgﬁuuﬂ’lﬁ]ﬂ’ﬂﬂﬂﬂ1i'ﬂﬂlﬁu

1Y A a o Ao

" -\:i:: 9 9 n‘.: 1o :a’ " ‘:1- J n‘.:
anangalums lsunugadoyamin uadtmsilitidongnindunnavuumindluilidung

3

< o @ 3 F ¥ A8 am an A da ' i a
NFATIHIVUNUTAVDUAUUATUHAUIINONITHUINITUNI Least-squares regression Tavuuana

Y0351 MIaamInuuanAnITnIdeyauaazyaiumiansu  dideyasoun yal
or o o o =Y ::: 9 o a’d " =Y
ANUFUAUT IudnuuziFuduase aumsiduasanm 190356 onnsoaovouuFudy

(Linear regression) Tauliaumsasaunisi 3.27 [16]

P 4

0

(a) (b)

jUN 3.6 TiMdeaearioonga

a) gadoya b) Handunlsunumyadoya laofmiiedunnTidusou

y=a+bxte (3.18)
e a uaz b ilumdnlszaninuansgadaununaza ey
e HuMANUARNAIA (Root mean square error)

Taoh @ uaz » awnsom ldnnaums
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an+bi“xj :Z":y}
j=1 J=1

(3.19)
n " n
2
ad,x, +b) x] =D %y,
J=1 J=1 J=
uaz e mldnnauns
1 & 2
e= =D (y,—a—bx) (3.20)
n‘s :
3.4 apl
dy 3 1 = Y o o ) w 1 o N £ 1 o o
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5.2.2.2 BATVENUNISAINY
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11 -74.047 -68.394 -70.408
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ABSTRACT

In this paper. the indoor/outdoor propagation loss
for ultra wideband (UWB) impulse radio system is
study based on experiment results. Biconical anten-
nas are used for transmitter and receiver antennas.
The frequency transfer functions of the radio chan-
nels are measured by using-a vector network ana-
Ivzer {\'NA) over the frequency from 3~11 GHz. The
measurement perform hetween the corridor {indoor)
and parking arca (outdoor) envirouments. The mag-
nitudes and phases ol channel wransier innction are
The transmission gain and correlation coeffi-
The results are discnssed n

shown.
clent are demonstrated.
the paper

1. INTRODUCTION

Ultra Wideband (UWB) technology have atiracted
a great deal ol attention because of UWB systems
are wide bandwidth, low power. low cost. high data
rates, precise positioning capability and extremely low
interference. The UWB systems have been allowed
to operate across a range 3.1~10.6 GHz of frequency
bands defined by Federal Communications Comumnis-
sion (FCC) [1] with negligible interference to existing
svstems in that band.

The UWD is expect to be used mainly in wireless
personal area neiwoik and lomie network. lu any ap-
plication for UWB radio systems may be apply to
use in an indoor/outdoor environments. In case of
transmitter antenna in-an indoor enviromment and re-
ceiver antenna outdoor environment. or change roles
of transmitter antenna and receiver antenna.

This paper, we discuss the transmission gain and
the channel transfer function of 2 models measurement
in an indoor /foutdoor environments pass through the
pane of glass, which the biconical antennas are used
for transmitter and receiver antennas. The frequency
transfer functions of the radio channels are measured
by using a vector network analyzer (VNA) over the
frequency from 3.1~10.6 Gllz. The measurement per-
form between the corridor (indoor) and parking area
{outdoor) environments. The first model a transmit-
ter antenna is place on an indoor environment and re-
ceiver antenna is place on outdoor environment. Sec-
ond model a transmitter antenna place on an outdoor

ECTI-CON 2006
The 2006 ECTI International Conference

environment and receiver antenna place on an outdoor
environment.

2. MEASUREMENT SYSTEM
2.1 Measurement scheme

The complex transfer functions can be measured by
using the vector network analvzer (VNA). However,
this transfer function is a product of transfer func
tions of Tx and Rx antennas as well as the [ree space
cliannel.

2.2 Measurement setup

The vector network analvzer was operated in the
response measurement mode from 3 to 11 GHz. where
port-1 was used as the transmitter port and port-2
was used as the receiver port, respectively. Both Tx
and Rx antennas were fixed at the height of 2.65 nu.

~We have chosen the biconical antenna for Tx and Rx

antennas.

In this experiment we measured 2 models in-
door/ontdoor environment. First model a transmitter
antenna place in an indoor environment and receiver
antenna place in an outdoor environment and vary the
positions of receiver antenna as shown in Iig. 1. on
the other hand the second model we change roles be-
tween a transmitter anienna and a receiver antenna
as a transmitter antenna place in an outdoor environ-
ment and a receiver antenna place in an indoor envi-
ronment and vary the positions of receiver antenna as
shown in Fig. 2.

2.3 Parameters of experiments

The important parameters for the experiments are
listed in table 1. It is noted that calibration is doue
at the connectors of the eables to be connected to the
antennas.

2.4 Antenna under test

The geometric and dimension of biconical antenna
are shown in Fig. 3, and the magnitude and phase
of the transfer function of each antenna are shown in _
Fig. 4. :
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3. DATA PROCESSING

The rectangular density spectral waveform covering
the FCC band . that is 3.1 ~ 10.6 GHz is used to test
the distortion of the received UWB waveform. This
waveform is expressed by

. (f) L f'ni‘x'qinc(?'fmaxr) ( ] )
S = . 3 4 ]
er _fminS“]c(‘z};nint‘)

where frin = 3.1 GHz is the minimum frequency. frax

10.6 GHz is the maxmimum frequency and sine{x} -
sin(axi/ax. This signal waveform in time domain and
Magnitude of its spectral density function are shown
i Fig. 5 and Fig. 6. respectively.

We obtained the spectral density function of trans-
Hllillcd waveform by using the Fourier transform [2|,
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Fig.3: Geomelric and dimension of biconical an-
tenna.
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of each antenna.

The received spectral density can be obtain by using
the transmitted spectral density function pass through
the channel we measured, it is defined as

Vi(f) = Vilf) - He(f): (3)

The received waveform can be calculated by using
mverse Fourier transform, that is

wAt) = [ V,(f)e> " af. (1)

Table 1: Measuremnent selup paramelers

Parameter Value
“Frequency range 3GHz ~ 11 Gz
Number of frequency point 201
Tx antenna height 2.65m
Rx antenna height 2.65 m

Tx and Rx separate (Model 1)
Tx and Rx separate (Model 2)

2-8 m{each 0.6m)
2-3.2 m(each 0.6m)
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After we obtained transmitted waveform and re-
ceived waveform we can caleulate the transmission
gain. it defined as the ratio between the maximumn ab-
solute amplitude of the received and the transmitted
waveform. written as

TG(d)|dB] = 20log masloilt a3
mazxfu (1}
where v (1) is amplitude of the transmitted signal
wavelorm and v, (¢, d} is amplitude of the received sig-
nal waveform.

The distortion of UWB wavelorms is considered as
the correlation coefficient. It is defined as

oz r
mazx v (E) - v (8 + 7 )dt
| oot} -welt + | 7 (6)

C = : -
T2 0Pt - [72, Je (0Pl

4. RESULTS

From results of the experiments Fig. 7. is shown
the channel transfer function of the first model as re-
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Fig.7: Channel transfer function: [irst model at
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Fiq.8: Channel transfer function: Second model at

point 1.6.

ceiver antenna place on point 1,3. The mean value of
magnitude is —51.59 dB. And Fig. 8. is shown the
channel transfer function of the second model as re-
ceiver antenna place on point 1,6. The mean value of
magnitude is —52.63 dB. From these results the mag-
nitude are almost the same because of the Tx and
Rx separation distances are identical. Moreover, the
multipath fading in Fig. 8 is more than that in Fig.
7, because of in Fig 8 the Rx antenna is in indoor
environment, while the Rx antenna in Fig. 7 isin oul-
door environment. The slopes of phases are almost
the same because of the Tx and Rx separation dis-
tance are identical.

The transmission gain is modeled by using the lin-
ear regression model [3]. Fig. 9. and Fig. 10. are
shown the transmission gain of the first and second
models. Therefore, the first model has path loss expo-
nent is 3.295 and gain is —48.953 dB at 1 m. distance.
And the second model has path loss exponent is 2.805
and gain is —55.155 dB at 1 m. distance.

The distortion of UWB wave form is analyzed as

ECTI-CON 20006
: The 2006 ECTI international Conference



':I'rammiulan Galn [dB) oK
I N

&

Distance [m]

Transmission Gaim: First model

Transmission Gain (dB]
4 4 &
w o

&

- : i S N
10 10
Distance [m]

Fig.10: Transinission Gain: Second model

the correlation coefficient. The correlation coefficient
of first model is shown in Fig. 11. and the second
medel is shown in Fig. 12.

5. CONCLUSION

~Inthis paper we discusses the transmissicn gain and
distortion of UWRB system in an indoor/outdoor en-
vironment and used linear regression model to com-
pare the path loss .exponent of 2 measurement mod-
els. From the results, we can see that the multipath
fading and first. model is less than that of the first
model, while the path loss exponent of first model is
more than that of the second model. The distribu-
Uon of correlation coefficient at each distance of sec-
ond model is more than that of first model. Future
¥ork we will consider to compare the results between
”‘d?or/'out.door environment and indoor (or outdoor)
®Wironment. This approach is more useful for design
¥ evaluation of UWB wireless systems.
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ABSTRACT

In this paper, the outdoor propagation loss for ultra wide-
band (UWB) impulse radio system based on experiment re-
sults is studied. Biconical antennas are used for transmit-
ter (Tx) and receiver (Rx) antennas. The frequency trans-
fer functions of the radio channels are measured by using
a vector network analyzer (VNA) over the frequency from
3~11 GHz. The magnitudes and phases of channel transfer
functions are shown. The propagation loss and correlation
coefficient are demonstrated. The results are discussed in
the paper.

1. INTRODUCTION

An ultra wideband (UWB) technology attracts a great
deal of attention because of UWB systems are wide band-
width, low power, low cost, high data rates, precise po-
sitioning capability and extremely low interference. The
UWRB systems have been allowed o operate across a range
3.1~10.6 GHz of frequency bands defined by Federal Com-
munications Commission (FCC) [1] with negligible inter-
ference to existing systems in that band. The FCC defined
the UWB signal as those which have a fractional bandwidth
greater than 0.20 or occupied bandwidth greater than 500
MHz. The fractional and occupied bandwidth are define as

. , 2(fu — fu)

Fract [ e 1
ractional bandwidth fat (1)
Occupied bandwidth = fi — fi.. (2)

The UWB expects to mainly used in wireless personal
area network (WPAN) and home network [2]. In any appli-
cations, the UWB radio systems apply to use in an outdoor
environments. The propagation loss between a pair of an-
tennas is the ratio of the transmitted power to the received
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power, it is usually the first step in the analysis of a wireless
communication systems [3].

In this paper, we discuss the channel transfer function,
propagation loss and correlation coefficient of a measure-
ment channel in an outdoor environments, which the bicon-
ical antennas are used for Tx and Rx. The frequency transfer
functions of the radio channels are measured by using VNA
over the frequency from 3~11 GHz.

2. MEASUREMENT SYSTEM
2.1. Measurement scheme

The complex transfer functions can be measured by us-
ing the VNA. However, this transfer function is a product of
transfer functions of Tx and Rx antennas as well as the free
space channel. Therefore, the effects of Tx and Rx antennas
are included.

2.2. Measurement setup

The VNA was operated in the response measurement
mode from 3~11 GHz, where port-1 was used as the Tx
port and port-2 was used as the Rx port, respectively. Both
Tx and Rx antennas were fixed at the height of 1.65 m. We
have chosen the biconical antenna for Tx and Rx antennas.

In this experiment, we measured in outdoor environment,
by fixing the Tx antenna and varying the position of Rx an-
tenna at each 0.6 m x 0.6 m grid dimension. This measure-
ment model is shown in Fig. 1.

2.3. Parameters of experiments

The important parameters for the experiments are listed
in table 1. It is noted that the calibration is done at the con-
nectors of the cables to be connected to the antennas.

2.4. Antenna under test

The geometric and dimension of biconical antenna [4]
are shown in Fig. 2, and the magnitude and phase of the

The 21st International Technical Conference on
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After we obtained transmitted and received waveforms,
the propagation loss is calculated. It is defined as the ratio
between the maximum absolute amplitude of the transmit-
ted and the received waveforms and can be written as

) 4 (7

The distortion of UWB waveform is considered as the
correlation coefficient between the transmitted and received
wavforms. It is defined as

maz|v(t)|
max|v(t, d)|

PL(d)[dB] 201og (

maz| [ v (t) v (t+ rd)d|
VIT e ®)Rde - [ (e, d)pde

4. RESULTS

From results of the experiments, Fig. 6 shows the mag-
nitude of channel transfer function at 2 m Tx and Rx sepa-

C(d)

(8)
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ration distance. The average propagation loss is about 48.21
dB. Figure 7 shows magnitude of channel transfer function
at 8 m Tx and Rx separation distance. The average propaga-
tion loss is about 56.73 dB. From these results, the average
propagation loss is increased when Tx and Rx separation
distance is increased. Moreover, the multipath fading in Fig.
7 is more than that in Fig. 6, because of in Fig. 7 the Tx and
Rx separation distance is more than that in Fig. 6.

Figures 8 and 9 show phases of channel transfer func-
tions at 2 and 8 m, respectively. The phase in Fig. 8 is
lincar while that in Fig. 9 is begin nonlinear at frequency
about 9 GHz.

The propagation loss is modeled by using the linear re-
gression model [6]. Figure 10 shows propagation loss of
this measurement. The path loss exponent is 2.36 and prop-
agation loss is 51.52 dB at 1 m.

The distortion of UWB waveform is analyzed as the cor-
relation coefficient. Figure 11 shows the correlation coeffi-
cient. The correlation coefficient is (.73 at 2 m Tx and Rx
separate and 0.32 at 8 m Tx and Rx separation distance.

The 21st International Technical Conference on
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5. CONCLUSION

In this paper, we discuss the channel transfer function in
an outdoor propagation loss and distortion of UWB system
in an outdoor environment. The linear regression model is
used to consider the path loss exponent. From the results,
we can see that the propagation loss and multipath fading at
8 m Tx and Rx separation distance are more than that is 2
m Tx and Rx separation distance. The path loss exponent
value of this experiment is similar to path loss exponent of
free space (the path loss exponent of free space is 2). The
distortion of UWB waveform is analyzed as the correlation
coefficient. The correlation coefficient valued is decreased
along the Tx and Rx separation distance. This approach
data is useful for design and evaluation of UWB wireless
systems.
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Fig. 3. Second model: Tx antenna is in the outdoor environment, while the
Rx antenna is in the indoor environment and is varied its position each 0.6
m.

C. Parameters of experiments

The important parameters for the experiments are listed in
table 1. It 1s noted that calibration is done at the connectors
of the cables to be connected to the antennas.

III. UWB SIGNAL PROCESSING

The rectangular density spectral waveform covering the
FCC band, that is 3.1 ~ 10.6 GHz is used to test the
distortion of the received UWB waveform. This waveform and
its spectral density are expressed by

TABLE 1

76

MEASUREMENT SETUP PARAMETERS

Parameter Value
Frequency range 3 GHz ~ 11 GHz
Number of frequency point 801
Tx antenna height 265 m
Rx antenna height 265 m
Tx and Rx separate (first model) 2-8 m(each 0.6m)
Tx and Rx separate (second model) | 2-3.2 m(each 0.6m)
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Fig. 4. Transmitted signal waveform.

i Jinaxsine(2f,,..t)

Ut(t) B fb _fmiIISinC(Qﬂnint) , (l)
1
a7 fl-fl<d
Vt _ 2fy 2 3 2
(f) 0 |Ifl-fel> L o

where fiuin = 3.1 GHz is the minimum frequency, fimax = 10.6
GHz is the maxmimum frequency, fi, is spectral bandwidth,
fc is the center frequency and sinc(x) = sin(wx)/wx. This
signal waveform is shown in Fig. 4.

The spectral density of the received waveform V;(f) is the
multiplication between the spectral density of the transmitted
waveform and the channel frequency transfer function H.(f)
[1], which obtained from the measurement. Therefore, the
spectral density of the received waveform can be written as

Vi(f) = He(f) - Va(f)- (3)

The received waveform v.(¢) is calculated by using the
inverse Fourier transform, which is

wit) = [ T Ve,

— 00

C))

At the receiver side, we use the matched filter to maximized
the SNR of the receiver output. The matched filter Hyp(f)
is defined as



1.5 T
—_—m
-=5m
------ 8m
1k -
S
E 05
[
el
£
g o
<

-0.5 0 05
Time (ns)

Fig. 5. Amplitudes of the signal waveform at the output of the matched filter
using the optimum matched filter for the first model.
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Fig. 6. Amplitudes of the signal waveform at the output of the matched filter
using the transmitted signal template for the first model

V2R Vip(f)

NI RGER

where V;,(f) is the spectral density of template signal.

From above equation, we used two template signals to
compare the improvement of the transmission gain. The first
case, we used the received waveform as a template signal. This
case is the optimum matched filter. Another one, we used the
transmitted waveform as a template signal. This case is the
transmitted signal template.

The spectral density of the signal waveform at the output
of the matched filter Viyr(f) can be calculate by using the
transfer function of the matched filter Hyp(f) multiply by
the spectral density function of the received waveform V,(f)

Hvur(f) = (5)
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Fig. 7. Amplitudes of the signal waveform at the output of the matched filter
using the optimum matched filter for the second model.
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Fig. 8. Amplitudes of the signal waveform at the output of the matched filter
using the transmitted signal template for the second model.

das

Vur(f) = Vi(f) - Hur(f)- (6)

After we obtained the spectral density function at the output
of the matched filter, we can obtained the matched filter
receiver waveform vy (2) by using inverse Fourier transform,
that is

vmr(t) :/\ Viur (f)e* ™ df. (7

— 00

ﬂla.’tg'l}[\”.*(t)i

TG =201
e mazx|vy (1))

(8)
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The transmission gain is defined as the ratio between the
maximum absolute amplitude of the signal at the output of the
matched filter and that of the transmitted waveform, which can
be written as

IV. RESULTS

From the result of the improvement, both models was
improved by using optimum matched filter and transmitted
signal template.

Fig. 5, shows the amplitudes of the signal waveforms at the
output of the matched filter using optimum matched filter for
the first model. The amplitudes of the signal waveforms at
the output of the matched filter using the transmitted signal
template for the first model are shown in Fig. 6. The peak
amplitudes of optimum matched filter is higher than that of
the transmitted signal template.

For the second model, Figs. 7 and 8 show the amplitude of
the signal waveform at the matched filter using the optimum
matched filter and the transmitted signal template, respectively.
The peak amplitudes of the optimum matched filters are also
higher than that of the transmitted signal template.

The transmission gains using the optimum matched filter
and transmitted signal template are compared with the trans-
mission gain of received signal for the first and second models
are shown in Figs. 9 and 10, respectively. We can see that the
optimum matched filter can be improved the the transmission
gain, while the transmission gain of the transmitted signal
template is the same with that of the received signal.

V. CONCLUSION

In this paper, we discuss the characterization of transmission
loss with indoor and outdoor in ultra wideband impulse radio
(UWB-IR) system. The transmission gain can be improvement
by using the optimum matched filter at the receiver side, while
the results of the transmitted signal template is the same with
the received signal. This approach is more useful to design
and evaluate the UWB-IR wireless systems.
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