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ABSTRACT

This proposal proposes a study on ultra wideband radio propagation in corridor
environments based on experimental data the characterization of UWB radio channel. There are
two processes in measurement. First, the measurement with line-of-sight (LOS) environment.
Second, the measurement non-line—of-sight (NLOS) for detected the result of signal about 3-11
GHz. By using a vector network analyzer (VNA) which is the main equipment for the
measurement. From the measured, the results are take to analyzed the other parameters which
show the effect of UWB channel. This proposal can be use for line of sight and non-line of sight
environments and it can use for referent about to study and research for characteristic of free

space channel.
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He—f-'ru.v (f) HMF (f)
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H H riis
-+ — - (_f_‘)_b. _________ Fri _(._f) ______ >
Pulse Propagation Matched Peak
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Vagr () = By (1) @ By (1)
V Zf.’) he—F'ru.r (I) ® he—Frm (_t)

RO

(3.13)
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3.4.3 m3dsziamalnuvesresdnns (Power delay profile; PDP)

S '

AMMIsimesNisunIInslselamasnuvesresdyyian (Jumsiiinesonda

]
o [ @ =

11f}aﬁﬁ’uuﬂmﬁmﬂzﬁlﬁmmmﬁlﬁtﬁuﬁﬁ:ﬂuﬁmaam‘uaaﬁmun;mm‘t’hmﬁamﬂ%'uﬁnm
A4 9 %'mfaﬁaxmﬂﬂﬁtﬁuﬁwaﬂszwwmﬁmuiuumﬁﬁmiﬁzﬁ’aummﬁ”agmu1m1u11mvﬁﬁma
wiefiGunhdyarumaiwda Taveziuanuduiugszniessduiduvesdyyaisy
&senarfiitnnduazuenvimindiamnsati lUfinsendananisnsza1on1anan (Time
dispersion) YsznoulUdremunaoueanasz3e (Mean excess delay) tazAIn1suAvoIA
15234 (RMS delay spread) Favznanialuiadede’ly
FaluinorinusfiauediuduneueanisnssasuransTAUNAKUBLMI 157
IRAnsandurarigmideusenldvesdyaafiduniinaiy wazmdauiignaaneuas
§q1uﬁ'3qunwﬂi:?@ﬁ1ﬁqa1umaa°&aaﬁtyq1mc‘§aﬂ'1ms1ﬁmﬂ§ﬁyﬂzLi‘luﬁ'zundgﬁuaﬂﬂﬁ

a ' U4 U a o W ] o 9
Eﬂuﬁ!”ﬁﬂ‘]ﬂﬂ'ﬁﬂquﬁ’lUﬂ‘lﬂ'lﬁllaleuUUFlTﬂﬂﬂ'lﬂ‘ﬁﬂ'j3'141’11?1\131“‘[184‘58\1“@{!131 "lﬂ

1 d
=

TR LK
2
By =|h(1,7)| (3.18)

a e

] s o "
Taon A(1,7) Ao wameuaudsdygIuduNad (Channel impulse response)



26

(=]
-

= " RMS Delay Spread = 46.40 ns

Maximum Excess Delay < 10 dB = B4 ns

o
T

Threshold Level = -20 dB

e

1
[ ]
(=)

Uﬁﬁl'th WA'W lw

Mean Excess Delay = 45.05 ns

Normalized Received Power (dB Scale)
|
o

I 1 1 1 1 1 1 1 J

-50 0 50 100 150 200 250 300 350 400 450

|
(&0
o

Excess Delay (ns)

3N 3.7 Aednmmmhaadiamsisziamasnu

344 M3Mauvea1sz3a (Mean excess delay: T_) nazmaninandsz3s (RMS

delay spread: T_ )

o

Amdvveanadsziwazmnsudnanlszs Wudulsluresduansuunaiy

U o

'
o ] s =

aa & ° ' a ' =
0 ‘Nﬁ'liJ'l‘iﬂﬂ'l‘lJ’JﬂlNlﬁ"i)’lﬂ ﬂ']ﬂ']iﬂi&”)\lﬂ']ﬂﬂ'lu‘ilﬂQ%Bﬂﬁﬂr}iy"lmiﬂ!m'lmﬁU‘UEl\H'JﬁWIISS'N

o

wazAmmsuAnalsylaifudiuanfequnmuesresdyann  lasaundvveaanlsy3a

sl ldanannisn 3.19

0

jr.[h(’r]2 dr

Oj‘lh(r]z dr (3.19)

0

= a w o ] o
laun A(r) feo wapouauBIBUNAdVOIFDITYY I

7

P a A4 a 3 o
T o nmﬂimmmmwmmyfym



27

3.4.5 MIgaFERaIny

o

& o w [ o o = v & o ¥y d4 2
ﬂ’]?qmﬁlﬁUﬂ‘laQTIUIﬁUﬁ')Uﬂﬂ'] ﬂJuTlfIﬂf)UTQﬂuﬂ'ﬂ'i]zllffﬂﬂ‘lﬂlﬂuﬂﬁﬂmﬂ')'iﬂﬂﬂq
. ¥
Tyyialuszyumsdemsliae Amnnugaidodidsnuvesdyyraiuinsuinn
o [ " @ e @ a 9 @ o e Ao yé Y i
ﬂﬂi']ﬁ'lu'i3'HTN'5$ﬂ'1Jﬂ'lﬂ\?\ﬂuﬂ1‘]5'(1’\3“'(33535]Uﬂ']ﬂ@ﬂ'lu‘ni'l]vlﬂ"ﬁﬁ]zuﬂﬂﬂllﬂ?)QTUHN'JU'Uﬂﬂ

ATV (Decibel) Aanaasluaunisi 3.21

v (I
Ldﬁ = 20|0g l( ) (321)
v, (1)
Taoh
A w o g Y
v, A0 STAUNTIAUN 19
-~ [ o d'w 9
v A9 SEAVITIUNTY 19

r

o

[ = s = ° a
nanmsaaNzimsgadoiasamlunnszuu Taomwizluszuunavuniiegs

]
ar =3

Ed v '
PL,,, WusgAnsanimasnugegavesdyaunlddwazmdsnugegavesdygruisy

U o

& Y - a - o w
lagaiuilanduveaszoznn (@) Taodtiowdduldauaunsi 3.22 uaz 3.23 awddu

PL,,, (d)[dB] =20log % (3.22)



28

Tavluaunisn 3.23 fmualdaunavesdyanailfdadisumsy 1 dniuannsasaauns

181mide

v, (1d)] (3.23)

PLyyy (d)[dB]=-20log|

U

LY q‘ s d
3.4.6 mandszansanaunus

1 o dy ar o l’z a =y ' Y o
manuAaiouvesgdyg sy Idiuawsonszlinsziuazuaasdiviulae

o

= . a o (g n & o i 1
mswmsmm‘mmﬂuﬂsxﬁmfmﬁnwuf (Correlation coefficient) wﬁ‘]uammwszmw

J o o — o o a " ar o o
AYIYAVBIMAHTURUTE W (Cross correlation) HiTluilsnduveadyanadwazdyaruiso

[ ' oo L4 P 1 [ @ w .
Tanuargegavosmiduyselsinfiaeavesnaguszning AdaanduRus (Autocorrelation)

o v a ™ aa Y ' o 4
vosdyaudaardyyrunsuld Tasaumsnidoudadinanuaasfiuauaunisi

L7 7]

3.24 DU 3.25 Mudey

7 (%) | (3.24)

p(d) r)rb 7)

Tavaumsniomandunus e

s, (T) J: I+ ‘E) dt (3.25)
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mdanlszansandaniug
STHEMA (11AT)
LOS NLOS
2 0.80 0.25
2.5 0.88 0.38
3 0.84 0.41
3.5 0.84 0.62
4 0.77 0.51
4.5 0.86 0.47
5 0.85 0.43
5.5 0.75 0.44
6 0.81 0.39
6.5 0.82 0.43
7 0.64 0.45
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ABSTRACT

{ltre- mdcband (UWB) is currently mtcxesnng technol-
.5 ireless communication in building and home envi-
ts, so the line-of-sight (LOS) and non—hnevof-&ght
) propagation channels are the unponant parame-
5% I this paper, the LOS and NLOS propagation chan-
”forUWB radio communications are evaluated. A vector
it & analyzer (VNA) is used to measure the frequency
= fer functions of the radio propaganon chanpels cover
%4 fequency from 3.1 ~ 10.6 GHz. The biconical anten-

are used for transmitter (Tx) and receiver (Rx) antennas.
measurement is performed in the corridor wuh LOS
ZZANLOS (concrete wall obstruction) environments along
& distance from 0.5 to 7 m. The matched filer is used in Rx
22§ qupment to approve the received signal. The attenuation,
dispersion and distortion are investigated in the terms
lleOSS RMS delay spread and correlatmn cocfﬁcxent,

INTRODUCTION

4 Ultra Wideband (UWB) technology, a rcvoluuon -ap-
moaches to the radio communications, allows systems to
$ oprale across a range of frequency band defined by the

federal Communications Commission (FCC) [1] with neg-
§ - loble interference to existing systems in that band. Thls is
kcause UWB uses very low power spectral density, while

‘Baintaining a high data rate. The UWB techniques can a.lso
% Povide reliable location information, high resolution imag-
';',"% and works efficiently in a cluttered environment. The
3 UWB technology is an ideal candidate that can be utilized

o commercial, short-range, low power, and low cost in-
oog - Communication systems such as wireless personal area
 Sworks (WPANS) [2),[3]. However, this channel model is
%inly aimed for short range applications (i.e. < 10 m).
f . ﬁlﬂdOOr environment is one of the operating environments
- <ined in (4] based on the apphcauons envisioned for [EEE
15.4a standard as identified in [5]. Several channel

mcasure:mcnts based on lhe mdoor envuonmcnts have been
reported in [6] [9] but most of these measurements were -
conducted on thc IEEE 802. 15 4a'standard, which was con-
ducted in a flat. Furthemlore these measurements were
aimed to mvcshgatc propagation channel for long range ap-
plications. - Thls lmphes that more channcl measurements
+d.in ‘order to gain more pmfouud knowledge of
the UWB channcl behéwors 'lijtlus cnvu*onmeni'"

This paper reports an extensive UWB measuremem cam-
paigns conducted in the corridor within the building: The
aims of this paper are present the measurement of line-of-
sight (LOS) and non-line-of-sight (NLOS, concrete wall ob-
struction) environments along the distance from 0.5 to 7 m.
The frequency transfer functions of the radio propagation
channels are measured by using a vector network analyzer
(VNA) over the frequency from 3.1 ~ 10.6 GHz. The bi-
conical antennas are used for transmitter (Tx) and receiver
(Rx) antennas. The analysis results of the measurement
data in terms of path loss, RMS delay spread and correla-
tion coefficient are shown. Based on these parameters, they
can be provided for the standardization activities in IEEE
802.15.3a channel modeling.

2. MEAS'UREMENT SETUP
2.1. Instrument setup

The UWB radio channel transfer function is measured in
frequency domain. The measurement system consists of the
VNA (HP-85 10C), the S-parameter test set (HP-8514B), the
frequency synthesized sweeper (HP-83620A), the biconical
antenna pair and the personal computer. The VNA is op-
erated in the response measurement mode, where port 1 is
the Tx which is connected to Tx antenna via the semi-rigid
cable and port 2 is the Rx which is connected to the Rx an-
tennas via the double-shield low-loss cable and low noise
amplifier (LNA). The configuration of this measurement is
shown in Fig. | and the measurement setup parameters are
listed in Table 1.

The biconical antennas with the maximum diameter of
65.3 mm and the length of 37 mm are used as the Tx and
Rx antennas. The geometric and dimension of biconical an-



F ig;—iz:_ {

EOmeLTiC. ¢ and dunermon of b:corucal antenna.

tenna lS shown in Fxg 2 Thc blcomcal antcnna typ:cally has
an omm—dlrccuv:ma.l radJat.Ion pattern, with a linearly phase
rcsponse Magmtude and phase. of the transfer function of
this antcnna are sbown in Fig. 3.

Thc measurement is conduclcd on 12th floor Engineering
Bmldmg at ng Mongkms Institute of Technology Lad-
krabang (KMITL) There are two models, which are con-
sidered as the LOS .and NLOS environments, respectively.
Tbc neasurement models are sbown in Fig. 4.

2.2. Transmitted Signal Model

The UWB signal model for transmitted signal waveform
is the rectangular passband pulse, v, (t). The expressions of
this waveform in time domajn can be written as

whcrc Smin and f - is the minimumand maximum fre-
qucnc:cs rcspecuvcly, h= fm“ f,m,_l is the spectral band-

 Table 1: Measirement setup parameters

" Parameter Value
+ Frequency range 3GHz-11GHz
Number of frcquency point 801 points
Dynamic powcr range 80 dB
Tx antenna height 1.5m
Rx antenna height 1.5m
D:Stancc between Tx and Rx

‘ antennas 0.5-7 m(each 0.5m)

Distance increment 0.5m

Frequency (GHz)

Fig.3: Magnitude and pha.se of the transfer ﬁ‘”‘-‘“on o ,: é
conical antenna. . &

- S e e S P
*
-
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ERSEOEENR - NLOS RELE
. .
Fig.4: Measurement setup.
width; f, = (.2 + Fmin)2 1s the center frcqucﬂCY D

sinc(x) = sin(m x)/(7 x).

This UWB transmitted signal waveform is showfﬂ
Fig. 5, which is set in the full UWB spectrum band
The ma.nmum and mlmmum frequencnﬂs are fn’u_ ¥ir

tral bandwidth 1sj'b =175 GHz

v (t) = U‘nmxsmc(%fmmc

[EN=
3. RESULT AND ANALYSIS OF MEASURE* ::;f

Rt

This paper, the LOS and NLOS propagatot e
UWB radio communications are evaluated and St
the terms of path loss, RMS delayed spread and o :
coefficient. The results are shown in this SCC“"“



(S

B
3"
Sad
3
g
82
04
06
. 1 1 =

_ Time (n.';j

Fig.5: Transmitted signal waveform.
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Fig.6: Path losses of LOS and NLOS envimnmzn:s..

11. Path Loss

The path loss PL in decibel can be defined as the ratio
between the maximum amplitude of the transmitted and re-
ceived signal waveforms [8]

PL(dB) = 20log (%) ) )

where v¢(t) and v, (t) are the amplitudes of the transmitted

received signal waveforms, respectively.

The path losses of LOS and NLOS environments are
shown in Fig. 6. The path losses are increased along the dis-
“"N?e between Tx and Rx antennas for both LOS and NLOS
¢Vironments. The path loss of NLOS environment is more

that of LOS environment about 10.93 dB. This value

¢
:;:lbe considered as the attenuation quantity of concrete

RMS delay spread(ns)

I S T 1 i, s

4
- Distance(m)

Fig.7: RMS delay spreads of LOS and NLOS environments.

3.2. RMS delay spread

T'me dispersion is indicator to quality of channel. Time
dlspcrsmn usually shows in the paramctcrs such as mean ex-
cess delay and RMS delay spread Paramcters mean excess
delay () and RMS delay sprcad (a) are deﬁned by '

= Ip-tlur(t)lzdt
" PP ©
TR

\/0 B hue(®)Pdt (4)

The RMS delay spreads of LOS and NLOS environments
are shown in Fig.7. The RMS delay spreads are increased
along the distance between Tx and Rx antennas for both
LOS and NLOS environments. The RMS delay spread of
NLOS environment is more than that of LOS environment
about 3.09 ns. This value can be considered as lhe time
dispersion quanuty of concrete wall

3.3. Correlation coe_fﬁcient

The correlation coefficient can be considered as the ratio
between the cross correlation between the transmitted and
received signal waveforms and the square root of multipli-
cation between auto correlation of transmitted and received
signal waveforms, which can be written as below.

o(d) = max|tap(7)|
maxy/ |fu(T)fb(T)|'

where 7,y is cross correlation between signals a and b and

Ta, Tb iS auto correlation of signals a and b, respectively.
The correlation coefficients of LOS and NLOS énviron-

ments are shown in Fig. 8. The correlation coefficients are

®
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Fig.8: Coneld:ion'coeﬁiéients of LOS and NLOS environ-
ments. :

decreased along the distance between Tx and Rx antennas
for both LOS and NLOS environments. The correlation co-
efficient of NLOS environment is less than that of LOS en-
 Vironinent about 0.29. This value can be considered as the
distortion quantity of concrete wall. -

4. DISCUSSION

This paper, the LOS and NLOS propagation channel for
UWRB radio communications is evaluated and analyzed. The
results demonstrate the attenuation, time dispersion and dis-
tortion quantities of concrete wall affected to UWB signal.

The effect of concrete wall increases the path loss and RMS

delay spread about 10.93 dB and 3.09 ns, respectively, while
that decreases the correlation coefficient about 0.29.
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Ultra Wideband Radio Propagation Channel with
Corridor for Short Range Wireless Systems
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- King Mongkut’s Institute of Technology Ladkrabang,
Chalongkrung Rd., Ladkrabang, Bangkok 10520, Thailand.
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Abstract— Ultra wideband (UWB) is currently wide interesting
technology of wireless communication technology in building and
home entertainment so the line-of-sight (LOS) and non-line-of-
sight (NLOS) environments have effect on attenuation and other.
In this paper, the LOS/NLOS propagation channel for UWB
radio communications are evaluated. A vector network analyzer
(VNA) is used to measure the frequency transfer functions of the
radio channels over the frequency ranged from 3.1 10.6 GHz.
“The biconical antennas are used as transmitter (Tx) and receiver

“(Rx) antennas. The measurement is performed in the corridor

with LOS and NLOS (wall obstruction) environments along the -

distance from 1-7 m: The matched filter is used at the receiver to
-maximize signal-to-noise ratio (SNR) of the received signal. The
results are discussed in the conclusion.

" Keywords: UWB line-of-sight, non-line-of-sight, path loss

[. INTRODUCTION

Ultra Wideband (UWB) technology, a revolutionary ap-
proach to radio communications, allows systems to operate
across a range of frequency bands defined by FCC [1] with
negligible interference to existing systems in that band. This
is because UWB uses very low power spectral density (PSD),
while maintaining a high data rate. The UWB techniques
can also provide reliable location information, high resolution
imaging and work efficiently in a cluttered environment. The
UWB technology is an ideal candidate that can be utilized for
commercial, short-range, low power and low cost indoor com-
munication systems such as wireless personal area networks
(WPANSs) [2], [3)- Moreover, this channel model was mainly
aimed for short range applications (i.e. < 10 m).

Indoor environment is one of the operating environments
defined in [4] based on the applications envisioned for IEEE
802.15.4a standard as identified in [5]. Several channel mea-
surements based on the indoor environments have been re-
ported in the literature [6]-[9], but most of these measurements
were conducted on the IEEE 802.15.4a standard, which was
conducted in a flat. Furthermore, these measurements were
aimed to investigate propagation channel for long range ap-
plications. This implies that more channel measurements are
required in order to gain more profound knowledge of the
UWB channel behaviors in this environment.

This paper report an extensive UWB measurement cam-
paigns conducted in the types of corridor. The aim of this
paper is to present the measurement of line-of-sight (LOS)

and non-line-of-sight (NLOS, wall obstruction) environments
along the distance from 2 to 7 m. The UWB path loss is
evaluated and shown. The path loss characteristics are dis-
cuses. The frequency transfer functions of the radio channels
are measured by using a vector network analyzer (VNA)
over the frequency ranged from 3.1 GHz ~ 10.6 GHz. The
biconical antennas are used as transmitter (Tx) and receiver
(Rx) antennas. The measurement data in term of the distance
and frequency dependency of transmission gain are analyzed.
Based on this, more measurement results can be provided
for the standardization activities in IEEE 802.15.3a channel
modeling.

II. ULTRA WIDEBAND ANALYSIS

A. UWB transmission theory

The Friis’ transmission formula [10] has been widely used
to evaluate the link budget for the narrowband LOS channels.
“The UWB transmission signal waveform, its distortion due

- to the channel, and the receiver. Friis’ transmission formula is-

extended for calculating the UWB free space link budget. For
free space model, channel transfer function H, are expressed

as
Heelf,d) = Hi(£, (S, 5,m) - Bu(£, 5,0, ()

where Hy is the free space transfer function which is expressed
as
_C€ e-infdfe

dn fd @

Hf(f:d) =

The complex transfer function vector of the antenna H,
relative to the isotropic antenna towards the (6, ¢) direction

ﬁa(fvgl lp) = g.Hag(f,B,lP) +¢Hﬂlp(flgl (10)1 (3)

where a = rort, 6 and ¢ are the azimuthal and polar
angles of spherical coordinates. Unit vectors 6, ¢ express the
polarization and are defined with respect to the local spherical
coordinates of the antennas.

The receiver input voltage v.(t) of free space model is given
as

ve(t,d) = /00 Heo(f,d)Ve(N)e* df, )
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where Vi(f) is the spcctfal density of the transmitted signal
that is calculated by usmg Fourier tansfnrm of its tlmc domain
waveform as

T wn = f " u(e e,

—00-

(5)

At the receiver, the matched filter Hyp(f) is using for
improvement signal-to-nosie ratio (SNR) of the received signal
waveform that can be written as below

V25 Hialf)
VI Hrain(£)2df

which satisfies the following constant noise output power
condition

: V.H_MF(f) =

/ |Hur(f)?df = 1. (7)

In this case, the output waveform when E; = 1, and the spec-
trum of the receiver output are he_priis(t) and He_pyiis(f),
respectively. The waveform of the output from the match filter
vmr(t) and the spectrum of the output from the matched filter

Vmr(f) are

UMF(t) = he—rriis(t) * hmr(t)
he— Frus(t)*hMF( t)
8)
Jf—m he Frus
Vmr(f) = He-miis(f)HMmr(f)

" |He—priis(f)? ’ ©)
V%o 1 He—puis(£)1Pdf

take its maximum as

I, Vmr(£)df
\/f_mm s (f)2df

Eq.(10)is the UWB extension of Friis’ transmission formula. It
includes three elements, namely the frequency characteristics
of free space propagation, and the spectrum of the transmit
signal. It is clear from Eq.(10)that the transmission gain of
the UWB cannot be defines as the product of gains of antenna
and a free space channel as a Friis’ formula[10]. Instead, the
total transmission gain including the effect of the waveform
can be obtained as Eq.(10).

(10)

m?x UMF, =

B. Path loss

The path loss PL [11] can be defined as the ratio between
the maximum amplitude of the transmitted signal waveforms
and output waveform of the matched filter

maz|v(t)|

P .

PL(dB) = 20log

(6)

73

, TABLE | .
PARAMETERS OF EXPERIMENT

Parameter Value
- Frequency range z - z
“ Number of frequency point 801
Dynamic-power range - 80
Tx antenna height 1.5m
: Rx antenna height 1.5m
Distance between Tx and Rx 1-7m
Distance increment step by 0.5m

-LNA

Detect

i 7
L 7

Block diagram of System Analysis for UWB.

Fig. 1.

[11. EXPERIMENTAL SYSTEM

A. Experiment setup

The UWB radio channel transfer function is measured.
The measurement system consists of the VNA model HP-
8510C, the S-parameter test set (HP-8514B), the frequency
synthesized sweeper (HP-83620A), the biconial antenna pair
and the personal computer. The VNA is operated in the
response measurement mode, where PORT1 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 as the Tx and Rx antennas. Table 1 lists the main
parameters of the experiments.

The measurement is done on 12 floor Engineering Build-
ing at King Mongkut’s Institute of Technology Ladkrabang
(KMITL). Two models are considered for the LOS and NLOS
environments, respectively. The first model for LOS environ-
ment and second model for NLOS environment are shown in
Fig 2.

B. Transmitted signal waveform

The effect of the waveform distortion is more obvious when
the bandwidth is wider. We considered the impulse radio
signal with center frequency is at the center of lower band
of preliminary UWB transmission mask for impact analysis
of Japan. That is f. = 4.1 GHz. Three cases of the spectral
bandwidths are considered. The bandwidths are set to be
B = 0.5, 0.95 and 1.4 GHz, which are the minimum UWB
bandwidth defined by FCC, middle and maximum UWB
bandwidths of the lower band. The UWB transmitted signal
in the simulation was the passband rectangular pulse. Figure 3
shows the transmitted pulse waveforms with 0.5, 0.95 and 1.4
GHz bandwidths. The expression of this pulse in time domain
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Fig. 2. The measurement model with corridor.
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Fig. 3. UWRB transmitted signal waveform.

v (t) and its spectral density function Vi(f) were

w(t) = _\/f2—3 [ fusinc(2fyt) — fusinc(2frt) ] s (12)
1 B

v 75 W-fl=3 3

il { 0 |Ifl-fl>%" =

where sinc(z) = sin(rz)/(7z), fu = fc — B/2 and fy =
fe + B/2 are the lower and upper frequencies.

[V. RESULTS AND DISCUSSION

The transmission losses of UWB signals with optimum and
isotropic matched filters in corridor LOS and NLOS environ-
ments are evaluated. The three cases of signal bandwidths, that
are 0.50, 0.95 and 1.40 GHz, are considered. Fig. 4 shows
the transmission losses of 0.50 GHz signal bandwidth with
optimum and isotropic matched filters in corridor LOS and
NLOS environments along the distance from 2 to 7 m. The
transmission loss of optimum matched filter is less than that
of isotropic matched filter about 1.8 and 6.79 dB for the LOS
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Fig. 4. Transmission losses of 0.5 GHz bandwidth along the distance from
2t0 7 m.
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Fig. 5. Transmission losses of 0.95 GHz bandwidth along the distance from
2to7 m.

and NLOS, respectively. The obstruction loss is about 12.47
dB.

The transmission losses of 0.95 GHz signal bandwidth with
optimum and isotropic matched filters in corridor LOS and
NLOS environments along the distance from 2 to 7 m are
shown in Fig. 5. The transmission loss of optimum matched
filter is less than that of isotropic matched filter about 1.65 and
6.70 dB for the LOS and NLOS, respectively. The obstruction
loss is about 12.94 dB.

Fig. 6 shows the transmission losses of 1.40 GHz signal
bandwidth with optimum and isotropic matched filters in
corridor LOS and NLOS environments along the distance from
2 to 7 m. The transmission loss of optimum matched filter is
less than that of isotropic matched filter about 1.71 and 6.70
dB for the LOS and NLOS, respectively. The obstruction loss
is about 12.42 dB.

V. CONCLUSION

In this paper, UWB radio propagation channel with corri-
dor for short range wireless systems. From the results, the
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Fig. 6. Transmission losses of 1.4 GHz bandwidth along the distance from
2to 7 m.

transmission loss of the optimum matched filter is better than
that of -the isotropic matched filter for all cases of the signal
bandwidths. The obstruction loss of each signal bandwidth is
almost the same. Based on this, the measurement results can
be used- for the standardization activities in IEEE 802.15.3a
channel modeling.
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