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ABSTRACT

This thesis studies the characterizations of ultra;wideband radio channel with the laptop
computer to investigate the effects based on the data measurement. In the analysis by used the
Friis’ transmission formula to considerate about path loss, transmission gain, power delay profile
and bit error rate. The measurement performed in an indoor environment is conducted. The
measurement of model defines the method of measurement with using the real laptop computer to
investigate the effects of shadowing which occur in the channel. The vector network analyzer
(VNA) which is the main equipment for the measurement. From the measured results are taken to
analyze other parameters which show the effect of ultra-wideband channel due to the laptop
computer. In the simulated environment two models have been proposed. In the first model in
simulated environment takes place in class room and the second model comes from opening and
closing laptop computer in meeting room. Moreover, this technique can evaluate the ultra-
wideband impulse radio and develop input signal to analysis and UWB system desing to

considerate the performance and the distortion.
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H, (f) =1 sasmsveslumsdsludmuauanunninegs annseesiuneldaai

" mflx (Vo (1)) (3.19)
e mle(vM.l-'J.\-u (1) -
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gniow Pasaumsi (3.21) uaz 3.22) mudAy

2
f r-|h,, | dr
T, =——— (3.21)
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T =AM TuF 19NN
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5 2
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T TaoinsananmidulszanFanduwus (Correlation coefficient) AIMAAITHINAIY
P e as [ " i " @ w Y " P
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Homnamananuaas Iiiuauaun1sn (3.23) Daaumsn (3.26) MUSIAY

max|r,, (r)|

maxl,frﬂ (2)n (r)

p(d)= (3.23)

Tavaumsnioumandunusiy Ao

rs(7)= [ v (r)v, (e +7)dt (3.24)

HazauMINImnuMSaanduNus Ao

'L(T): j:\?, (r)v, (t+‘l’)dt (3.25)

n(2)= [ v, (z)v,(t+7)at (3.26)

Taoh

s

=) 1
v, (1) Ao dynnudiuds
-

f

(1)
v, (1)

r

o

o Ay udIusy

3.12 aasImanuAanaala

a9 d” " =S - o w &4 da = o A Y 4 2 o
“lummauﬂm:lmw15mmmanmﬂuwuuummmm1zmwauﬁﬂﬂmnums=ﬂu

- 1 -

o a o q. ar o é o = = ’
dananuAanmatiandundinesy suumiventalszdninmlumsdeiudoyaly

uanazgan ldnimsinsed Tasinsannndulsednimsdeiusznindyapauinio1dn

.
! e =
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V27
Taon
E, | N, = energy = 8as10adoyanodyn asuniu

C. = Wandudulszndanduius

br = danlumsdedeyaszauiinaedunii

£, =anuniaveaaunnud
3.13 ayl

& oA o 44 ¥ e o4 o 4 & e e
TuuniildndndmdnmsihoidesturesdyanalumsdemsFuilududidy
a - o vu w 1 o w1 i
TuinntinustisulszneudivswaziBuavoinuinyuzyesreadygin edud1a q Adwa
A o ¥V a = o ' o < w da
nignuriom Iiinanms/asuulanegudnyuzvesresdygusiu ldszuumsiand
" o = o :; A o 4; :
og 2 uuunan q AenmsialulamunawazluTawunnud Fszuumsianuui 2 Wuezgn
o - = a [ " 1 : = e A E
inlFlunmsinsandawanisnlasundasdsnanluunde 1 siniumsiines iinuades

e

o ' o o el ‘:: - J LR o
AuvesdyanaszgmimnlFlumsiinizvamainadu liheeilu vansaaneuveadids

=

a Y @ é 3 " ﬂly
U MsAaiouveszldyana namsnszaenana Fanniimesimariiszuaasliiiun

minldouutasiig q suiiesdonansznunnilaisaan lanan 1 luseudu



UNN 4

(Y Y

HUVNITVIADAZNMTIAT U IOV B

U o
4.1 P
g =] ° v @ ¥ a £
Tuuniivznandwuuinesvesmsiadagauauniegaluminaassduilums
fnsawamsldsunlasvesyesdyaraluszvunisdems 1ime Tasialdeziing
#nsaneg 2 5dwiude Ansannamslduuuiaesvesdyaa vullsunsuneuiaunes

1

= a Y A M da A a o ' o4 ﬂ
HAZWDITWUININNIGTIA Tﬂf.ﬂ‘lﬂﬂiﬂ‘:ua‘ﬂﬁl’ﬂj‘l INTDIUATIEH VIV ULV ULIAADIFILLUNG

¥
-

v ¥
Aorsanuu Tawuanud Tasinninusdwiminsauuiugiuvesmsiadundn

¥
[} @ s

v & o Yy - o A d a4 =
dmivduaoulumsimiusuiiudesiinsiawmisuginsaiaieg ineades Taveznanialu
3 o ¥ A Ao w o - ' & A o o o 4
dorine luazdeidagiqadnetiamiisfemsdmuagluuuniednuazanmiadeuds
widudrdimuailidovesnisasunlasvesresdygrandesnisnoisur laoly
a = d‘a’ o a L o~ o a o = S
Imsninusiivziinisinsizvtilaleiinanwaniznuvedalnedaeununeindina
nIzNUARIEAUYIdy A MUUYBIdy g auunaun s luanzadeunislueims
Taoldsmuanisiiassvesmsiadyguuounhstanisesnilu 2 gUuuy Aewanszny

o a o A o a o
nnmsnyuualnedasuiawmesuaznansznunnmslauazilamieainotaoununes
A - (9 :

Wetimsmludnyuzrealszyy
¥ L "
wasnnvuasumsiaaisduasdoyaii 1dezgmir ldiins1zvidroTsunsu

a 4 & nn. a e J 4 = L =Y
aoun AN IHansulasunlasiinadudsszuaaslugiueamstinesanee oy
HavDIsTAUMAIIUAgYds vamsnszaemanadulszney ldde Aundonanlizls

¥ ¥ b d
uazAmsudlszds Invsnaniuaas ldimudeanuiouvesdy g TasimsnlSsuiisuniu

¥ cu:' o o o A. [ v

gnansan lammsdaluanwnadeumslusmisnuran ldanmsialuanimiadon

v L d - v d = - a J [ U
mﬂuw‘aﬂ%’mmzmu Wouaal liiiudInanszNUNNAYUAINAN

4.2 HDVUAUMTD1ADY
uummumsﬁmaﬂuﬁxuumﬁﬂ‘ﬁmﬁmmwmuummun‘ﬁ'uﬁufuwi%’m?aﬁﬂ
mwignasusznonli&ae 1n30eiinTZi1995 9 0HUUNAKMET {1 HP-8S10C YANAADY
W IA0IN13NILTANIZII (S-parameter test set) {1 HP-8514B LazddunsIzinmd
(Frequency synthesized sweeper) iu HP-83620A ai‘luqﬂm iﬁ"rlfTﬂiHﬂﬁ‘l"lﬁﬁﬂ&ﬁﬁuﬁﬂﬂﬁ&ﬁﬂ

d' A 1 ~ 1 dﬂ'. 4 r L
TuzUi 4.1%99zgnaduguiunouiInes dauyana (PC) NFoUADHIUNITA GPIB (General



30

purpose interface bus) Tﬂuqﬂmﬂfﬁﬂﬁf‘fﬂzﬁﬂmauﬁﬁﬁmmsnmni’ﬂﬁmmm‘IuTnﬂﬁw
wuuMilmosanazuuuaeanesa Filumsnaassiivsiimsassaunyasamoialasweda
finflafowesai 19 lumsdedaa (Tx) dauneiaresny 1 lunsSudyau (Rx) Taoh
Umuveaneianaasaszgnaedasmoo wazihimsdalulamunnuideufiozgmima

msia sz luTdsunsunsunanesae 1y

v \‘\

Tx-antenna ) Rx-antenna

V

Chanel

VNA

IFFT

-30 ' I

-40 ) P 3 Iy | d

: ¢ 1 al
: H
-s0} . w4 B |
A 1t iy
Lie % Fi* ! i ¢
-80 i S " ‘

-70

-80

JUn 4.1 wuvdaes



31

4 o e A o 4 -
v lFiaesnsTaeman1dindinszddmansznuninualiioy

Y c'd.du {1 " @ ¥ a -i o @ o -
AouwaneINNABM AN IuFYg I luuaun hetaiverih ISl ganasannmaTulad

¥
- e oA

uoun$dsde T/ luownn Tasluaddeil Idmmsmnsantawansznulu 2 jluuuiiaes

aaldnanluswsziduane luil

4.3 jluuudraeamsia
° o n‘: ° = Ld -~ P a @
Tumsiaeamsianuldnnmsiingzd 2 luvufouuun 1 Jnsizvnansznusn
a = =Y o ° & =1 = o "
msvatvesalnelnouiames Tanimsnyuinieaaiedneuiunesaudsy 0 aam
= o - : a = a a -1
89360 0 uazlunuuinesd 2 Wwiumsinisandwansznuiifaninualitell

Aouwanes ludnuuzilelimsfanludnuus 1dxlszguTav1&nadesvazdealuido
oa 11

431 gnuusraeamsTauuuii 1

1814 inFeadinszs Tnssiouuunnnes iWludariawamsaouaussvesdayna
Tno1814 wesail 1 Wunesalumedmdadygin uazld wofad 2 dhimedalumedindy
dy I Muday mmi‘i'mmi‘f"lﬁ’ﬁmw"J'ﬂfhmmauﬁuawmﬁagﬂpm“luﬂmwﬁmmu‘lu
0113 Tasfmualdimeenmaiigidauazdasusiy ﬁmmqammﬁfu 1.75 was uaz 14

¥
dmualimeemeadidawasiiuiiegrinamuluseduamen Wuszoema 1 was Fuaasly

JUN 1
MU0 IMAN AU M09 IMAN ALY
A O = |
:
‘\_/ !
I
]
Step 5 degree :
i
o ] -
~ 1y
(4,] I
3 | 3
HP8510C :
|
AN |
Port 1 - :
ort
' ¥e) 28 S Mo oot NG

A

e e
O

1 42 mswssuginsainouiimsmimidaya



32

" L " *
fmeoimadidaiuldldmeerinmansiogilumoeimaniinsunsnszaiondu
o d = ' - oa — = o 4
soudIdtivinaduruguinats 65.3 ladwas uaziinnue 37 adwas Fudunasgu
vosmwemiA [3] uazmeoimad s uilumeeimamuiiuees larl Tuaa SMT- 3T010M
P a a & oa o a0 o i o A o ¥
Wl luFmndsddivnman Jumooimaimidanumsdedi #1dinndlunmaeans
a v 1k ¢ d Aok oa e 4 - ¢
lavdAndsegiinesa 1 2 &1 tadaduvenmvesanolnouiunes
. ai
432 juvudrnesmsian 2
v ] ¥
lumsiagueaniavessesdygiunvunounindsnmoludesnun 2 fdinaly
& - e (] o d o Y Y o o ¥ - ey
1n5993R 312 s hBuunames ugnsaivan lumsiauaz 1dimsialuiesl fiiams
4 o o ¥ A doave a - '
¥961991nM3 Ia luiadeiiduin lasmoeman liulieg 2 yafe dweimansdIudILay
o A ' 1 4 v ar
aweInaneduiy Fuilumeeiniauuunsisgiiinisuninizauniuseudalae
¥

meommed s unuududniinanszdatuualioUneuiuaefmueeinimigeggann
& H aa ' o o a & [ w
Wy 1.4 was uazludwvesmeeimanasegiuualnedaeununesiiu ldiansluanyuy
TazilszquIag18n1snanes 2 uuude siimisialasiinansgnunamsilauaznisia
insesnlfiedneuiuneiie 19 lumsnSouion Tuzii 4.3 uaasnmitnssdnums o

o'
uazgUnsailumsnaaes

[~] MmO
Port1 | | Port2
: kil
1
“ T Rxant | Ll , 3 T
El.sz m|  280m 428m STBm. |
£ |
; Tx ant | i
I | i 6.65 m. i =
g N T
| ~
i vy

Im. 248 m. 397 m. 548 m.

== 12 M. L

i 43 uuvinesvesmsianaaeuguanidvesresdygiunioluosi 2



33

. ¥ 1
Tuszuumsiavesdyanuuuunounidniv 1nissiammemaduliznon

1@ 201930a31A3 12129930 1BHVUIAABST T1 HP-8510C YANARBUMIIITIABIN1INILIA

o e s =

N32010 (S-parameter test set) iu HP-8514B uLaza1duns1evnun (Frequency synthesized
] ar o ﬂ' é
sweeper) 14 HP-83620A 1fugunsainanlunisnanesdanaasldiulugiii 41 daszgn

' = o 1 a A 1 ] ] 4 d = dv ]
AUgUHIUABIIME dIuYARa Ti¥euABrIuYBITomsIUY GPIB Tauginseiviiatiawil

"
/e A

Sl ; 4 4
Qmﬁwnnmmsnnnmﬂﬁmtymh‘iﬂswwuvunuawa%’mmzuuuﬁﬂawoi'ﬂ alums
‘: o as o ¢ o & A ¢ o 1 [ [
naasilsziinsasiauuuaenesalasnesannilsnonaianldlumsdidygiu diu
] ¥
wodaaonz1dlunmsiudyaa Taoiawveawesaniassssgnaedloaiva N uagi

msialuTamuanuideuivzgmimamsialyinseluTsunsuneuiiunoide

4.4 WUVUAUMSTIA

'
" =

sdnuuaisiasanisialuudazuuuildnanludredudumsinsanis
v T & o 4 s i =&
audnvazyosrssdyanunuldanzidmuaiu Taslumsnanssiideamsiisgiarsan
=S 1 Y dedat v [ or 9 a & a4
fanansznunnuadiielneuiuneinddevesdyarauuunauniiegs Fadein ldennms
u’: - o J ' o P n’:
nansniufedandunmsoielouvesresdygnuisiunavesaveimendi lUd sz
] ¥ ]
ihdeyaii1dnnmisnaansil imszdre Tlsunsuneuiiamesie Idnswdewans
d‘ 4 = J - J o 4 1 ar o .
wasuudasminasu Tasuaaslumniinesareg deiildnann3luidedaly Taslugin

o 3 - 3 '
4.4 aaduaon 1ﬁﬂ$llﬂill1ﬂlﬁ BUNI ']lﬂ'i'iz?f«ﬂuﬁﬂwiﬂ UAvYDAAEMINADD

( doyaildenmsia ﬁ'cytmmﬁ'mfﬁuun)
C MRS Aygy I )

(ﬁqumiﬁuﬁﬁmu ANsurlszia >
~ o o 1 J -
@szumamuutymm Aundoalsia }

4 \\
thmsqquﬁuﬁﬁmu fhﬁml‘s:ﬁniﬂuﬁuﬁ'ui)

(ﬂsz‘iaﬁﬁ'«mﬂtymm)ﬂ PG‘)’ﬂﬂﬂ':mﬁnwmﬂﬁn )

a d & -~ Sy o
31]'" 4.4 Uﬁﬂﬂ'lﬂlelﬂiuﬂuﬂﬂ'Hﬂ'l‘i'lkﬂﬁ1:“ﬂﬂgﬁﬂ1iﬂﬂﬂﬂﬁjﬂﬂ




34
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Indoor Measurement and Modeling of Ultra Wideband Antenna with
Laptop Computer for Wireless Personal Aear Network

Phanupong Siriporn na rachseema, Sathaporn Promwong,
Paisan Sithiyopaskul and Nikorn Sukuthumtanti

Department of Information Engineering, Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand
E-mail: s6064612@kmitl.ac.th

Abstract

This paper discusses the indoor measurement and
modeling evaluation scheme of ultra wideband an-
tenna with labtop computer for wireless personal
communication. Friis’ transmission formula is used
to analysis a waveform distortion and transmission
performance. The matched filter reception is con-
sidered to maximize the SNR at the receiver for the
evaluation. Some experimental examples are shown.

Keywords: Ultra wideband (UWB), UWB radio,
Friis’ transmission formula, matched filter, WPAN

1. Introduction

Ultra wideband (UWB) radio technology has be-
come one important topic for wireless communica-
tion. The UWB radio communications can be viewed
as an extreme form of spread spectrum communi-
cation system. In order to minimize the interfer-
ence with existent systems, the UWB is expected
to be used mainly in wireless personal area networks
(WPANSs) and home networks.

In this paper, we discuss the experimental evalua-
tion of UWB antenna performance with labtop com-
puter. This scheme is based on the Friis’ transmis-
sion formula. The transmission waveform and the
matched filter reception are keys for the extension of
the Friis’ formula for UWB system. We carried out
an experiment using the biconical antenna and mean-
der line antenna for UWB operation in the anechoic
chamber and in indoor environment.

2. UWB Analysis

In this study, we focus on the link budget evalu-
ation in the free space. The Friis’ transmission for-
mula [?] has been widely used to evaluate the link
budget for the narrowband LOS channels. Input sig-
nal v(t) at the transmitter port is expressed as the
convolution of an impulse and the pulse shaping filter
as

w(t) = Bid() » hi(t), (1)

Friis’ formula is extended taking into account the

transmission waveform as

- ‘—’};Tf) = HEH,-H, (2)

where
is a complex transfer function vector of the antenna
relative to the isotropic antenna,

A
. —ikd
Hy = — exp(-jkd) (3)
is the free space transfer function where
27
=3 @

is the propagation constant.
The waveform of the output from the matched filter

umF(t) is

he-Friis(t) * hyr(t)
he-Friis(t) * he priis(—t)

‘//:0o h2 eriis(t)dt

and Vyur(f) (The spectrum of output from the
matched filter)

uwmr(t) =

v (5)

I

Var(f) Hepriis(f) Hur (f)

| He-prits(f)|*

J[-m | He-priis (f)|* df

According to Eq.(??), Eq.(??) has a peak value takes
its maximum as

(6)

omp(t) = f_ ” Vaar(f)df

‘/ j " Hemm(DRdE. (1)

Equation (??) is the UWB extension of Friis’ trans-
mission formula. Equation (??) includes three ele-
ments, i.e., the frequency characteristics of the anten-
nas, the frequency characteristics of free space propa-
gation, and the spectrum of the transmit signal. The
UWB transmission gain can be defined as

maxvmp(t) =

Guws = max vy (t)/ MAX UMF,Isot)- (8)

5C-2



Fig. 2. The measurement setup: chamber room.

3. Transfer Function Measurement
3.1 Experimental Setup

By using the vector network analyzer (VNA), com-
plex transfer functions can be measured. The trans-
fer functions were measured as S; in the frequency
domain by using a vector network analyzer (VNA).
The VNA was operated in the response measurement
mode, where Port-1 was used as the transmitter port
(Tx) and Port-2 was used as the receiver port (Rx),
respectively. The measurement was done in an ane-
choic chamber to simulate free space. Both Tx and
Rx antennas were fixed at the height of 1.75 m and
separated by d. The setup are illustrated at Fig. 77
in an indoor environment and Fig. ?? in an anechoic
chamber.

3.2 Antenna Under Test

The Tx antenna is a biconical antenna with maxi-
mum diameter of 65.3 mm and length of 37 mm used
as the standard antenna (7] show in Figs. ?? and the
Rx antenna is a commercial, small-size, low profile
antenna developed by Skycross Lnc.,(USA) [?] used
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Fig. 4. Meander line antenna

as the AUT in Figs. 77. Sj;, measures the transfer
function between Tx and Rx antennas.

The Tx antenna is fixed at pointing angle 0° and
the Rx antenna is rotated from pointing angle 0° to
360° with each step at 5°.

3.3 Parameters of Measurements

The important parameters for the measurements
are listed in Table 1.

3.4 Transmission Signal Model

The impulse radio signal that fully covers the FCC
band [?], ie., 3.1 ~ 10.6 GHz. The center fre-
quency and the bandwidth were therefore set to be
fo = 6.85 GHz and f, = 7.5 GHz, respectively.
The transmit waveform assumed in the simulation
was a single ASK pulse with the carrier frequency
fo. To satisfy the bandwidth requirement of f},, the

5C-2



TABLE I Table 1 Parameter of Experimental.

Parameter Value
Frequency rang 3~11 GHz
Number of frequency point 801
Dynamic power range 80 dB
High of Tx antenna 1.75 m
High of Rx antenna 1.75 m
Distance betweenTx antenna and Rx 1m
Rx rotate range 0° ~ 360°
Rx rotate step 5°

Fig. 5. Transmission signal model.

pulse length was set to be 2 Then the signal was

b
band-limited by a Nyquist roll-off filter with roll-off
factor @ = 0 (rectangular window) and passband

Jo b
(fo =iaw fitk !2*
mit pulse waveform. The transmission process of the
pulse waveform is simulated based on the measured
transfer function of the antennas.

Figure ?? shows the trans-

4. Results of Experiment

From result of experimental the Fig. ?? are show
magnitude of the measured antenna transfer function
in an indoor environment and phase is also shown in
Fig. 77. The receiver antenna line with in used exper-
imental that used converter phase antenna line and
have trust but indecent working use in appearance
not know everywhere of signal.

Figure 77 shown the magnitude of antenna trans-
fer function in anechoic chamber room in frequency
from 3 ~ 11 GHz and setup step 5 degree being 0 ~
360 degree However, evaluation value from state room
in building Fig. 77 shown phase of antenna transfer
function in anechoic chamber room.

Figure 77 shown transmission gain of UWB an-
tenna in an indoor environment. Therefore, 180 de-
gree angle that have to maximum loss signal value
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Fig. 6. Magnitude of antenna transfer function: in-
door environment
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Pointing angle (degree)

Fig. 9. Phase of antenna transfer function environ-
ment in anechoic chamber room
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Fig. 10. Transmission gain : in indoor environment

ratio because turn is 180 degree angle . Receiver an-
tenna this Meander line antenna with point antenna
line this to face go over crossing with transfer an-
tenna line another have to maximum loss ratio.
Therefore optimum value that have to increase ratio
with highest of isotropic because signal evaluation in
room state in building that have to reflection of sig-
nal form other inventory. Specially when in turn off
angle have to estimate value 180 that highest increase
ration isotropic type because reflection from desktop
of laptop computer.

Figure ?? transmission gain of in anechoic cham-
ber room another that have to distort of signal a lit-
tle when compare with in room state in building but
have to increase ratio a little with in room state in
building because that environment in building have
to reflection highest of signal.
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Fig. 11. in anechoic chamber

room

Transmission gain :

5. Conculsion

This paper discusses the transmisson gain of UWB
antenna with a laptop computer in an indoor envi-
ronment and in anechoic chamber room. Using an ex-
tension of Friis’ transmission formula in order to take
into account the transmit waveform and the matched
filter into the system. The experimental examples us-
ing the biconical antenna as the transmitter and the
Skycross antenna as the receiver are evaloated. This
approch is more useful for design and evaluation of
UWB wireless systems.
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Abstract— This paper presented the effect of laptop compu-
ter shadowing on UWB propagation in an indoor environ-
ment. The frequency responses of the radio channel are
acquired by using a vector network analyzer (VNA) over the
frequency bandwidth of 3.1GHz to 10.6GHz. Consequently,
the characteristics of the UWB channel including the
transmitter/receiver antennas, the environment, and the
laptop computer shadowing are investigated. As the results,
the mean excess delay and the RMS delay spread increase,
respectively, in the case of laptop computer. Moreover, the
angular power loss is occurred when fully shadowing by the
laptop computer,

Keywords—UWB, UWB Propagation, RMS delay spread

L. INTRODUCTION

Ultra Wideband (UWB) technology, a revolutionary
approach 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, while maintaining a high data rate. The UWB
techniques can also provide reliable location information,
high resolution imaging and works 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 communication systems
such as Wireless Personal Area Networks (WPANs)
[2].[3] Hence, the characterization of the indoor radio
channel is very important part, especially when propagated
signal is shadowed by the laptop computer operated
around the transmitter and/or the receiver. There-fore, the
laptop computer shadowing affected to the signal quality
should be investigated. Recently , the power pattern of the
UWB antenna using traditional anechoic chamber
measurement techniques are proposed to characterize the
effects of laptop computer shadowing [4] While the
analytical results of laptop computer operator effect on the
wideband and narrowband channel are presented[5].
Consequently, the UWB channel measurements from typi-
cal office room have been investigated [6].However, these
researches do not consider the impacts of the laptop
computer shadowing over the fully FCC bandwidth on the

0-7803 9538 7/05/$20.00©2005 IEEE

angular path loss and the time dispersion characteristics. In
this paper, we investigated the effects of the laptop compu-
ter shadowing on UWB propagation in an indoor environ-
ment over the frequency bandwidth of 3~11 GHz. Unfortu-
nately, the characteristics of the transmitter/receiver anten-
na are included in the measured channel. In our experiment
, the biconical antenna is used at transmitter and the mean-
der line antenna is used at receiver. In order to investigate
the influence of laptop computer, the channel parameters
such as the power delay profile, the mean excess delay, the
RMS delay spread and the angular path loss for the
arbitrary angles (0°~360° ) are presented.

II. DESCRIPTION OF MEASUREMENT
AND MODEL

A.  Measurement Setup
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Fig. 1. The measurement setup: indoor environment.

The UWB radio channel transfer function is measure-
ment system consists of the vector network analyzer
(VNA) model HP-8510C, the S-parameter test set (HP-
8514B), the frequency synthesized sweeper (HP-83620A),
the biconical antenna pair and the personal computer. The
VNA is operated in the response measurement mode,
where PORT1is the transmitter port (TX) and PORT2 is
the receiver port (RX).The biconical antennas with the
maximum diameter of 65.3mm and the length of 37mm is
used at the transmitter. The biconical antenna has typically
an omni-directional radiation pattern, with a linearly phase
response. The meander line antenna is used at receiver is
low receiver power with develop by Skycoross Inc., (USA)



company. Table lists the main parameters of the experi-
ments. The transfer function is measured as S,, in fre-
quentcy domain by using the VNA.

TABLE ]
TABLE 1 PARAMETER OF EXPERIMENTAL.
Parameter Value
Frequency range 3~11GHz
Numberof frequency point 801
Dynamic power range 80 dB
| High of Tx antenna 1.75 m
High of Rx antenna 1.75 m
Distance betweenTx antenna and Rx 1 m
Rx rotate range 0°~ 360°
Rx rotate step 3°

In the experiment, the antennas are placed at the height
of 1.75m and the separation distance of Im with the
vertical polarization. The receiver antenna is attach
receiver on laptop computer. For each measured channel,
the receiver antenna is rotated by the increment step by 5°
from 0° to 360°while acquiring the received power on
computer via GPIB interface. The measurement is carried
out in the laboratory environment. Figure 1show the
measurement setup in the indoor environment.

B. UWB Signal Model

2 as o @ o i (5 2
Time (ns)
Fig. 2. The transmitted UWB signal waveform.

This UWB transmitted signal is shown in Fig.2 and its

equation is
v, () =fl[f,,,.,sine(2fmr> ~ frSine (1)

where i, and f,, is the minimum and maximum
frequencies, respectively, f, = fiu - fain is the spectral
bandwidth, £, = (fnaxt fmin )/2 is the center frequency and
sinc(x)= sin(nx)/(mx).

944

74

C.  Data Processing and Analysis

The inverse discrete Fourier transform (IDFT) is used
to convert the frequency domain channel response into the
time domain channel response. Hamming window is
applied before transformation to make it easier to locate
line-of-sight component of the signal. This filtering
procedure reduce the side lobes of the impulse response
and broadened the main lobe. Therefore, the UWB channel
characteristics can be analyzed statistically.

III. INVESTIGATION PARAMETERS

Power Delay Profile
The mean relative powers of the taps are specified by
the power delay profile (PDP) for the channel, defined as
the variation of mean power in the channel with delay,
thus

A

P(r)= (2)

Where E is expectation and h(t,t) is the impulse response
of the channel.

B.  Mean and RMS Delay Spread

In order to investigate the effects of the laptop
computer shadowing on time dispersion, we considered the
time delay of the arrived signal at the receiver, which the
multiple reflections of the transmitted signal may arrive at
the receiver at different times, this can result in
intersymbol interference (ISI, or bits into one another)
which the receiver cannot sort out. The time dispersion can
be characterized by using the mean excess delay,t,, and
the RMS delay spread, T, to illustrate the effects of
laptop computer shadowing. The mean excess delay which
is the first central moment of | h(t,t)* and the RMS delay
spread which is the square root of the second central In
order to investigate the power delay profile, the mean
excess delay, the RMS delay spread ,and the angular
power loss, the UWB signal model for transmitted pulse is
required. Defining the UWB transmitted signal waveform
assumed in the simulation is the pass band rectangular
pulse, v,(t) which have expression in time domain [8]. The
UWB transmitted signal is set in the full UWB spectrum
bandwidth. The maximum and minimum frequencies are
fmin= 3.1GHz and f,,,.=10.6GHz, respectively. Then, the
spectral bandwidth is f,=7.5GHz moment of |h(t,7)* take
into account the relative powers of the taps as well as their
delays, making it a better indicator of system performance
than the other parameters. The mean excess delay, 1, is

E| h(t, 7))
2

defined as [8]
2
f 7| h,, | dr
=——2—
[1hey 1 dr
3)



and the RMS delay spread,,,, , can be defined by
2
2
f(r =7,) |k, | dr

2
[1he, 1 dr
C. Path Loss

The UWB path loss PL can be defined as the ratio
between the maximum amplitude of the transmitted and
received signal waveforms[8]

PLyys(d)[dB] =20 log[%:l )

T

rms

(4)

where v(t) is amplitude of the transmitted signal wave-
form and v(t) is amplitude of the received signal
waveform.

IV. RESULTS AND DISCUSSION

By using the VNA, the measured frequency transfer
functions with the number of frequency points of 801 are
taken in the laboratory environment. The time domain
impulse responses of the UWB channel are analyzed by
the procedures described in the previous section.
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Fig. 3. The antenna transfer function: magnitude.

From Fig.3 is magnitude of antenna transfer function.
Figure 4 is phase of antenna transfer function. Fig.5 shows
the comparison of the power delay profile (PDP) between
with and without the laptop computer shadowing at the
arbitrary angle (0°~360°). We can see that the received
signal is attenuated by the laptop computer between 180
and 225 degree, which is more than at the other angle. The
comparison of the mean excess delay (t,) and the RMS
delay spread (T,m;) at the laptop compute shadowing at the
arbitrary angle (0°~360°) are shown in Fig.6 and Fig.7,
respectively. As the results, we can observe that the mean
excess delay and RMS delay spread of the signal between
160 and 200 degree (in the case of laptop computer
shadowing), respectively is more than that of the signal at
the other angle.
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Fig. 5. The power delay profile of the measured UWB
channel.
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Fig. 7 The RMS delay spread, 1., with the laptop
computer shadowing.

These results are indicated in the reduction of data rate
of this system for the laptop computer shadowing case.
The path loss at distance of 1m between the transmit and
the receive antenna, which is included the effect of the
laptop computer shadowing, the environment effect and
the antenna effect are shown in Fig.8 As the results, we
can see that the laptop computer shadowing are involved
the angular power loss between 150 to 225 degree, which
is more than that of the power signal at the other angle.

V. CONCLUSION

This paper, the evaluation of UWB propagation channel
are 3GHz to 11GHz in our laboratory environment. The
measurement results clearly indicate that the laptop com-
puter shadowing are effected to the time dispersion charac-
teristics.As the results, when propagated wave is shadowed
by laptop computer, the mean excess delay and the RMS
delay spread increase to 2.4ns, respectively. Moreover, the
angular power loss of 157dB is occurred when fully sha-
dowing by the laptop computer. Therefore, the UWB com-
munication system design must consider the effects of lap-
top computer shadowing in the real environment when
high data transmission rate is required.
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