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ABSTRACT

An ultra wideband impulse radio (UWB-IR) is applied for short-range system such as
wireless local area network (WLAN) and wireless personal area network (WPAN) in office and
home. The characteristics of indoor propagation channel are very complicated and difficult to
predict. Therefore, the performances of transmission signal shall be analyzed and experiment on
characteristics of transmission loss for ultra wideband radio in an indoor environment with laptop
computer. We discuss the characteristics of UWB-IR transmission system 3.1 GHz - 10.6 GHz.
The rectangular passband waveform is used as the UWB-IR transmitted waveform. The transfer
functions of channels are experimented in the convention room by using a vector network
analyzer (VNA). The matched filter is considered at a receiver side to maximize the signal-to-
noise ratio (SNR). The bit error rate (BER), the optimum received signal, the transmission gain
and correlation coefficient are evaluated and shown. The statistical model is used to characterize
path loss, mean access delay and RMS delay spread. The ground reflection path loss of the UWB-

IR propagation channel is analyzed.
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960 — 1610 -75.3 -75.3
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/o o

4 3 o a d ar
Tuszuumsdods Fmotumsilimesndwalunisinsedvesdyainnis

]

' A A = 8 o o o A
UWINTTNIWARU ABMITAIAMIUDIMANUGUTIM A IUVDITyY I PL 11109910015
unsnsznriuyesdyg s Tasiinsannndasidiuseninszdumasouilduns sedy
o i d'ﬂl é ﬂ'/ o T 1 =Y ..
Araesnuisu1ddeTaona linezuaasldeglumitsveuadiua (Decibel; dB) uaaslu

AUNIN 3.37

PL[dB]=20log ("‘—(’lJ (3.37)
v, (t)
Tl
() feseduduyanmiildds
v.(f) #eszdudyanuiisuld



28

1 4
o o @ LY

a 'd a Ly {
Iﬂﬂﬂ'ﬁ')!ﬂi13'ﬁﬂ'lﬁﬁﬂllﬂﬂﬂlﬂ\?ﬂ131\1\31”11!33'1]”“UUlm‘l]ﬂ"j'NUQ PLUWB HUIY mmnﬁ

LT

o o <

o o T o @ a Ao v & J o
Mdsnugegavesdgyaunldduashdegegavesdygyraisu lavauilsnduves

v o

seoen (d) Taetiilonundhulmuaunsh 3.38 uag 3.39 mudrdu

max |vt (t)|

(3.38)
A0

PLyyy (4) [dB] = 20log| —

td
LY

Tagluaunisn 3.27 lddmualdvwavesdyananlddalinumiy 1 daduansoda

4
aumsIna ldded]
PLyy(d) [dB]=~201og(max v, (1)]) (3.39)
4
Tudniinusaduil Bmsnnugaiosiitvessesdyarunsunsnszawing

0
a LY [ Y

o a A o ] [ o '3 1
suWaduvuuounIdshliaeeiniadasgiuuaedasuimesauszoznisluusday
o [] (44 v Y o o 9 dy
Aumdsunlazdszgumoludgnnziadounivlueims Tagldiwuudassmsaziouny

WINDITAUIAIAUNITN 3.40

PL(d)[dB] = PL(d,)+10nlog (di); d=>d, (3.40)

0

Tagh
d, i 530gNn1efidnds
n flom path loss exponent

d D STUTHNISHIRTIUIMAR LA U89 INAA U

3.5.5 3HSYANNYN

ar

mMsmmszezganyueztitueniismsaaneuvesdyaa lugesdyanuuuuioy

g o o

ar

Tt 1A Tasszognissrinameemeadudansiuiveglussognoudessuzyavinyues

¥ ’ d ‘!’ = 3 s A o7 { = 3‘
NUNMAINITAANDUYDIN YU IUNINRUY fuzmﬁeuﬂummsaﬂmumﬂqammuwmﬁzﬂﬂmu‘lu

o

PINTAIN HAZEITTUINNIETHINAWOIMARIUA W AIUT VBN TTUTVBIYAK NN

. } 4 14
wuhaimsaaneuvssdyaruifaliuseiiinniiminisaanouvesdyaiaiifiaiuly



29
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f

Y

an Py 9y VoA o o s v . .
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3.5.6 ﬁ’uﬂszﬁnéﬁﬂﬁ’uﬁ’uﬁ (Correlation coefficient)
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mean square error; MMSE)
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o ? o o ad . =] ' Vv
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vbstract— An ultra wideband impulse radio (UWB-IR) is
ap&)lied for short-range system such as wireless local area network
(VYLAN) and wireless personal area network (WPAN) on office
and home networking. The characteristics of indoor propagation
channel are very complicated and difficult to predict. Therefore,
the performances of transmission signal shall be considered. In
this paper, we discuss the performance of UWB-IR transmission
signal. The template signal receiver is considered at receiver side
to maximize the signal-to-noise ratio (SNR) for evaluation. The
experiment results are used to evaluate the transmission signal
waveform based on Friis’ transmission formula. This technique
gives very accurate results and is useful to design and evaluate
the UWB-IR systems, especially for the performance evaluations
of{ waveform distortion.

: I. INTRODUCTION
lToday the wireless personal area networks (WPANs) are
required to have high data rate, low power consumption
alEi low cost. The ultra wideband impulse radio (UWB-IR)
technology is an ideal candidate focusing on WPAN.
Federal Communications Commission (FCC) is currently
working on setting emission limits that would allow UWB-
IR communication systems to be deployed on an unlicensed
band following the part 15 rules for radiated emissions of
intentional radiators [1).The frequency range of UWB-IR
signal for wireless communications is from 3.1 GHz to 10.6
GHz. The UWB-IR transmitter sends pulses with ultra high
bandwidth and the UWB-IR receiver collects the power of
réceived signal for rebuilding the pulses. Since the power
spectral density (PSD) level of UWB-IR signal may be below
the noise level of other systems, UWB-IR technology can exist
ith other RF technology without interference.
IThe antennas of UWB-IR communication systems are sig-
nificantly pulse-shaping filters. Any distortion of the signal in
e frequency domain causes the distortion of the transmitting
phlse shape. Consequently, this will increase the complexity
of the detection mechanism at the receiver [2]. Moreover,
low cost, geometrically small and still efficient structures
are required for typical wireless applications. Therefore, the
antenna design for UWB-IR signal radiation is the one of main
challenges [3].
Even if the channel is in line-of-sight (LOS), Friis’ transmis-
sjon formula cannot be directly applied to the UWB-IR system
als the bandwidth of the pulse is extremely wide. Furthermore,
simple comparison between the waveforms of transmitter and
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receiver is not significant because of the distortion of the
waveform caused by the frequency response of the antenna.

In this paper, we discuss the free space transmission wave-
form evaluation scheme for UWB-IR systems. This scheme is
based on the Friis’ transmission formula, adapted for UWB-IR.
The transmitted waveform and the receiver template waveform
are keys for the extension of Friis’ transmission formula
to UWB system. An experiment is carried out using two
types of broadband antennas for UWB operation in an indoor
environment.

I1. ULTRA WIDEBAND THOERY

In this study, we focus on the performance evaluation for
UWB-IR system in free space.

A. Extension of Friis’ Transmission Formula for UWB trans-
mission System

UWB-IR transmission systems have attracted a great deal of
attention because of its potential applications on short-range,
high-speed, and low-power wireless communications. In order
to minimize the interference with existing systems, UWB is
expected to be mainly used in indoor wideband environments.

In narrowband systems, the link budget of the free space
propagation loss is usually estimated by using Friis® trans-
mission formula [4]. However, it is not directly applicable to
the UWB impulse radio transmission system, as the formula
is expressed as a function of the frequency. Moreover, the
waveform may be distorted due to the frequency characteristics
of the antenna. [5] treats the special cases of the constant gain
and the constant aperture, but no general discussion had been
made although it suggested the use of the time-domain antenna
effective length.

The Friis’ transmission formula has been widely used, and
can be applied to the calculation of these LOS channels.

Cn_ B _
GFrus(f) R(f) Gf(f)Gl’(f)G‘(f): (1)
where G; and G, are Rx and Tx antenna gain,
A 2
6ih = (23) @)

is the free space propagation gain (less than unity in practice),

A= -;- is the wavelength, ¢ is the velocity of the light, f
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is the operating frequency, and d is the separation between
trapsmitter and receiver antennas.

It is noted, however, that Eq. (1) is satisfied only at some
certain frequency, and is not directly applicable to UWB
systems. The Friis’ transmission formula shall be extended
to ftake into account the transmission signal waveform and its
distortion as well [6], [7].

input signal v;(t) at the transmitter port is expressed as the
cohvolution of an impulse input and the pulse shaping filter
hi(t) as

'l)i(t) = Eié'(t) * hi(t), 3)

W+ere o .
[ rea= [ mora=1. @

Friis’ formula is extended taking into account the transmission
waveform as

Vi
Hepiis(f) = %2 = HeHiH, - H,, ®)
i
where
Ha = Ha(oa, Pa, f)
= eaHa9(‘9a1 Pa, f)+¢aHatp(9a7 Pa, f)) (6)
a = rort,

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

A .
Hy= Tnd exp(—jkd), Q)
i51 the free space transfer function where
2
k=— 8
A ’ ( )

s the propagation constant. Unit vectors 0., @, express the
polarization and are defined with respect to the local polar
ctEordinates of each of the antennas, The following relations
can be easily derived.

o

0.— = 0(, (9)
‘ﬁr =—@y. (10)

t the receiver, the matched filter Hyp(f) is introduced
to maximize the signal-to-noise ratio (SNR) of the receiver

Fig. 1. Block diagram of transmission system for UWB-IR signal.

Rx-ant
MF MF MF MF
Rx- —1 free —Tx- —jwave _I
ant space ant form ak
L] Pe
detector
7
output, as shown in Figure 1.
:-Friis(f )

(1n

Hye(f) = = )
\/ | st a1

which satisfies the following constant noise output power
condition

| imanitar=1. (12)

In this case, the output waveform when E; = 1, and the
spectrum of the receiver output are hepiis(t) and Hepris(f),
respectively. The waveform of the output from the matched
filter uyr(t) and the spectrum of the output from the matched

filter Viue(f) are

uMp(t) = PeFris(t) * Ame(t)

_ he-Friis(t) * he-rrits (—t) , 13)
/ h2 s (t)dt

Vue(f) = Herdis(f) Hur(f)

2
— °I(;Fle—l’r'iis(f)l , (14)

\/ | Mersnas
taking its maximum as
mtavaF(t) = /°° Vue(f)df

\/ /_ Heras( DS, (15)

Equation (15) is the UWB extension of Friis’ transmission
formula. It includes three elements, namely the frequency
characteristics of the antennas, the frequency characteristics
of free space propagation, and the spectrum of the transmit
signal. It is clear from Eq. (15) that the transmission gain of
the UWB signal can not be defined as the product of gains
of antennas and a free space channel as Friis’ formula (1).
Instead, the total transmission gain including the effect of the
waveform can be obtained as Eq. (15). For the normalization,
the reference isotropic antenna with Hys,(f) = 1 is considered.
The UWB transmission gain can be defined as

ECT1-CON 2007
The 2007 ECTI International Conference

924



1 T T T r T T T T
08f ” 1

04

Amplitude (V)

-06 " s L s
-1 -08 -06 -04 -02

Time (ns)

Fig. 2. The transmission waveform of UWB-IR signal.

(16)

Guws = max umr(t)/ max UMF;Iso (1)

III. MEASUREMENT SYSTEMS
A. UWB Signal Model

The rectangular density spectral waveform covering the
FCC band [8], i.e., that is 3.1 GHz «~ 10.6 GHz is used
to test the distortion of the received UWB waveform.The
UWB transmission signal is set in the full UWB spectrum
bandwidth. The minimum and maximum frequencies are fin
= 3.1 GHz and fpax = 10.6 GHz, respectively. The spectral
bandwidth is f, = 7.5 GHz and equation is

w(t) = %[fmsinc(zfmaxt) ~ froSinC@fmint)] (A7)

where frmin = 3.1 GHz, frax = 10.6 GHz, fb = fmax—fmin
and sinc(x) = sin(wzx)/(7z). This signal waveform in time
domain is shown in Fig. 2.

B. Experimental Setup and Measurement Model

The vector network analyzer (VNA) was operated in the
response measurement mode, where Port-1 was the transmitter
port (Tx) and Port-2 was the receiver port (Rx), respectively.
The Tx antenna is a Biconical antennas with the maximum
diameter of 65.3 mm and the length of 37 mm used as the stan-
dard antennas [9]. The Rx antenna is a commerial, small-size
, low profile antenna developed by Skycross Lnc.,(USA) [10]
used as the AUT. The measurement was done in the meeting
room at Department of Information Engineering (KMITL). Tx
and Rx antenna are fixed on labtop computer at the height of
1.40 m from ground. Rx antenna is separated at a distance of
1.43 m.

It is noted that the calibration is done at the connectors of
the cables to be connected to the antennas. Therefore, all the
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TABLE 1
EXPERIMENTAL SETUP PARAMETERS.

Parameter Value
Frequency range 3 GHz to 11 GHz
Number of frequency points 801
Dynamic power range 80 dB

Tx antenna height 1.40 m

Rx antenna height 1.40 m
Distance between Tx and Rx 1.18 t0 6.17 m

impairments of the antenna characteristics are included in the
measured results. The setup is sketched in Fig. 3.

C. Parameters of Experiment and Calibration Techniques

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

IV. RESULTS AND DISCUSSION

From the results of experiment by using the VNA. The data
measured shows that BER of signal will be considered in two
part are effect from opening and closing laptop computer.

Fig.4. shows BER performance of correlation receiver for
UWB-IR with laptop computer (open). The transmitted rate
has increasing BER when SNR has risen in every points
of observation. Moreover, in the 2"? position (P.2) has the
minimum BER because of the distance that is too close (1
m). However, in the 6t* position (P.6) has the maximum BER
because the received antenna is too far (6.17 m).

Fig.5. shows BER performance of correlation receiver for
UWB-IR with laptop computer (closed). From analytical re-
sult, transmitted rate has decreasing BER when SNR has risen
in every points of observation. Moreover, in the 2"¢ position
(P.2) has the minimum BER and the 6** position (P.6) has
the maximum BER, respectively. In the same way of laptop
computer (open) case.

V. CONCLUSION

In this paper, we discuss the performance evaluation of
free space transmission gain with laptop computer for UWB-
IR, which comparison between opening and closing laptop
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Fig. 5. BER performance of correlation receiver for UWB impulse radio with
laptop computer : closed.

computer. Every points of investigation express a BER of an
opening part is more increasing than close one. Obviously,
BER varies to distance between transmitted and received
antenna and setting position of antenna.

(1]

(2]

3]

[4]
[5]
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Abstract—An ultra wideband impulse radio (UWB-IR) is
applied for short-range system such as wireless personal area
network (WPAN) in offce and home network. The characteristics
of transmission signal are very complicated and diffcult to pre-
dict. Therefore, the performances of transmission gain should be
considered. In this paper, an experimental study of transmission
loss for UWB-IR is presented. We discuss the characteristics
of UWB-IR transmission system. The rectangular passband
waveform is used as the UWB-IR transmitted waveform. The
transfer functions of channels are measured in the convention
room using vector network analyzer (VNA). The matched £lter
is considered at receiver side to maximize the signal-to-noise
ratio (SNR). The optimum received signal, the relative gain and
correlation coeffcient are evaluated and shown.

I. INTRODUCTION

A wireless personal area network (WPAN) is a wireless ad
hoc data communications system which allows a number of
independent data devices to communicate with each other. All
of these technologies were required to have high data rate, low
power consumption and low cost. The ultra wideband impulse
radio (UWB-IR) technology is an ideal candidate focusing on
WPAN.

Federal Communications Commission (FCC) is currently
working on setting emission limits that would allow UWB-IR
communication systems to be deployed on an unlicensed band
following the part 15 rules for radiated emissions of intentional
radiators. The frequency range of UWB-IR signal for wireless
communications is from 3.1 GHz «~ 10.6 GHz [1]. The UWB-
IR transmitter sends pulses with ultra high bandwidth and the
UWB-IR receiver collects the power of received signal for
rebuilding the pulses.

The antennas of UWB-IR communication systems are sig-
nifcant in pulse-shaping £lters. Any distortion of the signal in
the frequency domain causes the distortion of the transmitting
pulse shape. Consequently, this will increase the complexity
of the detection mechanism at the receiver [2]. Moreover,
low cost, geometrically small and still effcient structures
are required for typical wireless applications. Therefore, the
antenna design for UWB-IR signal radiation is the one of main
challenges [3].

Even if the channel is in line-of-sight (LOS), Friis’ trans-
mission formula cannot be directly applied to the UWB-
IR system because the bandwidth of the pulse is extremely
wide. Furthermore, simple comparison between the waveforms
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Fig. 1. The measurement model setup (convention room at depanfnent of
Information Engineering (KMITL)).

of transmitter and receiver is not signifcant because of the
distortion of the waveform caused by the frequency response
of the antenna.

In this paper, we proposed the double directional channel
modeling for UWB-IR systems. This scheme is based on
the Friis’ transmission formula, adapted for UWB-IR. The
transmitted waveform and the matched £lter are keys for the
extension of Friis’ transmission formula to UWB-IR system.
An experiment is carried out using two types of broadband
antennas for UWB-IR operation in an indoor environment.

II. DESCRIPTION OF CHANNEL MODELING
MEASUREMENT SCHEMES

In this section, we focus on the experimental study with
double directional channel modeling for UWB-IR system.

A. UWB-IR Measurement Model

The channel modeling for UWB-IR transmission system is
operated with the vector network analyzer (VNA). The VNA
was operated in the response measurement mode, where Port-1
was the transmitter port (Tx) and Port-2 was the receiver port
(Rx), respectively. The Tx antenna is a Biconical antennas
with the maximum diameter of 65.34 mm and the length of
37 mm used as the standard antennas [4]. The Rx antenna



Fig. 2. Biconical and Meander line antenna geometry.

is a commercial, small-size, low profle antenna developed
by Skycross Lnc., (USA) [5] used as the antenna under test
(AUT). The Biconical antenna and the meander line antenna
are shown in Fig. 2.

B. Experimental Setup

The measurement was done in the convention room at
Department of Information Engineering (KMITL). Tx and Rx
antenna are £xed on labtop computer at the height of 1.40 m
from ground. Rx antenna is separated at a distance of 1.16 m,
4.12 m and 6.17 m. It is noted that the calibration is done at
the connectors of the cables to be connected to the antennas.
Therefore, all the impairments of the antenna characteristics
are included in the measured results. The setup is sketched
in Fig. 1. The important parameters for the experiments are
listed in Table 1.

C. UWB-IR Signal Model

The rectangular density spectral waveform covering the
FCC band [6], i.e., that is 3.1 GHz «~ 10.6 GHz is used to test
the distortion of the received UWB-IR waveform. The UWB-
IR transmission signal is set in the full UWB-IR spectrum
bandwidth. The minimum and maximum frequencies are f,in
= 3.1 GHz and fiax = 10.6 GHz, respectively. The spectral
bandwidth is fy, = 7.5 GHz and equation is

v (t) = %[fmaxsinc@fmaxt) — fminSINC(2 fmint)] 0))
where fmin = 3.1 GHz, frax = 10.6 GHz, fi, = fmax—fmin
and sinc(x) = sin(nz)/(wz). This signal waveform in time
domain is shown in Fig. 3.

ITI. SIGNAL PROCESSING FOR UWB-IR
TRANSMISSION SYSTEMS

A. Free Space Model

Friis’ transmission formula [7] is usually estimated for a
radio circuit made up of a transmitted antenna and a receiving
antenna in free space. However, it is not directly applicable to
the UWB-IR transmission system as this formula is expressed
as a function of the frequency. Moreover, the waveform
may be distorted due to the frequency characteristics of the
antenna. [8] treats the special cases of the constant gain and
the constant aperture but no general discussion had been made.

20
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TABLE 1
EXPERIMENTAL SETUP PARAMETERS.

Parameter | Value

Frequency range 3 GHz to 11 GHz
Number of frequency points 801

Dynamic power range 80 dB

Tx and Rx antenna height 1.40 m.

Distance between Tx and Rx | 1.16 m,, 4.12 m. and 6.17 m.
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Fig. 3. The transmitted UWB-IR signal waveform.

In spite of, it suggested the use of the time-domain antenna
effective length.

The Friis’ transmission formula has been widely used and
can be applied to the calculation of these LOS channels.

Gra(f) = ’;gﬁ = GHHGANGS),

where G; and G, are the gains of the receiver (Rx) and trans-
mitter (Tx) antennas, respectively. The free space propagation
gain is expressed as

2

A\ 2

G =|-—— 3

)= (2) ®

is the fcrec space propagation gain (less than unity in practice).
A = — is the wavelength, c is the velocity of the light, f

is the operating frequency, and d is the separation between
transmitter and receiver antennas.

It is noted, however, that Eq. (2) is satisfed only at some
certain frequency, and is not dircctly applicable to UWB-IR
systems. The Friis’ transmission formula shall be extended to
take into account the transmission signal waveform and its
distortion as well [9], [10].

Input signal v;(t) at the transmitter port is expressed as the
convolution of an impulse input and the pulse shaping £lter
hi(t) as

vi(t) = E;d(t) * hi(t), 4)

where

/ Rty = / Z P Af = 1. )

Friis’ formula is extended taking into account the transmission
wavelorm as

Vi(f
Hepiiis(f) = (f)

E;

= HiH;H, - H,, 6)
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Fig. 4. Block diagram of transmission system for the extension of Friis’ transmission formula to treat UWB-IR signal.

where H; and H, are the transfer functions of the transmitter
and receiver antenna, respectively. Hy is the free space transfer
function which is expressed as

Hy e -2 exp(~jkd),

4nd ™
is the free space transfer function where
27

At the receiver, the matched £lter Hyp(f) is introduced to
maximize the SNR of the receiver output, as shown in Fig. 4

e Fnls (f)

\/ / oD

which satisfes the following constant noise output power
condition

Hue(f) = (&)

oo
f | Hwr(f)* df = 1. (10)
—00
In this case, the output waveform when E; = 1, and the
spectrum of the receiver output are he.priis(t) and He.priis(f),
respectively. The waveform of the output from the matched
£lter vpp(t) and the spectrum of the output from the matched
£lter Vyp(f) are

WME(t) = heriis(t) * hme(t)

_ heris(t) * he-Friis(_t)’ an
/ h s (t)dt

VMF(f) = He-Friis(f)HMF(fz

oloHe-Friis(f)' , (12)
\/ /_ | Heris() df
taking its maximum as
moxour() = [ : Vi (£)df

\/ /_ Y Hemn(DPAf. (13

21

Equation (13) is the UWB-IR extension of Friis’ transmission
formula. It includes three elements, namely the frequency
characteristics of the antennas, the frequency characteristics
of free space propagation, and the spectrum of the transmit
signal. It is clear from Eq. (13) that the transmission gain of
the UWB-IR signal can not be defned as the product of gains
of antennas and a free space channel as Friis’ formula (2).
Instead, the total transmission gain including the effect of the
waveform can be obtained as Eq. (13). For the normalization,
the reference isotropic antenna with Hig,(f) = 1 is considered.
The UWB-IR transmission gain can be de£ned as

Guwp.r = max ume(t)/ max vmriso(t)- (14)

B. Correlation Coeffcient

The correlation coeffcient between the impulse response
of the received signal and the approximate matched £lter by
using isotropic antennas are given by

d) = maz|rqs(T)| .
Pld) maz|\/Ta(7)rs(7)|

where 745(7) is the cross correlation function between
signals a and b and r,(7) and 7(7) are the auto-correlation
of the signal a and b, respectively.

IV. MEASUREMENT RESULTS AND ANALYSIS

From the experimental results, we show the antenna transfer
function and UWB-IR received signal waveform when laptop
computer is turn on and turn off in measurement modeling
which follow the Fig. 1. The corresponded parameters are used
to analyze the UWB-IR system. Fig. 5, Fig. 6, Fig. 7 and Fig. 8
show the results from these measurements.

Table II shows the overall gain with respect to the isotropic
antenna case. For this comparison, the dB value of the gain
is not more different when we turn on and turn off laptop
computer. Table III summarizes the correlation coeffcient of
the approximated matched £lter.

(15)

V. CONCLUSION

In this paper, we have presented the modeling scheme
base on Friis’ transmission formula extend to account the
transmit waveform and the matched £lter for the UWB-IR
system. The effect from each laptop computer in the case of
turn on and turn off are considered. The received UWB-IR
signal, the optimum received signal, relative gain, correlation
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coeffcient are proposed. For further studies, discussions of
the performance evaluation for several UWB-IR transmission
channel in an indoor environment will be necessary.
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In this paper we analyzed the performance of ultra wideband impulse radio (UWB-IR) transmission loss
with laptop computer base on measurement data for wireless personal area networks. The ASK signal
waveform is used as the transmitted UWB-IR signal. The transmission gain of the transmitted signal and
received signal templates and BER of the correlation receiver are compared and shown. The results are

discussed and concluded.

Keywords: Ultra wideband impulse radio, transmission gain, UWB, WPANs.

1. INTRODUCTION

A wireless personal area networks (WPANs) is a
computer network used for communication among
computer devices (PDAs, smartphones laptop computer,
etc.) which allows a number of independent data
devices to communicate with each other. All of this
technology was required to have high data rate, low
power consumption and low cost. The ultra wideband
impulse radio (UWB-IR) technology is an ideal
candidate focusing on WPANSs.

Recently, UWB-IR radio technology has becomes
an important topic for microwave communication.
UWB is different from other radio wave (RF)
technology. Instead of using a narrow carrier frequency,
UWB-IR transmitted pulses of power in the range of
ultra wide frequency spectrum. The Federal
Communication Commission (FCC) [1], in US specifies
that UWB-IR has a frequency spectrum ranging from
3.1 GHz to 10.6 GHz. The FCC defined UWB-IR signal
as those which have a fractional bandwidth greater than
0.20 or a bandwidth greater than 500 MHz measured at
-10 dB points. The power density of UWB-IR signal is
considered to be noise for other communication systems
because its power spectrum is below the noise level.
The UWB-IR receiver collects the power of the received
signal to rebuild the pulse. Therefore, UWB-IR
technology can exist with other RF technology without
interference. UWB-IR technology is an ideal candidate
that can be utilized for commercial, short range, low
power, low cost indoor communication systems such as
a wireless personal area networks (WPANSs) [2]. The
fractional and occupied bandwidth are defined as

=(fu—1) (1)

Occupied bandwidth

zfn‘fL ,
Tt h

where, and /, are the maximum and minimum
H L

(2

Fractional bandwidth =

frequencies, respectively.

In this paper, we evaluated and investigated for
considering the transmission gain of UWB-IR
correlation receiver for WPANs. The channels are
measured in an indoor environment by using a VNA.
The frequency range of measurement is from 3 GHz to
11 GHz with the laptop computer. The performance
BER of correlation receiver are shown and compared.

2. UWB-IR BASE ON EXTENSION OF FRIIS’
TRANSMISSION FORMULA

UWB-IR transmission systems have attracted a
great deal of attention because of its potential
applications on short-range, high-speed, and low-power
wireless communications. In order to minimize the
interference with existing systems, UWB-IR is
expected to be mainly used in indoor wideband
environments.

In narrowband systems, the link budget of the free
space propagation loss is usually estimated by using
Friis’ transmission formula [3]. However, it is not
directly applicable to the UWB-IR impulse radio
transmission system, as the formula is expressed as a
function of the frequency. Moreover, the waveform may
be distorted due to the frequency characteristics of the
antenna [4] treats the special cases of the constant gain
and the constant aperture, but no general discussion had
been made although it suggested the use of the
time-domain antenna effective length.

The Friis’ transmission formula has been widely
used, and can be applied to the calculation of these LOS
channels.
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where G, and G, are the gains of the receiver

(Rx) and transmitter (Tx) antennas, respectively.

G/(/) =(ﬁ;) , @

is the free space propagation gain (less than unity in
practice), A = ¢/ f is the wavelength, c is the velocity

of the light, f is the operating frequency

It is noted, however, that Eq. (1) is satisfied only at
some certain frequency, and is not directly applicable to
UWB-IR systems. The Friis’ transmission formula shall
be extended to take into account the transmission signal
waveform and its distortion as well [5], [6].

The transmitted signal wave form Vv, is normalized
to transmitted energy of unity. That is express as

0

jvf(t) dt=1. )

-0

Friis’ transmission formula is extended for
calculating the UWB-IR free space link budget. For the

free space model, the channel transfer function H_ is

expressed as
H.(f.d)=H(f.d)H (f,d)H (f,d), (©6)

where H is the free space transfer function can be
express as

c .
H,(f,d)= W“P(‘ﬂ’!fd/c), (7)

where d is the transmitter-receiver (T-R) separation
distance. This equation is satisfies the causality.
The spectral density of UWB-IR received

signal ¥, is calculated by using multiplication between

H, and V, which can be expressed as

V.if.d)=H (f.dV,(f)  ®)

where V, is the spectral density of the transmitted

signal that is calculated by using Fourier transform of its
time domain wave form as

Vi(f)= n]v, (e dt. (8)

-0
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Because of the frequency transfer functions of
transmitted and received signal templates are satisfied
the constant noise power condition between input and
output, the ratio between peak powers of output and

input signals of the receiver,v_andv,. Therefore, the

transmission gain can be defined as

GywsldB] =20log [%]’ )

3. CORRELATION RECEIVER

The correlation receivers with frequency transfer
functions satisfied constant noise power [7]-[8],
condition between input and output are considered. For
correlation, transmitted template and received template
signal receivers, the spectral density of template signal

is the complex conjugate of ¥, and V., respectively.

Therefore, the frequency transfer functions of

correlation receivers, (

«» H ;) can be written as

Hct(f’d)= ” ﬁTb
\/ [r.r.af af

VA v (f.d), Qa1
v.(f,d) df

V. (f,d), (10)

0

J

-0

Hc,(f,d)=\/

where * is the complex conjugate operator.
The spectral densities of out signal from correlation

receivers, (¥, and V), can be written as
I/ct(f’d)=Hcl(f’d)I/r(f9d)s (12)

Vofsd)=H . (f,d)-V.(f.d),  (13)

Tx antenna Rx antenna

Vo

Fig. 1. Block diagram of transmission system for the
UWB-IR.

4. MASUREMENT SYSTEM
4.1 UWB-IR signal model

The UWB-IR pulse is the amplitude shifted keying
(ASK) pulse covered the FCC band (3.1 ~ 10.6 GHz)
with the center frequency and the bandwidth frequency
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of f,=6.85GHzand f,=7.5 GHz, respectively. The
transmitted pulse waveform used a single ASK pulse
with the carrier frequency fo and the pulse length is set

to 2/ f, . Then the signal was limited passband by the
Nyquist roll-off filter with o = 0 from f - f, /2 to

fo+ [, /2. Fig. 2 shows the transmitted pulse waveform
in the time domain and its spectral density.
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g s 4 s 6 7 8 5 10 1
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Fig. 2. The transmitted waveform of UWB-IR.

4.2 Parameters of experiment
The important parameters for the experiments are
listed in Table 1.

Table I: Experiment setup parameters.

Parameter Value
Frequency range 3 GHzto 11 GHz
Number of frequency points 801
Dynamic power rang 80 dB
Tx antenna height 0.40 m
Rx antenna height 0.40 m
Distance between Tx and Rx 0.60 m
Number of positions 9 positions

4.3 Measurement model and experimental method

The vector network analyzer (VNA) was operated in
the response measurement mode, where Port-1 was the
transmitter port (Tx) and Port-2 was the receiver port
(Rx), respectively. The Tx antenna is a Biconical
antennas with the maximum diameter of 65.3 mm and
the length of 37 mm used as the standard antennas. The
Rx antenna is a commercial, small-size, low profile
antenna developed by Skycross Lnc.,(USA) [9] used as
the AUT. The measurement was done in the convention
room in our Department of Information Engineering
(KMITL). Tx and Rx antenna are fixed on laptop
computers at the height of 0.40 m from table. Rx
antenna is separated at a distance of 0.60 m.

It is noted that the calibration is done at the
connectors of the cables to be connected to the antennas.
Therefore, all the impairments of the antenna
characteristics are included in the measured results. The
setup is sketched in Fig. 3 and the antennas under test
(AUT) are shown in Fig. 4.
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: 6m >

Measurement |
in convention
room
KMIT'L

Rx antenna
] is separated
12m distance
: by moving
step 0.60 m
from P.1 - P9

Fig. 3. Measurement setup for UWB-IR system.

(a) Biconical antenna

Fig. 4. Antennas under test.

5. MEASUREMENT RESULTS AND DISCUSSION

For considering the transmission gain and BER with
correlation receiver, the two case of the effect from turn
on and turn off laptop computer.

For the first case of the turn off laptop computer. The
transmission gain when we use the received template
signal is higher than the transmitted template signal
waveform. The transmitted rate has increasing BER
when EBNo has risen in every positions of observation
(P.1 to P.9). The transmission gain and BER of the
correlation receiver are shown in Fig. 5 and Fig. 6,
respectively.

For the second case of the turn off laptop computer.
The transmission gain when we compare by using the
transmitted template signal and received template signal
waveform and the BER of the correlation receiver are
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the same way of laptop computer (turn on). The
transmission gain and BER of the correlation receiver
are shown in Fig. 7 and Fig. 8, respectively.

It is noted that, from the two case of turn on and turn
off computer the received signal template is get the high
gain more than the transmitted signal template.
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Fig. 5. Transmission gain of the correlation receiver
with laptop computer (turn on ).
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Fig. 6. BER performance of the correlation receiver
with laptop computer (turn on ).
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Fig. 7. Transmission gain of the correlation receiver
with laptop computer (turn off).

6. CONCLUSION

In this paper, the performance analysis of UWB-IR
for WPANs is proposed. The transmitted signal and
received signal templates are used and compared for the
correlation receiver in two case of the effect from turn
on and turn off laptop computer. The transmission gain
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and BER of the correlation receiver are shown and
discuss. The received signal template is suitable and
better than the transmitted signal template. In the future
work, the receiver design should consider the effect of
channel propagation for optimal reception.

19

10 12 14 16

EbN: {dB)
Fig. 8. BER performance of the correlation receiver
with laptop computer (turn off ).
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