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ABSTRACT

Nowadays wireless communication is widely used efficiently in high speed data
transferring method. UWB radio 1s a new carrierless communication scheme using impulses and
is a new technology for future wireless communication and ranging applications. So the factors
that effected UWB system are required to know. In this research, I study on the effects of
interference from the body of personal computer to UWB communications .In the small distances
of wireless system are observed. The experiment frequency from 3-11 GHz and the transfer
function of the transmitter and receiver antennas are done using biconical antennas. The biconical
antennas are hold with the case of personal computer. The measurements are covered by using a
vector network analyzer and data are used to evaluate the UWB transmission properties based on
the extended Frus’s transmission formula. The relative gain, phase of antenna, power delay
profile, bit error rate and path loss of signals are shown. The development of WLAN by using

UWB is my objective.
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Case Optimum Optimum Isotropic Isotropic
[dB] [dB] [dBi] [dBi]
Turning on Turning off Turning on Turning off
X 1 56.094 55.305 63.347 62.972
TX 2 56.973 54.993 63.935 64.254
TX3 56.518 58.605 66.824 67.515
X 4 57.807 58.467 67.33 66.742

A15190 5.4 Anvannia lumsvnodyanuvesmeimalaoiouivlo Ty Tnsta

Case Optimum Optimum Isotropic Isotropic
- [dBi] [dBi] [dBi] [dBi]
Tuming on Turning off Turning on Turning off
TX 1 1.205 1.9935 -6.0487 -5.6734
X2 0.3255 2.3055 -6.6368 -6.9556
TX3 5.3297 3.2426 -4.9759 -5.6671
X 4 3.9065 3.2461 -5.6173 -5.0287
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FREE SPACE TRANSMISSION LOSS OF UWB WITH DESKTOP COMPUTER FOR
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ABSTRACT

In this paper, we proposed the ultra wideband (UWB)
for personal communication system. Nowadays wire-
less communication is widely used efficiently in high-
speed data transferring method. So the factors that
effected UWB system are required to known. In this
research the small distances of wireless system are ob-
served. The experiment frequency from 3~11 GHz and
the transfer function of the transmitter(TX) and re-
ceiver(RX) antennas are done using biconical antennas.
The measurements are covered by using a vector net-
work analyzer(VNA) and data are used to evaluate the
UWB transmission properties based on the extended
Friis’s transmission formula. The relative gain, phase
and path loss of signals turn on and turn off computer
at Rx and Tx antennas are shown.

Keywords: ultra wideband, UWB;, transmission loss,
desktop computer.

1. INTRODUCTION

Ultra-wideband (UWB) is a technology allows high
data rate to be achieved over short distance with rela-
tively simple equipment. UWB has a variety of possi-
ble applications, including short-range communication
systems, location sensing and tracking, measurement,
vehicular radar, surveillance and various radar imag
ing devices and systems. Recently UWB has become
an important topics. A revolutionary approach to ra-
dio communications, allow systems to operate across
a range of frequency bands defined by federal commu-
nication commission (FCC)[1] with negligible interfer-
ence to existing systems in that band. This is because
UWB uses very low power spectral density, while main-
taining a high data rate. The UWB techniques can also
provide reliable location information, high resolution
imaging and works efficiently in a cluttered environ-
ment. A system are defined as systems that have either
a relative bandwidth of more than 20%, or an absolute
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bandwidth of more than 500 MHz. The UWDB tech-
nology is an ideal candidate that can be utilized for
commercial, short-range, low power, and low cost in-
door communication systems such as wireless personal
area networks (WPANs). Hence, the characterization
of the indoor radio channel is very important part, es-
pecially when desktop computer operated around the
transmitter and/or the receiver. Therefore the desktop
computer effected to signal quality should be investi-
gated. In this paper, we investigated the effected of
turn on and turn off desktop computer over the fre-
quency bandwidth 3~11 GHz. In our experiment, the
biconical antenna is used at transmitter(TX) and re-
ceiver(RX) .The four cases are considered.In the first
case, the desktop compute transmitter is turn on and
turn off at the receiver. Third case, the desktop com-
puter at the transmitter is turn off and turn on at the
receiver. Fourth case, the desktop computer at the
transmitter and the receiver are turn on while acquir-
ing the received signal on computer via GPIB interface.

2. DESCRIPTION OF EXPERIMENT
SYSTEM

There are two possible domains for performing the
channel sounding to measure the UWB radio channel.
First, the channel can bc measured in the frequency do-
main (FD) using a frequency sweeping technique. With
FD channel sounders, a wide frequency band is swept
using a set of narrow-band signals, and the channel fre-
quency response is recorded using a vector network an-
alyzer (VNA). This corresponds to Sa)-parameter mea-
surement set-tip, where the device under test (DUT) is
a radio propagation channel. Second, the channel can
be measured in the time domain (TD) by using channel
sounders which based on impulse transmission or direct
sequence spread Spectrum signalling. However, UWB
technology is proposed for short-range wireless appli-
cations. Therefore, the frequency domain approach is
a good candidate to measure the UWB channel char-
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Fig.1: The instrument setup.

acteristics in the indoor environment [2].

2.1. Measurement Equipments

 The radio channel measurement system consists of
the VNA model HP-8510C, the S-parameter test set
(HP-8514B), the frequency synthesized sweeper (HP-
83G20A), the pair of biconical antennas and the desktop
computer. The VNA is operated in the response mea-
surement mode, where PORT 1 is the Tx and PORT
2 is the Rx. The synthésizcd sweeper was set to sweep
from 3 GHz to 11 GHz with full band of 801 frequency
tones. Thus, the 801 total frequency resolutions for the
FCC band can be obtained. The TX and the RX anten-
nas were connected to the VNA via the double-shielded
low-loss cables, which extend the channel length up to
1.70 m. The limitation of the dynamic range for the
measurement system was 80 dB, including separation
distance between antennas and cable losses. Figure. |
shows the instrument setup and figure. 2 shows the bi-
conical antenna has the length of 65.34 mm and the
wide of 37 mm. The antenna has typically an omni-
directional radiation pattern, with a linearly phase re-
sponse. Table 1 lists the main parameters of the exper-
iments.

2.2. Measurement Procedure

The UWB radio channel transfer function is mea-
sured as S, in frequency domain by using the VNA. In
the experiment, the antennas are placed at the height
of 1.35 m for vertical polarization. The measurements
are made on 1.70 m ,which the pair of biconicals are
used. In the first case, the desktop computer at the
transmitter and the receiver are turn off. Second case,
the desktop computer at the transmitter is turn on and
turn off at the receiver. Third case, the desktop com-
puter at the transmitter is turn off and turn on at the
receiver. Fourth case, the desktop computer at the

Biconical Antenna

Fig.2: The biconical antenna

transmitter and the receiver are turn on while acquir.
ing the received signal on computer via GPIB interface,

3. SIGNAL PROCESSING
3.1. UWB Signal Model

In order to investigate the transmission loss of UWRB
propagation, the UWB signal model for transmitted
pulse is required. Defining the UWB transmitted sig-
nal waveform assumed in the simulation is the pass-
band rectangular pulse, v4(¢), which have expression
in time domain [3]. The UWB transmitted signal is
set in the full UWB spectrum bandwidth. The max-
imum and minimum frequencies are fuin = 3.1 GHz
and fuax = 10.6 GHz, respectively. Then, the spectral
bandwidth is f, = 7.5 GHz. This UWB transmitted
signal is shown in Fig. 3 and its equation is

’—'LU) = jTl‘Ifm;\xSi“"(.-)-fumx{) == fmiuSi“C(Qfminf)]a (1}
b

where fumin and fuax are the minimum and maximum
frequencies, respectively, fi, = fimax — fmin is the spec-
tral bandwidth, fo = (frmax | fmin}/2 is the center fre-
quency and sinc{z) = sin(7z)/(rr).

3.2. Data Processing and Analysis

The inverse fast Fourier transform (IFFT) is used
to convert the frequency domain transfer function intc
the time domain channel response. After that, the an-
tenna transfer function is analyzed by using the ex-
tension Friis'transmission formula , which is computed
from the channel transfer function and the Friis’ trans-
mission channel. Then, the transmission loss in four
cases can be analyzed.
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Table 1:

Experiment parameters

Parameter I Value ]
Frequency Range 3.0~11.0 GHz
Frequency Resolution 801
Tx Antenna Height 1.35 m
Rx Antenna Height 1.35m
T-R Separation 1.70 m
Polarization Vertical

4. ULTRA WIDEBAND TRANSFER
FUNCTION

The Friis transmission formula is first expressed in
terms of power [4]. Then it is extended in terms of the
transmission signal waveform to consider the transfer
function Hppis [5]. Defining the transmitted and re-
ceived voltage signals as V; and V4, respectively, and
assuming the polarization of transmitter and receiver
antennas match perfectly. We obtain

Vilf, d)
= Hi(f,d)H.(f)H:(f),

Hpis( f. d) (2)

where Hy is the transfer function of free space, [, and
H, are the transfer functions of the Tx and the Rx an-
tennas, which are implicit functions of directions, and
d is the transmitter-receiver (‘I'R) separation distance.
The transfer function of free space can be written as

He(f. d) = — exp(—j2rfd/c), (3)

Ifli

exp(—j27 fto),
h‘f“(

where d is the TR separation distance, ¢ is the velocity

of light and tg = d/c is the delayed time.

The received waveform v, (t,d) can be found by using

ve(t,d) = v (t) @ hpais(t, d), (4)

where v (t) is the transmitted signal waveform, @ is
the convolution operator, hygis(t, d) is the impulse re-
sponse of the extension of Friis’ formula defined as

hriis(t,d) = F Y{Hpis(f,d)}, (5)
where F=1{-} is the inverse Fourier transform.

The spectral density function V; ¢ and the waveform
in the time domain v, ¢ and v, 1,
can be expressed as

of the received signal
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Fig.3: The transmitted UWE signal waveform.

ni(f,d) = V(f) - He(f,d), (6)

Vi :,,,( »d) Vi(f) - He(f, d), (7)
vee(t,d) = FH{Vis(f,d)}, (8)
Ul (t,d) = F {Ve(f.d)}, (9)

where 1. is the measurement channel. At the RX, the
matched filter is introduced to maximize the SNR of
the receiver output, as defined by

\/Zfrl’: ° vr* (fv d)
Hap(f) = = = ‘ . (10)
ITo Wes 0, d)2df
and for the isotropic case,
V2fe -V (f,d)
Hyip,, (f) = = (11)

VI Ve, G.OPd

The spectral density function Vige ¢, Vap 1., of the sig-
nal and time domain waveform uvnge¢, vmr,, at the

matched filter output can be written as

Wir(f,d) = V«,f(f:‘i) - Hwr(f), (12)
Vmr L, (fod) = (f d) - Hur,(f),  (13)
UMEf = f‘_ HVar(f,d)}, (14)

ME L, = F ' { V. (f,d)}- (15)

Defining the UWB propagation loss, PL, as the max-
imum amplitude of the output signal waveform. There-
fore, the UWB transmission loss in dB can be derived
as

PL(d)[dB] = -20log(max|umr|), (16)

where vpmp represents the signal in the time domain
waveform at the matched filter output.
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Table 2: Transmission loss of output signal _ )
[l Transmission loss [dB] Table 3: Relative gain (optimum and isotropic)
“Case 1 (TORO) 5857 [[ optimum [dB] || isotropic [dB]
Case 2 (TORC) 58.72 Case 1 (TORQ) -3.49 -7.21
Case 3 (TCRO) 58.39 Case 2 (TORC) -3.49 -7.21
_ Case 4 (TCRC) 58.54 Case 3 (TCRO) -3.49 -7.21
Case 4 (TCRC) -3.49 -7.21

5. EXPERIMENT RESULTS
from 3 ~ 11 GHz.

The free space transmission loss of UWB with desk- 3
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Ultra Wideband Network in Short-Range Wireless
System for Personal Computer
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Abstract—In this paper, we proposed the Ultra Wideband
(UWB) for personal communication system. The definition of
UWB signals released by the Federal Communications Commis-
sion (FCC) opened the way to both impulse and non-impulse
UWB signal formats, as reflected within the IEEE 802.15.3a TG,
devoted to the definition of a standard for UWB-based high
bit rate WPANs. Nowadays wircless communication is widely
used efficiently in high-speed data transferring method. So the
factors that effected UWB system are required to known. In this
research the small distance of wireless system are observed. The
experiment frequency from 3-11 GHz and the transfer function
of the transitter (TX) and receiver (RX) antennas are done using
biconical antennas. The measurements are covered by using a
vector network analyzer (VNA) and data are used to evaluate
the UWB transmission properties based on the extension Friis’s
transmission formula. The relative gain, power delay profile and
path loss of signals turn on and turn off computer network at
Tx and Rx antennas are shown. 3

I. INTRODUCTION

Ultra-wideband (UWB) is a technology allows high data
rate to be achieved over short distance with relatively simple
equipment. UWB has a variety of possible applications, in-
cluding short-range communication systems, location sensing
and tracking, measurement, vehicular radar, surveillance and
various radar imaging deviccs and systems. Recently, UWB
has bccome an important topics. A revolutionary approach
to radio communications, allow systenis to operate acress a
range of frequency bands defined by federal communications
commissien (FCC) {1] with negligible interference to existing
systems in that band. Ultra wideband (UWB) radio technology
has been developed for using in short-range wireless systems
such as wireless personal area networks (WPANs) or IEEE
80Z.15.a [2]. 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 envi-
ronment. The UWB systems are defined as systems that have
either a relative bandwidth of more than 20%, or an absolute
bandwidth of more than 500 MHz. The UWB technology is
an ideal candidate that can be uilized for commercial, short-
range, low power, and low cost indoor communication systems
such as wireless personal area networks (WPANs). Hence,
the characterizations of the indoor radio channel are very
important part. Therefore we considered the body of everything
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Fig. 1. Experiment Setup.

to cffect the UWB transmission, especially when desktop
computers in network operated around the transmitter(Tx)
and/or the receiver(Rx). Therefore the turning on and turning
off the desktop computer in network effected to signal quality
should be investigated .

II. THEORETICAL OF ULTRA WIDEBAND

The Friis transmission formula is first expressed in terms of
power [3]. Then, it is extended in terms of the transmission
signal waveform to consider the transfer function Hpyiis [4].
Defining the transmitted and received voltage signals as V; and
Wi, respectively, and assuming the polarization of transmitter
(TX) and receiver (RX) antennas perfectly match . We obtain

Vi(f,d)
Vi(f,d)
!If(f: d)H;(f)Ht(f),

Hyviis(f, d) (1)

where Hp is the transfer function of free space, H, and
H, are the transfer functions of the Tx and the Rx antennas,
which are implicit functions of directions, and d is the
transmitter-receiver (TR) separation distance. The transfer
function of free space can be written as
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Hi(f,d) = exp(—j2m fd/c), (2)

c

| f|d
1

= —=—exp(—j2nfty),

/1t p(—j2m fto)

where d is the TR separation distance, ¢ is the velocity
of light and ty = d/c is the delayed time. The received
waveform v, (¢, d) can be found by using

ve(t,d) = V(1) @ hpis (8, d), (3)

where vi(t) is the transmitted signal waveform, @ is the
convolution operator, hpi.(t,d) is the impulse response of
the extension of Friis® formula defined as

henis(td) = F~Y{Hpis(f,d)}, 4

where F~1{-} is the inverse Fourier transform.

The spectral density function Veg and V1 the waveform
in the time domain v,y and Ur1,, Of the received signal can
be expressed as

Vie(f,d) = Vi(f) - He(f,d), (5)
Viro(f,d) = VA(f) - He(f,d), (6)
vee(t,d) = F UV, 4(f,d)}, (7
U (td) = F UV (f,d)}, (8)

where H. is the measurement channel. At the Rx, the matched
filter is introduced to maximize the SNR of the receiver output,
as defined by

A% 2]!) : K’,‘f(fv d)

Hyrp(f) = = ; (9)
V oo Ve (f, d)|2df
and for the isotropic case,
V2f - V2 (f,d)
Hup,(f) = AL (10)

VI Vera (1, d)2df

The spectral density function Viy 5, VmF,1,, of the signal and
time domain waveform vy g, UMF,1,, at the matched filter
output can be written as

Wirs(f,d) = Vie(f,d) - Hur(f), (11
Vmr 1, (f, d) Veg(fid) - Hup o (f),  (12)
vmrs = F Y {Vurs(f,d)}, (13)
vmMPL, = F ' {Vuru,(f.d)}. (14)

Defining the UWB propagation loss, PL, as the maximum
amplitude of the output signal waveform. Therefore, the UWB
transmission loss in dB can be derived as
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Biconical Antenna

Fig. 2. Geometric and dimension of biconical antenna.

PL(d)[dB] = (15)

where vnr represents the signal in the time domain waveform
at the matched filter output.

~20 log(max|vmr|),

ITI. DESCRIPTION OF EXPERIMENT SETUP

There are two possible domains for performing the channel
sounding to measure the UWB radio channel. First, the chan-
nel can be measured in the frequency domain (FD) using a fre-
quency sweeping technique. With FD channel sounders, a wide
frequency band is swept using a set of narrow-band signals,
and the channel frequency response is recorded using a vector
network anaiyzer (VNA). This corresponds to Sp;-parameter
measurement set-up, where the device under test (DUT) is
a radio propagation channel. Second, the channel can be
measured in the time domain (TD) by using channel sounders
which based on impulse transmission or direct sequence spread
spectrum signaling. However, UWB technology is proposed
for short-range wircless applications. Therefore, the frequency
domain approach is a good candidate to measure the UWB
channel characteristics in the indoor cnvironment [5].

A. Measurement Equipments

The radio channel measurement system consists of the
VNA model HP-8510C, the S-parameter test set (HP-8514B),
the frequency synthesized sweeper (HP-83620A), the pair of
biconical antennas and the desktop computer. The VNA is
operated in the response measurement mode, where PORT |
is the Tx and PORT 2 is the Rx. The synthesized sweeper was
set to sweep from 3 GHz to 11 GHz with full band of 801
frequency tores. Thus, the 801 total frequency resolutions for
the FCC band can be obtained. The Tx and the Rx antennas
were connected to the VNA via the double-shielded low-loss
cables, which extend the channel length up to 1.70 m. The
limitation of the dynamic range for the measurement system
was 80 dB, including separation distance between antennas
and cable losses. Fig.] shows the instrument setup and Fig.2
shows the biconical antenna has the length of 65.34 mm and



TABLE |
EXPERIMENT PARAMETERS

Parameter Value
Frequency range 3 GHz - 11 GHz
Number of frequency point 801

Tx , Rx Antenna Height

with Computer Table 1.35 m
Distance between Tx and Rx

Tx1 and Rx 385m

Tx2 and Rx 385 m

Tx3 and Rx 6.50 m

Tx4 and Rx 6.40 m

Height of Table 0.60 m

the wide of 37 mm. The antcnna has typically an omni-
directional radiation pattern, with a linearly phase response.
Table 1 shows experiment setup.

B. Measurement Procedure

The UWB radio channel transfer function is measured as
S21 in frequency domain by using the VNA. In the experiment,
the antennas are placed at the height of 1.35 m for vertical
polarization. The distance between Tx1 and Rx are 3.85 m,
Tx2 and Rx are 3.85 m, Tx3 and Rx are 6.5 m, Tx4 and Rx
are 6.4 m ,which the pair of biconicals are used. In the case
of turning on and turning off all desktop computer in network
at the transmitter(Tx) and the receiver(Rx) are turn on while
acquiring the received signal on computer via GPIB interface.

IV. SIGNAL PROCESSING
A. UWB Signal Model

The UWB pulse is using amplitude shifted keying (ASK)
pulse covers the FCC band (3.1 — 10.6 GHz) with the center
frequency and bandwidth frequency sct to fy = 6.85 GHz and
fo = 7.5 GHz,respectively. The transmitted pulse waveform
used a single ASK pulse with the carrier frequency fy and the
pulse length is sct to be 2/f,,. Then, the signal was band limits
by the Nyquist roll-off filter with the roll-off factor o = 0 and
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Fig. 3.  The transmitted UWB signal waveform.
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passband (fo — fu./2, fo + fu/2). Fig.3The transmitted UWB
signal waveform.

B. Data Processing and Analysis

The Inverse Fast Fourier Transform (IFFT) is used to
convert the frequency domain transfer function into the time
domain channel response. After that, the antenna transfer func-
tion is analyzed by using the extension of Friis’ transmission
formula , which is computed from the channel transfer func-
tion and the Friis’ transmission channel. Then, the transmission
loss in all cases can be analyzed.

TABLE 11
PATH LOSS OF OPTIMUM AND ISOTROFIC MATCHED FILTER

Case Optimum Optimum Isotropic Isotropic

[dB] [dB] [dB] [dB]
Turming on || Turning off Turning on || Turning off

TX 1 56.094 55.305 63.347 62.972

TX 2 56.973 54.993 63.935 64.254

TX 3 56.518 58.605 66.824 67.515

TX 4 57.807 58.467 67.33 66.742

V. RESULTS

Fig.4- Fig.7 show the power delay profile when turn on all
computer in network and the power delay profile when turn off
all computer in network.From the result the peak power and
the delayed time of the main signals are similar. Therefore,
the turning on and turning off computer network do not take
cffect to UWB signal [6). Table 2 shows the list of path loss of
turning on and turning off computer network for both optimum
and isotropic matched filter. The difference is less than 2 dB.
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Fig 4. The power delay profile at Tx1.

Fig. 5.

The power delay profile at Tx2.



The path loss of optimum matched filter is average less than
isotropic matched filter about 8.5196 dB. Table 3 shows the
list of relative gain of turning on and turning off computer
network for both optimum and isotropic matched filter.The
difference of relative gain of turning on and turning off all
computer network is not more than 3 dB. Relative gain of
optimum is average less than isotropic matched filter about
8.5197 dB.

TABLE 111
RELATIVE GAIN OF OPTIMUM AND ISOTROPIC MATCHED FILTER

Casc Optimum Optimum Isotropic Isotropic
[dB] [dB] [dB] [dB]
Turning on || Turning off || Turning on || Turning off
TX 1 1.205 1.9935 -6.0487 -5.6734
TX 2 0.3255 2.3055 -6.6368 -6.9556
TX 3 5.3297 3.2426 -4.9759 -5.6671
TX 4 3.9065 3.2461 -5.6173 -5.0287

V1. CONCLUSION

In this paper, we report the Ultra Wideband Network in
Short-Range Wireless System for Personal Compute. The Friis’
transmission formula is used to consider the channel. The Tx
and Rx antennas are assumed to be indentical. The turning
on all computer and turning off all computer in network are
considered. From the result,we can sce that the turning on
all computer in network do not take effect to UWB wave
propagations and we can see that the turning off all computer
in network do not take effect to UWB wave propagations also
;therefore we can conclude that the turning on and turning
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Fig. 6. The power delay profile at Tx3
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Fig. 7. The power delay profile at Tx4.
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off all computer in network do not take effect to UWB wave
propagations in the range from 3 GHz - 11 GHz.

REFERENCES

[1] Federal communications commission Revision of part 15 of the commis-
sions rules regarding ultra-wideband transmission systems, First Report
and Order, ET Docket 98 — 153, FCC 02 — 48, April 2002. On line
available at [http://www.fec.gov].

[2] IEEE Standard 802.15.1TM, Junel4, 2002.
http://standard.ieee.org/getieee802/download/802.15.1-
2002 _sectionone.pdf

[3] H. T. Friis,"A Note on a Simple Transmission Formula,” Proc. IRE,
Vol.34, no 5, pp.254-256, May 1946.

[4] S. Promwong, J. Takada, P. Supanakoon, and P, Tangtisanon, “Path loss
and maiched filter gain for UWB system.” in Proc. ISAP ‘04, pp. 97-100,
2004.

[5] 1. Oppermann, M. Hamalaimen, and J. linatti, UWB Theory and Appli-
cations, John Wiley and Sons, Ltd.,2004.

[6] A.Khemphila and S. Promwong, , “Free Space Transmission Loss
of UWB with Deskiop Computer for Personal network,” The In-
ternational Technical Conference on Circuits/Systems,Computers and
Communications{ITC-CSCC),vol.3,pp. 509-512,sept. 2006.



Fo-uwana
o A S a
Ju aou ing
A

oy

sziamsanu

N.7.2549

83

wa Y A
IR ETR)Y
ANy Wi
12 WgASMou 2521 7 o.ustle LA
40/192 1 3 DUUTYVIN 105 LUVIIVIIUT FVADIIUT AN 10260
2543 Innmanstinda @Inonaneuiaimes nuzinIngs

4 = a s = o
FIAAIUAZINGINTIADUWIAADT BHUIINUIAOUNITITNIY

WAy
Anchana Khemphila and Sataporn Promwong, , “Free Space
Transmission Loss of UWB with Desktop Computer for Personal
network,” The International Technical Conference on
Circuits/Systems,Computers and Communications(1TC-

CSCCQC),vol.3, pp. 509-512, Sept. 2006.

Anchana Khemphila and Sataporn Promwong, "Ultra Wideband
Network in Short-Range Wireless System for Personal Computer,”
International Symposium on Communications and Information

Technologies 2006 (ISCIT 2006), F4F-3, Oct. 2006.



