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Abstract
In ultra wideband impulse radio (UWB-IR) transmission systems, the direction of transmission

has a significant effect on system design and performance. Moreover, the effects of distortion due to

the antennas are not negligible and affects the link budget estimation. The link budget ofthe free space
propagation loss is usually estimated by using Friis' transmission formula. However, it is not directly
applicable to the UWB radio transmission systems, in particularthe single band impulse radio, as the
formula is expressed as a function of the frequency. In this paper, we evaluate the transmission of
UWB antennas for wireless communication. An experiment of the transfer function of the transmitter
and receiver antennas are done using biconical antennas and the measurements are covered by using a
vector nefwork analyzer (\|NA) The measurement data are used to evaluate the UWB transmission
gain based on the extended Friis' transmission formula. The matched fi l ter reception is considered to

maximize the SNR at the receiver for evaluation. This technique gives very accurate results and is
very useful for the design and evaluation of UWB impulse radio transmission systems.
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l. Introduction applied to the UWB radio as the bandwidth of

Ultra wideband (UWB) radio technology is the pulse is extremely wide. Furthermore,

an ideal candidate that can be utilized for simple comparison between waveforms of

commercial, shot-range, low power, low cost transmitter and receiver is not significant

indoor communication systems such as Wireless because of the distortion of the waveform

Personal Area Networks (WPANs) tll-t3l caused by the frequency response of the

In UWB communication systems, the antenna.

antennas are significant pulse-shaping filters. In this paper, we discuss free space

Any distortion of the signal in the frequency transmission measurements of UWB antennas.

domain causes the distortion of the transmitted This technique is based on the Friis'

pulse shape. Consequently, this wil l increase the transmission formula, in the sense that we would

complexity of the detection mechanism at the l ike to derive the equivalent antenna gain for

r."""ilr", [a]. The antenna design for UWB signal UWB systems. The transmission waveform and

radiation is one of the main challenges t5]-t7l the matched filter reception are keys for the

Especially, low cost, geometrically small and extension of Friis'formulato UWB. We carried

still efficient structures are required for typical out an experiment using a biconical antenna for

wireless applications such as WPANs. UWB operation on the flat top of a roof.

Even if the channel is in l ine of sight (LOS),
the Friis transmission formula cannot be directly

56



Thammasat Int. J. Sc. Tech.. Vol. 8. No. 4. October-December 2003

2. Measurement Arrangement
In this section, some issues of the

preparation for the experiments are described

[8 ] ,

2.1 Experiment Setup
A UWB radio channel transfer function was

measured as S, in frequency domain by using
a vector network analyzer (VNA). The VNA
was operated in the response measurement
mode, where Port-l was the transmitter (Tx)
Port and Port-2 was the receiver (Rr) port,
respectively. The measurement was done on the
top of a building to simulate free space. Both Tx
and Rx antennas were fixed at the height of 1.3
m and separated by I m. The setup is shown in
F i e .  l .

Fig l. The experiment setup.

The difference ofthe free space propagation
distance d does not affect the waveform
distortion. For this reason, it was set to be
d =1m in th is  s imulat ion.  The or ientat ions of
the two biconical antennas are shown in Fis. 2.

2.2 Antennas Under Test
In this study, we considered a broadbanc

antenna that was suitable for the operation with
pulsed waveforms [9]. We have chosen this
biconical antenna for the ease of fabrication. as
well as it is often used as a standard antenna.
The geometry and the dimension of the antenna
are shown in Fig. 3. The upper cone is
connected to the RF signal while the lower cone
is connected to ground. Figure 4 shows the

t ^ l
re l lect ion coef l lc ient  lJ ,  , l  o f  the antenna l 'eed

point. From the figure, we can see that the
reflection coefficient was below -10 dB in the
frequency range between 3.1 GHz and 10.6
GHz.

t d
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(a) beam directions are oointed to each other

'  f  r ( l '

T
(c) beam directions are inclined from t-OS 60'

Fig. 2. Orientations of two biconical antennas.

Fig 3. Geometry and dimensions of the
biconical antenna.

In the S, measurements, there are three
different kinds of orientation as shown in Fig. 2.
They are facing toward the same direction to

each other so that G,=G, is satisfied. The

main beam resides in the xy -plane, i.e.

omnidirectional pattern in Fig. 3. The antenna is
also tilted as much as 30o and 60o along 0
directions. as well as the main beam direction.

UWB-Tx

Port I Port 2
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Fig 4. lS, , I characteristics of biconical antenna.

2.3 Parameters of ExPeriments
The important Parameters for the

experiments are l isted in Table 1.

Table 1. Experimental setup parameters.

Parameter Value
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passband (,fo - fu 12,-fo * f, 12) Figure 5

shows the transmission of pulse waveform' The
transmission process of the pulse waveform is

simulated based on the measured transfer
function of the antenna.

0.6 0.7 0.8 0.9 I  1.1 1.2 1.3 1.4
Time (ns)

Fig 5. The transmission waveform of UWB
signal

3. The Extension of Friis' Transmission

Formula for Ultra Wideband Systems
In this study, we focus on the link budget

evaluation in the free space.
In narrowband systems, the link budget of

'he free space propagation loss is usually
estimated by using Friis' transmission formula

[ 1], which has been widely used and can be
applied to the calculation of these LOS
channels.

p

G t . r , , , : J = G , G , G , ,  ( l )
t l

where G" and G, are Rx and Tx antenna gain,

Frequency range
Number of frequency points
Dynamic power range
Tx antenna height
Rx antenna height
Distance between Tx and Rx 1.0 m
Pointing angle 0o/30o/60o

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.

2.4 UWB Signal Model
The effect of the waveform distortion is

more obvious when the bandwidth is wider' We
considered the impulse radio signal that fully

covers the FCC band [10] ,  i .e . ,  3 .1-10.6 GHz'

The center frequency and the bandwidth were

therefore set to be .fo =6.85 GHz and .fn :1 .5

GHz, respectively. The transmission waveform
assumed in the simulation was a single ASK

pulse with the carrier frequency .f . To satisfo

the bandwidth requirement of fo, the pulse

length was set to be 2f f u . then the signal was

band-limited by a Nyquist roll-off f i l ter with

roll-off factor a = 0 (rectangular window) and

is the free space propagation gain (less than

unity in practice), )' = c I f is the wavelength,

c is the velocity of l ight, and f is the

frequency.
It is noted, however, that Eq. (l) is satisfied

only at certain frequencies, and is not directly
applicable to UWB systems. We have recently
proposed a new extension of the Friis'
transmission formula to take into account the

3 to 11 GHz
l60 l
80 dB
1 . 3  m
1 . 3  m

/  t  1 2

c ,  = [  - ^  L  \2 )'  
\41d )

-0.4

-0.6

4 .E

-1
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transmission signal waveform and its distortion
as wel l  [2 ] .

The input signal v, (l) at the transmitter port

is expressed as the convolution of an impulse

and the pulse shaping filter ft, as:

v, (r) = E,lQ)* h,Q), (3)

where
@ €

lniQfu: Iln,(f)'af =t (4\

r.iirl ro.rnuru il "*,.naed taking into
account the transmission waveform as:

v  ( f \
H ,  t , , , , \ f  ) =  - : J  =  H ,  H , H , ' H , ,  ( 5 )

L ,

where

H"  =H" (0 " ,eo , f ) ,

=  6oHou(0 " .q , . . f  )+  e "H" r (0 " .q " . f  ) .
(6)

q = r  o r  t ,

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

)
H,  =Lexp(-  jkd) .  Ql

+lra

is the free space transfer function where

) r

)"

is the propagation constant. Unit vectors e,,, O"
to express the polarization are defined with
respect to the local polar coordinates of each of
the antennas. The followins relations can be
easily derived:

At the receiver. the matched fi l ter H "r(-f)
is introduced to maximize the signal-to-noise
ratio (SNR) of the receiver output, as shown in
Fis.  6:
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which satisfies the following constant noise
output power condition :

f i - -  /  - \ t 2  , -

l lH "ol1 l -  dJ =t .  (12)

Fig 6. Block diagram of transmission system
for the extension of Friis' transmission
formula to treat UWB signals.

When we assume E , which is the amplitude

of impulse input that generates transmission

signal ,,(t), is l, the waveform and the

spectrum of the receiver outptrt are h"-r,,,,Q)

and H "-0,,,,(/), respectively. The waveform of

output from the matched filter vro(r) and the

spectrum of output from the matched filter

v,,Q) ur",

,rr(t) = h"-rr,,,,Q)* nrr(-t):

- h". , , , , ,Q)* h,-r,, , ,(- t) /  l  r  r
f-.-

I lh'i ""' ltFt

v "r (f) = H "-F,,i,(f)n rr (f),

lH "-r,,,,(f)'

(e)
(  l 0 ) taking its maximum at / = 0 as:

/ \  ,  
^

maxv^4,.k) =rrr(o)= 
IVrr(fVf .

Chmnel

V_
i

(8)

(  14)

A  - 0

Q, =-0, ,

l.lH "-r,,,,\l ) a1 (15)

the UWB extension of
formula. This equation

Ilo "-,,,,(t'1a' a7

_!_lr **,,(r'1' ay
u,,(f)= --!-utU) ,  ( 1 1 )
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includes three elements, i.e., the frequency
characteristics of the antennas, the frequency
characteristics of free space propagation, and the
spectrum of the transmission signal.

4. Results of Experiments
Figures 7 and 8 show the amplitude and the

phase of the transfer function measured for three
different antenna setups. From Fig. 7, the
radiation pattern seems to change from
frequency to frequency, which may result in
waveform distortion.

Frequency(GHz)

Fig 7. Measured transfer functions for different
antenna pointing conditions: amplitude.
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"Free Space". Compared with the isotropic case,
the pulse waveform is very much distorted and
lengths become longer.

Although the accurate transfer function of
each individual antenna is measured using three-
antenna methods, Figs. l0 and l1 show the
approximate antenna transfer functions which
are obtained by assuming that Tx and Rx
antennas are identical. The vertical axis is
normalized by the isotropic antenna. Therefore,
for 0o and 30o positions, the directive gain is
below 0 dB for almost frequency range.

5.6 5.7
Time (ns)

o

=
E

' 6

o
o
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E

Fig 9. Received waveform
output.
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Fig 8. Measured transfer functions for different
antenna pointing conditions: phase.

Figure.9 shows the received pulse
waveforms when the transmission waveform
shown in Fig. 5 is input. For comparison, the
waveform for isotropic antennas is shown as

Fig 10. Antenna transfer function: amplitude.

Figures.l2 and 13 show the output of
matched filters. In Fig. 12, the matched filter is
optimized for the each individual scenario, and
the results correspond to the maximum available
gain. In contrast, for Fig. 13, the matched filter
is replaced by that for isotropic antennas. This
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result is more realistic in practice, because the
directions of the Tx and Rx antennas are not
usually arbitrarily controllable, but set at
convenient positions.
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Table 2 summarizes the overall gain with
respect to the isotropic antennas case. Since the
gain at most of the frequencies was below unity,
the dB value of the gain is negative. By using
the approximate matched filter, the gain has
been degraded.

Table 2. Relative gain of (antenna + matched
filter), with respect to the ideal isotropic
antennas.

Filter Gain (dBi)
00 300 600

Opt imum 3.6 -0.8 -2.7
Isotropic approximation 3.2 -1.6 -3.7

1 1
As the amount of the gain degradation

depends on the setup, Table 3 lists the
correlation coefficient of the impulse responses
befween the received signal and the approximate
matched filter using the isotropic antennas. For
the case of60o, the correlation coefficient is low
compared with others. This is partly the reason
why gain degradation by using the approximate
matched filter is larger only for this case.

Table 3. Correlation coefficient between the
impulse response of the received signal
and the approximate matched filter by
using isotropic antennas.

Orientation
Correlation coeffi cient 0 .96  0 .91  0 .86

-500

-1000

-t 500

6 -2000
o

i -zsoo
G

0- -3000

2.6 2.8 3 3.2 3.4 3.6
Time (ns)

Fig 13. Output of matched filter:
approximation.
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Fig 11. Antenna transfer function: phase.
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Fig 12. Output of matched filter: optimal.

5. Conclusion
In this paper, we discussed the measurement

and analysis of ultra wideband antenna
performance. In the proposed scheme, Friis'
transmission formula is extended in order to take
into account the transmit waveform and the
matched filter of the system. An experimental
demonstration using a biconical antenna for.
UWB was shown, and the specific gain value
could be obtained for the Tx and Rx antenna
pair.

We introduced the matched filter for the
optimum receiver. However, if the distorted
component should be regarded as interference,
the equalizer instead of the matched filter will
be used. Even in this case, a similar discussion
can be done on the definition of the gain. To
know the individual antenna parameters, three-
antenna measurements will be done.
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This scheme is applicable for the evaluation
of various UWB antennas. Therefore, some
typical UWB antennas will be evaluated by
using the proposed technique.
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