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ABSTRACT

In this thesis, the distortion of ultra wideband (UWB) pulse waveforms with trapezoidal,
meander line and biconical antennas are analyzed. The rectangular passband, modulated
rectangular and modulated Gaussian waveforms, which satisfied the Federal Communications
Commission (FCC) definition of UWB signal and FCC spectral masks for the indoor and outdoor
limits, are considered. The frequency transfer function of each UWB antenna is evaluated by
using measurement scheme. The correlation coefficient of each waveform at the specific angles of
antennas, which are used both transmitter and receiver antenna, is illustrated. From the results, we

can see the distortion effects of the waveforms caused by UWB antennas.
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ABSTRACT

In this paper, the distortion of ultra wideband (UWB)
pulse waveforms with trapezoidal antenna is analyzed. The
rectangular passband, modulated rectangular and modu-
lated Gaussian waveforms, which satisfied the Federal
Communications Commission (FCC) definition of UWB
signal and FCC spectral masks for the indoor and outdoor
limits, are considered. ‘The frequency transfer function
of trapezoidal antenna is evaluated by using measurcment
scheme. The correlation coefficient of each waveform at
the specific angle is illustrated. From the results, we can
see the distortion effect of each waveform caused by trape-
zoidal antenna along the specific angle.

1. INTRODUCTION

Recently, ultra wideband (UWB) radio technology has
become an important topic for microwave communication
because its potential is low cost and low power consump-
tion properties [1]-[5]. UWB is different from other ra-
dio frequency (RF) technologies. Instead of using a nar-
row carrier frequency, UWB transmits pulses of power
spectral density (PSD) in the range of the ultra wide fre-
quency spectrum. The Federal Communications Commis-
sion (FCC) [6] in US specified that UWB signals have a
frequency spectrum ranging from 3.1 to 10.6 GHz. The
FCC defined the UWB signal as those which have a frac-
tional bandwidth greater than 0.20 or occupied bandwidth
greater than 500 MHz.

The power density of the UWB signal is considered
to be noise for other communication systems because its
power spectrum is below the part 15 noise limit. The UWB
receiver collects the power of the received signal to rebuild
the pulse. Therefore, UWB radio technology can coexist
with other RF technologies without interference. More-
over, UWB radio technology is an ideal candidate that can
be utilized for commercial, short-range, low power, low
cost indoor communication systems such as wireless per-
sonal area networks (WPANSs) [7].

Antenna is an important part of the UWB radio tech-
nology, for the reason that the conventional antennas are
designed at only single frequency for using in general nar-
row band systems. If the impulse is excited do these an-
tennas, the pulse will strongly distort and has time disper-
sion. For the UWB communication, the distortion between

two waveforms is considered in the time domain by us-
ing the correlation coefficient. The correlation coefficient
is equal to 1 when the waveforms are identical and is de-
creased when the waveform is more differ from another.
The trapezoidal antenna is developed for the UWB antenna
[8]-[9]. Although this antenna has low VSWR in frequency
range from 3.1 to 10.6 GHz, it dose not necessarily appro-
priate for UWB communication. The antenna can cause
the strong distortion of UWB pulse. The effects of distor-
tion caused by trapezoidal antenna are analyzed [10]. The
modulated Gaussian waveform is used to study the distor-
tion. But this waveform is not satisfied the FCC definition
of UWB signal and FCC spectral masks for the indoor and
outdoor limits and only modulated Gaussian waveform is
considered.

In this paper, the distortion of UWB pulse waveforms
with trapezoidal antenna is analyzed. The rectangular
passband, modulated rectangular and modulated Gaussian
waveforms, which satisfied FCC definition of UWB signal
and FCC spectral masks for the indoor and outdoor limits
[11], are considered. The [requency transfer function of
trapezoidal antenna at the specific angle is evaluated by us-
ing measurement scheme that proposed in [12]-[15]. The
correlation coefficient of each waveform at the specific an-
gle is illustrated. From the results, we can see the distor-
tion effect of each waveform caused by trapezoidal antenna
along the specific angle.

This paper is organized as follows. Section 2 and 3,
the UWB waveform and measurement scheme are briefly
explained. Next, the distortion analysis is discussed in Sec.
4. The distortion analysis results are illustrated in Sec. 5.
Finally, conclusions are discussed in Sec. 6.

2. UWB WAVEFORMS

For the UWB waveforms, the rectangular passband,
modulated rectangular and modulated Gaussian wave-
forms are considered as the input waveform () in time
domain and its spectral density (V;) in frequency domain.
These waveforms can satisfy the FCC definition of UWDB
signal and FCC spectral masks for the indoor and outdoor
limits. The parameters obtained from maximum band-
width, amplitude and average power optimizations, which
proposed in [11], are used.

ECTI-CON 2006
The 2006 ECTI International Conference



2.1 Rectangular Passband Waveform

The rectangular passband input waveform in time do-
main and its spectral density function are given by

|
w(t) ;Tlfnsim:(‘-’fnf)—fl,ﬁilm(‘-’fu)]- (1)
) & f-rflch
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where A is the maximum amplitude, fi, is the occupied
bandwidth, f. is the center frequency, fi. = fe — fu/2 and
fu — fe+ fi/2 are the minimum and maximum frequen-
cies.

2.2 Modulated Rectangular Waveform

The modulated rectangular input waveform in time do-
main and its spectral density function are given by

vi(t) = { Asin(g‘-‘rﬂ.t) It] > % §
sinefty(f — fo))
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where A is the maximum amplitude, f. is the carrier fre-
quency and ¢y, is the pulse width of the waveform.

tp

Vi) =

2.3 Modulated Gaussian Waveform

The modulated Gaussian input wavelorm in time do-
main and its spectral density function are given by

y(t) = Ae_(‘/‘”zsin(‘lwfct), (5)
Ady7 [ e m@U-1e)
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where A is the maximum amplitude of the envelope wave-
form, f, is the carrier frequency and d is the 1/e character-
istic decay time.

3. MEASUREMENT SCHEME

The trapezoidal antenna is used to consider the distor-
tion of UWB waveform. The structure and dimension of
this antenna are shown in Fig. 1.

The frequency transfer function of UWB channel was
measurement in frequency domain by using vector network
analyzer (VNA) in an anechoic chamber. The frequency
transfer function of trapezoidal antenna at each specific
direction is evaluated by using measurement scheme that
proposed in [12]-[15].

4. DISTORTION ANALYSIS

For the distortion analysis, correlation coefficient of
each waveform at the specific angle of trapezoidal antenna
is evaluated. The input waveform and its spectral density
defined in Sec. 2 are used. The spectral density of radiated
waveform (V;) is computed by using

Vi(f) = Vi(S) - Ha( ), (7)
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Fig.2: Correlation coefficient of rectangular passband
waveform along the specific angle for the indoor and out-
door FCC spectral masks.

where H, is the frequency transfer function of trapezoidal
antenna obtained from measurement scheme described in
Sec. 3

The radiated waveform (v;) is calculated by using the
inverse Fourier transform of its spectral density, which is

ur(t) = / (), (8)

The distortion of UWB waveforms is considered as the
correlation coefficient (C). Tt is defined as

max | [ wf(t) - vt 1 7)dt|

s - o
I )t - [, o)

5. ANALYSIS RESULIS

In this paper, the distortion of UWB waveforms with
trapezoidal antenna is analyzed as the correlation coet-
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Fig.3: Correlation coefficient of modulated rectangular
waveform along the specific angle for the indoor FCC
spectral masks.

ficient. The correlation coefficient of the rectangular
passband, modulated rectangular and modulated Gaussian
waveforms are evaluated along the specific angle. The pa-
rameter of each waveform, which obtained from the max-
imum bandwidth, amplitude and average power optimiza-
tions satisfied the FCC spectral masks for indoor and out-
door limits [11], are used.

5.1 Rectangular Passband Waveform

For the indoor and outdoor limits, the parameter ob-
tained from the maximum bandwidth, amplitude and av-
erage power optimizations are the same. Figure 2 shows
the correlation coefficient of rectangular passband wave-
form along the specific angle for the indoor and outdoor
FCC spectral masks. The maximum and minimum corre-
lation coefficients are 0.88 and 0.47 at 51.3° and 166.5”
angles, respectively. The mean of correlation coefficient is
0.71.

5.2 Modulated Rectangular Waveform

For the indoor limit, the parameters obtained from the
maximum amplitude and average power optimizations are
the same. The correlation coefficients of modulated rec-
tangular waveform along the specific angle are shown in
Fig. 3. For the maximum bandwidth optimization, the
maximum and minimum correlation coefficients are 0.90
and 0.47 at 335.2° and 296.4° angles, respectively. The
mean of correlation coefficient is 0.71. For the maximum
amplitude and average power optimizations, the maximum
and minimum correlation coefficients are 0.91 and 0.48 at
328.8° and 205.7¢ angles, respectively. The mean of cor-
relation coefficient is 0.72.

For the outdoor limit, the correlation coefficients of
modulated rectangular waveform along the specific angle
are shown in Fig. 4. The correlation coefficients obtained
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Fig.4: Correlation coefficient of modulated rectangular
waveform along the specific angle for the outdoor FCC
spectral masks.

from maximum bandwidth and amplitude optimizations
are almost the same and less than that obtained from maxi-
mum average power optimization at almost all specific an-
gle. For the maximum bandwidth optimization, the max-
imum and minimum correlation coefficients are (.90 and
0.47 at 335.2° and 296.4° angles, respectively. The mean
of correlation coefficient is 0.71. For the maximum ampli-
tude optimization, the maximum and minimum correlation
coefficients are 0.91 and 0.49 at 328.8° and 205.8° angles,
respectively. The mean of correlation coefficient is 0.72.
For the maximum average power optimization, the max-
imum and minimum correlation coefficients are 0.98 and
0.47 at 328.2° and 190.6 angles, respectively. The mean
of correlation coefficient is 0.84.

5.3 Modulated Gaussian Waveform

For the indoor limit, the parameters obtained from
the maximum amplitude and average power optimizations
are the same. The correlation coefficients of modulated
Gaussian waveform along the specific angle are shown in
Fig. 5. For the maximum bandwidth optimization, the
maximum and minimum correlation coefficients are 0.94
and 0.51 at 328.8° and 205.3° angles, respectively. The
mean of correlation coefficient is 0.74. For the maximum
amplitude and average power optimizations, the maximum
and minimum correlation coefficients are 0.95 and 0.47 at
15.0° and 205.5° angles, respectively. The mean of corre-
lation coefficient is 0.75.

For the outdoor limit, the parameters obtained from the
maximum amplitude and average power optimizations are
the same. The correlation coefficients of modulated rec-
tangular waveform along the specific angle arc shown in
Fig. 6. For the maximum bandwidth optimization, the
maximum and minimum correlation coeflicients are 0.94
and 0.51 at 328.8” and 205.3° angles, respectively. The
mean of correlation coefficient is 0.74. For the maximum
amplitude and average power optimizations, the maximum
and minimum correlation coefficients are (.97 and 0.52 at
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Fig.5: Correlation coefficient of modulated Gaussian
waveform along the specific angle for the indoor FCC
speciral masks.

328.5° and 205.1° angles, respectively. The mean of cor-
relation coefficient is 0.78,

6. CONCLUSIONS

In this paper, the distortion of ultra wideband (UWB)
pulse waveforms with trapezoidal antenna is analyzed. The
rectangular passband, modulated rectangular and modu-
lated Gaussian waveforms, which satisfied the FCC delini-
tion of UWB signal and IFCC spectral masks for the indoor
and outdoor limits, are considered. From the results, we
can see the distortion characteristic of each UWB wave-
form along the specific angle of trapezoidal antenna. The
wide bandwidth wavelorm trends to have more distortion.
Therefore, the waveform obtain from the maximum band-
width optimization has the distortion more than that ob-
tained from the maximum amplitude and average power
optimizations. Averagely, the modulated Gaussian wave-
form has lowest distortion and the modulated rectangular
waveform has the distortion less than the rectangular pass-
band waveform.
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Abstract—In this paper, the distortion of ultra wideband
(UWB) pulse waveforms with meander line antenna (MLA)
is analyzed. The rectangular passband, modulated rectangular
and modulated Gaussian waveforms, which satisfied the Federal
Communications Commission (FCC) definition of UWB signal
and FCC spectral masks for the indoor and outdoor limits, are
considered. The frequency transfer function of MLA is evaluated
by using measurement scheme. The correlation coefficient of each
waveform at the specific angle is illustrated. From the results, we
can see the distortion effect of each waveform caused by MLA
along the specific angle.

I. INTRODUCTION

Recently, ultra wideband (UWB) radio technology has
become an important topic for microwave communication
because its potential is low cost and low power consumption
properties [1]- [2]. UWB is different from other radio fre-
quency (RF) technologies. Instead of using a narrow carrier
frequency, UWB transmits pulses of power spectral density
(PSD) in the range of the ultra wide frequency spectrum.
The Federal Communications Commission (FCC) [3] in US
specified that UWB signals have a frequency spectrum ranging
from 3.1 to 10.6 GHz. The FCC defined the UWB signal as
those which have a fractional bandwidth greater than or equal
to 0.20, or occupied bandwidth greater than or equal to 500
MHz.

The power density of the UWB signal is considered to
be noise for other communication systems because its power
spectrum is below the part 15 noise limit. The UWRB receiver
collects the power of the received signal to rebuild the pulse.
Therefore, UWB radio technology can coexist with other
RF technologies without interference. Moreover, UWB radio
technology is an ideal candidate that can be utilized for
commercial, short-range, low power, low cost indoor com-
munication systems such as wireless personal area networks
(WPANS) [4].

Antenna is an important part of the UWB radio technology,
for the reason that the conventional antennas are designed
at only single frequency for using in general narrow band
systems. If the impulse is excited do these antennas, the pulse
will strongly distort and has time dispersion. For the UWB
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communication, the distortion between two waveforms is con-
sidered in the time domain by using the correlation coefficient.
The correlation coefficient is equal to 1 when the waveforms
are identical and is decreased when the waveform is more
differ from another. The trapezoidal antenna is developed for
the UWB antenna [5]- [6]. Although this antenna has low
VSWR in frequency range from 3.1 to 10.6 GHz, it dose not
necessarily appropriate for UWB communication. The antenna
can cause the strong distortion of UWB pulse. The effects of
distortion caused by trapezoidal antenna are analyzed [7]. The
modulated Gaussian waveform is used to study the distortion.
After that, the rectangular passband, the modulated rectangular
and the modulated Gaussian waveforms satisfied the FCC
definition of UWB signal and FCC spectral masks for the
indoor and outdoor limits are used to considered the distortion
of trapezoidal antenna [8). For commercial UWB antenna, the
SMT-3TO10M-A meander line antenna (MLA) is developed
by SkyCross company [9]. Therefore, the distortion analysis
of this antenna for UWB communications is necessary.

In this paper, the distortion of UWB pulse waveforms with
MLA is analyzed. The rectangular passband, modulated rec-
tangular and modulated Gaussian waveforms, which satisfied
the FCC definition of UWB signal and FCC spectral masks
for the indoor and outdoor limits [10], are considered. The
frequency transfer function of MLA at the specific angle is
evaluated by using measurement scheme that proposed in
[11]- [13]. The correlation coefficient of each waveform at
the specific angle is illustrated. From the results, we can see
the distortion effect of each waveform caused by MLA along
the specific angle.

The rest of this paper is organized as follows. Section 2 and
3, the UWB waveform and measurement scheme are briefly
explained. Next, the distortion analysis is discussed in Sec.4.
The distortion analysis results are illustrated in Sec. 5. Finally,
conclusions are discussed in Sec.6.

II. WAVEFORM MODELS

For the UWB waveforms, the rectangular passband, mod-
ulated rectangular and modulated Gaussian waveforms are
considered as the input waveform (v;) in time domain and its
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spectral density (Vj) in frequency domain. These waveforms
can satisfy the FCC definition of UWB signal and FCC spec-
tral masks for the indoor and outdoor limits. The parameters
obtained from maximum bandwidth, amplitude and average
power optimizations, which proposed in [10], are used.

A. Rectangular Passband Waveform

The rectangular passband input waveform in time domain
and its spectral density function are given by

vu(t) = —fb [fHSinC(szt) — fusine(2fLt)], (1)
2 If]l = fel € %

v T ? 2

(f) { 0 ”fl - Jrr'i > ';? &

where A is the maximum amplitude, f, is the occupied
bandwidth, f. is the center frequency, f = fe — fo/2 and
fu = fe + fu/2 are the minimum and maximum frequencies.
B. Modulated Rectangular Waveform

The modulated rectangular input waveform in time domain
and its spectral density function are given by

3 t
w(t) = {A’““ﬂ?"m ii{fé 3)
: Aty [ sincltu(f - fo)]
Vi) = 5 { —sincty(f + fe)) } *)

where A is the maximum amplitude, f is the carrier frequency
and t;, is the pulse width of the waveform.
C. Modulated Gaussian Waveform

The modulated Gaussian input waveform in time domain
and its spectral density function are given by

w(t) = Ae" W sin2nfet), (5)
AdyT e—md? (S fe)?
Wi = T [*e‘"zdz(ﬂh)’ o ®

where A is the maximum amplitude of the envelope waveform,
f. is the carrier frequency and d is the 1/e characteristic decay
time.

[1I. MEASUREMENT SCHEME

The SkyCross’ SMT-3TO10M-A MLS is used to consider
the distortion of UWB waveform. This antenna has been one
of the first commercial product [9]. It is a miniature antenna
with 16 x 13.6 x 3 mm as shown in Fig. 1. The detailed
structure and its operation are described in [14], [15].

The frequency transfer function of UWB channel was
measured as So; in frequency domain by using vector network
analyzer (VNA) in an anechoic chamber. The VNA was
operated in the response measurement mode, where Port-1
was the transmitter (Tx) port and Port-2 was the receiver (Rx)
port. The calibration of VNA 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
measurement results. The frequency transfer function of MLA
at each specific direction is evaluated by using the scheme
based on this measurement that proposed in [11]- [13].
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Fig. 1.

Meander Line Antenna [9].

V. DISTORTION ANALYSIS

For the distortion analysis, correlation coefficient of each
waveform at the specific angle of MLA is evaluated. The input
waveform and its spectral density defined in Sec. 2 are used.
The spectral density of radiated waveform (V;) is computed
by using

Vr(f) = V;(f)Ha(f)v (7)

where H, is the frequency transfer function of MLA obtained
from measurement scheme described in Sec. 3

The radiated waveform (v;) is calculated by using the
inverse Fourier transform of its spectral density, which is

sl [ T iy, ®)

The distortion of UWB waveforms is considered as the
correlation coefficient (C). It is defined as
max | ffcm v (t) - ve(t + 7)dt|

T 0Rd [, [0t

V. ANALYSIS RESULTS

©)

In this paper, the distortion of UWB waveforms with MLA
is analyzed as the correlation coefficient. The correlation
coefficient of the rectangular passband, modulated rectangular
and modulated Gaussian waveforms are evaluated along the
specific angle. The parameter of each waveform, which ob-
tained from the maximum bandwidth, amplitude and average
power optimizations satisfied the FCC spectral masks for
indoor and outdoor limits [10], are used.

A. Rectangular Passband Waveform

For the indoor and outdoor limits, the parameter obtained
from the maximum bandwidth, amplitude and average power
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Fig. 2. Correlation coefficient of rectangular passband waveform along the
specific angle for the indoor and outdoor FCC spectral masks

optimizations are the same. Fig. 2 shows the correlation co-
efficient of rectangular passband waveform along the specific
angle for the indoor and outdoor FCC spectral masks. The
maximum and minimum correlation coefficients are 0.95 and
0.59 at 258.3° and 224.9° angles, respectively. The mean of
correlation coefficient is 0.77.

B. Modulated Rectangular Waveform

For the indoor limit, the parameters obtained from the
maximum amplitude and average power optimizations are the
same. The correlation coefficients of modulated rectangular
waveform along the specific angle are shown in Fig. 3. For
the maximum bandwidth optimization, the maximum and
minimum correlation coefficients are 0.92 and 0.62 at 258.9°
and 224.9° angles, respectively. The mean of correlation
coefficient is 0.77. For the maximum amplitude and average
power optimizations, the maximum and minimum correlation
coefficients are 0.92 and 0.64 at 259.0° and 101.1° angles,
respectively. The mean of correlation coefficient is 0.78.

For the outdoor limit, the correlation coefficients of modu-
lated rectangular waveform along the specific angle are shown
in Fig. 4. The correlation coefficients obtained from maximum
bandwidth and amplitude optimizations are almost the same
and less than that obtained from maximum average power
optimization at almost all specific angle. For the maximum
bandwidth optimization, the maximum and minimum corre-
lation coefficients are 0.92 and 0.62 at 258.9° and 224.9°
angles, respectively. The mean of correlation coefficient is
0.77. For the maximum amplitude optimization, the max-
imum and minimum correlation coefficients are 0.92 and
0.63 at 258.7° and 225.0° angles, respectively. The mean
of correlation coefficient is 0.77. For the maximum average
power optimization, the maximum and minimum correlation
coefficients are 0.97 and 0.63 at 319.3° and 125.8° angles,
respectively. The mean of correlation coefficient is 0.80.
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Fig. 3. Correlation coefficient of modulated rectangular waveform along the
specific angle for the indoor FCC spectral masks.
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Fig. 4. Correlation coefficient of modulated rectangular waveform along the
specific angle for the outdoor FCC spectral masks.

C. Modulated Gaussian Waveform

For the indoor limit, the parameters obtained from the
maximum amplitude and average power optimizations are
the same. The correlation coefficients of modulated Gaussian
waveform along the specific angle are shown in Fig. 5. For
the maximum bandwidth optimization, the maximum and
minimum correlation coefficients are 0.95 and 0.66 at 319.4°
and 101.4° angles, respectively. The mean of correlation
coefficient is 0.80. For the maximum amplitude and average
power optimizations, the maximum and minimum correlation
coefficients are 0.96 and 0.68 at 30.5° and 101.1° angles,
respectively. The mean of correlation coefficient is 0.82.

For the outdoor limit, the parameters obtained from the
maximum amplitude and average power optimizations are the
same. The correlation coefficients of modulated rectangular
waveform along the specific angle are shown in Fig. 6. For
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Fig 5. Correlation coefficient of modulated Gaussian waveform along the
specific angle for the indoor FCC spectral masks.

the maximum bandwidth optimization, the maximum and
minimum correlation coefficients are 0.95 and 0.66 at 319.4°
and 101.4° angles, respectively. The mean of correlation
coefficient is 0.80. For the maximum amplitude and average
power optimizations, the maximum and minimum correlation
coefficients are 0.97 and 0.66 at 319.1° and 101.9° angles,
respectively. The mean of correlation coefficient is 0.81.

V1. CONCLUSION

In this paper, the distortion of UWB pulse waveforms with
MLA is analyzed. The rectangular passband, modulated rec-
tangular and modulated Gaussian waveforms, which satisfied
the FCC definition of UWB signal and FCC spectral masks
for the indoor and outdoor limits, are considered. From the
results, we can see the distortion characteristic of each UWB
waveform along the specific angle of MLA. The wide band-
width waveform trends to have more distortion. Therefore, the
waveform obtain from the maximum bandwidth optimization
has the distortion more than that obtained from the maximum
amplitude and average power optimizations. Averagely, the
modulated Gaussian waveform has lowest distortion and the
modulated rectangular waveform has the distortion less than
the rectangular passband waveform.
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