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Signal Design and Detection for Pulseshape-Based Ultra Wideband
Wireless Systems

Alex Cartagena Gordillo

Alex Cartagena Gordillo

Ultra wideband communication systems are
based on the transmission of low power pulses with
pulsewidth in the nanoseconds order. These pulses
can be modulated by mapping information bits to
different characteristics of individual pulses or se-
quences of them. One of the proposed modulation
schemes is pulse shape modulation (PSM). Pulse
shape modulation represents the information bits
1 and 0 by two different pulses, and this idea can
be extended to a N-ary modulation scheme us-
ing N pulses with different waveforms. The main
advantage of employing pulse shape modulation
is the capacity of achieving high data rates with
the same pulse repetition frequency employed by
other schemes. Moreover, it can be combined
with those other types of modulation to increase

the achievable data rate even further. On the

other hand, many shape distorting elements, such
as thermal noise, multipath fading channels, tim-
ing mismatches, distorting effects of the antennas
and RF front-end components, prevent pulseshape
modulation to be applied straightforwardly. The
aim of this work is to introduce a series of signal
processing techniques that alleviate or avoid deal-
ing with distortion effects caused by many physical
phenomenons. It is well known, from narrowband
communications literature, that in a N-ary com-
munications system, orthogonal signals are opti-
mum for detection by correlation-based receivers.
In the same way, for ultra wideband, orthogonal
sets of pulses are preferred to non-orthogonal ones.
Among the so far known orthogonal pulses sets,
Hermite pulses have many advantages including
physical realizability, continuity, small difference
of pulsewidth and bandwidth in function of their
order, and soft decreasing tails in time and fre-
quency domain. For these reasons, most of the
presented work verses on the study and applica-
tion of Hermite pulses to pulse shape modulation
Differ-

ent problems are addressed in separate sections

ultra wideband communication systems.

without disregarding the tradeoffs and intercon-



nections among them.

Initially, research on UWB communications at-
tracted high expectations because of its appar-
ent simplicity and potential high achievable data
rates. However, measurements and modeling of
the UWB propagation channel in different envi-
ronments have shown the high complexity of the
UWB propagation channel. The effects of these
channels in time domain demodulation of pulse
shape modulation are widely analyzed along this
work. Theoretical and simulated results let us
state that pulse shape demodulation in time do-
main is highly complex with poor performance and
sometimes unachievable. Even employing adap-
tive finger allocation in a pulse shape modulation
RAKE receiver, communications cannot be at-
tained under certain channel conditions combined
with some system pulse widths. Except for the
proposal in chapter 6, all the systems, which an-
alyze and evaluate modulation schemes for pulse
shape modulation, show that the narrower the sys-
tem pulsewidth the better the performance.

Hermite pulses have the property of introduc-
ing small increments in pulseshape and bandwidth
along with an increment in the pulse order. This
is not an exclusive property of the Hermite pulses;
most of the currently existing sets of orthogonal
pulses, based on well-known orthogonal polyno-
mials, hold the same property. Even though this
increment may be negligible for an N-ary system
composed of very few pulses, it becomes consider-
able when higher order modulations are employed.
A method for generating a new set of orthogonal
pulses, derived from the Hermitian ones, is pro-
posed. These new pulses inherit the benign prop-
erties of the Hermite pulses, but limit their band-
width to the same value.

One of the biggest problems pulseshape modu-
lated Hermite pulses have to face is the multipath

fading nature of the propagation channel. The re-

ceive signal in indoor environments is composed by
unresolved multipath components, which severely
distorts the shape of the resulting signal. Addi-
tionally, channel estimation is required if a RAKE
receiver is employed in order to increase the signal
to noise ratio of the receive signal, this makes re-
ception of conventional systems very complex but
their performance remains poor. Exploiting the
frequency domain orthogonality of Hermite pulses,
a frequency domain detection scheme is proposed.
It effectively improves performance on multipath
fading channels, and additionally relaxes the mis-
matching problems that affect correlation receivers
in time domain. Although for this proposal chan-
nel estimation is indispensable, this process is re-
duced to a simple division operation in the fre-
quency domain. Therefore, the most severe unde-
sirable feature that remains in this proposal resides
in the high conversion rates demand on the analog
to digital conversion circuits.

For dealing with the conversion rate limitations
on the analog to digital conversion circuits, a sig-
nal arrangement, which relies on transmission re-
dundancy to reduce the required sampling rate, is
studied. The cost of such arrangement is on the re-
duction of the pulse repetition frequency and con-
sequently reduction in the transmitted data. How-
ever, for situations where estimation of the receive
pulseshae is the most important feature, this sys-
tem is adequate. Additionally, it also can be ad-
vantageously applied to the periodic receive signal
described in chapter 6.

Also in the frequency domain, a less efficient
non-coherent detection system that exploits the
spectrum shape of the transmitted pulses is pro-
posed. Since different pulses in the set have dif-
ferent spectrums, they can be used to detect one
pulse among all the possible candidates. This is
an interesting topic for analysis because the spec-

trum of the additive noise channel is modeled as



a constant value along the range of frequencies of
interest and therefore, its effect is different from
the time domain case.

Cyclic prefix arrangement of a particular pulse,
transmitted in blocks, led us to a pulse-width peri-
odic signal at the receiver. This signal is unknown
at the receiver but perfectly matches the struc-
ture of a RAKE receiver, where all fingers have
equal gain and are resolvable. Therefore, we also
propose this system for PSM UWB applications,
where the receive signal needs to be estimated
prior to demodulation. However, we state that
receive signal estimation is simpler that channel
estimation under the conditions assumed in this
work.

Ranging is an appreciated feature in UWB

transceivers, since many applications (e.g. wire-
less sensor networks) require this feature for its
optimal operation. A ranging algorithm, which
employs the Cepstrum algorithm, is proposed in
this work. It has relation with many chapters of
this thesis, because it is implemented in a digi-
tal receiver, it is partially processed in frequency
domain and no additional hardware complexity is
required.

Finally, a combination of some of the previous
proposals is organized in an adaptive system that
profits from the advantages introduced and har-

monizes their integration.
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