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ABSTRACT

In this paper, we propose a new technique to design time-
limited pulse shapes for ultra wideband (UWB) communica-
tion systems. The technique is based on searching the opti-
mal pulse on a sub-field spanned by set of orthogonal func-
tions built from the modified Hermite function. The design
problem can be formulated as a linearly constrained convex
problem. Simulations results, show that the pulses designed
using the proposed technique, conform to the spectral emis-
sion constraints. More over, it out preforms other pulses de-
sign with other approaches, in terms of normalized efficient
signal power.

1. INTRODUCTION

Ultra-Wideband (UWB) technology is gaining increasing in-
terest for its potential application to short-range indoor wire-
less communications. Utilizing ultra-short pulses, UWB
base band transmissions enable rich multi-path diversity, and
can be demodulated with low complexity receivers[1] . For
spectrum overlay consideration, FFC regulations[2] imposed
a spectral mask that strictly limits the power spectrum of
UWRB signal to be well below the noise floor. On the other
hand the transmission quality of the UWB system is deter-
mined by the received signal-to-noise ratio (SNR). Given the
stringent transmit power limitations, maximization of the re-
ceived SNR requires efficient utilization of the bandwidth
and power allowed by the FFC spectral mask. The goal is
to design the underlying UWB pulse shape so as to optimize
the spectral shape of the transmitted signal. Unfortunately,
the widely adopted Gaussian monocycle exhibits a poor fit
to the FFC spectral mask and it is not desirable for practical
usage. Recently, several design methods were introduced|3]
[4] [5] [6] [7] . In [3] new pulse is designed corresponding
to the dominant eigenvector of a channel matrix that is con-
structed by sampling the spectral mask. Although the gen-
erated pulse [3] conforms to the spectral mask, it does not
achieve the most efficient spectral utilization, and requires a
high sampling rate (64GHz) that could lead to implementa-
tion difficulties. In [4], design method, based on semidefinite
programming (SDP), is introduced to achieve optimal spec-
tral utilization at a relatively low sampling rate. It consists
on transforming the design problem to a linearly constrained
convex optimization problem that can be efficiently solved
for globally optimum solution.

In this paper, a new design method is introduced to
achieve optimal spectral power allowed by the FCC spectral
mask at a relatively low sampling rate. The approach consists

on building a sub-space by a number of orthogonal modified
Hermite function and find the optimal pulse on this subspace
which satisfies the FFC. The new design problem becomes
linearly constrained convex optimization problem.

The paper is organized as follows: in section 2 we re-
view the Hermite function[8] . In section 3 we establish the
problem statement. In section 4 we propose a new method
to design optimal UWB pulse shaper. finally in section 5
simulation results are presented to support the new design
approach.

2. THE HERMITE FUNCTION FAMILY

Hermite function, and indeed Hermite polynomial[9] are not
new. Hermite transform have been used to shed light on
space-temporal relationships in image processing. In this
section, we begin with defining these function. The Hermite
polynomials are defined as follows [9]:
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From these polynomials, we can construct the Hermite or-
thonormal function d,(¢), which are related to the Hermite
polynomials %, (¢) by:
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NN

These functions are orthogonal, and can be used as orthogo-
nal basis of a some sub-space. The Fourier transform D, (®)
of the Hermite function d,(¢) is given by:[10]

Dy(@) = TF (dn(1)) = (=))"V2m x du(®) ~ (5)

We note that the Fourier transform of the Hermite function
is also a Hermite function apart from a multiplication factor
that is dependent on the order of the Hermite function[10].
These properties will be used in the next section to design
the new optimal UWB pulse.
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Figure 1: The power spectral density of the Gaussian mono-
cycle pulse for the tow peak amplitude A, and A, and the
FFC indoor spectral emission mask

3. PROBLEM STATEMENT

Based on the FCC spectral mask S(f) illustrated in figure.1,
we observe that most of the UWB signal power should be al-
located to the 3.1 - 10.6GHz band, while considerable atten-
uation is imposed in other regions of the spectrum, especially
for frequencies up to 3.1GHz. These constraints are designed
to avoid interference to legacy narrowband systems. Accord-
ingly, we define F), := {f\f € [3.1,10.6]GHz} as the UWB
passband [4]. Before introducing the problem statement, let
us first consider the Gaussian monocycle pulse, which has
been widely adopted by UWB radar and communication sys-
tems. The Gaussian monocycle can be expressed as
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where 7, is the time duration between its minimum and max-
imum values and 4 represents its peak amplitude. The pulse
duration is approximately equal to T, = 47,. Accordingly,
the Fourier Transform (FT) of g(¢) is
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where f, := 1/(n1,) is the frequency where |G(f)| is
maximum|11].

In figure.1, we have plotted the FFC indoor spectral emis-
sion mask and frequency response G(f) for the two ampli-
tudes 4, (system 1) and 4, (system 2). Trying to maximize
transmission power, system 1 violates the FFC spectrum
mask; whereas trying to respect the FFC mask, system 2 does
not exploit the FFC mask in a power efficient manner. Con-
sequently, the Gaussian monocycle does not lead to optimal
utilization of the spectrum assigned by FFC.To maximize the
received SNR, the spectral shape of UWB pulse p(¢) should
optimally utilize the allowed bandwidth and power spectra,
while at the same time respecting the spectral mask S(f).
The spectrum utilization efficiency can be measured by the
normalized effective signal power (NESP) w[4] :
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where P(f) is the FT of p(¢).

The objective of our pulse design problem is to find p(¢)
that maximizes y under the spectral mask constraint. this
can be mathematically formulated as follows:
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4. NEW DESIGN APPROACH

In this section, we exploit the property of Hermite function
to design time-limited pulse shape for UWB systems , with
given frequency magnitude characteristic. To control pulse
width of the Hermite functions, we propose to use a scal-
ing factor o, for each Hermite function d,(¢) ( If the o in-
creases, the bandwidth of the pulse becomes narrower). Con-
sequently, the bandwidth can be fitted into the bounds of the
spectral mask.

From the modified Hermite function, we construct a set
of even functions defined by:
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d,(at) x sin(2mt f.) if i is odd

where f; is the center frequency of the FFC mask.

It is worth noting, that these g; , (f) forms a set of orthog-
onal function. 7

The Fourier transformation G, ,(f) = FT(g;,(t)) is
given by:
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For an appropriate ¢, the two terms d, (271:(§ - fc)) and

d; (2717 (é + fc)) will not interfere, so we can approximate
G, o (f) for f € [0,+o[ as follows:
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For a fixed scaling factor o,we build a sub-field £, ,

spanned by L orthogonal functions {go &l &1 a}.

We restrict, the optimization problem, by finding an optimal
pulse p; ,(t) in the sub-field £; ,. Thus p; ,(¢) will be ex-
pressed as follows:
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The power spectrum S,(f) :=‘PL7a(f)‘ of p; 4(t) is
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For the chosen pulse model 12 and an appropriate o, the
NESP can be approximated as follows:
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Using the orthogonality property of function g, , (¢), the
NESP can be approximated by:

Due to the fact that G, ,(f) is real, the Fourier transfor-
mation P, ,(f) of our designed pulse p; ,(¢) will be also

2
real, so the mask constraint ‘PL,a(f)‘ < S(f) can also be

equivalently written as:

~V/S() < Po (1) < VS, (15)

In the frequency domain, the mask was represented with
infinite number of linear constraints. We relax this constraint
by a discretization method, in witch the entire UWB pass-
band is sampled in an ascending order at a fine frequency res-
olution to form a frequency set { /), f{,---,f;_ }- Now our
pulse design problem defined over the continuous frequency
variable f can then be reformulated as a convex quadratic

function of X = [x,x;,-++,x; ;]” with finite number of lin-
ear constraints formulated as follows:
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Figure 2: Evolution of the normalized effective signal power
versus the scaling factors o, for L = 10 and N = 21.

Our global design problem can now be written as the
following optimization problem:
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To relax the optimization problem 17, we split it into tow
steps. First, for a fixed o, we solve the convex problem de-
scribed by equation 16, and compute the optimum NESP de-
noted y; (a), In the second step, we analyze the evolution
of y; (&) Versus c. Then we choose the optimum «, ,,,,
which maximizes y, (o).

5. DESIGN EXAMPLES

In this section, we apply our approach design method, pre-
sented in the previous section, to design optimal ultra-
wadeband pulse shaper. To lessen the hardware implementa-
tion difficulty, we set the sampling frequency to be relatively
low value of 25GHz.

We denote N, the number of taps for the pulse p; ,(¢).
So,N will fix the pulse duration.

In the first case, we solve the optimization problem for
L =10, and N = 21, using the optimization package of Mat-
lab. In figure 2, we report the evolution of v, () versus .
We deduce that the optimum ¢ is equal to a,,, = 9.32 10°.
The optimal generated pulse and its spectrum 1s presented in
figure 3.Compliant to the FFC mask, the synthesized pulse
achieves a maximum NESP of y = 80.7%.

In a second case, we have find that for N = 11 the opti-
mal factor o, is equal to 12.26 10°, where the synthesized
pulse achieves a maximum NESP of y = 68.7%. The opti-
mal generated pulse and its FT are plotted in figure 4.

In figure 5 we have compared the evolution of the opti-
mal normalized effective signal power achieved by the pulse
shapers designed in [4] with our new design pulse shaper ver-
sus the pulse duration. It is clear that our design utilizes the
FFC spectral mask most efficiently. As example, for N = 10,
the pulse in [4] has y & 43% however our new pulse has
W= 68.7%



6. CONCLUSION
I | In this paper, we have proposed a new pulse design approach.

The approach consists on searching the optimal pulse in a
sub-field spanned by a set of orthogonal functions, built from
the modified Hermite functions. The problem becomes a
linearly constrained convex problem. The obtained results,
show that the generated pulses meet the FCC mask and out
perform other design approach.

o
T
!

Spectrum (dB)
®
S

REFERENCES
[1] M. Z. Win and R. A. Scholtz, “Impulse radio: How it

e e

“or works”, IEEE Commun. Lett., vol. 2, pp. 3638, Febuary
/\ 1998.
% 5 10 %4 02 _o o2 o4 [2] H.Sheng, P.Orlik, “On the Spectral and Power Require-
e e ments for Ultra-Wideband Transmission”, Communi-
Figure 3: For N = 21, optimally designed pulse shaper and cations, 2003, ICC03, IEEE International Comm. Con-
its FT for o = 9.32 10%and L = 10. ference, Volume:1,2003 pp:738-742

[3] Parr, B.; ByungLok Cho; Wallace, K.; Zhi Ding, “A
novel ultra-wideband pulse design algorithm”, Com-
munications Letters , [EEE, vol. 7, no. 5, pp. 219-221,
May 2003.

[4] X. Wu, Z. Tian, T. N. Davidson, G. B. Giannakis, “Op-
timal Waveform Design for UWB Radios”, Proceed-
ings of IEEE International Conference on Acoustics,
Speech and Signal Processing (ICASSP’2004), Mon-
treal, QC, vol. 4, pp. 521-524, May 17-21, 2004.

[5] N.C. Beaulieu and B. Hu, “A Novel Pulse Design Al-
gorithm for Ultra-wideband Communications”, IEEE
GLOBECOM, Dallas, Texas, Nov. 29-Dec. 3, 2004.

[6] X. Wu, Z. Tian, T. N. Davidson, G. B. Giannakis, “Or-
thogonal Waveform Design for UWB Radios”, Pro-
ceedings of IEEE Signal Processing Workshop on Ad-

‘ ‘ o3 ‘ ‘ ‘ vances in Wireless Communications (SPAWC2004),

5f(GHZ) 1 o2 ot Timg (ns) o1 o2 LiSbOII, July 1 1-14, 2004

Figure 4: For N = 11, optimally designed pulse shaper and [7] Zeng, D oA Agnamalai Jr, AL Zaghl’(’)ul,“ Pulse Shap-
its FT for o = 12.26 102 and L = 10. ing Filter Design in UWB System”, IEEE Confer-

ence on Ultra Wideband Systems and Technologies, pp.
6670, November 2003.

[8] M. Ouertani, H. Besbes, A. Bouallegue, “A new de-
100 ‘ ‘ sign approach for ODMA systems”, 2004 First Inter-
Ve somevabis o N o 1 national Symposium on Control, Communications and
—— Maximum achievable v of N based on the new design method Signal Processing, ISCCSP 2004, Tunisia 2004.

[9] G. Andrews, R. Askey, R. Roy, Special functions,
edited by Cambridge University Press, Cambridge, UK,
1999.

[10] Ghavami M., L. B. Michael and R. Kohno, “Her-
mite Function Based Orthogonal Pulses for Ultra Wide-
band Communication”, in Proc. International Sympo-
sium on Wireless Personal Multimedia Communica-
tions (WPMC), Aalborg, Denmark, pp. 437440, Sep.
2001.

[11] X. Luo, L. Yang, and G. B. Giannakis, “Designing Op-

timal Pulse-Shapers for Ultra-Wideband Radios,” IEEE
w0 ‘ ‘ Journal on Communications and Networks, vol. 5, no.
1 ' 2 % 4, pp. 344-353, December 2003.

N

0.5

T T
= Synthesized pulse N=11
= = FCC spectral Mask S(f)

0.4

0.3

Spectrum (dB)

Figure 5: Evolution of the maximum normalized effective
signal power versus the pulse duration.



	Index
	EUSIPCO 2005

	Conference Info
	Welcome Messages
	Sponsors
	Committees
	Venue Information
	Special Info

	Sessions
	Sunday 4, September 2005
	SunPmPO1-SIMILAR Interfaces for Handicapped

	Monday 5, September 2005
	MonAmOR1-Adaptive Filters (Oral I)
	MonAmOR2-Brain Computer Interface
	MonAmOR3-Speech Analysis, Production and Perception
	MonAmOR4-Hardware Implementations of DSP Algorithms
	MonAmOR5-Independent Component Analysis and Source Sepe ...
	MonAmOR6-MIMO Propagation and Channel Modeling (SPECIAL ...
	MonAmOR7-Adaptive Filters (Oral II)
	MonAmOR8-Speech Synthesis
	MonAmOR9-Signal and System Modeling and System Identifi ...
	MonAmOR10-Multiview Image Processing
	MonAmOR11-Cardiovascular System Analysis
	MonAmOR12-Channel Modeling, Estimation and Equalization
	MonPmPS1-PLENARY LECTURE (I)
	MonPmOR1-Signal Reconstruction
	MonPmOR2-Image Segmentation and Performance Evaluation
	MonPmOR3-Model-Based Sound Synthesis ( I ) (SPECIAL SES ...
	MonPmOR4-Security of Data Hiding and Watermarking ( I ) ...
	MonPmOR5-Geophysical Signal Processing ( I ) (SPECIAL S ...
	MonPmOR6-Speech Recognition
	MonPmPO1-Channel Modeling, Estimation and Equalization
	MonPmPO2-Nonlinear Methods in Signal Processing
	MonPmOR7-Sampling, Interpolation and Extrapolation
	MonPmOR8-Modulation, Encoding and Multiplexing
	MonPmOR9-Multichannel Signal Processing
	MonPmOR10-Ultrasound, Radar and Sonar
	MonPmOR11-Model-Based Sound Synthesis ( II ) (SPECIAL S ...
	MonPmOR12-Geophysical Signal Processing ( II ) (SPECIAL ...
	MonPmPO3-Image Segmentation and Performance Evaluation
	MonPmPO4-DSP Implementation

	Tuesday 6, September 2005
	TueAmOR1-Segmentation and Object Tracking
	TueAmOR2-Image Filtering
	TueAmOR3-OFDM and MC-CDMA Systems (SPECIAL SESSION)
	TueAmOR4-NEWCOM Session on the Advanced Signal Processi ...
	TueAmOR5-Bayesian Source Separation (SPECIAL SESSION)
	TueAmOR6-SIMILAR Session on Multimodal Signal Processin ...
	TueAmPO1-Image Watermarking
	TueAmPO2-Statistical Signal Processing (Poster I)
	TueAmOR7-Multicarrier Systems and OFDM
	TueAmOR8-Image Registration and Motion Estimation
	TueAmOR9-Image and Video Filtering
	TueAmOR10-NEWCOM Session on the Advanced Signal Process ...
	TueAmOR11-Novel Directions in Information Theoretic App ...
	TueAmOR12-Partial Update Adaptive Filters and Sparse Sy ...
	TueAmPO3-Biomedical Signal Processing
	TueAmPO4-Statistical Signal Processing (Poster II)
	TuePmPS1-PLENARY LECTURE (II)

	Wednesday 7, September 2005
	WedAmOR1-Nonstationary Signal Processing
	WedAmOR2-MIMO and Space-Time Processing
	WedAmOR3-Image Coding
	WedAmOR4-Detection and Estimation
	WedAmOR5-Methods to Improve and Measures to Assess Visu ...
	WedAmOR6-Recent Advances in Restoration of Audio (SPECI ...
	WedAmPO1-Adaptive Filters
	WedAmPO2-Multirate filtering and filter banks
	WedAmOR7-Filter Design and Structures
	WedAmOR8-Space-Time Coding, MIMO Systems and Beamformin ...
	WedAmOR9-Security of Data Hiding and Watermarking ( II  ...
	WedAmOR10-Recent Applications in Time-Frequency Analysi ...
	WedAmOR11-Novel Representations of Visual Information f ...
	WedAmPO3-Image Coding
	WedAmPO4-Video Coding
	WedPmPS1-PLENARY LECTURE (III)
	WedPmOR1-Speech Coding
	WedPmOR2-Bioinformatics
	WedPmOR3-Array Signal Processing
	WedPmOR4-Sensor Signal Processing
	WedPmOR5-VESTEL Session on Video Coding (Oral I)
	WedPmOR6-Multimedia Communications and Networking
	WedPmPO1-Signal Processing for Communications
	WedPmPO2-Image Analysis, Classification and Pattern Rec ...
	WedPmOR7-Beamforming
	WedPmOR8-Synchronization
	WedPmOR9-Radar
	WedPmOR10-VESTEL Session on Video Coding (Oral II)
	WedPmOR11-Machine Learning
	WedPmPO3-Multiresolution and Time-Frequency Processing
	WedPmPO4-I) Machine Vision, II) Facial Feature Analysis

	Thursday 8, September 2005
	ThuAmOR1-3DTV ( I ) (SPECIAL SESSION)
	ThuAmOR2-Performance Analysis, Optimization and Limits  ...
	ThuAmOR3-Face and Head Recognition
	ThuAmOR4-MIMO Receivers (SPECIAL SESSION)
	ThuAmOR5-Particle Filtering (SPECIAL SESSION)
	ThuAmOR6-Geometric Compression (SPECIAL SESSION)
	ThuAmPO1-Speech, speaker and language recognition
	ThuAmPO2-Topics in Audio Processing
	ThuAmOR7-Statistical Signal Analysis
	ThuAmOR8-Image Watermarking
	ThuAmOR9-Source Localization
	ThuAmOR10-MIMO Hardware and Rapid Prototyping (SPECIAL  ...
	ThuAmOR11-BIOSECURE Session on Multimodal Biometrics (  ...
	ThuAmOR12-3DTV ( II ) (SPECIAL SESSION)
	ThuAmPO3-Biomedical Signal Processing (Human Neural Sys ...
	ThuAmPO4-Speech Enhancement and Noise Reduction
	ThuPmPS1-PLENARY LECTURE (IV)
	ThuPmOR1-Isolated Word Recognition
	ThuPmOR2-Biomedical Signal Analysis
	ThuPmOR3-Multiuser Communications ( I )
	ThuPmOR4-Architecture and VLSI Hardware ( I )
	ThuPmOR5-Signal Processing for Music
	ThuPmOR6-BIOSECURE Session on Multimodal Biometrics ( I ...
	ThuPmPO1-Multimedia Indexing and Retrieval
	ThuPmOR7-Architecture and VLSI Hardware ( II )
	ThuPmOR8-Multiuser Communications (II)
	ThuPmOR9-Communication Applications
	ThuPmOR10-Astronomy
	ThuPmOR11-Face and Head Motion and Models
	ThuPmOR12-Ultra wideband (SPECIAL SESSION)


	Authors
	All authors
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z
	Ö
	Ø

	Papers
	Papers by Session
	All papers

	Search
	Help
	Browsing the Conference Content
	The Search Functionality
	Acrobat Query Language
	Using Acrobat Reader
	Configurations and Limitations

	Copyright
	About
	Current paper
	Presentation session
	Abstract
	Authors
	Ammar Bouallegue
	Hichem Besbes
	Mourad Ouertani



