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Abstract — 1In this paper we present a technique for
evaluating shape and position of an Ultra Wideband pulse in

noisy data, based on the Continucus Wavelet Transforma- -

- tion. By using a complex extension for both, the signal and
the mother wavelet, the received impulse can be completely
characterized by only four parameters without the necessity
of exact knowledge of the pulse shape. With this novel
approach the impulse shape is characterized by the angle
information of the complex wavelet transform. This allows
¢.g. to reduce the amount of data for further processing,

[, INTRODUCTION

Ultra Wideband (UWB) signal transmission is a poten-
tially promising technology that is characterized by a large
fractional bandwidth, mostly based on very short pulses
with a duration of approximately 0.5 to 2 ns each [5]. This
technology can be used e.g. for radar, and especially for
Ground Penetrating Radar {(GPR), enabling high precision
and penetration through the surface [6], [7].

The UWB-radar transmits an impulse, which is
reflected by an object — usually called target for historic
reasons — whose distance s can be evaluated if velocity
and time-difference between transmission and reception of
the pulse are known.

For the detectien of the impulse covered by noise con-
ventional correlation methods like the matched filter con-
cept suffer one major drawback in analyzing the sampled
signal: the requirement of the exact knowledge of the im-
pulse shape. This information is not available in real
UWB systems. The continuous wavelet transformation
{(CWT) can handle translated and dilated versions of a
waveform, but the analysis wavelet has to be chosen prop-
erly to match the specific form of the searched impulse.

In this contribution we present a complex extension for
the CWT giving this transformation the ability to deal
with different forms of impulses, with a-prieri knowledge
of only the approximate pulse shape.

II. UWB SYSTEM

A UWB impulse radar test setup was buill to generate
real radar reflection data. We used a pulse generator and a
pulse forming network from Picosecond Puise Labs, to

Fig. 1.

generate a 100-ps pulse with an amplitude of -1.7 Vand a
pulse repetition rate {PRI) of 500 kHz.

The output of the pulse generating network was con-
nected to a UWB transmitting antenna. The radiated pulse
was reflected by a 600 mm x 450 mm copper plate and
received by an antenna similar to the transmitting antenna.
Sampling and displaying was done with a Tektronix
11801C sampling oscilloscope, which was triggered by
the pulse generator. Wavelet-based impulse reconstruction
was used to evaluate the exact position of the plate. Fig. 1
shows the implemented UWB-radar test setup.
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UWB-radar test setup.

111, COMPLEX CONTINUOUS WAVELET TRANSFORM

The CWT provides a method for the analysis of a signal
A2 based on a single, possibly complex-valued, scaled,
stretched and shifted mother wavelet y;. At time b and
scale a4 this transformation is defined as

W, (a,b)= J'fx)J_ [ sz. (1)

where y{;(-) denotes the complex conjugate of y,(-). The
complex weights Wy(a,b) can be interpreted in terms of
magnitude and phase.

The generation of the mother wavelet starts with the
complex Gaussian function

glt)=Cpeie” )

centered around zero. The mother wavelet i, is formed by
taking the p-th derivative of the complex Gaussian func-
tion, and the coefficient C, is chosen to satisfy the nor-
malization condition
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v, ()=g" ) with g% =1 €))

||x|| ,= ’ Ix(r)x'(r)dr . ey

If p is even, the real part of i, is an even function and
the imaginary part is odd, and vice versa for an odd p;
from this it directly follows that these two components of
the wavelet are orthogonal to one another,

[Rely, (imfy, (O =0 5

™ evenfodd)  odd(even)

Fig. 2 shows the real and imaginary part of the mother
wavelet i, for p=2. For further information concerning
complex wavelets we refer to [2]-[4].

Instead of using the measured signal f¢) directly for
evaluation, the analytic signal ()

7=+ air)} )
obtained from application of the Hilbert transform
1 oo
—«—j (7)
” —m

is taken. All spectral components of the original signal are
shifted by n/2 rad. The signals A7) and H{fr)} are fre-
‘quently said to be in quadrature. In time domain, the
signals {7) and H{f#)} are orthogonal,

jf H{f{e) s ®)

For the special case of even functions the Hilbert trans-
form is odd and vice versa. For additional information we
referto [1] and {2]. Fig. 3 shows a measured UWB-radar
signal and its Hilbert transform.

Since there is little difference in analysis results when us-
ing the analytic signal with a real-valued wavelet, or the
real-valued signal with a complex wavelet only one case is
visualized (Fig. 4 (a)). In both cases the magnitude of
W;(a,b} shows some slight side maxima separated from
the main peak.

Fig. 4 (b) shows the absolute value of the wavelet trans-
form using the 2nd derivative of the complex Gaussian
function as mother wavelet analyzing the analytic signal.
For one single impulse the magnitude of the CWT shows
almost no side maxima.

The results for real wavelets on the measured signal
even if properly chosen show several major side maxima
{Fig. 5 (c) and (d)). In case of heavy noise this drawback
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of the classic CWT makes it almost impossible to ¢licit
several targets represented by multiple impulses.
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Fig.2. Real and imaginary part of the complex mother

wavelet forp=12.
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Fig.3. (a) Measured UWB-radar signal and (b) its Hilbert

transform.
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Absolute value of the wavelet transform using the 2nd derivative of the complex Gaussian function as mother wavelet on (a)

the measured and (b) the analytic signal as well as the magnitude using (c) the 2nd 2nd (d) the 3rd derivation of the real Gaussian pulse

as mother wavelet analyzing the real signal.

The angle information of Wy(a,b) is visualized as grey-
scale plot between -n and mrad in Fig. 5, with phase
jumps resulting from visualization effects.
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Fig. 5. Angle information of the complex CWT on the
analytic signal using the 2nd derivation of the complex Gaussian
function as mother wavelet.
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IV. IMPULSE RECONSTRUCTION

For a better performance of this impulse reconstruction
algorithm we propose at first to smooth the real and
imaginary part of W;{a,b) scparately by a filter based on a
two-dimensional convolution with filter function O

W,(a,b)= ﬂwf (@,p)0la—a,b-b6)adb'.  (9)

Starting with the complex CWT of the analytic signal
we search for the argument of the maximum absolute
value of W;(a,b). This argument specifies both, the
translation and dilatation, which characterize the received
impulse

(am,bm):argr(rllzgﬁwf(a,b)\ . (10)

Fig. 6 displays the relationship between the angle of the
complex weight W{(a,,b,) (Fig. -5} and the impulse shape
found by the complex CWT.

To acquire the impulse itself we evaluate the inverse
wavelet transform for only one point in the scalogram
given by a,, and b,,. Wi(a,,b,) is the complex weight for
the scaled, stretched and shifted mother wavelet.
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Fig. 7 shows the results of the impulse reconstruction of
the measured UWB-radar-signal comparing real and com-
plex wavelets.

V. DISCUSSION

An impulse covered by noise is characterized by only
four parameters: 1. translation b, and 2. dilatation a, of
the mother wavelet as well as 3. the absolute value and 4.
the angle of the complex weight Wy (a,,,b,,). The value of

b., specifies the position of the searched impulse, a,, is a-

measure for its center frequency. The absolute value of the
complex weight is a quantum for the impulse intensity, its
angle classifies the shape of the impulse as shown in
Fig. 6.

Another significant advantage of this complex expanded
signal evaluation over conventional correlation concepts is
its insensitivity to deviations of the noise-covered impulse
from the expected pulse-shape. As Fig. 7 shows, the best
match with the original impulse is achieved with the
complex wavelet, whereas the even and odd wavelets
show significant deviations in parts of the signal.

For a precise impulse analysis, especially for position
detection, we propose to first reconstruct the impulse in-
stead of taking one of the four parameters directly.

Another useful property of this complex extension to
the CWT beside its independence to the impulse form is
its resistance against heavy noise. A decreasing SNR has
almost no influence on the position of the impulse
characterized by the position of its maximum value, it

. varies only a few samples.

VI. CONCLUSION

The superiority of the proposed algorithm described in
this paper over conventional evaluation is the characteri-
zation of a single impulse covered by noise by only four
parameters without the necessity to properly select the
mother wavelet. The major innovation is that the impulse
shape is characterized by the angle information of the
complex CWT. For one single impulse the magnitude of
the CWT using a complex extension for both, the signal
and the wavelets, shows almost no undesired side maxima.

. ACKNOWLEDGEMENT

The authors benefited from frequent discussions with
E. Kolmhofer and C. Diskus of the Instltute for Micro-
electronics, University of Linz.

606

[ SFiEN
foelt) ~YT
A l"-f = \
ZW,(a_ b,)
[Wi(@,, D)l
o N )
. !' - _/\\ !"\.

—Refy(t) Re{w(t)}

A M)

Fig. 6.  Shape of the UWB impulse corresponding to the angle
of the complex weight Wy{a,,.b,,).
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Fig. 7. Impulse reconstruction of a measured UWB-radar-

signal using the 2nd (even) and 3rd (odd) derivative of the Gaus-
sian pulse as well as the 2nd derivative of the complex Gaussian
function as mother wavelet on the analytic signal.
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