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The wavelet analysis is offered to be used for the description of the ultra wideband signals. The expediency
of such approach is justified. It is displayed, that wavelets are ultra wideband signals. The wideband indexes for
most frequently used wavelets are evaluated. The advantages of the wavelet analysis before conventional meth-
ods are considered at research of ultra wideband signals. As an example the wavelet spectra of some model ultra

wideband signals are considered.

1. Introduction

For the last years the advancement of science of en-
gineering has resulted in appearance of recent trends,
one of which is the application of non-traditional
kinds of signals in their different areas, in particular,
in radiolocation and communications. To such new
kinds of signals belong ultra wideband (UWB) sig-
nals possessing a number of advantages in compari-
son with widely used narrow-band and wide-band
signals.

It is accepted to that a UWB signal is a signal,
the wideband index p of which obeys to a condi-

tionl < pu < 2, where

_ Af _ o foax = fuin
n= ﬁ) 2fmax + fmin ’ (1)

Af, fo, fam and f... are the width, the central,
the minimum and the maximum frequencies of a
function of a spectral concentration of a signal ac-
cordingly. Such signal transfers an amount of infor-
mation about the object of research in pu/pu, > 1

time greater, than well known conventional narrow-
band and wide-band signals, for which their wide-
band index obeys to a condition p, < 1. The pay-

ment for received advantages appears an inapplica-
bility of conventional methods of generation, radia-
tion, detection, reception and processing for UWB
signals. The latter is connected with the fact that the
function of a spectral concentration of UWB signal is
distorted, so, and basic information parameter of a
signal — its form [1].

2. Wavelet Analysis

One of possible paths of escaping of the given situa-
tion is the application of new mathematical research
techniques of such signals. Expedient usage of the
wavelet analysis is represented.

The wavelet analysis as a new mathematical
method was designed in middle 80s of the twentieth
century [2,3]. The essence of the method consists in
decomposition of a parsed signal on basis of func-
tions, restricted both in temporary, and in frequency
area. This basis is remarkable because it is built with
the help of stretching-compressions and shifts on the
basis only one functions possessing special properties
and called as wavelet. The wavelet-spectrum of a
researched signal appears to be two dimensional: one
axis — shift state, another — parameter of scaling. It
allows to conduct the analysis with the necessary
accuracy simultaneously both in a time-domain, and
in frequency. The conventional two dimensional Fou-
rier transform of such capability is not given.

3. Wavelets as UWB Signals

The wavelet analysis is convenient to apply to UWB
signals, as it appears, that any wavelet is by defini-
tion a UWB signal. Therefore, the wavelet basis is an
own basis for UWB signals [4].

Let's estimate wideband indexes for most fre-
quently used wavelets. Such wavelets are HAAR-
wavelet, WAVE-wavelet, FHAT-wavelet, DOG-
wavelet and MHAT-wavelet [2, 3]. A kind of these
wavelets in a time-domain, and also their spectra of
the Fourier are adduced in Fig. 1.

Owing to principled perpetuity of a Fourier
spectrum of UWB signal, as shown in [5], it is possi-
ble to determine the value f,;, and f, .. on the level
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Table 1. Values of wideband index p for miscella-
neous wavelets
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Fig. 1. Wavelets and their Fourier spectra. In the
time-domain: a)— HAAR-wavelet, b)— WAVE-
wavelet, c) — FHAT-wavelet, d) — DOG-wavelet, e) —
MHAT-wavelet.

In spectral area: f)— HAAR-wavelet, g) — WAVE-
wavelet, h) — FHAT-wavelet, i) — DOG-wavelet, j) —
MHAT-wavelet

of decrease of a function of a spectral concentration
of a signal in e or in 10 times concerning its maxi-
mum rating (see Fig. 1). The obtained value of a
wideband index u for mentioned above wavelets is
given in Table 1. The value p can also be deter-

mined by the approximated formula

4
N — 2
e 2
where N is the quantity of half-waves of UWB sig-
nal [1]. The formula (2) works well only at N > 2,
asat N =2 pu — 2, that is characteristic for video
signal, not of UWB signal. The values p , calculated

by the formula (2) are also adduced in Table 1.

WAVE 1,61 1,95 —~ 2

DOG 1,32 1,71 1,33

1
2
3 FHAT 1,19 1,92 1,33
4
5

MHAT 1,28 1,68 1,33

From Table 1 it is clear, that at an estimation g

on a level of decrease of a function of a spectral con-
centration of wavelet in e time concerning its maxi-
mum level for HAAR-wavelet and for FHAT-
wavelet of value appears rather low concerning re-
maining wavelets, though visually (see Fig. 1) their
spectra decrease more slowly. If to use a level of de-
crease of a function of a spectral concentration not in
e time, but in 10 times, the ratio between values p

for miscellaneous wavelets become more adequate.
At the same time first of surveyed versions will better
agree with results obtained on the formula (2).

4. Results of Calculations

The calculations have shown, that the wavelet spectra
for different model of UWB signals (eight analytical
models of UWB signals in a time-domain were used)
are well enough localized on both by a variable. Dif-
ferent wavelets were applied: HAAR-wavelet,
FHAT-wavelet, WAVE-wavelet, MHAT-wavelet,
and DOG-wavelet. In Fig. 2 and Fig. 3 as examples
the wavelet spectra of following models of UWB
signals are presented:

Yo (1) = (1—|2t —1])sin ) O,  (3)

S =(1—t/T)exp(—t/T)n&), (4)

83 (t) =
(exp (—ayt) — exp (—ayut)) cos (Bt)n(E). (5)

where
OW =nt)—nt -1,

n(t) is the Heavyside’s function.
The function s; (¢) can be used for simulation

of UWB signals of a synthetic origin. The relation
Sy (t) describes an impulse of pressure [7], arising at

air explosion, and s3 (t) is known [8] as the model
of whistlers. It is easy to show, that at 3 = Joqoy
the expression (4) describes a UWB signal [6].
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Fig. 2. Wavelet spectra of UWB signal (a— UWB
signal (model 1) in the time-domain), obtained for
miscellaneous wavelets;, b— WAVE-wavelet, ¢ —
MHAT-wavelet, d— FHAT-wavelet, e— HAAR-
wavelet, f— DOG-wavelet.

Here t is the time, a is the scaling parameter, b is
the shift parameter

At the same time two dimensional Fourier spec-
trum of such signals is feebly localized along axis of
frequencies (for this reason they and are named as
ultra wideband signals). The latter is explained by the
fact that finite UWB signals are much more similar to
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Fig. 3. Wavelet spectra of UWB signal (a— UWB
signal (model 2) in the time-domain), obtained for
miscellaneous wavelets: b— WAVE-wavelet, c¢—
MHAT-wavelet, d— FHAT-wavelet, e— HAAR-
wavelet, f— DOG-wavelet.

Here t is the time, a is the scaling parameter, b is
the shift parameter

finite basic functions of wavelet transform, than to
infinite basic functions of a Fourier transform.

Rather recent method of the wavelet analysis
was successfully applied to the solution of a problem
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Fig. 4. Wavelet spectra of UWB signal (a— UWB
signal (model 3) in the time-domain), obtained for
miscellaneous wavelets: b— WAVE-wavelet, c¢—
MHAT-wavelet, d— FHAT-wavelet, e— HAAR-
wavelet, f— DOG-wavelet.

Here t is the time, a is the scaling parameter, b is
the shift parameter

of detection of UWB signals on a background of the
additive feebly correlated interference [6].

Thus, usage of the wavelet analysis as new
mathematical method for research of UWB signals is
expedient and perspective.

5. Conclusions

1. UWB signals are being more and more applied
in a modern science and engineering and by vir-
tue of the principled features usages require new
mathematical methods for their analysis.

2. The wavelet analysis as a rather new mathemati-
cal method can successfully be applied to the de-
scription of UWB signals.
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BEWBJIETHBIA AHAJIN3 U
CBEPXIIIUPOKOITIOJIOCHBIE
CUTHAJIBI

JI.D. Yepnoeop, O.B. Jlazopenxo, C.B. Jlasopenko

BeiiBner-aHanu3 mpejiaraeTcsi MCIOJIb30BaTh UL
OIMCAHUS CBEPXIIUPOKOIOJIOCHBIX CUTHAJIOB. OOOCHOBBI-
BaeTcs 11e71eco00pa3sHOCTh Takoro noaxona. ITokaseiaer-
Csl, YTO BEHBJIETHl SBIAIOTC CBEPXLIMPOKONOJIOCHBIMU
CHTHAJaMH. BBIYHCIAIOTCS MOKA3aTeln IIMPOKOINOIOCHO-
cTH HaumboJiee YacTO HCIONb3yeMBIX BelBieToB. OOCYyX-
JAI0TCsl IPEMMYIIECTBa BEHBIICT-aHANIN3a MIEPE TPaIULIU-
OHHBIMH METOJAMH IPH HCCICAOBAHUH CBEPXIIMPOKOIIO-
JIOCHBIX CHTHAJIOB. B kauecTBe mpumMepa paccMaTpUBaIOTCS
BEHBIIET-CIEKTPHl HEKOTOPBIX MOJAENBHBIX CBEPXIIHPOKO-
TIOJIOCHBIX CHTHAJIOB.

BEUWBJIETHUM AHAJII3 TA
HAIIIUPOKOCMYT'OBI CUTHAJIN

JL.®. Yepnozop, O.B. Jlazopenxo, C.B. Jlazopenxo

BeiiBner-aHaii3 MpPOIOHYETHCSI  3aCTOCOBYBATH IS
OITMCaHHS HAANIMPOKOCMYTOBUX CHTHANIB. OOIpyHTOBaHO
JOLUIBHICTh Takoro migxoxay. I[lokasaHo, mo BeiiBiaeTH €
HaJIIIIPOKOCMYTOBIMH CHTHaNIaMi. OOUHCITIOIOTECS MOKa3-
HHUK{ IIMPOKOCMYTOBOCTI BEHBIETIB, IO BHKOPHUCTAIOTHCS
Haiuacrime. OOroBOpPeHO IiepeBaryd BeHBIET-aHATIZY Ha
TpaJULIHHIMI METOJaMH TIPU TOCTIIKEHHI HaIINPOKOCMY-
TOBUX CHTHANIB. SIK NPHKIAN PO3IJITHYTO BEHBIIET-CHEKTPH
JESKUX MOJENBHHUX HAIIIMPOKOCMYTOBUX CUTHAIIIB.
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