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SELF-BASIS OPERATOR AND ORTHOGONAL STOCHASTIC BASIS APPLICATION
FOR INFORMATION PROCESSING

Introducing the presented self-basis operator either in real or complex form can be a
convenient way to get an autocorrelated signal for different fields of applied mathematics, for
example for computerized composition of music, involving “AQUARIUS” software.” White-
noise” orthogonal stochastic basis can be a useful tool for digital signal processing.
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Introduction. Let's take any 3D-object, described by some function of geometrical
coordinates x,, x, and x; [1]:

s(x,,x,,x,) = [[[ f(x,,x,,x,)dx, dx, dx,

Function f(x,,x,,x,) can describe, for example distribution of objects’ temperature, colour,
porosity etc.

Let there be an arbitrary signal s(¢)=s(x;), (i=1,2,3), got by I-dimensioning of
s(x;,%,,x;) .

Statement of the problem. How to find a signal s(#) resembling initial signal s(¢) in the
sense of being autocorrelated.

Research and publications analysis. A lot of important results about the synthesis and use

of Walsh-Cooley basis has been presented in [2]. Stochastic basises were thoroughly investigated
and developed in [3 — 6].

Stochastic white-noise basis realization cut as a matrix operator for modifying of initial
signal. Let it be at the input of some device, aimed on obtaining an orthogonal stochastic basis, a
“white noise” signal. Structural scheme of such a device is given in fig. 1.

nit)
@, (I @, D) D, ., (1D @, (1)
L (PLI I (Pm —I—I—(PN,N—I g (PN,N
Q Q l? O
&, €M) Erama (D) &)

Fig. 1. Device for obtaining a stochastic basis
As it is seen from above, it is composited of infinite number of filters @, ,(IT)(N — ),
having same bandwidth II = f tinp —f1.o and rectangularly shaped amplitude-frequency

characteristic. The filters embrace the whole spectrum of initial signal n(¢), without being mutually

i i+1
covered, and [, = f om -
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It is proven in mathematics [6], that a sequence of stochastic processes (%)
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makes an orthogonal basis in space L, if N — co. Here

él,l ()= .[(pm (t—t)dn(v),
%1,2 ()= .[(pl,z (t—t)dn(v),
N,N(t) = .[(pN,N(t —1)dn(1),
or
ai,j (t) = .[(pi,j (t - T)dn(r)’
i,j=12,..
Let us have now a signal s(¢), digitized in such a way, that it consists of N readouts, and our
stochastic white-noise basis realization cut, taken at the time moment ¢, , to be given at a multiplier.

Then at the output of multiplier we’ll get a signal s(¢), cross-correlated with both s(¢) and &(7):
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So, stochastic white-noise basis realization cut &(t), can be used as a matrix operator for
modifying initial signal s(t), what could have become a very good thing, improving functional-

aesthetics possibilities of “AQUARIUS” [1], solving in such a way the problem of investigation.

Notion of self-basis operator. Let's introduce a notion of self-basis operator.
A self-basis operator is a matrix, consisting of elements of initial signal, by multiplying
which times the digitized initial signal we obtain an autocorrelated (self-resembling) signal.
We could give it a following form [2]:
v, w0 e v (0)

_|Va® a0 ()

¥ (2)

Vid® Wy, () e Wy ()
where v, ; — self-basis operator functions for signal s(¢), got in a way presented in fig. 2, a:
After such a presentation, we could give (2) in a more obvious way (fig. 2, b).

As it can be seen from fig. 2 those self-basis functions v, ; are nothing more than little

“wavelets”, having, of course all signs of orthogonality. So we can say, that our self-basis operator
is a real and orthogonal one.
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Fig. 2. Self-basis functions: a — getting; b — matrix representation

Now, after constructing the concept of self-basis operator, let's move to making some
“expantion” involving it.

In order to do this, let's take some N equidistant points on the initial signal s(¢) (fig. 3, a).
There will be as many coefficients, as the number of self-basis functions in a row or column of a
square matrix (1). Then, let's shift their positions on ¢ axis to y (fig. 3, b):
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Fig. 3. Expansion coefficients: ¢ — introducing; b — shifting

Making the multiplication will yield:

1 N
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s
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Or, by simple collecting from (3):
s(t), s, s(0)y

sl =ls@r s s@i],

(o), @)y s(t)y
In such a way we get N* points on t axis representing our target signal s(t), composed from

N? points of initial signal s(t), and autocorellated with the help of self-basis operator ¥
proposed.

Notion of self-basis operator for case of complex signal. In this case s(*)=Se'*. The idea

of self-basis operator remains the same, but for angle ¢ let’s suppose taking a phasor ¢ = &k,
T

k=1,2,..N*. Then it will result in

€)
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Conclusions

1. Introducing the presented ‘“‘self-basis operator” either in real or complex form can be a
convenient way to get an autocorrelated (self-resembling [7]) signal for different fields of applied
mathematics, for example for computerized composition of music, involving “AQUARIUS” [1]
software.

2. A concept of orthogonality, put into realization of self-basis operator is not obligatory
(because we can shift and superimpose self-basis operator functions v, ,). This gives a wide variety

of ways to use as basis operator any imaginable structures and structural complexes either from real
field of physics, biophysics and bioinformatics, — or artificial substances taken from author's wits’
end.

3. A ”white-noise” orthogonal stochastic basis realization “cut” can be applied as a matrix
operator for fractional-autocorrelated [7] signal change in the fields of digital signal processing in
different artificial intelligence and expert systems applications including the computerized
composition of music

4. In future investigations a correlation index must be set for estimation of input and target
signals similarity.
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5. For case of complex signal there could be many possible variants of phasors
implementation.

6. If one takes as a self-basis operator some alien structure, which can differ in nature, that's a
way to result in a mutual-correlation input-target signal, that could be reffered to as a “shifted” one.
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O. B. BumniBchkuii

ABTO0a3UCHHMI OnepaTrop Ta 3aCTOCYBAHHSA OPTOIOHAJBHOI0 CTOXaCTHYHOIO Oa3zucy AJs
3aB/JaHb 00po0JieHHs iHopmanii

[TopanHs 1LOTO aBTOOA3UCHOTO OIepaTopa B AiMCHIN a00 KOMIUIEKCHIN (hopMi MOKe OyTH 3pydIHUM
CHOoCcOOOM OTPUMAaHHS aBTOKOPEIbOBAHOTO CUTHAIY JJISl PI3HUX raiy3ei NpUKIIaJHOT MaTeMaTUKH,
HampUKIag Uil KOMIT FOTEPU30BAaHOT KOMIIO3MIIT MY3UKHM 3 BHUKOPHUCTAHHSM IPOTPaMHOIO
3a0e3neueHHss «AQUARIUS». OproroHanbHuii croXacTHYHMII Ga3uC Ha OCHOBI OUIOrO IIyMY MOJXKeE
OyTH KOPUCHUM IHCTPYMEHTOM Jy1st 00poOiIeHHs LM(POBUX CUTHATIIB.

A. B. BumneBckuii

ABTO00a3UCHBIH OnepaTop M NPHMeHeHHe OPTOrOHAJIBHOIO CTOXaCTHYecKoro Oaszmca ajs
3aj1a4 o0padoTku uHGOpMaUK

[IpencraBnenue maHHOTO aBTOOA3MCHOTO OMEpPATOpa B NEUCTBUTEIHHONU MM KOMIUJIEKCHON (hopme
MOXXET OBITh YIOOHBIM CHOCOOOM IOJIYYUTh ABTOKOPPEIUPOBAHHBIM CUTHAN Ui Pa3iIMYHbIX
oOnactell MpUKIaIHON MaTeMaTUKU, HAIPUMED U1 KOMIIbIOTEPU3UPOBAHHON KOMIIO3UIIMN MY3UKH
¢ wucnoyib3oBanueM mporpammuoro obOecnedeHus: «AQUARIUSy. OpToroHanabHBI CTOXAaCTH-
yeckuil 0a3uc Ha OCHOBE O€JIOro IIymMa MOJKET OBbITh IMOJIE3HBIM MHCTPYMEHTOM JUis 00paboTKU
U (POBBIX CUTHAJIOB.



