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Methods

Generalized Spectral-Analytical Method (GSAM)
as extrapolation of classical Fourier series to a
wider class of basic approximating functions

Parallel, recurrent and iterative algorithms of data
analysis and transforms

Applications

Processing of biomechanical experiments data, the
control of human state by means of body
movements analysis (possible use for driver state
recognition)

Data analysis and diagnosis in electrophysiology
(gastrology, cardiology, encephalography)

Analysis of magnetic encephalography data — the
brain flunctional charting and pathology states
contro

Spectral methods of biological macromolecules
analysis - genetic sequences, primary and spatial
structures of proteins

Data analysis and recognition in the space
surveillance systems

Monitoring and Diagnostics in the Technical
imaging

Data analysis, modeling and forecasting in the
transportation acoustic ecology
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Classical orthogonal polynomials

Table 1. Classical orthogonal polynomials

Limits of
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Table 2. Classical orthogonal bases of a discrete argument

1 i Saltus function Limits of existence
No. Orthogonal basis Symbol Y ; :
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‘able 3. Orthogonal bases of a continuous argument
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Form coefficient

Geometrical

meaning of Kg T N
_ [xwawar Y x(03®
q 0 : = =0 .
Kog=7 =71 i Kog =% ;
T kg Y x(nq(n
0 =0
¢ - continuous argument, t — discrete argument.

x(r)' — the signal

q(#)' — known function

Forq=r,q)=(T—f"  Forq(t) = e, q(t) = v~

T T
[x (x-n"ar [x e T ar
0 _0
Kon = T & Ky, = T 2
jx (0 de J'x (e *dr
0 0
Kot power form coefficient exponential form coefficient
2.0
1.0 T T T
jx(:) (T-1)dt zj(:)d:—jx(x) tdt
_0 _ 0 0 _ 0
Kpp = T = T il T:]— 1.
0 5 5 4 & & o Ix (1) tdt Ix (e¥dr
0 0

If Kg, > 1, then x(f) — decays on [0, T1;
If K, < 1, then x(#) — increases on [0, 71;

If Kg; = 11, then x(¢} — is periodical (nondecreasing).




Transformations in the space of
coetficients

f (X) Digital transformations A() N A(f (X))



Předvádějící
Poznámky prezentace
Действительно, пусть некоторая функция эф пространства эль два представлена в виде ряда по определенной ортогональной системе вектором коэффициентов Cn пространства Гильберта. Далее пусть для некоторого линейного преобразования функции А(ф) также существует описание в виде вектора цное со звездочкой. Тогда существуют два вычислительных способа: либо восстановить функцию, числено преобразовать и снова разложить, либо провести все преобразования в пространстве коэффициентов разложения. Последний способ по ряду причин является наиболее предпочтительным.
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Derivative approximation

Y'n () :ZNldi(l)Ti (D,
d® — DNp’
d = Dy kg ----- DubP-
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0 0

Derivative approximation in Chebyshev basis Dy = V-1 0 _6 0 10
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b, =v2p, +3v2p, +5v2p, +....+ Nv/2p,
b,=4p,+8,+12p; +...+2(N =1) p,_,
b,=6p,+10p; +14p, +....+ 2Np,

Dy = V-1

Derivative approximation in Legendre basis
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0 V35 0 39 0
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0 0 0 0 V2N -12N+1




N=8,16

Example
u() = ) Ai(o)

v’ +3u=0, k=0
t0) =1,
U (5) = 2\/§cos(5\/§)—\/§sin(5\/§). N=8
U x) = cos(+/3X) +sin(v/3X). ﬂ
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Wiener-Hopf equation

u( x) — TRX — 9 u(s)ds = f(x)
0

R(X)= Ry(x)+8(x),
f,00= -f(X)

J A9 Kx —9ds = ()

OJ?Rl(x —9u(9)ds = f,(x)
0



R, (1) = [ Ru(z — DK(A)AA,

x(t)+n(t) y(t)
——— k( h) i

Ry(2) = Ry DK A = [ Ry K7 — )0 =
0 T

0 T
= [Rx(DK(z = DA + [Ry (K 7 = A)dA.
0

—00

0
[Ru( DKz = DA = [Ryg(-DK( 7+ (-4 =

00

0

= [Ru(=AK(7 + AdA = [Ry( HK(7 + A
0

R, () = Y C/l,(mo).

R, (5) = Y. DJ,(m?).

N
k(2)=>_El(m7)
i=0
|i - it Laguerre function with parameter m>0

OORXX(/l)k(rJr/l)d/I: S C S E-wl (mA!;(mz + mA)dA.
P iJ'lp i
0 p=0  j=0 o0

(X +9)) = == S0 (m) {1 (my) =15 o (my)
A

N
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j=0

C, =0 for Vi<0,



Operators, realized as a quick ‘autospectral' algorithms

a‘’xb
c xx°

f"+aj: f (t)d
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Předvádějící
Poznámky prezentace
Последнее позволило расширить класс рассматриваемых линейных операторов.


Recurrent calculations of coefficients. The
method of fast series transformation O(N)

Analytical transformations and the corresponding changes in the spectral

coefficients using orthogonal polynomials of Kravchuk

q!ggb ©) @) &) ©) € ) €)==
£00 = 1,00+ £,00 + 4 + 4
CONNNCO NGO

F(x)=x1(x)

100=3 L0 =] £

&) @ &) @)

s

f(X)=a f,(X)

L

f(x) = Af,(x) = f(x)

0@@@-"

NN
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Parallel computing for the ultrafast transformation of

spectral series O(n N)

Functional calculation

f = [(at{+x21))dx C|> C|D -
. e @ @ — ’ B /<
f(X)zZ(aAfl(t)+X2f2(t)) @ g ) () =
By meatr:;; of expansion S | [ 7] o Ak
L C A 5 /<
coefficients AAD- HEEEE
Spactra of f; and f: S
* * * 00
and {CO | C]_ ) C2 ) }
{Co**, C**, Cy**, .3} QL QL Q=

vnn \
Result — spectrum of f(x): @\@\@ -

1Co, Gy Gy, o}
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orthonormal|[orthonormal|{orthonormal
basis basis basis
no. 1 no. 2 no. 3 ”
i = T M0
 J Pn (f) Y (pn (:)  J ¢ n (t.f \
T l
[xtar Y E x() = Y A,0) (1)
0 A, | n
Ko = Tr— -1 ROM Z | : -
. Y | x'(1) = 3. B, (1)
Jrxar By > : k
0 B,=&(A,) , -
] —
calculation of form coefficients D. Yy | Rex (%) = ZDJ @, ()
MO D;=n(A,) 1 Z ! >
n |
; fo e
x(1) _ v Al e |-
T = {x (09, (1)dt ™ . v Kop (D = ZEYq) 0
data file A ! )) -
| calculation of coefficients of expan- [ ~» _
P . . . . A E’\‘r - V(An)
sion in terms of a quasi-optimal basis | “'x ' )
1 The bank of formulas contains:

Y

A

T

0

JIx(D=-2 A0, (1) 12dt = M, <M, o4,

n

ensurmg the preset accuracy by
variation of expansion depth

Digital processing

Analytical derivation
of formulas for pro-
cessing problems.

Input of formulas into ,
the ROM.

Creation of a bank of
processing formulas

' 1. Basic operations of mathematical analysis.
2. Statistical estimates (correlation analysis).
3. Equation of parametric identification and diag-
' nostics of objects under study.
'4 Solution of certain kinds of integral equations.
' '5. Analytical description of one-dimensional,
. ' plane and space curves, contraction of represen-
!  tation volume, and image recognition

x (1)

N=Nin
=~ Y A9,
n=0



IMAGE ANALYSIS AND PATTERN
RECOGNITION

Parametric representation of space curves

x=x(1) The vector form F = ix (1) +jy (1) +kz ()
y=y()
z=1z(t) ud
x(1) = Y A,0,(D;
n=>0
The root-mean-square error of o
o y () = Y B, (1);
the approximation: i
b N 2 J
x-S an.0] 2 = €m0
6, =" bn=0 - =
_[x’*(:)d:
Y 4, N N
=1-;2=0 Ai EAi
x> (d = =
! e Or accuracy: Y, = 1-6, = ;2= = "};’

[¥@ar ’

a



Analytical description of contours and

selection of analytical features

+[f Form1 10| x|
Paln  Help
. : Ne | an | Bry | on -
2004 af - AR 1 3338 184,38 20134
o A YR 2 24614 -489.07 547 52
- - 3 34919 9965 6313
Ta I AT A S VR R, 4 12553 2748 128,50
PV AT A N I LI X - E5.61 200,99
: o201z 53 41 5708
— 7ooaraz 79.21 125,48
500 1000 g R3I7 £7.19 a5, o1
9 433 E5.53 E5.6
10 E.42 E4.22 E4.54
100 - 11 -21.48 18.06 2805
0 12 -33.41 F207 187
.y 13 20037 525 2103
14 16524 33,34 665
-200 15 -15.88 £.52 1717
300 - 16 574 22,491 2353
i 17 457 1227 12.09 -
18 467 2014 20168 &l
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Software for OCR
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Repeats search in genomes

AT XTXATTXTXTI XXTI XATAAATXT' XXT TATAAAXXT XTAX
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General scheme of the algorithm

actgN Nthcae
actgtgca

Preliminary DNA processing
nocsenoBaTe/IbHOCTEN

Q= bt

Preparation of DNA
profiles : GC%, GA%

[l = {C,}

Converting the DNA profiles
in the spectral representation

or{c, L iCp< e

Comparison of the
spectra
of DNA fragments profiles

Showing results in the matrix of
spectral similarity and analysis



Magnetic encephalography »

‘ Curnan

Measuring complex Magnes 2500 WH Noise removing
e
(New York, USA) ( (— Expansion on the )
Spectral .
X spherical
analysis .
\ \ functions y
N
4 4 N\
e Useful harmonics
Filtering .
choice
. . J
4 ¢ \
Noise removing
€ & . g
S .o
8¢ —
£ g _
_(%» g Cluster analysis
i . J
4 J/ N\

Fractal analysis of data
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Sources localization




The brain functional areas
Mapping

Primary motor cortex
Primary somatosensory  (voluntary movement)

cortex (pain,
touch, pressure) Premaotor cortex
; {muscular coordination)
Taste / ‘
Visual .‘0 Written
: . speech area
interpretation . ‘ pe
area
Prefrontal area
{intellectual
activities)
Visual
receiving Motor
area < speech area
{Broca's
v, area only
Reading on left side)
Olfactory bulb

Aditory {sense of smell)

receiving area

Auditory
interpretation area



Audio stimulation
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The wavelet coefficients in the Haar basis




Localization of the source feeding the audio stimulus

localization of the
magnetic field
source at 10 Hz

20 Hz




a source in the cerebellum

... In substantia nigra ... in the caudate nucleus

Parkinsonism



Vibro-acoustic ecology of
the city




The problem of vibro-acoustic control
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gilomechanical data
analysis

aKinematics of
human body

Aplications
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Example of parametric description

(x(t),y(th

-

X

N
. XD =2 Ap,0;
n=0
A, | 91.2| 568| 141 |-148/ 30 az,gz < N
B, |76.6|-318 342|-107-68 Z;‘ A y(t) = Z B. .o, (1).
n=0

/A§+B§ 651| 370 | 182 | 74.7 1317
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The general scheme of objects
comparison

I e oo ¥=01 2 2

1 1, R e 09 7 8

=00 4 1
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Coclusions

The information technology solves the
following tasks:

e analytical description of the different nature signals

e spectral data conversion using the developed mathematicallibraries
e systems assessment and recognition of abnormal behavior

e time series analysis and the search for sites with desired properties

* noise filtering, direct and reverse integral-differential problems solving



Dekuji za pozornost!
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