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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 functional charting and pathology states 
control

• 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
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∀𝑥𝑥(𝑡𝑡) ∈ 𝐿𝐿2
may be represented exactly by

𝑥𝑥(𝑡𝑡) = �
𝑛𝑛=0

𝑁𝑁=∞

𝐴𝐴𝑛𝑛𝜑𝜑𝑛𝑛(𝑡𝑡)

𝜑𝜑𝑛𝑛(𝑡𝑡) - functional orthogonal basis
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Transformations in the space of  
coefficients
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The accelerationLong-term numerical computation

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
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Derivative approximation in Chebyshev basis
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Derivative approximation in Legendre basis
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Wiener-Hopf equation
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Operators, realized as a quick ‘autospectral' algorithms

)()( 21 xfxf +

)(xfα

)(xfx

dx
df

∫
x

a
d ttf )(

x
f

∫+′′
+
− x

a
dtff

xc x
ba x )(3

2

α

Předvádějící
Poznámky prezentace
Последнее позволило расширить класс рассматриваемых линейных операторов.
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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
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Parallel computing for the ultrafast transformation of  
spectral series O(ln N)

2
1 2( )f f x f dxα ′= +∫

Functional calculation

By means of expansion 
coefficients

Spactra of f1 and f2:
{C0*,   C1*,   C2*,   ...}

{C0**, C1**, C2**, ...}.
and

Result – spectrum of f(x):
{C0 ,   C1 ,   C2 ,   ...}
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The vector form

The root-mean-square error of 
the approximation:

or accuracy:
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Analytical description of contours and 
selection of analytical features
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Software for OCR





Repeats search in genomes
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General scheme of the algorithm

Preparation of DNA 
profiles : GC%, GA%

Converting the DNA profiles 
in the spectral representation

Comparison of the 
spectra 
of DNA fragments profiles

Showing results in the matrix of 
spectral similarity and analysis

actgNNNtgca

actgtgca

Preliminary DNA processing 
последовательностей



Magnetic encephalography

Measuring complex Magnes 2500 WH 

(New York, USA)

Noise removing

Fractal analysis of data

Noise removing

Spectral 
analysis

Expansion on the 
spherical 
functions

Filtering Useful harmonics 
choice

Cluster analysis

Sources localization
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The brain functional areas 
mapping 



Audio stimulation

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 the brainstem (pons)

… in substantia nigra … in the caudate nucleus

Parkinsonism



Vibro-acoustic ecology of 
the city



The problem of vibro-acoustic control





Biomechanical data 
analysis

Aplications

Kinematics of 
human body



Measurements x (t) approximation, 
and the error (step 1)

Aplications



The mathematical expectation of 
function x (t) (average step)

Aplications
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The general scheme of objects 
comparison



The information technology solves the 
following tasks:

• analytical description of the different nature signals

• spectral data conversion using the developed mathematical libraries

• systems assessment and recognition of abnormal behavior

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

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

Coclusions



Děkuji za pozornost!
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