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ABSTRACT

Introduction: the main areas of application of artificial intelligence for algorithmic analysis and optimization
of information flows in tasks of multiparametric diagnostics by means of computer engineering are considered.
The issues of globalization of all areas of humanitarian, scientific, technical and engineering activities of
human society are considered. It is noted that the common denominator of all directions is information flows.
The main tools for their management and algorithmic analysis are multi-parametric methods of artificial
intelligence.

Method: one of its most relevant areas has been highlighted - the use of evolutionary algorithms in combination
with modern diagnostic systems based on computer engineering. The possibility of using intelligent analysis
of data from biophysical laser systems in assessing the state of “living matter” - the biological media of the
human body - is considered.

Results: through algorithmic optimization, a set of new cancer detection markers was determined: the
statistical parameters of optical anisotropy maps wavelet coefficients linear distributions - the differences
between these markers lie in the range from 4 to 20 times; the asymmetry of the wavelet coefficients
autocorrelation function - the differences between these markers lie within two orders of magnitude; for
normal state, the wavelet coefficients distributions are multifractal; for prostate cancer, the distributions of
the wavelet amplitude coefficients are multifractal.

Conclusions: a comparative study of the algorithmic optimization of differences of cancer through the use of
multiparametric statistical, correlational, fractal and wavelet analysis of polarization tomograms of optical
anisotropy of blood layers of donors and prostate cancer sicks is presented.

Keywords: Search Algorithms; Multi-Agent Optimization; Multi-Parameter Diagnostics; Cancer.
RESUMEN

Introduccion: se consideran las principales areas de aplicacion de la inteligencia artificial para el analisis
algoritmico y la optimizacion de los flujos de informacion en tareas de diagnostico multiparamétrico
mediante ingenieria informatica. Se consideran las cuestiones de la globalizacion de todos los ambitos de
las actividades humanitarias, cientificas, técnicas y de ingenieria de la sociedad humana. Se observa que el
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denominador comun de todas las direcciones son los flujos de informacion. Las principales herramientas para
su gestion y analisis algoritmico son los métodos multiparamétricos de inteligencia artificial.

Método: se ha destacado una de sus areas mas relevantes: el uso de algoritmos evolutivos en combinacion
con modernos sistemas de diagnostico basados en la ingenieria informatica. Se estudia la posibilidad de
utilizar el analisis inteligente de datos procedentes de sistemas biofisicos laser para evaluar el estado de la
«materia viva», es decir, los medios biologicos del cuerpo humano.

Resultados: mediante la optimizaciéon algoritmica, se determiné un conjunto de nuevos marcadores de
deteccion del cancer: los parametros estadisticos de las distribuciones lineales de los coeficientes de wavelet
de los mapas de anisotropia optica: las diferencias entre estos marcadores se sitUan en el intervalo de 4 a
20 veces; la asimetria de la funcion de autocorrelacion de los coeficientes de wavelet: las diferencias entre
estos marcadores se sitian dentro de dos o6rdenes de magnitud; para el estado normal, las distribuciones
de los coeficientes de wavelet son multifractales; para el cancer de prostata, las distribuciones de los
coeficientes de amplitud de wavelet son multifractales.

Conclusiones: se presenta un estudio comparativo de la optimizacion algoritmica de las diferencias del
cancer mediante el uso del analisis multiparamétrico estadistico, correlacional, fractal y wavelet de los
tomogramas de polarizacion de la anisotropia optica de las capas sanguineas de donantes y enfermos de
cancer de prostata.

Palabras clave: Algoritmos de Busqueda; Optimizacion Multiagente; Diagndstico Multiparametro; Cancer.

INTRODUCTION

One of the main and dominant features of the development of humanity is the globalization of all areas of
its activity, starting from political, social, economic, ecological, scientific and technical and many others. -2

The common denominator of all the diversity of such processes is information flows in the form of a wide
range of databases. Among them, the most common are huge volumes of digital, text and graphic information,
audio and video information, which dynamically change and qualitatively transform. @456

The specified information bases make up the input arrays of data for processing using modern computer
engineering tools.

An important aspect of such processing is the availability of not only powerful high-speed processors, but
also a complex of modern algorithmic approaches to intelligent analysis of information databases.

The newest toolkit for processing the modern “sea of information” is the formation and effective functioning
of the latest direction in informatics using the principles of neural networks - artificial intelligence (Al).?459

Al ideology correlates well with globalization processes and represents a complex information system, which
is primarily aimed at creating the latest algorithms for processing databases. They are aimed at recognition,
training, and the adoption of certain (management, diagnostic, etc.) decisions.®?

One of the main tools of Al is the development of expert systems. The main goal of such systems is to create
such devices that are capable of analytically evaluating a problem like a person, distinguishing the main ones
and making a conscious conclusion. ®:610.1

The main difficulty in implementing this paradigm is that in most cases the algorithm for solving the task
is unknown in advance. In connection with this, a whole complex of various database processing algorithms is
being intensively developed within the framework of Al.

The so-called evolutionary algorithms are one of the most relevant in the study of the environment
surrounding us, its “living matter”. First of all, they are of undeniable interest for the biological, medical, and
ecological fields of research into living matter at the micro (molecules, cells) and macro levels (organisms,
environment, society) of its organization.?

The obtained algorithmic information is the basis for the formation of a number of computers engineering
diagnostic systems that implement the latest principles of multiparameter diagnostics of the morphological,
biochemical, polycrystalline structure of complex biological objects, including the human body.

Achieving such a goal is definitely relevant not only for various fields of practical medicine, economics,
social activity, but also for fundamental algorithmic tasks from evolutionary to genetic programming. (23413

To optimize the specified algorithmic diversity, the task of minimization is objectively relevant - identifying
the most relevant and significant for achieving the ultimate goal of intelligent processing of data about living
matter. Based on this, it is necessary to develop search algorithms that highlight the most important (diagnostic)
information about “living” objects. "

The information obtained within the framework of machine learning will be evaluated using flexible
statistical or other algorithms that will provide a number of objective criteria for characterizing a set of
parametric object data.®%19
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The specified objectification of the results of machine learning should be carried out by means of global
optimization, which, with the help of numerical analysis, will provide the necessary diagnostically relevant
data minimization. "

One of the options for the implementation of such a process can be linear programming. On this basis, the
possibilities of finding a set of diagnostically optimal relationships between a set of data on the structure of
living matter and a set of its numerical parameters open up.

It should be noted that obtaining information about living objects in the form of medical images, including
the most convenient for the researcher optical ones, is the most informative.

Each such image is a multi-parameter information database about the diagnosed object. Such data are
encoded in the spatial distributions of photometric, spectral, polarization and correlation characteristics of
electromagnetic radiation.

This circumstance necessitates the development of a wide class of computer engineering diagnostic systems
for the formation of optical images of biological objects - microscopic, polarimetric, tomographic, holographic.
In addition, the “high” information capacity complicates the task of optimizing the algorithmic processing of
various optical image parameters. Based on this, a complex algorithmic approach to the objectification of
optical databases for their intellectual processing with the aim of producing an adequate diagnostic conclusion
is relevant.

In our work, an example of complex statistical, correlational, fractal and wavelet algorithmic intelligent
optimization of the data of a modern system of laser matrix tomography of the supramolecular structure of
human blood films is described and characterized  presented and analyzed in order to develop new criteria
for early cancer diagnosis.

METHOD

The main information array in our work is a set of birefringence parameters (T(mxn)) of supramolecular
protein networks of dehydrated human blood layers of donors and prostate cancer sick directly measured in the
location of the laser polarization tomography. (1¢:17:1819,20.21)

Here we provide a brief summary of the laser polarization tomography technique. Two groups of samples of
dehydrated blood films were studied. The first group - healthy donors (12 samples), the second group - patients
with prostate cancer (12 samples).

A Mach-Zehnder polarization interferometer was used as a measuring platform. Here, using the algorithm
of two-dimensional digital Fourier transform of interference patterns, the field of complex amplitudes of
experimental samples was restored. On this basis, polarization tomograms were reconstructed.

In figure 1 presents examples of polarization tomograms T(mxn) of blood films.

Comparative analysis of T(mxn) polarization tomograms revealed:

e Coordinate, structural and scale heterogeneity of distributions T(mxn).
e The visual similarity of T(mxn) maps and the absence of characteristic differential signs of
pathology.

Thus, to identify the pathological condition of the prostate according to the given information base T(mxn),
we consistently used a chain of algorithms that characterize:

(1) )

Figure 1. Polarization tomograms of blood films. Normal (1) and prostate cancer (2)

Statistical parameters (moments of the 1st - 4th orders ).

Autocorrelation functions and statistical moments of.

Multifractal parameters - logarithmic dependence of autocorrelation power spectra.
Scaling or wavelet structure (wavelet transform amplitude maps).

N whN -
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Statistical analysis
For the objective characteristics of T(mxn) tomograms, the central statistical moments - (U, - average), (U,
- variance), (U, - asymmetry) and (U, - kurtosis) were calculated. 3161718

L IN e @mx )
=—— ) ii(Tmxn¥H;
® UFN< 7
j=1
— 11 N T 4 1
4 *U—gﬁzjzl ( (an) )j' (1)

Where N is pixels quantity.

Correlation analysis
To calculate the autocorrelation function ACF(Ax) of the T parameters linear distribution following expression
is used:

lim

ACF;(Ax) = — [ L] (x - an)]dx (2)

Here Ax=1 pix. Analogues for direction y:

lim

ACE (8y) = = [T LI G - ay)]dx @)

Fractal analysis
Fractal evaluation of large-scale self-similarity of T(mxn) distributions include the following steps:?"

e Calculation of power spectra (SP(T(mxn))).

e Calculation of Log-Log distributions of power spectra LogSP(T(mxn))-Log(v), where v is the spatial
frequency, is the scale of the local domain of the optical anisotropy of the blood film in the tomogram
T(m xn).

e Distributions LogSP(T(mxn))-Log(v) were approximated using the least squares method.

e The slope angles of the approximating curve L(0) were determined.

e The presence and length of J linear sections L(0) were analyzed.

e If the length J lies within 2-3 scales in geometrical size d of the domains of the tomogram T(mxn),
then the corresponding distributions are considered fractal.

e If there are several linear sections - T(mxn) distributions are multifractal.

e If there are no linear sections, the T(mxn) distributions are random.

We used algorithms (1) for quantitative characterization of LogSP(T(mxn))-Log(v) distributions.
Wavelet analysis
Wavelet analysis is based on the analytical transformation of azimuth or ellipticity distributions using a

scanning soliton-like function (wavelet ) with a change in half-width (“scale” a) and scanning coordinate b. 2"
The continuous wavelet transforms of the polarization distribution Y(x) is determined.

In our work, we used the next MHAT wavelet function:

™ = (-1)™ il [exp (x—:)] = ® = o2 exp (xz)] (5)

axm dx? 2

https://doi.org/10.56294/dm2024443


https://doi.org/10.56294/dm2024443

5 YakhnoV, et al
DISCUSSION

Statistical approach
Table 1 presents the statistical analysis data by algorithms (1) of polarization tomograms T(mxn) of two
representative samples (33 samples each) blood from control group 1 (normal) and experimental group 2
(prostate cancer).
Within each group, for each of the central statistical moments (U

) its average (U ) and root mean

i=1;2;3;4 i=1;2;3;4

square deviation (+20_, , , ).
Table 1. Statistical parameters of tomograms T(m,n)
(Ui Group 1 Group 2
(U,.,x107%) 0,77+0,05 0,73:0,04
(U,,x107) 0,24:0,02 0,210,02
U.,) 0,88:0,06 0,94:0,06
(., 1,05:0,07 1,13+0,08
The analysis of the obtained data did not reveal significant differences (~10 %) between the U_ , . ) values,

which characterize the tomograms of the blood films birefringence from both groups.
Correlation analysis

The next step of algorithmic optimization was the correlation analysis (ratio (2),(3)) of coordinate
distributions T(mxn), figure 2 and figure 3.

3D AutoCorrelation Function

0.9 —

1
0.8 —. 0.9
0.7 — 0.8

0.6 ] 0.7

0.5 —

Intensity

0.4 —

0.3 —

0.2 —

0.1 —

" 600

200 .
200

¥ pixels 1] i [1] X, pixels

Figure 2. Two-dimensional autocorrelation function ACF(x,y) of the tomogram T(mxn) of blood sample from control group 1

Analysis the ACF(x,y) dependences of blood films birefringence distributions for both groups demonstrated
a different degree of correlation coordinate coherence T(mxn). This information is indicated by a digital
decrease in the eigenvalues of ACF when the value of the coordinate shifts (x,y) increases. This is most clearly
manifested in the varying kurtosis values of the autocorrelation dependences ACF(x,y). It turned out to be
significantly larger for coordinate optically anisotropic distributions of birefringence blood films from sick of
prostate cancer.

Quantitatively (within the statistical approach (relation (1)) parameters of autocorrelation and fractal
distributions of polarization tomograms illustrate the corresponding two-dimensional and one-dimensional
distributions in figure 4 and figure 5.
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3D AutoCorrelation Function
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Figure 3. Two-dimensional autocorrelation function ACF(x,y) of the tomogram T(mxn) of blood sample from research
group 2
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Figure 4. Correlation (left column) and fractal (right column) parameters of birefringence blood layers tomograms T(mxn)
- normal

Within the framework of the correlation analysis (ratios (2),(3)), the greatest sensitivity to the pathological
change in the coordinate coherence of the optically anisotropic domains of polarization tomograms T(mxn) of
the asymmetry (differences up to 70 %) and excess, was established (differences up to 9 times) of distributions
of eigenvalues of autocorrelation distributions.
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Figure 5. Correlation (left column) and fractal (right column) parameters of birefringence blood layers tomograms T(mxn)

- prostate cancer

In order to further optimize the algorithmic analysis of differential diagnosis, a fractal approach was used to
analyze polarization tomograms of blood films samples optical anisotropy from both groups.

Fractal analysis

Comparison of logarithmic dependences LogSP(T(mxn))-Log(v) of the power spectra density (PSD) of
autocorrelation distributions ACF(x,y) (figure 4 and figure 5, right columns) revealed for both types of blood
film samples a similar multifractal structure of tomograms T(mxn) in medium and large areas.

38.00
33.80
20.60
25.40

@ 2120
17.00
12.80

8.60
4.40
0.20

WAVELET - Part, ,01; fora=15

Mean = 277.77

Standart Deviation = 146.5531
Asymmetry = 0.73964
Kurtosis = 0.62624

300

50 100 150 200 250 300 150 200 250 350
b b
: AKF fora=15 PSD fora=15
Mean = 0.3919 10°}
Standar Deviation = 0.21886
go08 Asymmetry = 0.20736 [
g Kurtosis = -0.63823 [
< B
iT 5|
L] 1 10
.5 8 [
kol S |
g 04 [
o [
Q 10.10 |8
g || Mean = 0.06398
<02 1 || Standart Deviation = 0.9978
|| Asymmetry = 16.1722
1| Kurtosis = 262.3414
] i i i i 1 i i 10.15 L i
0 100 200 300 400 500 600 700 800 10° 10’ 102

Direction, pixels

LOG

10°

Figure 6. Results of complex correlation and fractal analysis of wavelet transform data of polarization tomograms T(mxn)

https://doi.org/10.56294/dm2024443

of polycrystalline blood films of healthy donors


https://doi.org/10.56294/dm2024443

Data and Metadata. 2024; 3:443 8

For small sizes of structural domains, the distributions are statistical.

Statistical analysis of distributions of autocorrelation functions PSD extremes of birefringence blood films
tomograms revealed an additional parameter of their differentiation.

The maximum differences (up to 70 %) occur for the value of dispersion, which characterizes the distribution
of the extreme values of the PSD.

The revealed fact of varying degrees of large-scale self-similarity of the optical anisotropy maps parameters
of birefringence blood films was analyzed using wavelet transformation (relation (4),(5)).

The tomograms T(mxn) wavelet analysis data are shown in fragments of figure 6 and figure 7.

The upper row is coordinate and linear dependencies of wavelet coefficients value.

The bottom row shows the autocorrelation function of the linear distribution of wavelet coefficients obtained
for scanning the MHAT function with the analytical window scale a. The second fragment is the logarithmic
dependence of the power spectrum density of the autocorrelation distribution function of wavelet coefficients
on a scale a.
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Figure 7. Results of complex correlation and fractal analysis of wavelet transform data of T(mxn) polarization tomograms
of polycrystalline blood films of prostate cancer patients

Multiparametric (statistical, autocorrelation, fractal) algorithmic analysis of the tomograms T(mxn) wavelet
transforms data demonstrated clear differences between both groups of blood layers - “normal - prostate
cancer”.

Through algorithmic optimization, a set of new cancer detection markers was determined:

The statistical parameters U_, ,.,.,, which characterize the wavelet coefficients linear distributions
of optical anisotropy maps T(mxn) - the differences between these statistical markers lie in the range
from 4 (asymmetry) to 20 (dispersion) times.

The 3rd order statistical parameter (asymmetry) of the wavelet coefficients autocorrelation
function of birefringence blood layers - the differences between these statistical markers lie within two
orders of magnitude.

For normal state, the wavelet coefficients distributions are multifractal.

For prostate cancer, the distributions of the wavelet amplitude coefficients are multifractal.

Thus, a multiparameter approach to solving the problem of diagnosing prostate cancer was successfully
solved using global optimization of statistical, correlation, multifractal and wavelet algorithms for intelligent
data processing of an engineering biophysical system for laser tomography of dehydrated blood films.

To include: opinions, POV of the authors in this subject, debate, others authors results analysis, comparison
with similar studies.

The presented results are in good agreement with the data of numerous research groups that specialize in
the field of polarimetry of biological objects.(1:17:18,19,20,21)
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The basic principle of such studies is the concept of optical anisotropy, which is formed as a result of the
growth of biological structures.

The main such structures are optically active protein molecules with chiral closed rings. These molecular
complexes exhibit circular birefringence, which is optically manifested in the rotation of the plane of polarization
of propagating laser radiation.

Experimentally, this effect manifests itself in the formation of coordinately distributed values of circular
birefringence or tomograms of optical activity.

As a result of crystallization processes, a supramolecular network that is self-similar in configuration and
optical properties is formed, which has linear birefringence.

Experimentally, the degree of this scale self-similarity is detected using fractal estimates based on the
features of the logarithmic dependences of the power spectra of the distributions of optical anisotropy
parameters.

Thus, the presented results of complex statistical, correlation and fractal algorithmic analysis are in
accordance with known laser polarimetry data. (¢17:18.19,20.2)

CONCLUSIONS

The main areas of application of artificial intelligence for algorithmic analysis and optimization of information
flows in tasks of multiparametric diagnostics by means of computer engineering are considered.

A comparative analysis of the algorithmic optimization of differentiation of cancer through the use of
multiparametric statistical, correlational, fractal and wavelet analysis of laser birefringence tomograms of
dehydrated blood layers for control (normal) and research (cancer) groups are presented.
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