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The article discusses one of the methods of improving 
the quality of graphic images using scale-selective wavelet
analysis. New optical and polarization methods of graphic 
image processing using scale-selective wavelet filtering 
for selection of information and background components 

are analyzed
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Introduction
A wide variety of graphic images,

practical ignorance and complexity
of their optical and polarizing struc-
ture objectively determines the need
to search for more universal mapping
techniques that allow statistically re-
liably studying the structure of objects
while taking into account a set of
mechanisms for light scattering by
Paper media and optical anisotro-
py of polymer substrates. 

One of the most important areas
for improving the quality of graphic
images can be the analytical appli-
cation of basic Fourier optics algo-
rithms in methods of optical read-
ing (mapping) of topographic infor-
mation. 

Such analytical approaches make
it possible to perform an instrument-
al operation of consistent spatial-
frequency filtering of graphic images,
which are coordinate (two-dimen-
sional) distributions of parameters
(intensity and polarization states)
of the scattered radiation field. 

As a result, there is an analytical
or instrumental possibility of sepa-
ration and separate study of multi-
scale distributions of information
and background parameters of a
graphic image.

To implement such tasks, there
is a need for the following analyti-
cal steps.

1. Development of a model of ma-
terial carriers (substrates) of graphic

© Àâòîð(è) 2023. Вèäàâåöü ÊÏІ ³ì. Іãîðÿ С³êîðñüêîãî.
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information, that justifies the forma-
tion and transformation of polariza-
tion maps of azimuth and ellipticity
of graphic images and their Fourier
Spectra.

2. Determination of the relation-
ships between the coordinate dis-
tributions of azimuth and ellipticity
of the Fourier spectra of polariza-
tion-inhomogeneous graphic ima-
ges and the parameters of linear
and circular birefringence of poly-
mer carriers. 

3. Development of a new analy-
tical and instrumental method for
Fourier polarimetry of spatial and fre-
quency spectra of graphic images.

Method
Recently, systems for digital re-

gistration, processing and transmis-
sion of graphic images of various
directions — from diagrams, draw-
ings, texts, documentation, adver-
tising products — have been inten-
sively developing.

Optical images of graphic infor-
mation contained on various media
(substrates) — from paper to poly-
mer — contain several components.

The first is information, which con-
tains a direct topographic compo-
nent. 

The second one is the background
one, which is formed by a light-co-
lored background [1–3]. This back-
ground worsens the contrast of gra-
phic information and distorts its to-
pographic structure. The geomet-
ric scales of such components are
different. 

The information component is
large-scale topographic structures.
The background component is large-
scale topographic structures formed
by optically inhomogeneous fields
of two types [4, 5]. 

The first is the coordinate — in-
homogeneous intensity distributions
of optical radiation scattered by paper
carriers in the graphic image plane.

The second is the distribution of
states (azimuth and ellipticity) of scat-
tered optical radiation by Polymer
carriers that are coordinate — in-
homogeneous in the plane of the
graphical representation.

For the development of methods
for improving the quality of graph-
ic images, the task of instrumental
and optical differentiation of such
components is relevant. 

Currently, known methods for re-
cording optical information do not
solve this problem. 

One of the most effective appro-
aches to improving the quality of
graphic images can be the method
of large-scale selective wavelet ana-
lysis of optical field parameters [6–11].

Thus, it is relevant to develop
new optical and polarization meth-
ods for processing graphic images
on dimensional media using algo-
rithms of scale-selective wavelet ana-
lysis for selecting information and
background components.

Development of new approaches
to the analytical description of gra-
phic images on polymer media on
a polarization-inhomogeneous back-
ground substantiation of new digi-
tal processing methods using scale-
selective wavelet analysis of polar-
ization manifestations of birefringence
mechanisms of optically anisotropic
materials.

To achieve this goal, the follow-
ing task is considered — the deve-
lopment and analytical substantia-
tion of the principles of large-scale
selective wavelet selection of infor-
mation (macro-scale) and back-ground
(micro-scale) components of a po-
lymer-based graphic image. 



Results
Brief theory
In order to obtain reliable (azimu-

thally invariant) information is illu-
minated by a right-circularly (Ä) po-
larized beam with azimuth a0, the
Stokes vector of which has the fol-
lowing form [1–3]:

(1)

The polarization properties of the
optically anisotropic (Dn is the linear
birefringence index LB) protein fib-
ril (with geometric size d and spa-
tial orientation of the optical axis r)
in the volume of the polymers sam-
ples correspond to the Mueller mat-
rix birefringence operator

(2)

Here — phase shift 

between linearly orthogonally po-
larized components of the laser beam
amplitude; l — wave length. 

The process of local (i – th) sin-
gle transformation by a local poly-
mer fibrillation (rj; dj) of the polar-
ization structure of the probing beam
S0(Ä) is described by the following
matrix equation

(3)

As a result, a partial laser wave
is formed with the following azimuth
ai and bi ellipticity of polarization

(4)

(5)

Here parameters of the

Stokes vector of a single-scattered 

laser beam .

Thus, the component of the la-
ser field, once scattered by the fib-
rillar polymer network, represents
two polarization distributions:

— ‘azimuthally-orientation’ L(aj; rj);
— ‘phase’ Y(bj; dj).
The wavelet analysis of a polar-

ization-inhomogeneous field (rela-
tions (4), (5)) is based on an analy-
tical transformation consisting in the
decomposition of a distribution over
a basis constructed from a soliton-
like function (wavelet) by means of
large-scale changes and transfers
[6].

The continuous wavelet trans-
forms of the function F(a; b) is de-
fined by the following formula

(6)

Where a is a scale parameter, b
is a spatial coordinate, and w is a so-
liton–like function (wavelet) constru-
cted on the basis of derivatives of
the Gaussian function.
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In our work, the second deriva-
tive (m = 2) or MHAT wavelet is used

(7)

The wavelet relations (6), (7) for
polarization maps of azimuth and
ellipticity of the scattered radiation
field by diffuse layers of polymers
can be written as the following ex-
pressions

(8)

Wavelet differentiation of azimuth
maps of polarization samples from
Group 1 and Group 2

As an information component
of the graphic image, we chose a
network of birefringence cylinders
ordered in the direction of the opti-
cal axes and located in the same
plane. 

The background component is
a collection of birefringence balls
whose centers lie in the same plane.

The geometric characteristics
of the set ( ) of optically anisotrop-
ic cylinders are as follows: diame-
ter — microns, length — microns.
Birefringence —. 

Optically anisotropic balls — with
different diameters — d = 25 mic-
rons and 50 microns — object 1
and object 2, respectively. 

Birefringence of balls —.

On the fragments of fig. 1 presents
the results of an analytical wavelet
analysis of W(wk, b) maps of the po-
larization azimuth a(q, m´n) of a mic-
roscopic image of objects from group
1 and group 2.

From the obtained data, it was
revealed:

— Scale-selective structuring of
map wavelets of coefficients W(wk, b)
of coordinate distributions of the
polarization azimuth a(q, m´n) of a
microscopic image of objects from
group 1 and group 2.

— Coordinate inhomogeneity
of wavelet distributions of coefficients
W(wk, b) maps of the polarization
azimuth a(q, m´n) of microscopic
image of both types’ samples.

Fig. 1. Maps (left column) and multi-
scale linear cross-sections (right co-
lumn) of wavelet coefficients wk dis-
tributions of the polarization azimuth
a(q, m´n) microscopic images of
objects from group 1 and group 2



Wavelet differentiation of ellip-
tisity maps of polarization samples
from Group 1 and Group 2

On a series of fragments, fig. 2
the results of the application of the
wavelet analysis technique W(wk, b)
of another polarization parameter
of the object field — maps of the
ellipticity of polarization b(q, m´n)
of the phase (q = p/8) microscopic
image of histological sections of
the myocardium of those who died
due to CHD and ACI are presented.

Discussion
Analysis of the obtained results

of the wavelet decomposition of maps
of azimuth and ellipticity of polar-
ization of graphic images on poly-
mer Media revealed the analytical
possibility of selecting multi-scale
distributions of wavelet coefficients
that separately describe the infor-
mation and background compo-
nents.

This technique can be used in
further reverse reconstruction of mul-
ti-scale components of a graphic
image.

Conclusions
1. The effectiveness of wavelet

analysis of azimuth and ellipticity
of polarization maps of graphical
images was demonstraited.

2. Scenarios for the formation
of coordinate maps of multi-scale
wavelet coefficients, that charac-
terize the distributions of the azi-
muth and ellipticity of the polariza-
tion of a repeatedly scattered object
field of polymers layers are deter-
mined and physically justified, where
the influence of the diffuse com-
ponent is minimized.
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Fig. 2. Maps (left column) and multi-
scale linear cross-sections (right co-
lumn) of wavelet coefficients of dis-
tributions of the polarization ellipti-
city microscopic images of objects

from group 1 and group 2
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