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COMPUTER ALGORITHMS FOR DETECTING 
POLARIZATION MAPS FOR POLYMER HOMOGENEITY 

CONTROL IN PRINTING INDUSTRY

This work is aimed at generalizing the methods of laser pola-
rimetry in the case of partially depolarizing optically anisotropic
methyl acrylate layers. A method of differential Mueller-matrix

mapping is proposed and substantiated for reproducing the dis-
tributions of the parameters of linear and circular birefringence
and dichroism of partially depolarizing methyl acrylate layers.
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Introduction
Among the numerous areas of

optical diagnostics of polymer lay-
ers [1–3], an important place is
occupied by Mueller-matrix pola-
rimetry (MMP) [4–6]. The further
development and generalization of
the MMP techniques for the poly-
crystalline structure of polymer
layers with different light scatter-
ing rates or different depolarizing
abilities [7–10] is urgent.

Our work is aimed at the devel-
opment and experimental testing
of the method of differential
Mueller-matrix mapping for the
reconstruction of the distributions
of the optical anisotropy parame-
ters of methyl acrylate layers.

Method
Under conditions of multiple scat-

tering, the Mueller matrix of the
depolarizing layer changes along
the direction of light propagation.
Analytically, this dependence is
illustrated by the equations

(1)

where {M}(z) — Mueller matrix to
an object in a plane z, {m}(z) —
Mueller differential matrix.

For a depolarizing medium, ex-
pression (1) can be represented 

as an average (polarization 

part {m}(z)) and fluctuating 

© Автор(и) 2022. Видавець КПІ ім. Ігоря Сікорського.
CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/).
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(depolarization part {m}(z)) com-
ponents

(2)

Note that there is always a
feedback between the differential
matrix and the Mueller matrix

M(z) = exp({m}(z)).         (3)

The joint analysis of relations
(1)–(3), revealed the expression of
the logarithmic matrix algorithm

L(z) = ln{M(z)} = Lp + Ld,    (4)

which is defined as a superpo-
sition of antisymmetric Lp (polar-
ization) and symmetric Ld (depo-
larization) components L(z) 

(5)

where

(6)

here G — metric Minkowski matrix.
Taking into account relations

(1)–(6), the polarization compo-
nent of the logarithmic matrix
algorithm L(z) takes the form 

(7)

where

(8)

Expression (7), taking into ac-
count relations (8), can be rewrit-
ten as follows

(9)

Results
The results of investigation of

the two-dimensional structure of
the elements 

of the 1st order differential matrix
of methyl acrylate layers are illus-
trated by a series of dependences
(maps and histograms of distribu-
tions), which are shown in fig. 1
and fig. 2. 

As you can see, the histograms 

of distributions are 

characterized by a wide range of
changes in the value of all off-dia-

gonal elements of the first-
order differential matrix — fig. 2.
The revealed fact indicates the
presence of a complex polycrys-
talline structure of a polymer layer
of this type with individual mani-
festations of various mechanisms
of birefringence and dichroism.
Quantitative parameters cha-rac-
terizing the distributions of the
magnitude of the set of elements
of the first-order differential matrix
of the partially depolarizing methyl
acrylate layer are shown in table.
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Discussion
Analysis of the presented data

of statistical analysis revealed that
due to the different probabilities of
absorption events and the forma-
tion of phase shifts between the
orthogonal components of the
amplitude of laser radiation in the

volume of the methyl acrylate lay-
ers, significant differences are
formed (within one order of mag-
nitude) between the statistical
moments of the 1st–4th orders,
characterizing the distribution of
the values of the parameters LB;
CB; LB’ and LD; CD; LD’ — table.

Fig. 1. Element maps of the 1st order differential matrix of the methyl acrylate
layer (z = 60 μm; τ = 0,21; Λ = 43 %)

Fig. 2. Histograms of the distribution of the magnitude of the elements 
of the 1st order differential matrix of the methyl acrylate layer (z = 60 μm; 

τ = 0,21; Λ = 43 %)
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Conclusions 
1. A method of differential

Mueller-matrix mapping is pro-
posed and substantiated for re-
producing the distributions of the
parameters of linear and circular
birefringence and dichroism of

partially depolarizing methyl acry-
late layers.

2. Coordinate distributions of
the magnitude of the elements of
the first-order differential matrix of
methyl acrylate layers are determi-
ned (z = 60 μm; τ = 0,21; Λ = 43 %).

Statistical moments of the 1st–4th orders characterizing the distribu-
tions of the magnitude of the elements of the 1st order differential
matrix of the methyl acrylate layer (z = 60 μm; τ = 0,21; Λ = 43 %)

Zi

Z1 3,21 5,12 6,37 0,12 0,11 0,09

Z2 4,73 4,22 3,92 0,21 0,24 0,21

Z3 1,86 0,62 1,65 0,33 0,16 0,12

Z4 0,95 0,53 0,77 0,57 0,21 0,33
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У статті в стислій та систематичній формі представлено нові
результати традиційних методів лазерної поляризаційної

інтроспекції для дослідження полікристалічної архітектоніки
фазово-неоднорідних полімерних шарів, які, крім лінійного
та кругового подвійного променезаломлення, також мають

оптично анізотропне поглинання.

Ключові слова: поляризація; метилакрилат; 
матриця Мюллера; лінійне двопроменезаломлення; 

кругове двопроменезаломлення; діагностика.
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