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3D POLARIZATION ALGORITHMS FOR PROCESSING
DIGITAL MICROSCOPIC IMAGES OF POLYGRAPHIC POLYMERS

A method of azimuthally invariant 3D Mueller-matrix mapping
of the distributions of the parameters of phase and amplitude
anisotropy of partially depolarizing layers of high-quality (group
1 — high density) and low-quality (group 2 — low density) poly-
ethylene polymer films has been proposed and substantiated.
Layer-by-layer coordinate distributions of the magnitude of the
set of Mueller-matrix invariants (MMI) of polymer films of both
types were obtained in the volume of polymer samples.

Keywords: polarization; 3D Mueller matrix mapping;
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Introduction

At present, optics is actively
developing methods and means of
polarimetric diagnostics of the
structure of polymeric materials,
which includes a number of origi-
nal directions: Mueller-matrix po-
larimetry [1-5]; two-dimensional
Muller-matrix mapping in the fra-
mework of various model approxi-
mations [6-10].

Our article is aimed at the de-
velopment and experimental test-
ing of a set of methods of Stokes-
polarimetry and interferometry
using algorithms for digital holo-
graphic reconstruction of the am-
plitude-phase structure of object
fields for differential diagnostics of

layers of high-quality (group 1 —
high density) and low-quality
(group 2 — low density) of films of
polymer polyethylene by obtaining
3D distributions of Mueller-matrix
invariants.

Methods

For the Mueller matrix {M}, the
azimuthally invariant, independent
of the angle (®) of rotation of the
sample of the layer, are the following
elements Mj, and their combinations
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The MMI that characterize the
optical anisotropy of organic lay-
ers include:

— Matrix elements

M11; M1g; Maq; Mya. (2)

— Combination of matrix ele-
ments

= (M23 — M32). (4)
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The use of the MMI set will pro-
vide conditions for the dissemina-
tion of methods of experimentally
reproducible Mueller-matrix mapping
to serial, screening investigations.

It is based on the use of a ref-
erence wave of laser radiation,
which in the scheme of an optical
interferometer is superimposed
on a polarization-inhomogeneous
image of a polymer film. The resul-
ting interference pattern is record-
ed using a digital camera. With the
help of diffraction integrals, the
digital holographic reproduction
of the distributions of the complex
amplitudes {Ex(X, y); Ey(x, y)} of
the object field of the polymer
layer takes place.

The set of elements of the Muller
matrix is calculated by the follow-
ing Stokes-polarimetric relations:

— for the Stokes vectors of lin-
early polarized probing beams
s0(00); s0(900)

9)

— for the Stokes vectors of lin-
early polarized probing beams
s0(450); s0(1359):

(10)

— for the Stokes vectors of
right and left circularly polarized
probing beams SO(®); SO(®):
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For an objective assessment of
layer-by-layer polarization maps
S(0y, X, Y), the statistical moments
of the first (z1), second (z5), third
(z3) and fourth (z4) orders were
used, which were calculated by
the following algorithms [8]

-
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(12)

where N — number of pixels of the
photosensitive area of the CCD
camera.

Results

In order to determine the diag-
nostic efficiency of the 3D Mueller-
matrix mapping method in differ-
entiating layers of high-quality
(group 1 — high density) and low-
quality (group 2 — low density) of
polyethylene polymer films, two
groups of partially depolarizing
(degree of depolarization A < 50 %)
layers were formed:

— 26 samples — group 1 (attenu-
ation coefficient 0,79<1<0,85,

43%<A<48% );

— 26 samples — group 2
(0,81<1<0,84, 45%<A<47% ).

Optical technology for differ-
ential diagnosis of such samples
includes the following steps:

1. Determination of a series of
«phase» layer-by-layer images of
3D MMI distributions {Mgy4; AM;
Mga1; Mig} (91 =0,3; 2hoy, ..., 1)
characterizing volumetric polari-
zation manifestations of phase
and amplitude anisotropy within
both groups of samples.

2. For each «phase» section of
3D distributions of the MMI value,
a set of statistical moments of the
1st-4th orders is calculated
Zi=1;2;3:4{[Mga; AM; Myq; M1a](@y,
X, Y)}-

3. For samples of group 1 and
group 2, «phase» dependences
Zi=1.2:3:4{[Ma4; AM; My4; M1al(ey,
¢o, ..., Qk)} of the magnitude of
each statistical moment are plot-
ted.

4. The «phase» planes (¢*) are
determined in 3D MMl distributions,
where the maximum differences
between the values of the statistical
moments ( AZ  =AZ_,;.(¢')>max ),

which characterize the distributions
of the values of matrix elements
Mgy4; AM; Mg1; M4 in these pla-
nes, are realized.

5. In the «phase» plane ¢*, the

average AZ_,,,, and the error

5(AZ) are determined within the

polymer films from group 1 and
group 2.

Discusions

The «phase» dependences of
the magnitude of the statistical
moments of the 1st—4th orders,
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Statistical criteria for the differentiation of polymer films
based on phase anisotropy

Parameters Group 1 Group 2 Accuracy, Ac, %
MMI Mgy AM Mgy, AM Myy AM

Z1 0,29+0,017]0,12+0,007|0,44+0,029|0,07+0,004 85 82

(9* =0,45)

22* 0,21+0,012|0,15+0,008|0,14+0,006|0,11+0,005 81 79

(9*=0,45)

23 0,46+0,029|0,63+0,041|0,69+0,037|0,92+0,055 91 89

(¢* = 0,45)

24* 0,57+0,033|0,88+0,0531,038+0,059( 1,39+0,084 92 87

(9* =0,45)

characterizing the distributions of Conclusion

the MMI values of the polarization
manifestations of the parameters
of the linear and circular birefrin-
gence and dichroism of the poly-
crystalline component of various
types of polyethylene layers have
been determined.

The optimal conditions for the
differentiation of polycrystalline
structures of polymer layers of dif-
ferent densities — the range of
phase cross-sections and the
most sensitive parameters — sta-
tistical moments of the 3rd and 4th
orders, characterizing the distri-
butions of MMI are revealed.
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Y cTaTtTi npeacTaBneHo matepiany aHaniTU4HOro OGrpyHTYBaHHS
Ta eKCnepuUMeHTanbHOI anpob6aLii HOBOro NOJSPUMETPUYHOIO
MeToAy a3uMyTalsibHO-iHBapiaHTHOro 3D-maTpunyHoro kapTty-
BaHHS Mionnepa po3snoainis napameTpies ¢pa3oBoi Ta amni-
TYAHOI aHi30Tponii YaCTKOBO AENOJIAPU3YIoYMX LLIapiB BUCOKO-
sakicHux (1 rpyna — BUCOKa LWiNbHICTb) | HU3bKOSAKICHUX MJ1iBOK.

Knio4yoBi cnoea: nonsipusauia; 3D maTpnyHe BigoGpakeHHs
Mionnepa; opraHiyHi nonimepu; KOMnJieKCHa amnaityaa.
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