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Introduction

By using laser coherent radiation,
the methods of corelometry and inter-
ferometry for measuring the distri-
butions of amplitudes and phases
in scattered polarization fields have
been widely developed [1, 2]. The
main parameters of such coherent
fields is the state of polarization re-
sulting from the superposition of
orthogonally polarized and phase-
shifted amplitudes of partial laser
waves [3].

The main result of this approach
is the development of a new tech-
nique for optical diagnostics, laser
polarimetry of polarization-inhomo-
geneous layers [4–8].

The technique of this type of dia-
gnostics is based on the assump-

tion that the structure of a polymer
consists of two main components,
an isotropic and a linear birefringent
network, which is formed by spa-
tially ordered molecular formations
of polymers.

For further universalization of such
a model, it is proposed to use the
Stokes polarimetric method, which
is more informative in terms of dis-
playing inhomogeneous structures
using spatial-frequency filtering.

This approach is based on the
use of spatial frequency filtering of
optically inhomogeneous polariza-
tion images of polymer layers.

In our work, we present the re-
sults of an experimental verification
of a new method of Fourier corre-
lation polarimetry of the frequency
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spectra of optical images, which is
based on a statistical analysis of
inhomogeneous maps with the de-
termination of a set of statistical mo-
ments of 1–4 orders that charac-
terize the distribution data.

Method

On fig. 1 are presented a sche-
matic representation of the experi-
mental setup of the Stokes polari-
meter using the direct Fourier trans-
form FFT [9, 10].

Irradiation was carried out by a
parallel (Ø = 104 μm) beam of a He-
Ne laser (λ = 0,6328 μm; W = 5mW
power).

The polarizing source consists
of quarter-wave plates 3, 5 and a
polarizer (analyzer) 4, which ensures
the formation of a laser beam with
an arbitrary polarization azimuth
0° ≤ α0 ≤ 180° or ellipticity 0° ≤ β0 ≤ 90°.

The polymer samples were lo-
cated in the focal plane of the ob-
jective 7 (focal length of objective
ƒ = 30 mm, magnification — 4X,
digital aperture N. A. = 0,1), pro-
jected into the plane of the light-
sensitive plane, N = m×n = 800×600
pixel size, CCD-camera 10, which
was also at the focal length of the

objective and provided a range of
the Fourier spectrum elements of
the polymer images for geometric
dimensions 2 μm–2000 μm.

The experimental tasks were
chosen in such a way as to practi-
cally eliminate spatial-angular aper-
ture filtering in the formation of
Fourier (FFT) spectra of laser po-
lymer layers images. That was en-
sured by matching the angular cha-
racteristics of the scattering light
indicatrices by the polymer sam-
ples (ΩБТ ≈ 16°) and the angular
aperture of the microobjective
(Δω = 20°). Here ΩБТ — the angu-
lar weak of indicatrices, in which
98 % of the total energy of the scat-
tered radiation is concentrated.

The analysis of the Fourier spe-
ctra polarization structure of the
images of the polymer layers sam-
ples was carried out using a polar-
izer (9) and a quarter-wave plate
(8).

The possibility of determining XY
distributions of the Stokes vector
parameters in the Fourier plane of
two types samples of polyethylene
is considered:

— group 1 — with mechanical
deformation (stretching), fig. 2, a;

Fig. 1. Optical scheme of Stokes polarimetr, where 1 — He-Ne laser; 2 — colli-
mator; 3 — quarter-wave stationary plate; 4, 9 — polarizer and analyzer, res-

pectively; 5, 8 — quarter-wave plates; 6 — objects plane; 7 — microlens; 
10 — CCD; 11 — Personal Computer
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— group 2 — heat-treated, fig.
2, b.

In general, for each jk-pixel of a
CCD camera, one can determine
the Stokes vector magnitude of po-
larization field by making six inten-
sity measurements under these po-
larization filtering conditions:

— First one — orient the trans-
mission plane of the polarizer-ana-
lyzer 9 (fig. 2) at an angle θ = 0°
and after that measure the distri-
bution of intensity I0(x, y) of the la-
ser field (fig. 3). 

— Second one — rotate the po-
larizer by an angle θ = 90° and after
that measure the coordinate dis-
tribution of intencity I90(x, y) (fig. 4).

Based on the definition (1) of the
Stokes vector S, we can find sec-
ond parameter S2 (fig. 5)

S2 = I0 – I90.                (1)

— Next: orient the polarizer pla-
ne at an angle θ = 45° and measure
the coordinate distribution I45(x, y)
(fig. 6). 

— After that: rotate the polarizer
by an angle θ = 135° and measure
the coordinate intensity distribu-
tion I135(x, y) (fig. 7). 

Definition for the finding the third
S3 Stokes parameter (fig. 8):

S3 = I45 – I135.             (2)

Fig. 2. Image of polarization visualized (in 0–90 polarizer and analyzer) 
birefringent structure of polyethylene samples from both groups

Group 1 Group 2

а b

Fig. 3. Coordinate distribution of intensity of the polarization filtered field 
in the Fourier plane I0(x, y)

Group 1
I0(x, y)

Group 2
I0(x, y)
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— Measurement of the 4th pa-
rameter of the Stokes vector is car-
ried out by placing a quarter-wave
plate 8 on the path of the laser so-

urce (fig. 2) so that its maximum
velocity axis is oriented at an angle
0°. We can orient the transmission
plane of the analyzer 9 at an angle

Fig. 4. Coordinate distributions of intensity of the polarization filtered field 
in the Fourier plane I90(x, y)

Group 1
I90(x, y)

Group 2
I90(x, y)

Fig. 5. Two-dimensional distributions of the 2nd parameter of the Stokes 
vector S2(x, y) of the field in the Fourier plane

Group 1
S2(x, y)

Group 2
S2(x, y)

Fig. 6. Coordinate intensity distributions of the polarization filtered field 
in the Fourier plane I45(x, y)

Group 1
I45(x, y)

Group 2
I45(x, y)
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θ = 45° and after that we can me-
asure the intensity coordinate dis-
tribution of the right-circularly po-
larized radiation Iright(x, y) (fig. 9). 

— After that: orient the plane of
the polarizer relative to the orien-
tation of the axis of the quarter-wave
plate at an angle θ = 135° and mea-

Fig. 7. Coordinate intensity distributions of the polarization filtered field 
in the Fourier plane I135(x, y)

Group 1
I135(x, y)

Group 2
I135(x, y)

Fig. 8. Two-dimensional distributions of the 3rd Stokes vector parameter 
of the laser field in the Fourier plane

Group 1
S3(x, y)

Group 2
S3(x, y)

Fig. 9. Coordinate intensity distributions of the polarization filtered field 
in the Fourier plane Iright(x, y)

Group 1
Iright(x, y)

Group 2
Iright(x, y)



І Н Ф О Р М А Ц І Й Н І  Т Е Х Н О Л О Г І Ї

107

IS
S

N
 2

0
7

7
�7

2
6

4
. 

Те
хн

о
ло

гі
я 

і т
е

хн
ік

а 
д

р
ук

ар
ст

ва
. 

2
0

2
2

. 
№

 4
(7

8
)

sure the corresponding intensity
distributions of left-hand circularly
polarized radiation Ileft(x, y) in la-
ser images (fig. 10).

— Determine the coordinate
distribution of the 4th parameter
of the Stokes vector of laser images
(fig. 11).

S4 = Iright – Ileft.           (3)

Based on deviations

(4)

(5)

we calculate the coordinate distri-

butions of the azimuths α(x, y) and

polarization ellipticity β(x, y) of po-

lyethylene samples laser images

of from both groups.

Results

On figure 12, 13 shows a series

of Fourier transform polarization

maps (FIPM) of the azimuth (fig. 12)

and ellipticity (fig. 13) of the polar-

ization of laser radiation, which is

transformed by a transformed op-

tically inhomogeneous ordered

grid.

Fig. 10. Coordinate intensity distributions of the polarization filtered field 
in the Fourier plane Ileft(x, y)

Group 1
Ileft(x, y)

Group 2
Ileft(x, y)

Fig. 11. Two-dimensional distributions of the 4th parameter of the laser field
Stokes vector in the Fourier plane

Group 1
S4(x, y)

Group 2
S4(x, y)
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Discussion

To obtain objective criteria for
evaluating the polarization maps of
Fourier images by using statistical
analysis, we determined a set of va-
lues of the mean, variance, asym-
metry, and kurtosis, which charac-
terize the following spatial-frequ-
ency distributions of polarization
images of polyethylene film sam-
ples.

The results of this analysis are
presented and systematized in
table. 

Thus, the conducted experimen-
tal studies have shown the presence
of a polarization-inhomogeneous
structure of real polycrystalline net-
works of polymeric materials, and
also confirmed the validity of the pro-
posed modeling of their optical-ani-
sotropic properties.

Different types of birefringent
architectonics of different types of
polymeric materials are character-
ized by different values of statistical
moments of 1–4 orders. The diffe-
rence between the moments was
up to 4 times.

Conclusions

1. A relationship has been found
between a set of statistical moments
of the 1st–4th orders, which char-
acterize the coordinate distributions
of the azimuth and ellipticity of the
polarization of the Fourier spectra
of inhomogeneous images of po-
lyethylene samples, as well as the
parameters of the optical anisotropy
of polycrystalline polymer networks.

2. The rationale for this rela-
tionship is based on the following
factors:

Fig. 12. FIPM of the azimuths α(x, y) of polarization

Group 1 Group 2

Fig. 13. FIPM of the ellipticities β(x, y) of polarization

Group 1 Group 2



І Н Ф О Р М А Ц І Й Н І  Т Е Х Н О Л О Г І Ї

109

IS
S

N
 2

0
7

7
�7

2
6

4
. 

Те
хн

о
ло

гі
я 

і т
е

хн
ік

а 
д

р
ук

ар
ст

ва
. 

2
0

2
2

. 
№

 4
(7

8
)

a) the reason for the formation
of the polarization structure of the
Fourier spectrum of the laser ima-
ge of the polymer grid is the super-
position of differently polarized par-
tial coherent waves, which are formed
by different-scale partial optically
inhomogeneous grids;

b) the main mechanisms for the
formation of the coordinate distri-
butions of the polarization azimuth
maps of the Fourier image of the
laser image are the ratios between

0–90 amplitude components, due
to the features of the spatial-fre-
quency spectra of the crystal struc-
ture with different types of birefrin-
gence;

c) the main mechanisms for the
formation of distributions of the po-
larization ellipticity maps of the Fourier
image of the laser image are phase
modulations due to both the bire-
fringence of the crystal structure
and the optical characteristics of
interfering partial waves.

Statistical moments of the 1st–4th order of the distributions 
of the azimuth α(x, y) and ellipticity β(x, y) of polarization

Mi
α(x, y)

(number of samples — 18)
β(x, y)

(number of samples — 18)

M1 0,18±0,015 0,09±0,006

M2 0,13±0,010 0,11±0,008

M3 0,67±0,05 0,23±0,018

M4 1,14±0,11 0,42±0,031
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Запропоновано новий метод Стокс поляриметрії, який є

більш інформативним у плані представлення оптично

неоднорідних структур шляхом просторово-когерент-

ної фільтрації.
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