PROCEEDINGS OF SPIE

SPIEDigitalLibrary.org/conference-proceedings-of-spie

Methods and systems of polarization
reproduction and analysis of the
biological layers structure in the
diagnosis of pathologies

Zabolotna, Natalia, Sholota, Vladyslava, Okarskyi, Heorhii

Natalia I. Zabolotna, Vladyslava V. Sholota, Heorhii H. Okarskyi, "Methods
and systems of polarization reproduction and analysis of the biological layers
structure in the diagnosis of pathologies," Proc. SPIE 11369, Fourteenth
International Conference on Correlation Optics, 113691S (6 February 2020);
doi: 10.1117/12.2556542

Event: Fourteenth International Conference on Correlation Optics, 2019,

SPIEo Chernivtsi, Ukraine

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 12 Apr 2022 Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



Methods and systems of polarization reproduction and analysis
of the biological layers structure in the diagnosis of pathologies

Natalia I. Zabolotna?, Vladyslava V. Sholota?, Heorhii H. Okarskyi?
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ABSTRACT

Methods and automated systems of direct and Mueller-matrix reproduction of optical anisotropy parameters (orientation
of the fast axis and optical phase shift) of two-layer optically thin biological structures are represented. The pathological
condition objective assessment is based on the multi-parameter analysis of statistical characteristics (estimates of starting
moments of the first order and estimates of the central moments of the second to fourth orders) determined for the
coordinate, autocorrelation distributions and logarithmic dependences of the power spectra of the distributions of
reproducible anisotropy parameters biological layers. The accuracy of the suggested methods of polarized phase
reproduction and analysis of the biological layers structure within the range of 83.7% to 95.3% is estimated.

Keywords: biological layer, two-layer biological tissue, optical anisotropy, polarization-phase reproduction, Mueller
matrix, statistical analysis, autocorrelation analysis, power distribution spectrum.

1. INTRODUCTION

One of the pressing problems of modern medical instrumentation is the development of advanced new methods and means
of effective diagnostics and objective monitoring of the human body condition with the improvement of reliability of the
assessment of pathological conditions.

Irradiation of histological sections of biological tissues (BT) and films of biological fluids (BF) by polarized light of the
visible and near infrared spectra is a promising approach to the development of modern opto-electronic technologies of
medical diagnosticst*%. This allows us to obtain qualitatively new results in studies of the morphological and functional
states of biological layers due to the high sensitivity of the polarization characteristics of scattered fields to the optical
properties and geometry of biological environment.

Recent years, a new field of diagnostics of biological tissues and liquids, based on polarization methods and means of
reproduction of structural anisotropy of biological layers in the form of two-dimensional images and the application of
modern computer technologies of image analysis has formed[*39],

In order to determine the objective parameters characterizing the changes of optical anisotropy (axis orientation and optical
phase shift proportional to birefringence) of biological layers, statistical, correlation and fractal analysis of polarization
and Mueller distributions of the values of polarization and Mueller parameters were applied in this direction®?4, Based
on that, pathological changes in the optically thin biological layers of the dermis, epithelial or other tissues caused by
malignant conditions and inflammatory processes of human organs, particularly during the early stages of development,
are differentiated and evaluated. Such successful diagnostic application of laser polarimetry methods and tools in the
diagnosis of the structure of optically thin biological layers objectively stimulates their further development and spread to
more complex multilayer biological structures (BS).

It should be noted that in our time there is no single approach to the creation of methods and means of polarization-phase
reproduction of the structure of multilayered biological tissues and multivariable objective analysis of the obtained data.
This causes the lack of reliability of the evaluation of pathological conditions of real biological structures under conditions
of multiple scattering of irradiating polarizing beam. On the other hand, under the conditions of single scattering, the main
drawback of the existing methods and means of polarization and Mueller-matrix mapping of biological layers is the lack
of reproducibility of the experimental data, which also limits the validity of diagnosing pathological conditions.

The purpose of this work is to investigate the possibility of improving the reliability of pathology evaluation in systems of
polarization diagnosis of histological sections of biological tissues by applying new methods and systems of polarization-
phase reproduction and analysis of the structure of biological layers and two-layer polycrystalline biological networks.
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2. BASIC DEFINITIONS AND ANALYTICAL RELATIONS

It's known that the basic equation for the transformation of polarization radiation, which is transmitted through the optically
thin sample (extinction coefficient 7 < 0,01) of biological layer (BL) at point (X, y)(x =1M;y=1 N), connects

Stokes vectors S&Y, S™Y) converted and input polarized radiation, in accordance to a Mueller matrix of the biological
layer Z*Y)

S,EX'Y) =Z&y) XS(OX’Y) , (1)
where M x N is the set of image pixels of a sample of a biological layer.

The Mueller matrix Z*Y that reproduces the optically anisotropic properties of an optically thin biological layer
according to the polycrystalline model of its representation at each point (X, Y) is determined by the formula

25" =cos? 2p"Y) +sin? 2p™*Y cos s*V;

1 0 0 o0 2333 =c0s2p"" sin2p" (1-cos 57);
(x,y) (x,y) (x,y) (X.Y) _ qin? (x.y) 2 (x,y) (x.y).
Z009) _ 0 7,7 7,7 7, Sy _ ) B =sin“2p"” +cos” 2p"" cos o+, @
oz g i Tk TGy (9) ain S
32 33 3 Zyy3 =1C0S2p7 7 SING™;
(x.y) (x.y) (x.y)
0 2,7 7" Zy 2000 = +sin2p"Y sin 5%V,
200 =cos ™Y,
where p*¥) -

7Y — gey) o AY) (3)

Therefore, MMI elements of two-layer BL is described by complex superposition of orientations (p,&x’y);péx‘y)) and

phase (5U);55")) parameters biological layers A% and B™Y that is illustrated by the example element
209 =cos(2p0Y —2p0)sin 5V sin 50Y +cos 50 cos 5. 4)

However, exact reproduction of the orientation-phase structure of the internal layer B*Y) = {bﬁ(x’y) (pB,5B)} on the

background of the external layer A®Y ={ai(kX‘Y)(,DA,5B)} based on the well-known MMI two-layer BL is
mathematically incorrect and physically controversial.

Considering above, the simplified approach to solving the problem of reproduction of orientation and phase parameters of
anisotropy of two-layer biological tissues is applied based on estimation of statistical, correlation and fractal characteristics
of transformation of polarization-phase parameters of radiation by two-layer biological structures20-221,

Statistical analysis of coordinate distribution Zik (M, N) of MMI elements is implemented by determining the estimate

of the starting moment of the first order (Ml) and from the second to the fourth central moment estimates (M2 - M4)

, by following expressions?-221

Proc. of SPIE Vol. 11369 113691S-2

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 12 Apr 2022
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



1 MN 1 MN ° 2
Mlzwé(zuk)p M, = W; (Z'kjj ;

3 4
1 1 MN ° 1 1 MN °
M. =2 MN z((z'kj ] ; Me =7 VN [(Z'kjj ’
2 1 j 2 1 j

where M x N — quantity of pixels of the camera's photosensitive matrix; (Z,k)— centered element Z;, .

Statistical characteristics of distributions of autocorrelation functions (ACF) R(S) of MMI elements Z, (M, N) are
determined in the form of estimates of the starting moment of the first order (Q,) and from the second to the fourth orders

central moment estimates (Q, —Q,)

12%; (5} QZ:\/le— 2 (K(s)-@,) .
%= Q22M 150( ); Q= Q22M 150( Q)

Statistical evaluation of power distribution spectra Zik(X,Y) represented in  logarithmic  axes
log(PSD,, (v)) —log(v) assumes the determination of the starting moment estimate of the first order (Wl) and from

the second to the fourth orders of central moments estimates (W2 —W4) of distribution of logarithmic dependences

Iog(PSDZlk (v))— log(v') of MMI power spectra
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M=
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1
(V=E - frequency of appearance in two-dimensional distribution of structural elements with dimensions

(d =241m-+20004m)).
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3. METHODS AND SYSTEMS OF POLARIZATION
REPRODUCTION AND ANALYSIS OF BIOLOGICAL LAYERS

High sensitivity of a set of statistical characteristics of coordinate distributions, AKF and power spectra is determined by
the distributions of elements of orientation and phase maps of biological layers reproduced from the corresponding MMI
to changes in the parameters of their phase structural anisotropy due to pathological conditions.

The next step of the research is to develop methods of direct (without calculation of MMI) polarization-phase reproduction
of the orientation-phase structure of an optically thin BL.

To implement method of direct polarization reproduction and analysis of the distribution of orientation parameters of an
optically thin biological sample by the corresponding system illustrated in figure 1 one should:

1.

To make the polarization-angular scanning of the biological sample in the range 0 < &8, <180 with a step of A&

by series of linearly polarized laser beams with azimuth polarization o =6, + A@ at a wavelength of 0.632 pm.

To filter the obtained distributions of linearly polarized laser beams transmitted through the biological sample by
means of crossed " polarizer-analyzer " synchronously rotating at an angle « at each step.

To record and analyze in the plane of the digital camera a series of polarized filtered images 1 (X, ) . If in any point
I(X,y) =0, then orientation optical axisis p(X,Yy) of polycrystalline sample network p(X,Y) =« .
To obtain a series of coordinate distributions of the orientational parameters of a polycrystalline structure of a

biological sample p(X,Y)=R(€),X =1:M,Y =1:N.

To determine statistical estimates of coordinate distribution, autocorrelation function and logarithmic dependences of
power spectra of distributions of orientation parameters of biological sample, which are informative parameters for
further diagnosis.

______ 5 ——— —
| Phase | | Phase | I c 1
| polarize filter ® | polarize filter ® | omputer |
|rightcirculati0n| | left circulation | | ¥ v |
| A A | A A | Eg Block of algorithmic I
| I: I | I: o N definition of “phase maps” |

= |
IR AR L I 1ER v |
= | [J) [} o o | [&] 5 23 {}

118 8 gl 8 [= B S P EREE: Databus '

SN EENEN NP s e N 8% g2 u |

sMsrere M EM s sl s 0 eS| |eof ~3b-dF--db--2

Sli|a Sl (e (2] <], | |E 5| ! [
e o S 2|z | 5 I{_ c [
| | | | | EMP»| |Bo||[soe =2 o I |

I L L L [ 3L | RN RS S 2| £

L 3_ _ _ L& _ _ | 5] I 22 o3 gz € | l
= 18 ¢ 5 g L | Eaonl |
' BRI °l 51

- 3
I 2 | oz |
IER 5o g2 | v Y _To

Q= Q= Q= | 3 S
a8 a9 ag S | SfleswS|EQ |

2ol |22 29 I |8 € o8l S°2[¥3
nE 0nE o E £ [ 285|223 |gRE! |
L= [ sc2|2EE|SE |
A A A | | ggg EEE PY-T

©0L

| YY VYV | %8°%||8aT|ac
| S o||l=8x=<|>=1 |
| | -89% gog|s |

. 2 3= B c
= 9]
—> ontroller BEE|IlB2E|<Z I
Start Controll | Micro I E £

1] command | no&[[satg |
|| module for | gf|»=g | |

controller |
L | “| L L______::__—::f:::l::::_J

v

Figure 1. System of direct polarization reproduction and analysis of the distribution of orientation parameters of an optically
thin biological sample
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To implement method of direct polarization reproduction and analysis of the distribution of phase parameters of an
optically thin biological sample by the corresponding system illustrated in figure 2 one should:

1. To irradiate the biological sample with a laser polarization beam "right circulation™ at a wavelength of 0.632 zm

2. To project the formed image in the plane of the digital camera.
3. Torealize polarization filtering of the sample image by means of the polarization filter "left circulation™.

4. To record a filtered image in the plane of the camera. According to the coordinate distribution of image intensities,

obtain the phase shift distribution (X, y) = 2arcsin{/1(X, y) .

5. To determine statistical estimates of coordinate distribution, autocorrelation function and logarithmic dependences of
power spectra of distributions of phase parameters o' (X,Y) of biological sample, which are informative parameters
for further diagnosis.

| Computer :
I
A A | 1 Block of algorithmic I
— r— ' — —! | < definition and selection of |
| o | o :> “orientation maps” |
x 4 l 2 | | |
— Qo = © o - | |2
i el |8 SN EINES S - 83 | |
© o = =
Q E:>w_'\m:>f._'\g_'\cu:>8§i'\¢° \\l Databus |
© = N [V] o evl=E V] s E M|2QE
- ° © a 2L 8 ® e < = — - R
o c a ) o < | |E€ S | |
a @) e e B I | |
o S © S c |
I c[P|S2l|se ol & 1,
A (O A I A I A I N I c 2 = 8 2
ry y | 2 s Hz 2|32 g=| & !
| | | ® ¢ £ c T oc £ |
fc|l|ow s ED
I ) I © 85! |
I [{> | 2 &I
o ©
Stepper Stepper BEER I v v _Jgo| !
motor 1 motor 2 v o =
: | |8 | 5 §|lzs5|82 |
b (= I 2o5||82as5|[SEI
L~ [ 2g2||2EL|gE !
Eod Ed -
| SeE||22E(25 !
I - - 6 = wu—l
| 8T8 gT|[2E |
> ' RIS
| - | L2082 |® |
» Controller | Micro | 23E|l2 % E é | l
Start P | command g S8 3 S
<] |
» | ‘A © b © |
— > I module for n S|lo<e8 |
| controller | I [ L——F4dL 1 | |
[ ————— g gy S
v r l

Figure 2. System of direct polarization reproduction and analysis of the distribution of phase parameters of an optically thin
biological sample

Generalization on the multilayer biological tissues of the idea of polarization state variation of the laser beam irradiating
BL and the change monitoring in the parameters of the Stokes vector Si=1+4 at points (X, Y)of its polarization-
inhomogeneous image formed the basis of the Mueller-matrix reproduction of the coordinate distributions of the
orientation and phase parameters of the structure "screened" outside of the two-layer optically thin BL.

To implement the method of Mueller-matrix reproduction of coordinate distributions of orientation and phase parameters
of "screened" outside layers structure of optically thin two-layer biological tissue by the corresponding system illustrated
in figure 3 one should:

1. Torotate the angle &, =6, , +[16 of plane of polarization of the laser beam (e, /5, )(¢t, = 6,) at each current i-th

measurement step using a polarizing linear filter which irradiates the biological sample at a wavelength of 0.632 pm.

Proc. of SPIE Vol. 11369 113691S-5

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 12 Apr 2022
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



2. To create six coordinate distributions of polarized filtered radiation intensities recorded by a digital camera at each i-
th step, irradiation using a polarization analyzer and a phase plate. On this basis, algorithmically determine the

distributions of a set of Stokes vector parameters 'y, , (X,Y) .

3. To determinate coordinates of pixels (M,N) photosensitive camera matrix (m:l; M:n =1,_N) based on the
analysis of the condition (S{” (m, n))2 +(S” (m, n))2 +(SY” (m, n))2 — 1 between coordinate distributions

of Stokes vector parameters for which the optimal polarization state of the irradiating beam is formed at a given current
angle @ of rotation of its polarization plane.

4. To determinate the corresponding values of the directions of orientation of the optical axes p, (M, Nn); pz (M, N) and

phase shifts &,(m,Nn);5; (M, n) of the internal and external layer of the two-layer biological tissue for found

coordinates (M, N) photosensitive camera matrix (M=1,M;n=1;N) ratio-based algorithmically

| Computer :
| —
| “—> Bock of formation of two-dimensional Sia |
| distributions of Stokes vectors |
| |
———————— A | Block of formation I
I Mmultichenel | | I [4—>{ of the optimal state of polarization | & |
| polarization block | | I beam scanning angle (6)) 24 :
| |
| |
| . w s |
— i ati | | Block of definition of “orientational
______ M Pofli?tgfeglon :> | | (&> and ‘phase” maps of external and |
| Polarization | : | | internal layers R :
scan block p
: Il | Polarization :> : : {} L {} 5 {} By {} & 21
| | filter 90° | | “— Block of reconstruction MMI 2 I
| S | | | 2 of external and Internal layers oa:
~ x> I ) S <
U I 5] x 3 Polarization | e <]
21 2 é 8 2 : 9 filter 45° > | (2 N € % @ Xi:4 {} Yia :
= o c o 5 CCD |INS S| |£ Data bus >
Laser g 2 S 3 21 "I—J|> mxn) e S g\l —{/L——{}———U———— I
8 E s 8| | 5] | pfpoarizationin |, R | I
o B o 2 | filter 135° 1 E | [
2 & | : | 1 gellée| |s2] o 1 1
= = n 4
8 > o> £
: Polarization | | E : '% g S TCB § Tg E : :
N filter ® | | ns|l|Sw Ls £9
| P cten ]| e il 1
circulation >
| I |z -8
| | 1|8 g | y Y _To
Stepper ! Polarization | I 22"] ! 2 5 §lss8 E-GZJI !
motor 1 | il || € | 2352 as| QG |
ilter ® > | = > 2llea| 8 £
7 I—-J|> left Y | | SLE —:‘Elﬁ QBI |
. ) Sl 52| 0
| circulation | | : =8°|&8%° 'a‘g' :
L RN
| L 23 = c
| — [ sZEIZSE|< 1
Micro comman module | | h°5|E8 s 1o
4 Stepper g for controller | = =
Controller motor 2 | L _=0o=== — __I |
Start h F— |~ RS l EEE 1 _____ 4
v

Figure 3. System of Mueller-matrix reproduction of coordinate distributions of orientation and phase parameters of structure
of "screened" outside layers of optically thin two-layer biological tissue
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P =0,257 + 6;

) _ S (0) ©)
Ps _0,5arctg[ 500 (g) |

5. To repeat claims 1-4 for all measurement steps &, within the complete rotation of the polarization plane

(O <6 < 7[) , thereby determining the coordinate distributions of the reproduced orientation p ,(X,Y);pg(X,Y)
and phase parameters 9 ,(X,Y);85(X,Y) of the biological layers of the two-layer biological tissue.

6. To determinate statistical estimates of the coordinate distribution, autocorrelation function and logarithmic
dependences of the power spectra of the distributions of the reproduced orientation and phase parameters of the
subsurface layers of a two-layer biological structure to determine the informative parameters of further differentiation
of their states due to pathological changes.

4. IMPLEMENTATION AND TESTING OF MULTI-PARAMETER SYSTEM OF REPRODUCTION
AND ANALYSIS OF THE STRUCTURE OF BIOLOGICAL LAYERS

The multiparameter system of polarization-phase reproduction and analysis of the anisotropy parameters of planar
biological tissues and liquids shown in figure. 4 allows to measure the polarization parameters of images of biological
layers, reproduce the anisotropy parameters of the structure of single-layer and two-layer biological objects based on the
methods mentioned above, implement their intellectual analysis to determine the totality of informative features while
supporting decision-making in the process of diagnosing biological layers.
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Figure 4. Architecture of a multi-parameter imaging system polarization-phase reproduction and analysis of anisotropy
parameters of planar biological tissues and liquids
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The system provides the ability to perform the following measurement functions (F1+ F15) : mapping and filtering of

polarization images of BL; mapping of Stokes vector elements, azimuths, polarization ellipticals and phase shifts of
polarization of biological structure; calculation of distributions of orientation, phase and orientation-phase MMI;
reproduction of BL orientation and phase maps based on the corresponding MMI distributions and by direct methods;
reproduction of orientation maps and phase maps of the outer and inner layers of a two-layer biological structure and the
reproduction of MMI layers of a two-layer biological structure. The necessary measurements are realized by controlling
the position of linear polarizers P1 and P2 capable to rotate the polarization plane of radiation to angles

0°;+45°;90°,-45°,0° , and phase quarter-wave plates PP1, PP2, PP3, the axes of which are rotated to angles
+45;+45": —45" | there is also the ability to eliminate elements from the path of laser radiation. As a result of realization

of the analysis functions (F16+ FZO), a set of informative indicators for each of the measured parameters of the

structure of the investigated sections of BL is determined with the possibility of classification of "norm - severity of
pathology" that is implemented by the expert system.

Results of experimental polarization reproduction of MMI of the layers of the smooth muscle of the cervix in the "normal
and "oncological” states submits the diagnosis possibilities of methods mentioned above realized by the system illustrated
in figure 5.

In the research the two histological sections (geometric thickness 60 pum, optical thickness 0.1) of two-component cervix
tissue “muscle tissue (MT) - connective tissue (CT)” were selected respectively in the “normal” and “oncology” states.

The researches were carried out on the experimental setup of the system shown in Fig. 4 by the method of Mueller-matrix
reproduction and analysis of MMI “screened” outside (internal) partial layers of two-layer biological structures.

To detect changes in the structural anisotropy parameters, the orientation and phase Mueller-matrix image Bzz(x ,Y)

and B,,(X,Y) of the relevant histological sections were selected.

Mueller-matrix images of the polarized reproducible orientation element B, (X ,Y) of the partial layer of healthy (left
part) and oncologically altered (right part) smooth muscle tissue of a two-layer biological structure "muscle tissue (MT) -
connective tissue (CT)" are shown in Fig. 5.

Fig. 6 illustrates autocorrelation functions and power spectra of coordinate distributions of an element B,, (X ,Y) of
both types of the cervix biological tissues.

0 025 05 075 1.0 0 025 05 075 1.0

a) b) c) d)

Figure 5. Polarized reproduced distribution of MMI of the smooth muscle of the cervix: a) 2D distribution at "norm"; b) 3D
distribution at "norm"; c) 2D distribution at "pathology"; d) 3D distribution at " pathology ".
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Figure 6. Characteristics of polarization-reproduced of the MMI of the smooth muscle of the cervix: a) ACF MMI at
"norm"; b) power spectrum at " norm "; c) ACF MMI at " pathology "; d) power spectrum at "pathology".

Table 1 shows the values of the statistical characteristics of the coordinate, autocorrelation and spectrum distributions of
experimentally measured B,,(X,Y) and B,,(X,Y) (optically thin layers of healthy smooth muscle tissue and in the
state of dysplasia) and polarization reproduced (two-layer structure “smooth muscle - connective tissue™) matrix elements
B, (X.,Y) and B, (X,Y). Analysis of the data in table 1 shows that the Mueller-matrix reproduction of the

polarization properties of the optically anisotropic structure of the smooth muscle of the two-layer cervix of different
physiological states allows to obtain the maximum differences between the experimental and reproduced due to
polarization parameters, which do not exceed 35% - 40% while maintaining the general tendencies of their change.

Table 1 - Evaluation of the characteristics of the element distribution of experimentally measured and polarized MMI tissue
of the cervix smooth muscle

Norm Pathology Norm Pathology
e B ; B ; B, B,
M, 0,27* 0,33* 0,21* 0,25*
M, 0,2 0,11* 0,1 0,11*
M, 0,36* 3,77 0,19* 0,56*
M, 3,91° 6,71 1,14 4.99*
Q, 0,24* 0,22* 0,23 0,17*
Q, 0,41* 0,93* 0,18 0,24
Q, 1,42* 3,19 0,74* 1,11*
W, 0,57* 0,63 0,68* 0,72
A 0,19° 0,32 0,12* 0,28*
W, 0,12 0,21* 0,15* 0,29*
W, 0,32* 0,68* 0,22* 0,36

In addition, the high sensitivity of the parameters M,_;,.5,,Q,_55, and W,_, ., which characterize the coordinate,
correlation and self-similar structure of the orientation and phase MMI of all the considered groups of biological tissues
for changing their physiological state, was realized.

The most informative parameters for differentiation of a healthy and oncologically modified layer of tissue of the cervix
smooth muscle by their polarized MMI are the following:
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1. Estimation of the central moments from the second to the fourth order M.,.,., coordinate distributions B3, ( X,Y)

and B3, (X,Y); B3 (X,Y) and By, (X,Y), differences between which range from 2 (M) to 10 (M) times

for “norm” and “pathology”.

2. Estimation of the central moments from the second to the fourth order (Q,), (Q,) autocorrelation distributions
B (X,Y)and B3, (X,Y); B,,(X,Y) and By, (X,Y), differences between which range from 2 (Q;) to 2,5

(Q4) times for “norm” and “pathology”.

3. Estimation of the central moments from the second to the fourth order (W, ), (W;) power spectra B3, (X,Y )and
B (X.,Y); B, (X,Y) and Bj;(X,Y), differences between which range from 2 (W,) to 3 (W,) times for

“norm” and “pathology”.

5. EVALUATION OF THE RELIABILITY OF THE METHODS
OF POLARIZATION-PHASE REPRODUCTION AND ANALYSIS

The effectiveness of the application of the suggested methods of polarization-phase reproduction and analysis of the
polycrystalline structure of BL implemented by the experimental system was investigated on the example of differentiation
of two rat liver samples: samples of "healthy" rats (group 1) and samples of rats "with hepatitis" (group 2). In each group,

there were N, = N, = 43 two-layer optically thin frozen samples of rat liver BL, the diagnoses of which were previously
verified using the histopathological examination method defined as the "gold standard”. The previously accepted
confidence probability level was p=0.95. For each method, the mean of a in the groups of values of statistical
characteristics M,_,.,,Q.,.,,W,_,., was determined, which describe the coordinate distributions, ACF and power
spectra of the element distributions of the parameters measured, and their standard deviations o . On the basis of the

most sensitive statistical characteristics (a + o) of the distributions of the parameters measured, which provided statistical

reliability of differences between groups (diagnostic informative features), differentiation of the states of "healthy" - "with
hepatitis" samples of rat liver BL was performed.

In fig.7, fig. 8 two-dimensional phase distributions obtained by direct phase §(X ,Y) reproduction for histological
sections of the rat liver in group 1 and group 2 are shown.

5(X,Y) N(9) K(3) log(PSD(8))—log(v)
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Figure 7 - Characteristics of a phase map reproduced by direct polarization reconstruction of the sample of rat liver BL of
group 1: a) coordinate distribution; b) histogram; c) ACF distribution; d) the power distribution spectrum.
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Figure 8 - Characteristics of a phase map reproduced by direct polarization reconstruction of the sample of rat liver BL of
group 2: a) coordinate distribution; b) histogram; c) ACF distribution; d) the power distribution spectrum.

The mean 6 of the samples of group 1 and group 2 of the statistical characteristics (Mi:1;2;3;4 (8)) (Ki:1;2;3;4 (6)) ,

(Wi:1;2;3;4 (6)) and their standard deviation for phase maps obtained on the basis of the experimental direct method are
given in Table 2.

Table 2 - Statistical characteristics of coordinate distributions, ACFs and power spectra of phase distributions of rat liver BL
obtained by a direct phase reproduction

g Group 1 Group 2 g Group 1 Group 2
|\/|l 0,19 £ 0,017 0,27 £ 0,023 W1 0,61 + 0,056 0,67 £ 0,059
M ) 0,23 £ 0,021 0,35+ 0,029 W2 0,21+ 0,018 0,28 £ 0,023
M . 0,51 £ 0,047 0,86 £ 0,077 \/\/3 0,15+ 0,012 0,18 £ 0,015
M, | 045%0,039 025£0022 | W, 0,19 + 0,016 0,24 £ 0,021
Qz 0,12 £0,011 0,15+0,013
Q3 0,09 £+ 0,009 0,11+0,01
Q4 1,22 +0,11 0,79 £ 0,068

Using the method of a direct polarization reproduction of the distribution of BL phase parameters, there is an upper limit
of confidence in the differentiation of the histological sections structure of healthy and hepatic rat liver is 89.5%.

The reliability of differentiation of the structure of two-layer histological sections of the liver of healthy and hepatitis rats
based on the three methods considered (Table 6) was increased in comparison with the known methods of Stokes
polarimetry and analysis of multilayer BL [].There is Ac - accuracy (overall precision of differentiation of states norm
pathology), Se - sensitivity of diagnosis, Sp - specificity of diagnosis in Table 3

Methods of a direct reproduction and analysis of distributions of orientation and phase parameters of polycrystalline BL
networks allowed to increase the reliability of the assessment of pathological conditions of rat liver by 1% and 2.3%
respectively, in comparison with the improved methods of reproducing the orientation and phase parameters of the BL
structure based on its Mueller matrix mapping. The method of Mueller-matrix reproduction of the phase structure of
"screened” outside BL provided maximum level of differentiation of accuracy of states “norm” — “pathology” of 95.3%
that was increased by 5% compared to the reliability of the method of polarization mapping and analysis of phase Mueller-
matrix images of BL.
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Table 3 — Comparison of reliability of polarization-phase methods reproduction and analysis of BL structure

Quality level | AC, | Se, | Sp,

Methods name .
of evaluation % % %

Method and system of direct polarization reproduction and analysis of the phase
parameters distribution of an optically thin biological tissue

High 89,5 1884 | 91

Method of a direct polarization reproduction and analysis of the orientation
parameters distribution of an optically thin biological tissue

Good 83,7 | 83,7 | 83,7

Method and system of Mueller-matrix reproduction of coordinate distributions
of orientation and phase parameters of the structure of "screened" outside layers| Excellent 953 | 95,3 | 95,3
of optically thin two-layer biological tissue

CONCLUSIONS

A new group of methods and systems of reproduction and analysis of orientation and phase parameters of biological layers
structure that can be used for evaluation of pathological states of histological sections was developed.

Methods of a direct reproduction and analysis of coordinate distributions of orientation and phase parameters of structure
anisotropy of optical thin BL realize the instant formatting of polarimetric visualization conditions of phase anisotropy
parameters of BL polycrystalline network and give the possibility to obtain the accuracy of the differentiation of "normal”
- "hepatitis" states of rat liver of 83.7% and 89.5%.

Using the method of Mueller-matrix reproduction of coordinate distributions of orientation and phase parameters of the
structure of "screened” outside layers of optically thin two-layer biological tissue for evaluation of the pathological states
mentioned above increases the accuracy of diagnosis up to 95.3%.
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