
PROCEEDINGS OF SPIE 

 
 
 
 
 

Volume 11510 
 
 

Proceedings of SPIE 0277-786X, V. 11510 

SPIE is an international society advancing an interdisciplinary approach to the science and application of light. 

Applications of Digital  
Image Processing XLIII 
 
 
 
Andrew G. Tescher 
Touradj Ebrahimi 
Editors   

 
 
24 August – 4 September 2020 
Online Only, United States 
 
 
Sponsored and Published by  
SPIE 
                                       
 

Part One of Two Parts

Applications of Digital Image Processing XLIII, edited by Andrew G. Tescher, 
Touradj Ebrahimi, Proc. of SPIE Vol. 11510, 1151001 · © 2020 SPIE  

CCC code: 0277-786X/20/$21 · doi: 10.1117/12.2581642

Proc. of SPIE Vol. 11510  1151001-1



The papers in this volume were part of the technical conference cited on the cover and title page.
Papers were selected and subject to review by the editors and conference program committee.
Some conference presentations may not be available for publication. Additional papers and 
presentation recordings may be available online in the SPIE Digital Library at SPIEDigitalLibrary.org. 
 
The papers reflect the work and thoughts of the authors and are published herein as submitted. The
publisher is not responsible for the validity of the information or for any outcomes resulting from
reliance thereon. 
 
Please use the following format to cite material from these proceedings: 
   Author(s), "Title of Paper," in Applications of Digital Image Processing XLIII, edited by
Andrew G. Tescher, Touradj Ebrahimi, Proceedings of SPIE Vol. 11510 (SPIE, Bellingham, WA, 2020)
Seven-digit Article CID Number. 
 
ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
 
ISBN: 9781510638266 
ISBN: 9781510638273 (electronic) 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time)· Fax +1 360 647 1445 
SPIE.org 
Copyright © 2020, Society of Photo-Optical Instrumentation Engineers. 
 
Copying of material in this book for internal or personal use, or for the internal or personal use of 
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by 
SPIE subject to payment of copying fees. The Transactional Reporting Service base fee for this 
volume is $21.00 per article (or portion thereof), which should be paid directly to the Copyright 
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made 
electronically through CCC Online at copyright.com. Other copying for republication, resale, 
advertising or promotion, or any form of systematic or multiple reproduction of any material in this 
book is prohibited except with permission in writing from the publisher. The CCC fee code is 0277-
786X/20/$21.00. 
 
Printed in the United States of America by Curran Associates, Inc., under license from SPIE. 
 

Publication of record for individual papers is online in the SPIE Digital Library. 

 

SPIEDigitalLibrary.org 
 
 
 
Paper Numbering: Proceedings of SPIE follow an e-First publication model. A unique citation 
identifier (CID) number is assigned to each article at the time of publication. Utilization of CIDs 
allows articles to be fully citable as soon as they are published online, and connects the same 
identifier to all online and print versions of the publication. SPIE uses a seven-digit CID article 
numbering system structured as follows: 

 The first five digits correspond to the SPIE volume number.       
 The last two digits indicate publication order within the volume using a Base 36 numbering 
system employing both numerals and letters. These two-number sets start with 00, 01, 02, 03, 04, 
05, 06, 07, 08, 09, 0A, 0B … 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each 
page of the manuscript. 

 

Proc. of SPIE Vol. 11510  1151001-2



     
 11510 2H  Fast VVC intra prediction mode decision based on block shapes [11510-85] 

     
 11510 2K  Spectropolarimetry diagnostics of cervical cytological smears for availability of papillomavirus 

[11510-88] 
     
 11510 2L  Differential diagnosis of adenocarcinoma and squamous cell carcinoma of the cervix by 

spectropolarimetry [11510-89] 
     
 11510 2M  Vector-parametric structure of polarization images of networks of biological crystals for 

differential diagnosis of inflammatory processes [11510-90] 
     
 11510 2N  IR spectrum comparison of the blood of breast cancer patients as a preliminary stage of further 

molecular genetic screening [11510-91] 
     
 11510 2O  Multiparametric polarization histology in the detection of traumatic changes in the optical 

anisotropy of biological tissues [11510-92] 
     
 11510 2P  Digital processing of fluorimetry imaging of deep layers in the macula of the retina in diabetic 

macular edema [11510-93] 
     
 11510 2Q  Diffuse tomography of brain nerve tissue in the temporary monitoring of pathological changes 

in optical anisotropy [11510-94] 
     
 11510 2R  Multichannel polarization sensing of polycrystalline blood films in the diagnosis of the causes of 

poisoning [11510-95] 
     
 11510 2S  Azimuthally invariant Mueller-matrix tomography of the distribution of phase and amplitude 

anisotropy of biological tissues [11510-96] 
     
 11510 2T  Polarization-phase diagnostics of volume of blood loss [11510-97] 

     
 11510 2U  LFDD: Light field image dataset for performance evaluation of objective quality metrics  

[11510-98] 
     
 11510 2V  Noise phase singularities in noise contaminated images [11510-99] 

     
 11510 2W  Automatic motion tracking system for analysis of insect behavior [11510-100] 

     
 11510 2X  Image dehazing based on microscanning approach [11510-101] 

     
 11510 2Y  An efficient algorithm of total variation regularization in the two-dimensional case [11510-102] 

     
 11510 2Z  Neural network and non-rigid ICP in facial recognition problem [11510-103] 

     
  11510 32  Near-infrared image enhancement through multi-scale alpha-rooting processing for remote 

sensing application [11510-106] 
     
 11510 33  3D image augmentation using neural style transfer and generative adversarial networks 

[11510-107] 

viii

Proc. of SPIE Vol. 11510  1151001-8



PROCEEDINGS OF SPIE

SPIEDigitalLibrary.org/conference-proceedings-of-spie

Multiparametric polarization histology
in the detection of traumatic changes
in the optical anisotropy of biological
tissues

Litvinenko, A., Garazdyuk, M., Bachinsky, V., Vanchulyak,
O., Ushenko, A., et al.

A. Litvinenko, M. Garazdyuk, V. Bachinsky, O. Vanchulyak, A. Ushenko, Yu.
Ushenko, A. Dubolazov, P. Gorodensky, O. Yatsko, Bin Lin, Zhebo Chen,
"Multiparametric polarization histology in the detection of traumatic changes in
the optical anisotropy of biological tissues," Proc. SPIE 11510, Applications of
Digital Image Processing XLIII, 115102O (21 August 2020); doi:
10.1117/12.2568408

Event: SPIE Optical Engineering + Applications, 2020, Online Only

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 16 Oct 2020  Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



Multiparametric polarization histology in the detection of traumatic 

changes in the optical anisotropy of biological tissues 
 

A.Litvinenko
1
, M. Garazdyuk

1
, V. Bachinsky

1
, O. Vanchulyak

1
,  A.Ushenko

2
 Yu.Ushenko

2
, 

A.Dubolazov
2*

, P.Gorodensky
2
, O.Yatsko

2
, Lin Bin

3
, Chen Zhebo

3 

 

1
 Bukovinian State Medical University, 3 Theatral Sq., Chernivtsi, Ukraine, 58000 

2
 Chernivtsi National University, 2 Kotsiubynskyi Str., Chernivtsi, Ukraine, 58012 

3
 Reasearch Institute of Zhejiang University-Taizhou, 38 Zheda Road, Hangzhou, People's Republic 

of China, Zhejiang Province, 310027 

 

a.dubolazov@chnu.edu.ua 

 

ABSTRACT   

For a high-precision objective histological determination of the prescription of damage to internal organs over 

a long period of time, a systematic approach was used based on digital azimuthally invariant polarizing, 
Mueller-matrix and tomographic methods for studying temporary changes in the molecular and 

polycrystalline structure of brain, liver and kidney samples in the post-mortal period. 

It was revealed that a linear change in the magnitude of statistical moments of the 1st - 4th orders 
characterizing the distribution of data of digital azimuthally invariant polarizing, Mueller-matrix and 

tomographic methods is interconnected with the duration of damage to internal organs. On this basis, a new 

algorithm for digital histological determination of the prescription of the occurrence of damage is proposed. 

To determine the extent of damage, the method of azimuthally invariant polarization microscopy with 
different magnification of the image of histological sections of tissues of internal organs was used, which 

provided diagnostic relationships between changes in the magnitude of statistical moments of the 1st to 4th 

orders, which characterize the azimuth and elliptic polarization maps of digital microscopic images and time 
intervals of damage duration. 

Keywords: polarization, biological tissues, optical anisotropy, Mueller matrix, diagnostics.  

 

1. DIFFERENTIAL DIAGNOSIS OF THE LIMITATION OF THE FORMATION OF 

DAMAGE TO THE INTERNAL ORGANS OF A PERSON BY MAPPING MAPS OF 

AZIMUTH OF  POLARIZATION 

Maps of azimuth  of polarization of microscopic images of histological sections of the kidney and histograms of the 

distribution of its magnitude are illustrated by a series of fragments of fig. 11-4. 
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Fig. 1. Maps ((1), (2), (3)) and histograms ((4), (5), (6)) of the distribution of the azimuth of polarization of microscopic 
images (x4) of histological sections of the kidney of the dead from the control group ((1 ), (4)), research groups with 
different damage durations (6 hours - (2), (5)) and (18 hours - (3), (6)). 

 
The statistical structure (Fig. 1, (4) - (6)) of polarization maps (Fig. 1 (1) - (3)) of the images of samples of histological 

sections of the kidney is less developed compared with the same parameters of the samples of the brain and liver from 

the control and experimental groups - the average values and dispersion variance  are insignificant and decrease with 

increasing damage duration - 6 hours. (fragment (5)) and 18 hours (fragment (6)), respectively (table 1)5-15. 

 

Table 1. Temporal dynamics of changes in statistical moments of the 1st - 4th orders of magnitude characterizing the 

distribution of the PA value of microscopic images (4x) of histological sections of the kidney 

,T  hours 2 4 6  12 18 

1SM  0,29 0,017 0,25 0,016 0,24 0,017 0,27 0,015 0,23 0,014 

p  05,0p  

2SM  0,29 0,017 0,25 0,016 0,24 0,017 0,27 0,015 0,23 0,014 

p  05,0p  

3SM  0,63 0,031 0,78 0,033 0,93 0,042 1,24 0,061 1,29 0,064 

p  05,0p  05,0p  

4SM  0,49 0,022 0,71 0,34 0,92 0,044 1,33 0,055 1,39 0,055 

p  05,0p  05,0p  

,T  hours 24 30 36 42 48 

1SM  0.25 0,013 0,24 0,012 0,22 0,011 0,19 0,012 0,17 0,011 

p  05,0p  

2SM  0,21 0,012 0,19 0,011 0,17 0,009 0,16 0,009 0,18 0,009 

p  05,0p  

3SM  1,34 0,071 1,38 0,074 1,41 0,077 1,49 0,081 1,54 0,087 

p  05,0p  

4SM  1,42 0,074 1,46 0,076 1,53 0,083 1,65 0,085 1,64 0,091 

p  05,0p  

 
It was established (table 1) that, as diagnostic parameters for identifying the age of kidney damage with polarization 

mapping of the polarization azimuth, one can use a statistically significant linear change in the magnitude of the 
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statistical moments of the 3rd (asymmetry - dynamic range 0.61) and 4th (excess - dynamic range 0.84) orders within 12 

hours after damage. 

Similar data from polarization mapping of large-scale (40x) microscopic images of histological sections of the kidney are 

presented in fragments of fig. 2. 

 
 

Fig. 2. Maps ((1), (2), (3)) and coordinate distributions ((4), (5), (6)) polarization azimuth values of microscopic images 

(x40) of histological sections of the kidneys of the dead from the control group ((1 ), (4)), research groups with different 
damage durations (6 hours - (2), (5)) and (18 hours - (3), (6)). 

 
A comparative analysis (with mapping data of polarization maps at a magnification of 4, - fig. 1) of the coordinate and 
fluctuation structures of large-scale maps of the azimuth of polarization of kidney images (as in the case of digital 

polarization histological studies of brain and liver samples) revealed an increase in the range (fig. 2, fragments (2), (4), 

(6)) and coordinate heterogeneity (fig. 2, fragments (1), (3), (5)) of the azimuth value variations, - table 216-21. 

 
Table 2. Temporal dynamics of changes in the statistical moments of the 1st - 4th orders characterizing the distribution of 

the PA value of microscopic images (40x) of histological sections of the kidney 

,T  hours 2 4 6  12 18 

1SM  0,22 0,017 0,21 0,016 0,19 0,017 0,17 0,015 0,18 0,014 

p  05,0p  

2SM  0,17 0,017 0,11 0,016 0,12 0,017 0,09 0,015 0,07 0,014 

p   05,0p  05,0p  

3SM  0,88 0,031 1,06 0,033 1,21 0,042 1,54 0,061 1,92 0,064 

p  05,0p  

4SM  0,71 0,022 0,83 0,34 0,96 0,044 1,23 0,055 1,46 0,055 

p  05,0p  

,T  hours 24 30 36 42 48 

1SM  0.16 0,09 0,14 0,08 0,12 0,07 0,13 0,08 0,12 0,07 

p  05,0p  

2SM  0,08 0,005 0,09 0,006 0,07 0,004 0,05 0,003 0,06 0,004 

p  05,0p  

3SM  2,04 0,12 1,98 0,11 2,09 0,13 2,19 0,15 2,11 0,12 
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p  05,0p  

4SM  1,52 0,08 1,58 0,09 1,66 0,11 1,73 0,11 1,81 0,12 

p  05,0p  

Analysis of the results of statistical processing of large-scale azimuth maps of polarization of microscopic images of 

histological sections of the kidneys of all groups revealed the following group of parameters that are suitable for 

detecting the duration of damage: 

 time interval of 6 hours (dynamic range 0.06) - dispersion of the variance of the azimuth of polarization of 

microscopic images; 

 time interval of 18 hours. - asymmetry (dynamic range 1.04) and excess (dynamic range 0.75) of azimuth 

distribution; 

 for all other intervals, a temporary change in the magnitude of the statistical moments of the 1st – 4th orders that 

characterize the polarization structure of large-scale images of histological sections of intact and damaged 

kidneys is statistically unreliable ( 05,0p ). 

2. DIFFERENTIAL DIAGNOSIS OF THE LIMITATION OF THE FORMATION OF 

DAMAGE TO INTERNAL ORGANS OF A PERSON BY THE METHOD OF 

MAPPING MAPS OF POLARIZATION ELLIPTICITY 

In a series of fragments of fig. 3 and table 3 show the results of polarization mapping of the distribution of the ellipticity 

of digital microscopic images of histological sections of the kidney with different damage durations and statistical 

analysis of the temporal dynamics of changes in the average, dispersion, asymmetry and excess of polarization maps. 

 

 
Fig. 3. Maps ((1), (2), (3)) and histograms ((4), (5), (6)) of the distribution of the magnitude of the ellipticity of polarization 
of microscopic images (x4) of histological sections of the kidney of the dead from the control group ((1 ), (4)), research 
groups with different damage durations (6 hours - (2), (5)) and (18 hours - (3), (6)). 

Patterns similar to the data of digital polarization histology of brain and liver samples have been established.: 

 coordinate heterogeneity of the aggregate of polarization ellipticity maps (fig. 3 (1) - (3) small-scale (4x) 

microscopic images of intact and damaged kidney samples;  

 decrease of the range of variation of random values of the polarization ellipticity at the points of digital 

microscopic images of histological sections of the kidney from all the studied groups. 
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Table 3. Temporal dynamics of changes in statistical moments of the 1st - 4th orders characterizing the distribution of the 
magnitude of the PE of microscopic images (4x) of histological sections of the kidney 

,T  hours 2 4 6  12 18 

1SM  0,09 0,005 0,08 0,013 0,07 0,004 0,08 0,005 0,07 0,004 

p  05,0p  

2SM  0,11 0,006 0,105 0,006 0,09 0,005 0,08 0,005 0,07 0,004 

p  05,0p  

3SM  0,71 0,032 0,85 0,036 0,99 0,041 1,31 0,069 1,36 0,062 

p  05,0p  05,0p  

4SM  1,42 0,071 1,72 0,81 2,03 0,091 2,68 0,12 2,79 0,13 

p  0,27 0,012 0,36 0,016 

,T  hours 24 30 36 42 48 

1SM  0.06 0,003 0,04 0,002 0,02 0,001 0,03 0,002 0,02 0,001 

p
 05,0p  

2SM  0,08 0,005 0,055 0,003 0,03 0,002 0,04 0,002 0,03 0,002 

p  05,0p  

3SM  1,44 0,078 1,55 0,082 1,64 0,083 1,73 0,091 1,68 0,085 

p  05,0p  

4SM  2,84 0,14 2,86 0,16 2,73 0,15 2,84 0,16 2,74 0,15 

p  05,0p  

 

The results are shown in table 3, for different times ago kidney damage was found: 

 almost all changes in the magnitude of the statistical moments of the 1st - 4th orders are statistically unreliable 

( 05,0p ); 

 in the time range with a limitation of up to 12 hours the statistical moments of the 3rd (dynamic range 0.61) and 

4th (dynamic range 1.24) orders characterizing the asymmetry and excess of distributions of the polarization 

ellipticity.  

In fig.  4 shows maps of polarization ellipticity and coordinate distribution of fluctuations of its magnitude in the plane of 

large-scale (40x) microscopic images of histological sections of the kidney. 

 
Fig. 4. Maps ((1), (2), (3)) and coordinate distributions ((4), (5), (6)) the magnitude of the ellipticity of polarization of 
microscopic images (x40) of histological sections of the kidneys of the dead from the control group ((1 ), (4)), research 
groups with different damage durations (6 hours - (2), (5)) and (18 hours - (3), (6)). 
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Table  4. Temporal dynamics of changes in the statistical moments of the 1st - 4th orders characterizing the distribution of 
the magnitude of the PE of microscopic images (40x) of histological sections of the kidney 

,T  hours 2 4 6  12 18 

1SM  0,08 0,005 0,07 0,004 0,06 0,004 0,07 0,005 0,06 0,004 

p  05,0p  

2SM  0,09 0,004 0,06 0,003 0,05 0,003 0,04 0,002 0,05 0,003 

p   05,0p  05,0p  

3SM  0,97 0,043 1,31 0,063 1,64 0,071 2,27 0,105 2,93 1,42 

p  05,0p  

4SM  1,84 0,071 2,09 0,09 2,34 0,11 2,84 0,12 3,29 0,15 

p  05,0p  

,T  hours 24 30 36 42 48 

1SM  0.06 0,003 0,04 0,002 0,02 0,001 0,03 0,002 0,02 0,001 

p  05,0p  

2SM  0,05 0,003 0,055 0,003 0,03 0,002 0,04 0,002 0,03 0,002 

p  05,0p  

3SM  3,11 0,16 3,25 0,17 3,36 0,17 3,39 0,17 3,44 0,18 

p  05,0p  

4SM  3,38 0,14 3,49 0,16 3,31 0,16 3,39 0,16 3,14 0,15 

p  05,0p  

 

Quantitatively, the transformation of the statistical structure of polarization ellipticity maps in the form of temporal 

dynamics of changes in statistical moments of the 1st to 4th orders of magnitude characterizing the distribution of the 
magnitude of the PE of microscopic images (40x) of histological sections of the kidney is presented in table 4. 

The following diagnostic intervals and parameters for detecting kidney damage were established.: 

 18 hours - statistically significant ( 05,0p ) a change in the magnitude of the statistical moments of higher 

orders (asymmetries - the dynamic range of 1.45 and excess - the dynamic range of 1.96) of the distribution of 

the magnitude of the polarization ellipticity; 

 6 hours — linear and statistically significant ( 05,0p ) change (dynamic range 0.03) of the dispersion of the 

distribution of polarization ellipticity. 

3. TIME INTERVALS AND ACCURACY OF THE POLARIZATION MAPPING 

METHOD 

Table 5. Time intervals and accuracy of the polarization mapping method of  the maps of azimuth of polarization  

Brain 

Statistical moments Interval, hours Accuracy, min. 

Magnification 4х 40х 4х 40х 

Average _ _ _ 
_ 
 

Dispersion _ _ _ 
_ 
 

Asymmetry 12 18 60 55 

Excess 12 18 60 55 

Liver 

Statistical moments Interval, hours Accuracy, min. 

Magnification 4х 40х 4х 40х 

Average _ _ _ _ 
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Dispersion _ _ _ 
_ 
 

Asymmetry 12 18 70 60 

Excess 12 18 70 60 

Kidney 

Statistical moments Interval, hours Accuracy, min. 

Magnification 4х 40х 4х 40х 

Average _ _ _ 
_ 
 

Dispersion _ _ _ 
_ 
 

Asymmetry 12 18 65 60 

Excess 12 18 65 60 

 
Table 6. Time intervals and accuracy of the method of polarization mapping of maps of polarization ellipticity 

Brain 

Statistical moments Interval, hours Accuracy, min. 

Magnification 4х 40х 4х 40х 

Average _ _ _ _ 
 

Dispersion _ _ _ _ 
 
 

Asymmetry 12 18 70 60 

Excess, 12 18 70 60 

Liver 

Statistical moments Interval, hours Accuracy, min. 

Magnification 4х 40х 4х 40х 

Average _ _ _ _ 
 

Dispersion _ _ _ _ 
 

Asymmetry 12 18 80 70 

Excess 12 18 80 70 

Kidney 

Statistical moments Interval, hours Accuracy, min. 

Magnification 4х 40х 4х 40х 

Average _ _ _ _ 
 

Dispersion _ _ _ _ 
 

Asymmetry 12 18 75 65 

Excess 12 18 75 65 

CONCLUSIONS 

1. The azimuthally invariant polarization techniques of digital histology of samples of human internal organs 

(kidney) with different damage durations of 1 hour up to 120 hours was experimentally tested. 

2. The scenarios of changing the statistical structure of the azimuth and polarization ellipticity maps of 

microscopic images of histological sections of the internal organs of a person are determined - with an 

increase in the duration of the damage, the average and dispersion decrease, the asymmetry and excess 

increase. 

3. The following ranges of linear change in the variation of the magnitude of statistical indicators of polarizing 

digital histology and the accuracy of determining the duration of damage: 

3.1. Maps of azimuth of polarization of microscopic images with a magnification of 4x: 
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 asymmetry – 12 hours; 

 excess – 12 hours 

 accuracy 60 min. – 70 min. 

3.2. Maps of azimuth  of  polarization  of microscopic images with a magnification of  40x: 

 asymmetry – 12 hours; 

 excess – 12 hours 
 accuracy – 55 min. – 60 min. 

3.3. Maps of ellipticity of polarization of microscopic images with a magnification of 4x: 

 asymmetry – from 12 hours; 

 excess – 12 hours 

 accuracy - 70 min. – 80 min. 

3.4. Maps of ellipticity of polarization of microscopic images with a magnification of 40х: 

 asymmetry – 12 hours; 

 excess – 12 hours 

 accuracy – 65 min. – 75 min. 

 

 

REFERENCES 

 
[1]. Wang X. Propagation of polarized light in birefringent turbid media: a Monte Carlo study / X. Wang, L.-H. Wang // J. Biomed. Opt. – 2002. – Vol. 7. – P. 

279-290. 

[2]. Tuchin V. V. Handbook of optical biomedical diagnostics / V. V. Tuchin. – Bellingham : SPIE Press, 2002. – 1110 p. 

[3]. Yao G. Two-dimensional depth-resolved Mueller matrix characterization of biological tissue by optical coherence tomography / G. Yao, L. V. Wang // Opt. 
Lett. – 1999. – V. 24. – P. 537-539. 

[4]. Tower T. T. Alignment Maps of Tissues: I. Microscopic Elliptical Polarimetry / T. T. Tower, R. T. Tranquillo // Biophys. J. – 2001. – Vol. 81. – P. 2954-
2963. 

[5]. Lu S. Interpretation of Mueller matrices based on polar decomposition / S. Lu, R. A. Chipman // J. Opt. Soc. Am. A. –1996. – Vol. 13. – P.1106-1113. 

[6]. Ghosh Nirmalya. Techniques for fast and sensitive measurements of two-dimensional birefringence distributions / Nirmalya Ghosh, I. Alex Vitkin // Journal 
of Biomedical Optics. – 2011. – № 16(11). – P. 110801. 
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