SpringerBriefs in Applied Sciences and Technology

Lilia Trifonyuk - Iryna V. Soltys -
Alexander G. Ushenko - Yuriy A. Ushenko -
Alexander V. Dubolazov - Jun Zheng

Optical Anisotropy
of Biological
Polycrystalline
Networks
Vector-Parametric
Diagnostics

@ Springer



SpringerBriefs in Applied Sciences
and Technology



SpringerBriefs present concise summaries of cutting-edge research and practical

applications across a wide spectrum of fields. Featuring compact volumes of 50 to

125 pages, the series covers a range of content from professional to academic.
Typical publications can be:

e A timely report of state-of-the art methods

An introduction to or a manual for the application of mathematical or computer
techniques

A bridge between new research results, as published in journal articles

A snapshot of a hot or emerging topic

An in-depth case study

A presentation of core concepts that students must understand in order to make
independent contributions

SpringerBriefs are characterized by fast, global electronic dissemination, standard
publishing contracts, standardized manuscript preparation and formatting guidelines,
and expedited production schedules.

On the one hand, SpringerBriefs in Applied Sciences and Technology are
devoted to the publication of fundamentals and applications within the different
classical engineering disciplines as well as in interdisciplinary fields that recently
emerged between these areas. On the other hand, as the boundary separating funda-
mental research and applied technology is more and more dissolving, this series
is particularly open to trans-disciplinary topics between fundamental science and
engineering.

Indexed by EI-Compendex, SCOPUS and Springerlink.



Lilia Trifonyuk - Iryna V. Soltys -
Alexander G. Ushenko - Yuriy A. Ushenko -
Alexander V. Dubolazov - Jun Zheng

Optical Anisotropy
of Biological Polycrystalline
Networks

Vector-Parametric Diagnostics

@ Springer



Lilia Trifonyuk

Rivne Regional Hospital

Rivne Oncological Center, Institute

of Health University of Water Management
and Environmental Engineering

Rivne, Ukraine

Alexander G. Ushenko

Department of Optics and Publishing
Chernivtsi National University
Chernivtsi, Ukraine

Alexander V. Dubolazov

Iryna V. Soltys

Department of Optics and Publishing
Chernivtsi National University
Chernivtsi, Ukraine

Yuriy A. Ushenko

Computer Science Department
Chernivtsi National University
Chernivtsi, Ukraine

Jun Zheng
Research Institute of Zhejiang University
Taizhou, China

Department of Optics and Publishing
Chernivtsi National University
Chernivtsi, Ukraine

ISSN 2191-530X ISSN 2191-5318 (electronic)
SpringerBriefs in Applied Sciences and Technology

ISBN 978-981-99-1086-1 ISBN 978-981-99-1087-8 (eBook)
https://doi.org/10.1007/978-981-99-1087-8

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2023

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse
of illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar
or dissimilar methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors, and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or
the editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Singapore Pte Ltd.
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721,
Singapore


https://doi.org/10.1007/978-981-99-1087-8

Acknowledgments

This work received funding from: National Research Foundation of Ukraine, Grant
2020.02/0061 and Scholarship of the Supreme Council for Young Scientists—
Doctors of Sciences.



Introduction

Relevance of the Topic. Biological tissues are structurally heterogeneous media
that can absorb optical radiation [1-10]. In order to describe the interaction of laser
radiation with such complex systems, it is necessary to use an approach that uses
the formalism of Mueller matrices and of information analysis [11, 14-16, 22-26,
30-42, 44, 49-51, 53, 54]. Currently, biological and medical research uses many
practical methods based on the measurement and analysis of Mueller matrices of
prototypes. In recent years, biomedical optics has formed an independent direction—
laser polarimetry [12—14]. Within the framework of this research area, it was possible
to establish the relationship between the coordinate distributions of the values of the
matrix elements (Mueller-matrix images) and the corresponding distributions of the
values of the birefringence of polycrystalline networks of optically thin layers of
human biological tissues. On this basis, changes in the optically anisotropic struc-
ture of biological tissues (skin dermis, epithelial tissue, etc.) are differentiated, which
are caused by oncological conditions of human organs [17-20, 27-29, 31, 36, 38, 39,
43-48, 50, 57]. At the same time, laser polarimetry methods require further devel-
opment and deepening. First, not all elements of the Mueller matrix are convenient
for characterizing biological samples. The reason for this is the azimuthal depen-
dence of the majority of the matrix elements—in general, 12 out of 16 elements
change as the sample rotates around the sounding axis [21, 22]. In addition, there
are a number of azimuthally independent combinations of elements of the Mueller
matrix or Mueller-matrix invariants (MMIs). Secondly, the mechanisms of optical
anisotropy of biological layers are not limited to manifestations of birefringence of
spatially structured fibrillar networks. Actual on the way to expanding the arsenal
of diagnostic techniques is to take into account the influence of the mechanisms of
amplitude anisotropy—Ilinear and circular dichroism [6, 8, 10]. Thirdly, there is a
wide range of optically anisotropic biological objects for which laser polarimetry
methods are not yet widely used. Such objects include biological fluids (blood and
its plasma, urine, bile, saliva, etc.), which are easily accessible and do not require
for obtain a sample of a traumatic operation biopsy. Fourth, the manifestations of
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these mechanisms of optical anisotropy manifest themselves differently on different
scales of the geometric dimensions of polycrystalline structures of biological layers
[52-57].

Consequently, the relevance of the monograph is due to the need to develop new,
information-complete and experimentally reproducible approaches to the analysis
of optical anisotropy of biological tissues and fluids, to search for new azimuthally
independent methods of Stokes polarimetry using algorithms of polarization recon-
struction and of spatial-frequency filtering of object fields, which allows us to sepa-
rate the manifestations of different mechanisms of phase and amplitude anisotropy
of multiscale polycrystalline networks of biological layers in the development of
objective criteria for assessing the degree of pathology and differentiation of the
research samples.

The purpose of the monograph is to develop new azimuthally independent
methods of Stokes polarimetry and Mueller-matrix reconstruction of the distribu-
tions of optical anisotropy parameters using spatial-frequency filtering of phase
(linear and circular birefringence) and amplitude (linear and circular dichroism)
anisotropy to diagnose changes in the orientation-phase structure of fibrillar networks
of histological sections of biological tissues and polycrystalline films of biological
fluids.

V. A. Ushenko
Iryna V. Soltys

References

1. L.V. Wang, H.-I. Wu, Biomedical Optics: Principles and Imaging (Wiley-Interscience,
Hoboken, New Jersey 2007)

2. D. Boas, C. Pitris, N. Ramanujam, (eds.), Handbook of Biomedical Optics (CRC Press, Boca
Raton, London, New York 2011)

3. T. Vo-Dinh (ed.), Biomedical Photonics Handbook, 2nd edn. (CRC Press, Boca Raton 2014)

4. V.V. Tuchin, Tissue Optics: Light Scattering Methods and Instruments for Medical Diagnos-
tics, vol. PM 254, 3rd edn., (SPIE Press, Bellingham, Washington 2015)

5.V V. Tuchin, Light scattering study of tissues. Phys. Usp. 40(5), 495-515 (1997)

6. V. Backman et al., Polarized light scattering spectroscopy for quantitative measurement of
epithelial cellular structures in situ. IEEE J. Sel. Top. Quantum Electron. 5, 1019-1026 (1999)

7. S.L. Jacques, R.J. Roman, K. Lee, Imaging superficial tissues with polarized light. Lasers
Surg. Med. 26, 119-129 (2000)

8. L.V. Wang, G.L. Coté, S.L. Jacques, Special section guest editorial: Tissue polarimetry. J.
Biomed. Opt.7, 278 (2002)

9. S.L. Jacques, J.C. Ramella-Roman, K. Lee, Imaging skin pathology with polarized light. J.
Biomed. Opt. 7(3), 329-340 (2002)

10. V. Shankaran, J.T. Walsh, Jr., D.J. Maitland, Comparative study of polarized light propagation
in biological tissues. J. Biomed. Opt. 7(3), 300-306 (2002)

11.  A. Vitkin, N. Ghosh, A. de Martino, Tissue polarimetry, in Photonics: Scientific Foundations,
Technology and Applications, ed. by D.L. Andrews, vol. IV, pp. 239-321 (Wiley, Hoboken,
New Jersey 2015)



Introduction ix

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

N. Kollias, Polarized light photography of human skin, in Bioengineering of the Skin: Skin
Surface Imaging and Analysis, eds. by K.-P. Wilhelm et al. pp. 95-106 (CRC Press, Boca
Raton 1997)

Kakelli Anil Kumar, Aena Verma, Hritish Kumar, Smart contract obfuscation technique to
enhance code security and prevent code reusability. Int. J. Math. Sci. Comput. (IJIMSC) 8(3),
30-36 (2022). https://doi.org/10.5815/ijmsc.2022.03.03

S. Jiao, G. Yao, L.-H.V. Wang, Depth-resolved two-dimensional Stokes vectors of backscat-
tered light and Mueller matrices of biological tissue measured by optical coherence
tomography. Appl. Opt. 39, 6318-6324 (2000)

X. Wang, L.V. Wang, Propagation of polarized light in birefringent turbid media: Time-
resolved simulations, Opt. Express 9(5), 254-259 (2001)

D.A. Zimnyakov et al., Residual polarization of non-coherently backscattered linearly polar-
ized light: The influence of the anisotropy parameter of the scattering medium. Waves Random
Media 11, 395-412 (2001)

L.A. Vitkin, R.C.N. Studinski, Polarization preservation in diffusive scattering from in vivo
turbid biological media: effects of tissue optical absorption in the exact backscattering
direction. Opt. Commun. 190, 37-43 (2001)

A. Pierangelo et al., Multispectral mueller polarimetric imaging detecting residual cancer
and cancer regression after neoadjuvant treatment for colorectal carcinomas. J. Biomed. Opt.
18(4), 046014 (2013)

E. Du et al., Mueller matrix polarimetry for differentiating characteristic features of cancerous
tissues. J. Biomed. Opt. 19(7), 076013 (2014)

A. Doronin, C. Macdonald, I. Meglinski, Propagation of coherent polarized light in highly
scattering turbid media. J. Biomed. Opt. 19(2), 025005 (2014)

B. Kunnen et al., Application of circularly polarized light for non-invasive diagnosis of
cancerous tissues and turbid tissue-like scattering media. J. Biophotonics 8(4), 317-323 (2015)
1. Tereikovskyi, Z. Hu, D. Chernyshev, L. Tereikovska, O. Korystin, O. Tereikovskyi, The
Method of Semantic Image Segmentation Using Neural Networks. Int. J. Image Graph. Sign.
Proces. (IJIGSP) 14(6), 1-14 (2022). https://doi.org/10.5815/ijigsp.2022.06.01

K. O. Hajari, U. H. Gawande, Y. Golhar, Motion pattern based anomalous pedestrian activity
detection. Int. J. Image Graph. Sign. Proces. (IJIGSP) 14(6), 15-25 (2022). https://doi.org/10.
5815/ijigsp.2022.06.02

M. Zaliskyi, O. Shcherbyna, L. Tereshchenko, A. Osipchuk, O. Zharova, Shadow image
processing of x-ray screening system for aviation security. Int. J. Image Graph. Sign. Proces.
(IJIGSP) 14(6), 2646 (2022). https://doi.org/10.5815/ijigsp.2022.06.03Y

Kamai, T. Ushiki, The three-dimensional organization of collagen fibrils in the human cornea
and sclera. Invest. Ophthalmol. Vis. Sci. 32, 2244-2258 (1991)

R.A. Farrell, D.E. Freund, R.L. McCally, Research on corneal structure. Johns Hopkins APL
Tech. Dig. 11, 191-199 (1990)

R.A. Farrell, R.L. McCally, Corneal transparency in Principles and Practice of Ophthal-
mology, D.A. Albert, F.A. Jakobiec, (eds.), pp. 629-643, (W.B. Saunders, Philadelphia,
Pennsylvania 2000)

A. Kumar, H.K.B. Indher, A. Gul, R. Nawaz, Analysis of risk factors for work-related muscu-
loskeletal disorders: A survey research. Int. J. Eng. Manuf. (IJEM), 12(6), 1-13 (2022). https://
doi.org/10.5815/ijem.2022.06.01

M.J. Rakovic et al., Light backscattering polarization patterns from turbid media: theory and
experiment. Appl. Opt. 38, 3399-3408 (1999)

X. Zhang, B. Peng, Z. Al-Huda, D. Zhai, FeatureGAN: combining GAN and autoencoder for
pavement crack image data augmentations. Int. J. Image Graph. Sign. Proces. (IJIGSP) 14(5),
28-43 (2022). https://doi.org/10.5815/ijigsp.2022.05.03

G. Bal, M. Moscoso, Theoretical and numerical analysis of polarization for time-dependent
radiative transfer equations. J. Quant. Spectrosc. Radiat. Transf. 70, 75-98 (2001)

S. Agrawal, S. Kumar, MLSMBQS: Design of a machine learning based split & merge
blockchain model for QoS-AWARE Secure [oT Deployments. Int. J. Image Graph. Sign.
Proces. (IJIGSP) 14(5), 58-71 (2022). https://doi.org/10.5815/ijigsp.2022.05.05


https://doi.org/10.5815/ijmsc.2022.03.03
https://doi.org/10.5815/ijigsp.2022.06.01
https://doi.org/10.5815/ijigsp.2022.06.02
https://doi.org/10.5815/ijigsp.2022.06.02
https://doi.org/10.5815/ijigsp.2022.06.03Y
https://doi.org/10.5815/ijem.2022.06.01
https://doi.org/10.5815/ijem.2022.06.01
https://doi.org/10.5815/ijigsp.2022.05.03
https://doi.org/10.5815/ijigsp.2022.05.05

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Introduction

Y. Deng et al., Characterization of backscattering Mueller matrix patterns of highly scattering
media with triple scattering assumption. Opt. Express 15(15), 9672-9680 (2007)

M.R. Antonelli et al., Mueller matrix imaging of human colon tissue for cancer diagnostics:
How Monte Carlo modeling can help in the interpretation of experimental data. Opt. Express
18(10), 10200-10208 (2010)

M.-R. Antonelli et al., Impact of model parameters on Monte Carlo simulations of backscat-
tering Mueller matrix images of colon tissue. Biomed. Opt. Express 2(7), 1836-1851
(2011)

N. Ghosh, M.E.G. Wood, I.A. Vitkin, Polarimetry in turbid, birefringent, optically active
media: a Monte Carlo study of Mueller matrix decomposition in the backscattering geometry.
J. Appl. Phys. 105(10), 102023 (2009)

A. Doronin, I. Meglinski, Peer-to-peer Monte Carlo simulation of photon migration in topical
applications of biomedical optics. J. Biomed. Opt. 17, 090504 (2012)

C.S. Tiwari, V.K. Jha, Enhancing security of medical image data in the cloud using machine
learning technique. Int. J. Image Graph. Sign. Proces. (IJIGSP) 14(4), 13-31 (2022). https://
doi.org/10.5815/ijigsp.2022.04.02

Y. Guo et al., Study on retardance due to well-ordered birefringent cylinders in anisotropic
scattering media. J. Biomed. Opt. 19(6), 065001 (2014)

Y. Guo et al., A study on forward scattering Mueller matrix decomposition in anisotropic
medium. Opt. Express 21(15), 18361-18370 (2013)

N. Riviere et al., Hyperspectral polarized light scattering to study tumor cells in in-vitro
samples. Proc. SPIE 8464, 846410 (2012)

A.L. Oldenburg et al., Motility-, autocorrelation-, and polarization sensitive optical coherence
tomography discriminates cells and gold nanorods within 3D tissue cultures. Opt. Lett. 38(15),
2923-2926 (2013)

M.W.P. Maduranga, D. Nandasena, Mobile-based skin disease diagnosis system using convo-
lutional neural networks (CNN). Int. J. Image Graph. Sign. Proces. (IJIGSP) 14(3), 47-57
(2022). https://doi.org/10.5815/ijigsp.2022.03.05

LL. Maksimova, S.N. Tatarintsev, L.P. Shubochkin, Multiple scattering effects in laser
diagnostics of bioobjects. Opt. Spectrosc. 72, 1171-1177 (1992)

V.V. Tuchin, Tissue optics and photonics: biological tissue structures [review]. J. Biomed.
Photonics Eng. 1(1), 3-21 (2015)

V.V. Tuchin, Tissue optics and photonics: light-tissue interaction [review]. J. Biomed.
Photonics Eng. 1(2), 98-134 (2015)

R.C. Thompson, J.R. Bottiger, E.S. Fry, Measurement of polarized light interactions via the
Mueller matrix. Appl. Opt. 19(8), 1323-1332 (1980)

Y. Tanaka et al., Motion-artifact-robust, polarization-resolved secondharmonic-generation
microscopy based on rapid polarization switching with electro-optic Pockells cell and its
application to in vivo visualization of collagen fiber orientation in human facial skin. Biomed.
Opt. Express 5(4), 1099-1113 (2014)

S. Fayou, H.C. Ngo, Y.W. Sek, Combining multi-feature regions for fine-grained image recog-
nition. Int. J. Image Graph. Sign. Proces. (IJIGSP) 14(1), 15-25 (2022). https://doi.org/10.
5815/ijigsp.2022.01.02

A.N. Korolevich, A.Y. Khairullina, L.P. Shubochkin, Effects of aggregation of large biological
particles on the scattering matrix elements. Opt. Spectrosc. 77(2), 278-282 (1994)

A.N. Korolevich, A.Y. Khairullina, L.P. Shubochkin, Scattering matrix for ‘soft’ particles.
Opt. Spectrosc. 68(2) 403—409 (1990)

A.G. Hoekstra, PM.A. Sloot, Biophysical and biomedical applications of nonspherical scat-
tering, in Light Scattering by Nonspherical Particles: Theory, Measurements, and Applica-
tions, M.I. Mishchenko, J.W. Hovenier, L.D. Travis, (eds.), pp. 585-602, (Academic Press,
San Diego 2000)

M.E.G. Wood et al., Polarization birefringence measurements for characterizing the
myocardium, including healthy, infracted, and stem cell regenerated tissues. J. Biomed. Opt.
15(4), 047009 (2010)


https://doi.org/10.5815/ijigsp.2022.04.02
https://doi.org/10.5815/ijigsp.2022.04.02
https://doi.org/10.5815/ijigsp.2022.03.05
https://doi.org/10.5815/ijigsp.2022.01.02
https://doi.org/10.5815/ijigsp.2022.01.02

