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ABSTRACT 
The optical model of polycrystalline networks of histological sections of rectum wall is suggested. The 

results of investigating the interrelation between the values of statistical (statistical moments of the 1st-4th 
order) parameters are presented. They characterize the coordinate distributions of the fourth parameter of 
Stokes vector of Fourier transforms of laser images of rectum wall histological sections and oncological 
changes. The diagnostic criteria of rectum cancer are determined. 
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 1. Introduction 

A new direction of optical physical diagnostics [1-8] – laser polarimetry of microscopic images of polycrystalline 
networks of biological tissues histological sections has been developed in recent years. This approach is focused on in 
vitro measurements of coordinate distributions of Stokes vector parameters of biological tissues laser images with further 
complex (statistical, correlation, fractal, singular, wavelet, etc.) analysis on the basis of the obtained data arrays [9-15]. 

Another diagnostic biomedical laser technique – polarizationally sensitive optical coherent tomography – also 
became widely spread [10]. It is based on measuring the parameters of Stokes vector in the remote (Fourier) diffraction 
zone of the field of scattered laser radiation. 

That is why the task of combining the information potentiality of the above mentioned techniques of optical 
diagnostics basing on the development of new methods of analysis and processing of polarizationally inhomogeneous 
images of biological tissues in the Fourier plane of scattered radiation field proves to be topical. 

This research is focused on the development of experimental technique of polarization investigation of coordinate 
distributions of Stokes vector parameters of the laser field in the Fourier plane for diagnostics and differentiation of the 
severity of pathological changes in rectum tissue biopsy. 

 
 2.Basic Analytical Relations  

It was determined for the fields of scattered laser radiation that polarization state in every point with ( mn, ) 
coordinates is formed by the mechanisms of statistical interference and is determined using the following relations 
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E

arctg=Θ  – the phase angle, δ  – phase shift between the orthogonal components yx EE ,  of laser radiation 

amplitude determined from relations 
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Here x0δ , x0δ  – phases of orthogonal components ( yx EE 00 , ) of the amplitude of the laser image probing 

polycrystalline network; ρ  ϕ  θ  θϕδδδ +=−= yx . 
Expressions (3) and (4) are “input” parameters for diffraction integrals determining further diffraction-

interferential process of evolution of amplitude-phase distributions of object field. 
For the case of finding the biological tissue layer in the focal plane of the objective the following can be written 
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Here f  – focus distance of the objective; λ  – wave length of laser radiation; mn,  and ∗∗ mn ,  – coordinates of 

the points in the image plane and Fourier plane respectively.  
Diffraction integrals (5) and (6) enable to determine the asymmetry degree of Fourier spectrum in two mutually 

transverse directions  
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where 
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Thus, taking into account relations (1)-(6) the following expressions for the Stokes vector parameters can be 

written 
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and asymmetry degree of ( )∗∗

= nmSk ,4;3;2;1  distributions can be determined та визначити ступень асиметрії (relations 
(7) – (12)). 

For objective (quantitative) estimation of distributions ( )∗∗
= nmSk ,4;3;2;1  the statistical, correlation and spectral 

approaches were used. 

 
      2.1. Statistical Approach  

Statistical moments of the first ( 1R ), second ( 2R ), third ( 3R ) and fourth ( 4R ) orders were calculated by the 
following algorithms 
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where 600800×=P  – total amount of pixels of CCD-camera recording the polarizationally-inhomogeneous object field 
in Fourier plane.  

 
      2.2 Correlation Approach 

One of the most well-known and effective approaches to the analysis of the coordinate structure of 
( )∗∗

= nmSk ,4;3;2;1  distributions consists in their autocorrelation comparison in two mutually transverse directions of 
CCD-camera plane using the next algorithms 
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Here ( )yx νν ΔΔ ,  are “steps”, with which spatial-frequency coordinates ( )yx νν ,  change.  

For two mutually transverse directions ∗∗ mn ,  in Fourier plane these parameters are determined as 
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In order to estimate the coordinate homogeneities or, vice versa, heterogeneities (asymmetry) of Fourier images of 
( )∗∗

= nmSk ,4;3;2;1  distributions the following algorithm of autocorrelation dependencies (15) and (16) processing were 
used 
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where 4;3;2;1R  are statistical moments of the 1st-4th orders (relations (14)) of values distributions of autocorrelation 
dependencies ( )xνΔΚ  and ( )yνΔΚ .  

Further, the set of values 4;3;2;1=kdQ  (relation (17)) will be called “cross-correlation” moments of the 1st-4th 
orders.  

 
      2.3 Spectral Approach 

Statistical analysis of power spectra ( )( )νΔΚW  of the Stokes vector parameters ( )∗∗
= nmSk ,4;3;2;1  distribution 

consists in the following procedure: 
- power spectra ( )( )νΔΚW  for two mutually transverse directions were calculated  
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- Log - log dependencies of power spectra )log(log ν−W  were calculated; 
- for dependencies )log(log ν−W  the ensemble of statistical moments of the 1st-4th orders was determined 
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Hereinafter the set 4;3;2;1=kdF  (relation (14)) will be called “cross-spectral” moments of the 1st-4th orders.  
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3. Optical Realization of Fourier Transform of Polarizationally Inhomogeneous Laser Fields 
 
Histological sections of biological tissues samples were located in the focal plane of microobjective (focal 

distance mf μ450= , magnification 4Х) were projected onto the plane of light sensitive plate (800x600 pixels) of CCD-
camera ( pixpixnmP 800600 ×=×= ), which was placed at focal distance to assure the measurement range of structural 
elements of Fourier spectrum of biological tissues image for further geometrical sizes 2 μm – 2000 μm. 

The analysis of polarization structure of Fourier spectra of the images of biological tissues histological sections 
was performed by means of polarizer and quarter-wave plate. 

The technique of measuring Stokes vector kS  parameters is described in detail in [10 - 14] and corresponds to the 
following algorithm 
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Here 13545900 ,,, IIII  are intensities of plane-polarized components with azimuths 

0000 135,45,90,0 ; ⊕⊗ II ,  are counterclockwise (⊗ ) and clockwise (⊕ ) circularly polarized components of 
laser radiation.  
 

4. Diagnostic Potentiality of Fourier Stokes Polarimetry of Laser Fields of Biological Tissues Histological 
Sections in vitro 

Histological sections of rectum wall biopsy with benign (group of samples 1-9) and malignant (group of samples 
2-10) were used as objects of investigation. 

This research is confined to the analysis of distributions structure of the 4th Stokes vector parameter most vividly 
characterizing the changes in optical anisotropy of polycrystalline biological networks. 

The coordinate (left parts) and probability (right parts) distributions of the values of the 4th Stokes vector 
parameter of optically realized Fourier spectrum of laser radiation scattered by histological sections of rectum wall 
biopsy of group 2 (Fig. 1) and group 2 (Fig. 2) are presented in Fig. 1 and Fig. 2. 

 
 
Figure 2. Coordinate structure and histogram of values distribution of the 4th parameter of Stokes vector scattered by 

histological section of group 1 in Fourier plane. 
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Figure 2. Coordinate structure and histogram of values distribution of the 4th parameter of Stokes vector scattered by 

histological section of group 2 in Fourier plane. 
 
The obtained data show that the value of the 4th Stokes vector parameter in different points of Fourier spectrum of 

the field of scattered laser radiation irrespective of the type of pathological changes of rectum tissue undergoes maximal 
theoretically possible range of changes 0,10,1 4 +≤≤− S . This fact indicates the wide experimentally realized change 

range ( 00 180,0 ≤≤ θϕ ) of phase shifts between orthogonal amplitude components of the laser beam transformed by 
optically anisotropic network of rectum wall tissue. 

The main peculiarity of probability distributions ( )nmS ×4  consists in the asymmetric structure of corresponding 
histograms. This feature is connected with a large number of maximal phase shifts ( minmax, 4 →⇔→ Sθϕ ) due to 
interferential mechanism (the change of phase shifts between the orthogonal amplitude components) of forming phase-
inhomogeneous structure of laser radiation field in Fourier plane. 

The results of the 1st-4th order moments calculation (relation (14)) characterizing the coordinate distributions 
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 (relation (21)) in Fourier plane of the field of laser radiation transformed by histological 

sections of rectum wall with benign (group 1) and malignant (group 2) tumors are presented in Table 1. 
 
Table 1. Statistical moments of the 1st-4th orders of Fourier spectrum 4S  
 

Parameters Benign changes Malignant changes 

1R  0,28± 0,0012 0,07± 0,021 

2R  0,11± 0,008 0,39± 0,014 

3R  1,14± 0,009 0,59± 0,016 

4R  2,47± 0,017 0,79± 0,027 
It was determined that the difference between the statistical parameters 4;3;2;1=jR  for both groups of histological 

sections amounts to: mean 1R  – 4 times; dispersion 2R  – 3.8 times; asymmetry 3R  – 1.9 times; excess 4R  – 3.1 times. 
On the basis of this the following parameters of sensitivity and specificity in differentiation of benign and malignant 
changes of rectum wall: 
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Group 1 ( 9=q ) 
State Benign changes Malignant changes 

Parameters 7=b  2=d  
 
Group 2 ( 10=q ) 

State Benign changes Malignant changes 
Parameters 3=c  6=a  

 
Thus, sensitivity Se  and specificity Sp  equal to: ( ) ( ) %.77%;78 42 == dQSpdQSe  
 
 
 
5. Conclusions 
1. The complex technique of estimating polarizationally inhomogeneous field of scattered laser radiation in 

Fourier plane is suggested. It is based on determination of values and range of changes of statistical moments of the 1st-
4th orders, characterizing the probability, coordinate and spatial-frequency structure of Stokes vector parameters 
coordinate distributions. 

2. The ensemble of diagnostically urgent statistical (statistical moments of the 1st-4th orders), parameters of 
coordinate distributions of the 4th Stokes vector parameter of Fourier image of polarizationally inhomogeneous image of 
optically anisotropic component of histological sections of stomach wall tissue is determined. By means of these 
parameters differentiation of benign and malignant tumor with high sensitivity and specificity levels is realized for the 
first time. 
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