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Abstract: At the current moment, all developed polarization methods utilize "single-point" statistical analysis 
algorithms for laser fields. A relevant task is to generalize traditional techniques by incorporating new correlation-based 
"two-point" algorithms for the analysis of polarization images. Theoretical foundations of the mutual and 
autocorrelation processing of phase maps of polarization-structural images of samples of dehydrated serum films are 
given. The maps of a new polarization-correlation parameters, namely complex degree of coherence (CDC) and 
complex degree of mutual polarization (CDMP) of soft matter layer boundary field by the example of dehydrated serum 
film samples are investigated. Two groups of representative samples, uterine myoma patients (control group 1) and 
patients with external genital endometriosis (study group 2), were considered. We applied a complex algorithm of 
analytical data processing - statistical (1stand 4th central statistical moments), correlation (Gram-Charlie expansion 
coefficients of autocorrelation functions) and fractal (fractal dimensions) parameters of polarization-correlation 
parameters maps. Objective markers for diagnosing extragenital endometriosis were found. 
 
Index Terms: Laser, Polarization, Blood plasma, Birefringence, Statistics, Correlation, Fractal Analysis. 
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1.  Introduction 

Scattering processes of optical radiation by optically inhomogeneous biological objects and media are typically 
considered in a statistical approach. The main informational parameters in such studies are spatial and temporal changes 
in intensity, as well as polarization states of electromagnetic waves. This has led to the development of the well-known 
field of scattering optics - Stokes polarimetry. In parallel, other methods of investigating such structures have emerged, 
which utilize laser polarized radiation as a probe. The coherence of laser beams necessitated the development of 
approaches to the analysis of scattered radiation fields that are distinct from statistical methods. Over the last 15-20 
years, new directions in the study of scattered polarized coherent radiation have been formed, including fractal optics 
and singular optics, which employ topological and scale-invariant approaches. Based on these approaches, correlations 
between sets of statistical moments of the 1st to 4th order, autocorrelation functions, fractal dimensions, characterizing 
once-scattering optically anisotropic layers of biological tissues, and the polarization parameters of their laser images 
have been determined. On the other hand, for scattered coherent radiation, the consideration of the degree of correlation 
between orthogonal components of amplitude becomes crucial. This gives rise to a logical gap between the mechanisms 
of forming integral (statistical) and local (correlation) polarization characteristics of laser radiation fields transformed 
by optically anisotropic biological layers. 

2.  Brief Theory 

Among the diverse areas of optical detection of polycrystalline structure of biological objects, a significant place is 
occupied by the polarization methods [1-6]. Vector-parametric algorithms - matrix operator of object optical field 
coherence - are the theoretical basis of the mentioned methods [1, 2]. Such matrix operator characterizes the one-point 
correlation in each point (r) of the objective field of complex amplitude components 𝐸𝐸𝑥𝑥(𝑟𝑟),𝐸𝐸𝑦𝑦(𝑟𝑟) [3-6]. On their basis, 
methods of coordinate mapping of polarization structure of boundary field layers of biological tissues (BT) were 
developed. The results of this analysis made it possible to identify markers of the female reproductive organs of the 
structure was carried out [7-16].  

On the other hand, "single-point" methods of polarimetric imaging and statistical analysis of the obtained data are, 
to some extent, informationally limited. They do not provide any information about the topographic structure of the 
polarization images of biological layers, as well as their large-scale self-similarity. Moreover, alongside these methods, 
correlation and fractal analysis algorithms are practically unused for the objective assessment of such "unexplored" 
structures in laser images. A new stage in expanding the functional capabilities of traditional polarimetry methods was 
the correlation generalization of traditional polarimetry methods, called the "two-point" approach. The indicated method 
uses a correlation analytical approach - determination of the degree of agreement between polarization azimuths and 
ellipticities at (𝑟𝑟1 , 𝑟𝑟1 + 𝛥𝛥𝛥𝛥)) points of the phase-inhomogeneous optical field [17,18]. Quantitatively, such a correlation 
was characterized by the value of the modulus of the CDMP correlation parameter 𝑉𝑉(𝑟𝑟1 , 𝑟𝑟1 + 𝛥𝛥𝛥𝛥) [19]. A development 
of this method was using the CDC parameter [20-24], which characterizes the correlation coherence of the polarization 
manifestations of the optical-anisotropic BT structure and other computer assisted methods [25-27]. 

As a result, the sensitivity of polarization methods to subtle changes in the polycrystalline structure of biological 
layers has improved. On this basis the differential diagnosis of different prostate cancer stages has been realized.  

A disadvantage of these methods is the need for traumatic and not always safe biopsies of internal organ tissue. 
Polarization-correlation analysis of object fields of easily accessible biological objects - dehydrated films of human 
body fluids - may become an alternative to it. 

In our study, we explored the possibility of a comprehensive solution to the problem of expanding and clinically 
utilizing the functional capabilities of digital polarization correlometry in laser imaging of biological fluid films. This 
was achieved through the following: 

 
• Development of Analytical Jones Matrix Model: We devised an analytical Jones matrix model to describe the 

formation of polarization-correlation maps in polycrystalline networks of dehydrated films of peritoneal fluid. 
This model allows us to better understand the polarization properties of the biological sample. 

• Application of Algorithmic Complex: We applied a combination of algorithms to evaluate the statistical, 
correlation, and scale-invariant structures present in polarization-correlation maps. By doing so, we could 
identify digital criteria (markers) indicating changes in the optical anisotropy of dehydrated films of peritoneal 
fluid networks. 

• Clinical Validation: We clinically validated the developed methodology to facilitate early (pre-clinical) 
differential diagnosis of severe and prevalent pathologies, particularly endometriosis. By utilizing our 
approach, we aim to provide accurate and efficient diagnostic tools for detecting this condition. 
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3.  Research Methodology 

The research methodology comprises a series of sequential and complementary analytical steps. At the initial stage, 
the aim is to analytically determine and physically justify a set of diagnostically relevant relationships between the 
magnitude of the CDC (polarization-correlation parameter) and the optical anisotropy of polycrystalline structures in 
dehydrated films of peritoneal fluid. To achieve this, a Jones matrix description of the optical anisotropy of the 
polycrystalline structure in dehydrated peritoneal fluid films is proposed. 

Based on the derived analytical relationships, an experimental measurement technique for obtaining spatial 
distributions of the CDC magnitude (polarization-correlation maps) is developed using a conventional imaging Stokes 
polarimeter setup. 

For a representative selection of measured polarization-correlation maps, statistical, correlation, and fractal 
parameters are calculated. By analyzing these parameters, the most sensitive markers for changes in the polycrystalline 
structure of dehydrated peritoneal fluid films are identified. 

4.  Model Views  

The analysis of the phase structure of the laser radiation field converted by blood plasma is based on the following 
model [1 - 15]: 

 
• blood serum is considered as a two-component isotropic-anisotropic structure; 
• the optical-anisotropic component is a fraction consisting of optically uniaxial birefringent crystals of the 

amino acids’ albumin and globulin. 
• phase properties of such biological crystals are characterized by the Jones matrix 

 
{𝑄𝑄} = �

𝑞𝑞11 𝑞𝑞12
𝑞𝑞21 𝑞𝑞22�,                                                                                  (1) 

 
where 

 

𝑞𝑞𝑖𝑖𝑖𝑖(𝑟𝑟,𝛾𝛾, 𝜀𝜀) = �
𝑞𝑞11 = 𝑐𝑐𝑐𝑐𝑐𝑐2 𝛾𝛾 (𝑟𝑟) + 𝑠𝑠𝑠𝑠𝑠𝑠2 𝛾𝛾 (𝑟𝑟) 𝑒𝑒𝑒𝑒𝑒𝑒�−𝑖𝑖𝜀𝜀(𝑟𝑟)� ;
𝑞𝑞12 = 𝑞𝑞21 = 𝑐𝑐𝑐𝑐𝑐𝑐 𝛾𝛾 (𝑟𝑟) 𝑠𝑠𝑠𝑠𝑠𝑠 𝛾𝛾 (𝑟𝑟)�1− 𝑒𝑒𝑒𝑒𝑒𝑒�−𝑖𝑖𝜀𝜀(𝑟𝑟)��;
𝑞𝑞22 = 𝑠𝑠𝑠𝑠𝑠𝑠2 𝛾𝛾 (𝑟𝑟) + 𝑐𝑐𝑐𝑐𝑐𝑐2 𝛾𝛾 (𝑟𝑟) 𝑒𝑒𝑒𝑒𝑒𝑒�−𝑖𝑖𝜀𝜀(𝑟𝑟)� .

                                          (2) 

 
Here 𝛾𝛾  – optical axis direction; 𝜀𝜀 = 2𝜋𝜋

𝜆𝜆� 𝛥𝛥𝛥𝛥𝛥𝛥  – phase shift between orthogonal amplitude components; 𝜆𝜆  – 
wavelength; 𝑧𝑧– geometric path; 𝛥𝛥𝛥𝛥 - birefringence index.  

The correlation "two-point" technique for studying the polycrystalline structure of dehydrated serum films uses the 
following algorithm - the complex degree of coherence (CDC) 

 
𝐾𝐾𝑜𝑜𝑜𝑜𝑜𝑜(𝑟𝑟1,r2) = 𝑄𝑄⋄(𝑟𝑟1) ⋅ 𝐾𝐾𝑖𝑖𝑖𝑖(𝑟𝑟1 ,r2) ⋅ 𝑄𝑄(𝑟𝑟2).                                                            (3) 

 
Here 𝐾𝐾(𝑟𝑟1,r2) – amplitude matrix operator 
 

𝐾𝐾(𝑟𝑟1,r2) = �
𝑈𝑈𝑥𝑥∗(𝑟𝑟1)𝑈𝑈𝑥𝑥(𝑟𝑟2) 𝑈𝑈𝑥𝑥∗(𝑟𝑟1)𝑈𝑈𝑦𝑦(𝑟𝑟2)
𝑈𝑈𝑦𝑦∗(𝑟𝑟1)𝐸𝐸𝑥𝑥(𝑟𝑟2) 𝑈𝑈𝑦𝑦∗(𝑟𝑟1)𝐸𝐸𝑦𝑦(𝑟𝑟2)�,                                                         (4) 

 
where 𝐾𝐾⋄(𝑟𝑟1 ,r2) − Hermitian conjugate matrix to 𝐾𝐾(𝑟𝑟1 ,r2); 𝑇𝑇𝑇𝑇 - matrix spur. 

Let us apply this algorithm to the analysis of the conversion of optical radiation by a birefringent layer. 
 

𝐾𝐾𝑜𝑜𝑜𝑜𝑜𝑜(𝑟𝑟1,r2) = 𝑄𝑄⋄(𝑟𝑟1) ⋅ 𝐾𝐾𝑖𝑖𝑖𝑖(𝑟𝑟1 ,r2) ⋅ 𝑄𝑄(𝑟𝑟2).                                                           (5) 
 

Here 𝑄𝑄(𝑟𝑟1) and 𝑄𝑄(𝑟𝑟2) − the Jones matrix of a biological crystal at points 𝑟𝑟1  and 𝑟𝑟2; 𝐾𝐾𝑖𝑖𝑖𝑖(𝑥𝑥1,𝑥𝑥2) – amplitude matrix 
of the probing beam 

 

𝐾𝐾𝑖𝑖𝑖𝑖(𝑟𝑟1, 𝑟𝑟2) = �
𝑈𝑈𝑥𝑥∗(𝑟𝑟1)𝐸𝐸𝑥𝑥(𝑟𝑟2) 𝑈𝑈𝑥𝑥∗(𝑟𝑟1)𝐸𝐸𝑦𝑦(𝑟𝑟2)
𝑈𝑈𝑦𝑦∗(𝑟𝑟1)𝐸𝐸𝑥𝑥(𝑟𝑟2) 𝑈𝑈𝑦𝑦∗(𝑟𝑟1)𝐸𝐸𝑦𝑦(𝑟𝑟2)�.                                                       (6) 

 
Taking into account (1) – (6) expressions 𝜇𝜇(𝑟𝑟1, 𝑟𝑟2) (1) − (6), the expression takes the following form 
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𝜇𝜇(𝑟𝑟1 , 𝑟𝑟2) = � 1
(𝑎𝑎+𝑖𝑖𝑖𝑖)(𝑐𝑐𝑐𝑐𝑐𝑐2 𝛥𝛥𝛾𝛾12+𝑠𝑠𝑠𝑠𝑠𝑠2 𝛥𝛥𝛾𝛾12 𝑒𝑒𝑒𝑒𝑒𝑒(−𝑖𝑖⋅2𝛥𝛥𝜀𝜀12))

.                                                   (7) 

 
Here 𝛥𝛥𝛾𝛾12 = 𝛾𝛾(𝑟𝑟1) − 𝛾𝛾(𝑟𝑟2), 𝛥𝛥𝜀𝜀12 = 𝜀𝜀(𝑟𝑟1)− 𝜀𝜀(𝑟𝑟2), 𝑎𝑎 + 𝑖𝑖𝑖𝑖 – proportionality factor. 
In the future we will restrict ourselves to taking into account the CDC module 
 

|𝜇𝜇(𝑟𝑟1, 𝑟𝑟2)| = 0,5(1 + 𝑐𝑐𝑐𝑐𝑐𝑐 2𝛥𝛥𝜀𝜀12)−1
 
.                                                           (8) 

 
Thus, to determine the magnitude of the CDC modulus, it is necessary to obtained data of phase (𝜀𝜀(𝑟𝑟1) − 𝜀𝜀(𝑟𝑟2)) 

and amplitude modulation (𝑈𝑈𝑥𝑥(𝑟𝑟1),𝑈𝑈𝑦𝑦(𝑟𝑟1) and 𝑈𝑈𝑥𝑥(𝑟𝑟2),𝑈𝑈𝑦𝑦(𝑟𝑟2)) at points with coordinates 𝑟𝑟1, 𝑟𝑟2 . 
To this end, the following algorithmic scheme is used - the dehydrated serum film is placed in the optical 

arrangement of phase imaging - phase-shift polarizers ({𝐹𝐹1}, {𝐹𝐹2})  and linear polarizers ({𝐿𝐿1}, {𝐿𝐿2}), the transmission 
planes of which form angles with the directions of the axes of the highest velocity angles +45º and - 45º.  

Algorithmically, the phase imaging scenario describes the equation 
 

𝑈𝑈(𝑟𝑟) = 0,25{𝐿𝐿2}{𝐹𝐹2}{𝑄𝑄(𝑟𝑟)}{𝐹𝐹1}{𝐿𝐿1}𝑈𝑈0.                                                        (9) 
 

Here 
 

⎩
⎨

⎧𝑈𝑈0 = �
𝑈𝑈0𝑥𝑥
𝑈𝑈0𝑦𝑦 𝑒𝑒𝑒𝑒𝑒𝑒(−𝑖𝑖𝜀𝜀0)� , 𝑈𝑈(𝑟𝑟) = �

𝑈𝑈(𝑟𝑟)
𝑈𝑈𝑦𝑦(𝑟𝑟) 𝑒𝑒𝑒𝑒𝑒𝑒�−𝑖𝑖𝜀𝜀(𝑟𝑟)��,

{𝐿𝐿1} = �1 1
1 1� , {𝐿𝐿2} = � 1 −1

−1 1 � , {𝐹𝐹1} = �1 0
0 𝑖𝑖� , {𝐹𝐹2} = �𝑖𝑖 0

0 1� .
                    (10) 

 
The algorithm (10) takes a simpler form in the case of a plane-polarized (𝑈𝑈0 = �1

1�) illuminating an optically 
anisotropic layer 

 
𝑈𝑈(𝑟𝑟) = 0.25� 1 −1

−1 1 ��𝑖𝑖 0
0 1� × 

�𝑐𝑐𝑐𝑐𝑐𝑐
2 𝛾𝛾 (𝑟𝑟) + 𝑠𝑠𝑠𝑠𝑠𝑠2 𝛾𝛾 (𝑟𝑟) 𝑒𝑒𝑒𝑒𝑒𝑒[−𝑖𝑖𝜀𝜀(𝑟𝑟)] 𝑐𝑐𝑐𝑐𝑐𝑐 𝛾𝛾 (𝑟𝑟) 𝑠𝑠𝑠𝑠𝑠𝑠 𝛾𝛾 (𝑟𝑟){1− 𝑒𝑒𝑒𝑒𝑒𝑒[−𝑖𝑖𝜀𝜀(𝑟𝑟)]}

𝑐𝑐𝑐𝑐𝑐𝑐 𝛾𝛾 (𝑟𝑟)𝛾𝛾(𝑟𝑟){1 − 𝑒𝑒𝑒𝑒𝑒𝑒[−𝑖𝑖𝜀𝜀(𝑟𝑟)]} 𝑠𝑠𝑠𝑠𝑠𝑠2 𝛾𝛾 (𝑟𝑟) + 𝑐𝑐𝑐𝑐𝑐𝑐2 𝛾𝛾 (𝑟𝑟) 𝑒𝑒𝑒𝑒𝑒𝑒[−𝑖𝑖𝜀𝜀(𝑟𝑟)] � ××�1 0
0 𝑖𝑖� �

1 1
1 1��

1
1�.     (11) 

 
The final expression (11) turns out to be the following working ratio for experimental work 
 

𝐼𝐼𝜀𝜀(𝑟𝑟) = 𝑈𝑈(𝑟𝑟)𝑈𝑈(𝑟𝑟)∗ = 𝐼𝐼0 𝑠𝑠𝑠𝑠𝑠𝑠2 �
𝜀𝜀(𝑟𝑟)

2� �.                                                            (12) 
 

Here  ‒ intensity of the laser beam probing a sample of dehydrated blood serum. 
The result is a phase reconstruction algorithm  
 

𝜀𝜀(𝑟𝑟) = 2𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 �𝐼𝐼𝜀𝜀(𝑟𝑟).                                                                        (13) 
 

Based on relations (9) – (13), we obtain an expression for the algorithm for determining the CDC module of the 
object field of a dehydrated serum film at points 𝑟𝑟1 and 𝑟𝑟2 

 

|𝜇𝜇(𝑟𝑟1, 𝑟𝑟2)| = 0,5 �1 + 𝑐𝑐𝑐𝑐𝑐𝑐 2 �𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎�𝐼𝐼(𝑟𝑟1)− 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎�𝐼𝐼(𝑟𝑟2)��
−1

.
                                  

(14) 
 

The set of analytical relationships obtained, which describes the interconnections between the parameters of optical 
anisotropy of the polycrystalline film (equations (1), (2)), and the CDC module (equations (7), (8)), forms the 
foundation for the development of the experimental methodology (equations (12)-(14)) for measuring polarization-
correlation maps and the physical analysis of the acquired data. 

5.  Method of Experimental Measurement of Polarization-Correlation Parameter  

Optical scheme of polarization correlometry of the object field of dehydrated serum film at points 𝑟𝑟1  and 𝑟𝑟2  is 
shown on fig. 1 [3 - 6]. 

10 ≡I
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The CCD camera 10 measured a discrete two-dimensional (𝑚𝑚 × 𝑛𝑛)  intensity 𝐼𝐼𝜀𝜀(𝑚𝑚× 𝑛𝑛)  distribution. Further, 
according to (14), the coordinate distributions 𝜀𝜀(𝑚𝑚 × 𝑛𝑛) were calculated, which were scanned with a step 𝛥𝛥𝛥𝛥 = 1𝑝𝑝𝑝𝑝𝑝𝑝 

along the rows 

⎝

⎜
⎛

𝑟𝑟11 𝑟𝑟11 + 𝛥𝛥𝛥𝛥 . . . 𝑟𝑟1𝑚𝑚
↓ ↓
→ → → →
↓ ↓
𝑟𝑟𝑛𝑛1 𝑟𝑟𝑛𝑛1 + 𝛥𝛥𝛥𝛥 . . . 𝑟𝑟𝑛𝑛𝑛𝑛⎠

⎟
⎞

 of a two-dimensional array 𝜀𝜀 �
𝑟𝑟11 , . . . 𝑟𝑟1𝑚𝑚
. . . . . . . . . .
𝑟𝑟𝑛𝑛1 , . . . 𝑟𝑟𝑛𝑛𝑛𝑛

�. 

 

 
 

Fig. 1. Polarization correlometer: 1 - HeNe laser; 2 - optical collimator;3, 5, 8 - phase-shifting elements; 4, 9 - linear polarizer and analyzer; 6 - 
dehydrated serum film; 7 - polarizing micro-lens (magnification x4); 10 - digital CCD camera; 11 - computer data processing unit. 

For each pair of points (𝑟𝑟𝑖𝑖𝑖𝑖 , 𝑟𝑟𝑖𝑖𝑖𝑖 + 𝛥𝛥𝛥𝛥) of the polarization-filtered object field of dehydrated serum film, based on 
relation (15), the value of the CDC modulus 𝜇𝜇(𝑟𝑟𝑖𝑖𝑖𝑖 , 𝑟𝑟𝑖𝑖𝑖𝑖 + 𝛥𝛥𝛥𝛥) was determined  

As a result, a coordinate distribution 𝜇𝜇 �
(𝑟𝑟11; 𝑟𝑟11 + 𝛥𝛥𝛥𝛥) . . . (𝑟𝑟1𝑚𝑚−1, 𝑟𝑟1𝑚𝑚−1 + 𝛥𝛥𝛥𝛥)

. . . . . . . . .
(𝑟𝑟𝑛𝑛1, 𝑟𝑟𝑛𝑛1 + 𝛥𝛥𝛥𝛥) . . . (𝑟𝑟𝑛𝑛𝑛𝑛−1, 𝑟𝑟𝑛𝑛𝑛𝑛−1 + 𝛥𝛥𝛥𝛥)

� was obtained, which will be 

referred to as the correlation-phase map (CPM) of the a sample of dehydrated serum film from a microscopic image. 

6.  Analytical Approaches to Polarization-Correlation Data Processing 

We applied three methods for analytical treatment of two-dimensional arrays 𝜇𝜇(1 ÷ 𝑚𝑚; 1 ÷ 𝑛𝑛)  [20 - 28]. 
Statistical approach: 
 

𝑅𝑅1
𝜇𝜇 = 1

𝑀𝑀
∑ |𝜇𝜇𝑖𝑖|𝑀𝑀
𝑖𝑖=1 , 𝑅𝑅2

𝜇𝜇 = �1
𝑀𝑀
∑ 𝜇𝜇𝑖𝑖2𝑀𝑀
𝑖𝑖=1 , 𝑅𝑅3

𝜇𝜇 = 1

�𝑅𝑅2
𝜇𝜇�

3
1
𝑀𝑀
∑ 𝜇𝜇𝑖𝑖3𝑀𝑀
𝑖𝑖=1 , 𝑅𝑅4

𝜇𝜇 = 1

�𝑅𝑅2
𝜇𝜇�

2
1
𝑀𝑀
∑ 𝜇𝜇𝑖𝑖4𝑀𝑀
𝑖𝑖=1 .                     (15) 

 
Here  𝑅𝑅𝑗𝑗=1,2,3,4

𝜇𝜇  – central statistical moments that characterize the mean, variance, skewness and kurtosis of the 
distribution μ(1÷m;1÷n), M - digital camera pixel count. 

Correlation approach: 
 

𝐴𝐴𝑖𝑖=1÷𝑛𝑛
𝜇𝜇 (𝛥𝛥𝛥𝛥) = 𝑙𝑙𝑙𝑙𝑙𝑙

𝑚𝑚→0
1
𝑚𝑚 ∫ [𝜇𝜇(𝑚𝑚)][𝜇𝜇(𝑚𝑚 −𝛥𝛥𝛥𝛥)]𝑑𝑑𝑑𝑑𝑚𝑚

1 .                                           (16) 

 
Here 𝐴𝐴𝑖𝑖=1÷𝑛𝑛

𝜇𝜇 (𝛥𝛥𝛥𝛥) – autocorrelation function, 𝛥𝛥𝛥𝛥 = 1𝑝𝑝𝑝𝑝𝑝𝑝. 
The final average over all lines of the digital polarization-correlation map of the serum film image is the following 

expression 
 

𝐴𝐴𝜇𝜇(𝛥𝛥𝛥𝛥) =
∑ 𝐴𝐴𝑖𝑖

𝜇𝜇(𝛥𝛥𝛥𝛥)𝑛𝑛
𝑖𝑖=1

𝑛𝑛
.                                                                       (17) 

 
To quantify the autocorrelation dependences 𝐴𝐴𝜇𝜇(𝛥𝛥𝛥𝛥), we chose: 
• "correlation area" 𝑆𝑆𝜇𝜇  

 
𝑆𝑆𝜇𝜇 = ∫ 𝐴𝐴𝜇𝜇(𝛥𝛥𝛥𝛥)𝑑𝑑𝑑𝑑𝑚𝑚

1 ;                                                                       (18) 
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• “correlation moment” 𝑇𝑇4
𝜇𝜇 which determines the kurtosis of the Gram-Charlier expansion 

 

𝑇𝑇 =
∑ �𝐴𝐴(𝛥𝛥𝛥𝛥)�𝑖𝑖

4𝑀𝑀
𝑖𝑖=1

�∑ �𝐴𝐴(𝛥𝛥𝛥𝛥)�𝑖𝑖
2𝑀𝑀

𝑖𝑖=1 �
2 ;                                                                          (19) 

 
Fractal approach: The fractal analysis of distributions 𝜇𝜇(𝑚𝑚 × 𝑛𝑛) was based on the calculation of the logarithmic 

dependences 𝑙𝑙𝑙𝑙𝑙𝑙 𝐽𝐽 (𝜇𝜇) − 𝑙𝑙𝑙𝑙𝑙𝑙 𝑑𝑑−1 of the power spectra 𝐽𝐽(𝜇𝜇) 
 

𝐽𝐽(𝜇𝜇) = ∫ 𝜇𝜇 𝑐𝑐𝑐𝑐𝑐𝑐 2𝜋𝜋𝜋𝜋𝜋𝜋𝜋𝜋+∞
−∞ ,                                                                    (20) 

 
where 𝜈𝜈 = 𝑧𝑧 is the spatial frequencies of the of the objective field of a blood serum sample. 

For the dependences 𝑙𝑙𝑙𝑙𝑙𝑙 𝐽𝐽 (𝜇𝜇) − 𝑙𝑙𝑙𝑙𝑙𝑙 𝑑𝑑−1 the slope angle 𝜂𝜂 of the approximating curves V(η) was determined and 
the fractal dimensions were calculated 

 
𝐹𝐹𝜇𝜇 = 3− 𝑡𝑡𝑡𝑡𝑡𝑡.                                                                             (21) 

 
Classification of coordinate distributions 𝜇𝜇(𝑚𝑚 × 𝑛𝑛) was carried out according to the following criteria: 
 
• 𝜇𝜇(𝑚𝑚 × 𝑛𝑛) ‒ fractal or self - similar in the presence of a constant angle 𝜂𝜂 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 of inclination within 2 - 3 

decades of size variations 𝑑𝑑 ; 
• 𝜇𝜇(𝑚𝑚 × 𝑛𝑛) ‒ multifractal in the presence of several angles of inclination 𝑉𝑉(𝜂𝜂); 
• 𝜇𝜇(𝑚𝑚 × 𝑛𝑛) ‒ random in the absence of stable angles of inclination 𝑉𝑉(𝜂𝜂) in the entire range of resizing 𝑑𝑑. 
All distributions 𝑙𝑙𝑙𝑙𝑙𝑙 𝐽𝐽 (𝜇𝜇) − 𝑙𝑙𝑙𝑙𝑙𝑙 𝑑𝑑−1 were characterized by dispersion  
 

𝐷𝐷𝜇𝜇 = �1
𝑁𝑁
∑ [𝑙𝑙𝑙𝑙𝑙𝑙 𝐽𝐽 (𝜇𝜇) − 𝑙𝑙𝑙𝑙𝑙𝑙 𝑑𝑑−1]𝑖𝑖2𝑁𝑁
𝑖𝑖=1 .                                                           (22) 

7.  Information Analysis 

The information analysis of the results of polarization-correlation mapping utilizes a set of operational 
characteristics of evidence-based medicine [28]. Sensitivity (𝑆𝑆𝑆𝑆) is the proportion of true positive results (A) of a 
diagnostic method among all samples from the experimental group 2 (N). 
 

𝑆𝑆𝑆𝑆 = 𝐴𝐴
𝑁𝑁

100%.                                                                             (23) 
 

• Specificity (𝑆𝑆𝑆𝑆) is the proportion of true negative results (B) of the method among all samples from the 
control group 1 (H). 

 
𝑆𝑆𝑆𝑆 = 𝐵𝐵

𝐻𝐻
100%.                                                                            (24) 

 
• Accuracy (𝐴𝐴𝐴𝐴) is the proportion of correct results (A+B) of the test among all samples (N+H). 

 
𝐴𝐴𝐴𝐴 = 𝐴𝐴+𝐵𝐵

𝑁𝑁+𝐻𝐻
100%.                                                                         (25) 

 
If N+H, then  𝐴𝐴𝐴𝐴 is called balanced accuracy. 

8.  Diagnostic efficiency of CDMP and CDC Methods 

Two groups (Fig. 2) of optically thin (attenuation coefficient 𝜏𝜏 ≤ 0.01, geometric thickness ≈ 7𝜇𝜇𝜇𝜇÷ 10𝜇𝜇𝜇𝜇) 
dehydrated serum films were used as study objects. Control group 1 (39 samples) - conditionally healthy patients; study 
group 2 (37 samples) - patients with histologically confirmed extragenital endometriosis. 
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(a)                                                                           (b) 

Fig. 2. Polarization-visualized in crossed axes polarizer 4 and analyzer 9 microscopic images of dehydrated serum films. 

On fig. 3 shows a map of the 𝑉𝑉(𝑚𝑚 × 𝑛𝑛); histograms 𝐺𝐺(𝑉𝑉): autocorrelation functions 𝐴𝐴𝑉𝑉(𝛥𝛥𝛥𝛥) and logarithmic 
dependences 𝑙𝑙𝑙𝑙𝑙𝑙 𝐽𝐽𝑉𝑉 − 𝑙𝑙𝑙𝑙𝑙𝑙 𝑑𝑑−1 of object images of dehydrated serum films of patients from control group 1 ((a)-(d)) 
and a patient with extragenital endometriosis ((e)-(h)). 

 

 
(a)                                                               (b)                                                        (c)                                                 (d) 
 

 
(e)                                                               (f)                                                          (g)                                                 (h) 

Fig. 3. Maps and histograms (b), (f), autocorrelation functions (c), (g) and fractal (d), (h) characteristics of CDMP (a), (e) of dehydrated serum films 

Determined: 
 
 The 𝐺𝐺(𝑉𝑉) dependences are asymmetric and possess a pronounced extremum (𝑉𝑉 = 1). This peculiarity can be 

related to the insignificant level of birefringence (𝜀𝜀 ≈ 0.075𝑟𝑟𝑟𝑟𝑟𝑟 ÷ 0.125𝑟𝑟𝑟𝑟𝑟𝑟 , 𝑞𝑞11,22 → 1 , 𝑞𝑞12,21 → 0) of 
dehydrated serum films. The result is a high level of polarization homogeneity of such an object field.  

 The correlation dependencies 𝐴𝐴𝑉𝑉(𝛥𝛥𝛥𝛥) of the aggregate map 𝑉𝑉(𝑚𝑚 × 𝑛𝑛)decrease smoothly and monotonically 
(fragments (c), (g)), which also indicates the polarization homogeneity of the object field of dehydrated serum 
films of patients of both groups. 

 The nearly monofractal structure of the 𝑉𝑉(𝑚𝑚 × 𝑛𝑛) cross-correlation maps - 𝑙𝑙𝑙𝑙𝑙𝑙 𝐽𝐽𝑉𝑉 − 𝑙𝑙𝑙𝑙𝑙𝑙 𝑑𝑑−1 have one stable 
slope angle (fragments (d), (h)). 

 
Quantitative results of statistical, correlation and fractal analysis of CDMP maps of object fields of dehydrated 

serum films samples are summarized in Table 1. 

Table 1. Results of statistical, correlation and fractal analysis of CDMP objective field maps of dehydrated serum film samples 

Parameters 𝑅𝑅1𝑉𝑉 𝑅𝑅2𝑉𝑉 𝑅𝑅3𝑉𝑉 𝑅𝑅4𝑉𝑉 𝑆𝑆𝑉𝑉 𝑇𝑇𝑉𝑉 𝐹𝐹𝑉𝑉  𝐷𝐷𝑉𝑉 

Normal 
(39 samples) 

0.973 
± 

0.042 

0.057 
± 

0.0027 

0.083 
± 

0.0039 

0.77 
± 

0.037 

0.264 
± 

0.014 

0.215 
± 

0.0312 

2.33 
± 

0.021 

0.185 
± 

0.011 

External genital 
endometriosis  
(37 samples) 

0.926 
± 

0.051 

0.06 
± 

0.008 

0.12 
± 

0.007 

0.62 
± 

0.035 

0.246 
± 

0.015 

0.217 
± 

0.016 

2.42 
± 

0.014 

0.21 
± 

0.022 
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The results obtained within both sample groups showed insufficient sensitivity and diagnostic ambiguity of the 
CDMP method - the distribution of all objective parameters "overlap". As a consequence, the differences between the 
averaged values of the objective parameters do not exceed 5%-15%. 

Fig. 4 illustrates the results of a study of the structure of the objective fields of dehydrated serum films using 
another method - the CDC method for measuring the objective fields of dehydrated serum films of patients from both 
groups. 

 

 
(a)                                                               (b)                                                        (c)                                                 (d) 

 

 
(e)                                                               (f)                                                          (g)                                                 (h) 

Fig. 4. Maps and histograms (b), (f), autocorrelation functions (c), (g) and fractal (d), (h) characteristics of CDC (a), (e) of dehydrated serum films. 

The results indicate a significant increase in the level of sensitivity to changes in birefringence magnitude of the 
CDC scanning of the object fields of dehydrated serum films. This is indicated by the significant intergroup variation in 
histograms, autocorrelation functions and fractal characteristics obtained by CDC detection (Fig. 4) and Table 2. 

Table 2. Results of statistical, correlation and fractal analysis of CDC maps of object fields of dehydrated serum film samples 

Parameters 𝑅𝑅1𝑉𝑉 𝑅𝑅2𝑉𝑉 𝑅𝑅3𝑉𝑉 𝑅𝑅4𝑉𝑉 𝑆𝑆𝑉𝑉 𝑇𝑇𝑉𝑉 𝐹𝐹𝑉𝑉  𝐷𝐷𝑉𝑉 

Normal 
(39 samples) 

0.79 
± 

0.039 

0.079 
± 

0.009 

0.049 
± 

0.021 

0.29 
± 

0.021 

0.26 
± 

0.01 

0.23 
± 

0.032 

1.89 
± 

0.022 

0.17 
± 

0.021 

External genital 
endometriosis  
(37 samples) 

0.67 
± 

0.038 

0.13 
± 

0.018 

0.425 
± 

0.027 

1.13 
± 

0.037 

0.165 
± 

0.012 

0.86 
± 

0.091 
- 

0.24 
± 

0.033 

 
The following differences between the objective parameters that characterize CDC maps of dehydrated serum 

films were found: 
 
- statistical moments of higher orders differ by a factor of 7 - 10; 
- correlation parameters differ by a factor of 1.5 to 3.98; 
- fractal parameters of object fields of serum films from group 1 are transformed into a random distribution for 

samples of group 2. 
 
The results of the information analysis regarding the determination of the clinical effectiveness of the proposed 

method of polarization-correlation mapping of peritoneal fluid films are presented in Table 3. 

Table 3. Accuracy of the differential diagnosis of polarization-correlation mapping of images of dehydrated serum film samples. 

Parameters 𝑅𝑅1𝑉𝑉 𝑅𝑅2𝑉𝑉 𝑅𝑅3𝑉𝑉 𝑅𝑅4𝑉𝑉 𝑆𝑆𝑉𝑉 𝑇𝑇𝑉𝑉 𝐹𝐹𝑉𝑉  𝐷𝐷𝑉𝑉 

Accuracy, % 84 81 88 91 90 95 82 86 

 
The analysis of polarization-correlation mapping data determined the following accuracy levels for the differential 

diagnosis of endometriosis using different markers: 
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• Statistical analysis - good accuracy 𝐴𝐴𝐴𝐴(𝑅𝑅4𝑉𝑉) = 91%; 
• Correlation analysis - excellent accuracy 𝐴𝐴𝐴𝐴(𝑇𝑇𝑉𝑉) = 95%; 
• Fractal analysis - satisfactory accuracy 𝐴𝐴𝐴𝐴(𝐷𝐷𝑉𝑉) = 86%. 
 
However, these are only preliminary results from the clinical evaluation of the polarization-correlation mapping 

method. Ahead lies extensive systematic work for the wide-scale implementation of the developed technique, 
considering the influence of numerous demographic, societal, social, and other factors on its reproducibility, accuracy, 
and clinical effectiveness. 

9.  Conclusions 

A theory of polarization-correlation description of laser radiation conversion processes by birefringent dehydrated 
serum films is proposed. 

Basic algorithms of two-point approach for analysis of optical anisotropy of polycrystalline serum films are found. 
A method of polarization correlometry of phase-inhomogeneous object fields of dehydrated serum films was 

developed and experimentally tested.  
The diagnostic sensitivity of the CDC method in differentiating dehydrated serum films of healthy and diseased 

patients with extragenital endometriosis has been demonstrated. 
The proposed technique expands the functional capabilities of traditional histological examinations of endometrial 

tissue biopsies and enables the detection of endometriosis at early (preclinical) stages. 
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