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ABSTRACT 

The Jones matrix mapping of blood plasma films was considered in this paper. The statistical analysis (statistical 

moments of the 1st - 4th orders) of the obtained elements was carried out. To increase the accuracy and reliability of the 

diagnosis, the number of informative indicators was increased due to the correlation analysis. which increased the 

number of inputs to 8. The differentiation of nosologies was based on the rules of fuzzy logic. 
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1. INTRODUCTION 

 

Methods of optical diagnostics on the basis of scattering of optical radiation by biological objects have been widely 

developed recently. The results obtained, for example, in the cycle of works1-3 unambiguously indicate the promising use 

of polarimetric researches for developing new methods and approaches in the study of biological objects. 

There is a large number of practical techniques based on measuring and analyzing the elements of the Jones matrix for 

objective analysis of the structure of the studied samples of different nature, in particular - biological4—6. Another group 

of methods widely used for the analysis and evaluation of biological objects are diagnostic methods based on classical 

polarimetry, Muller matrices, and Stokes-polarimetry. In particular, a method and an informative evaluation of the 

polarization mapping of azimuths and phase elements of the polarization of microscopic laser plasma films images for 

the diagnosis of benign and malignant changes in the mammary gland is proposed in work7.  

Despite the existing methods for differentiation and diagnosis of the studied breast samples, it can be argued that they are 

not informationally complete, therefore, there is a need to extend the range of diagnostic criteria by introducing new 

methods for obtaining such criteria, in particular - at the expense of the Jones matrix method. The purpose of this work is 

to experiment with the investigation of optically thin human plasma layers by using the Jones matrix mapping of real 

elements of the Jones matrix, followed by statistical processing of the obtained maps to obtain new criteria for the 

differentiation of the studied samples. 

The aim is to ensure the rapidity of the measurement and analysis of the obtained data and the reliability of the 

diagnostic methods. Required time operation characteristics of the specified system are provided by applying the 

principles of parallelism in the execution of basic image processing operations. 
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2. THE MULTIFUNCTIONAL CLASSIFICATION LASER POLARIMETRY SYSTEM 

Multifunctional classification laser polarimetry system with the ability to implement twenty functions with different 

levels of information was developed: from measurement and analysis of distributions of Stokes parameters and Mueller-

matrix elements of the investigated sample, to reproduction and analysis of orientational-phase parameters of anisotropy 

distribution of biological objects. The system consists of a measuring channel with the help of which new and improved 

methods of measurements of thin multilayer optical anisotropy biological object in the form of two-dimensional images 

were implemented, and the computer in which processing, analysis and classification of image data were realized (Fig. 

1)8. 

 

Figure 1. The multifunctional classification laser polarimetry system8 

The system consists of a semiconductor laser 1 with λ=0,638 wavelength, collimator 2, quarter-wave plates 31, 32, 33, a 

linear polarizer 41 and an analyzer 42; blood plasma sample 5, projection block 6, a CCD-based (charge-coupled device) 

camera 7, connected to the computer 8; special microcontroller control block 9, engine drivers 101-105, positioning 

control of engines 111-115, decision support block 12. More details about the operation of this system are described in 

past works9-11. 

 

2.1 Principles of the system’s work 

To assess the presence of a pathological condition of the mammary gland, a sample of blood is taken and the plasma is 

isolated by means of a centrifuge. Blood plasma specimens were prepared under the following conditions: a drop of 

blood plasma was applied to a substrate of optically homogeneous glass so that the plasma spread evenly over the glass 

surface12-14.  

The laser irradiation through an investigation sample of a plasma is carried out by a polarized coherent parallel beam 

(104 μm in diameter) of a semiconductor laser (λ = 0.6328 μm) 1, which is formed by a collimator 2 and a quarter wave 

plate 31. Using the rotation of the polarizer 41 at the angles 0°-90°, a linearly polarized beam with an azimuth α0=0..90° 
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is formed, by which an anisotropic layer of biological object 5 is probing. By rotating the axis of the analyzer 42 in the 

range of 0°-90°, the image of the anisotropic layer of the biological object 5 is projected, using a micro-objective, in the 

plane of the photosensitive area (mxn = 640x480) of the digital camera 7, and then transmitted to the computer 8, and the 

array of levels of the intensity for each individual pixel is measured11. 

 

 

3. STATISTICAL AND CORRELATION ANALYSIS OF JONES MATRIX OF BLOOD PLASMA 

FILMS 

To estimate the distributions Rik(X,Y) quantitatively their quantitative estimation is introduced on the basis of the 

definition of a set of their statistical moments of the 1st-4th order9-11: 
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The basis of the correlation approach is the method of autocorrelation analysis of Jones matrix images Rik(X,Y)15 15 with 

the use of the autocorrelation function Gik(Δx, Δy) of the form: 
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where ( , )x y   – "steps" with which the coordinates ( , )x y  of the distributions of the elements of the Jones matrix 

Rik(X,Y); m, n – numbers of pixels in the row and the column of the receiving plane of the camera. 

In order to provide an objective comparative analysis of the autocorrelation dependencies of the Jones matrix elements of 

of blood plasma films, we will conduct their statistical estimation: 
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where  ikR x – the average approximation of the autocorrelation function in coordinate x . 

 

4. RESULTS AND DISCUSSION 

By sequentially fixing the change in the intensity of each pixel of the output laser beam, and by performing simple 

mathematical calculations, the elements of the Johns matrix of blood plasma films were obtained. In fig. 2 shows 

samples of polarimetric mappings of the Jones matrix elements of blood plasma films. 

Proc. of SPIE Vol. 10750  107500N-3
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 11 Feb 2021
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



100

200

300

400

200 400 600

,

0.8

0.6

0.4

0.2

0

100

20G

:300

-!,C0

2CC .40C CCO

100

200

300

400

200 400 600

1

0.8

0.6

0.4

0.2

0

p ACE - IS X

i

100

put Image

200

500

000

250 CN WO

o

ACF

o 500 1000 1500

0000

2000

Statistical parameters for ACF

0.481696
0.0881061
0.0252793
1.69483

glalag am

lul IL.

ACF

put Image

200

500

000

200 000 600

1W In

0

ACF

0 500 1000 1500

- o X

Statistical parameters for ACF

0.475263
0.0747523
0.034755
1.79774

Hiebgram

0000

2000

0

0 05

 

 

 

 

 

Fibroadenoma Norma 

R12 R12 

  

R21 R21 

  

Figure 2. Images of polarizationally reproduced elements (real component of Jones-matrix) of а blood plasma with 

nosologies: fibroadenoma and norm. 

In order to objectively evaluate the statistical dependencies between the norm nosologies and fibroadenoma, a 

calculation of four statistical moments (mean, variance, asymmetry and excess) was performed. 

To improve the accuracy of the measurements, a correlation analysis of the actual elements of the Jones matrix of blood 

plasma films was performed. Figure 3 shows the input image of the R12 Jones matrix element of blood plasma film, the 

significance of the statistical moments of the 1st to the 4th orders, the actual autocorrelation function calculated with the 

one-dimensional approximation for the coordinate x, and the histogram for determining the coordinate distribution of the 

Jones matrix elements. 

 

  

a) b) 

Figure 3. Input image, statistical parameters for autocorrelation function (ACF), ACF and histogram of: a) Jones-matrix 

elements with nosology Norm; b) Jones-matrix elements with nosology Fibroadenoma 
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In order to objectively and quantitatively characterize the difference in the distribution of the autocorrelation function for 

different nosologies, a calculation of statistical characteristics was carried out using formulas 3. Tables 1, 2 show the 

statistical and correlation distribution of the actual elements of the Jones matrix of blood plasma films for nosologies - 

norm and fibroadenoma. 

Table 1. Average (M1, K1), variance (M2, K2), asymmetry (M3,K3)and excess (M4, K4) of distributions of elements of the 

Jones-matrix (real component) and autocorrelation function of blood plasma films polarization images for nosology – norm. 

Norm R11 R21 R12 R22 

M1 0,76±0,019 0,67±0,075 0,72±0,067 0,96±0,034 

M2 0,015±0,003 0,0077±0,0064 0,0054±0,0038 0,0048±0,0034 

M3 -0,32±0,16 0,33±0,53 0,2±0,41 -3,99±2,79 

M4 2,79±0,44 3,63±1,0 2,78±0,35 34,14±30,34 

K1 0,49±0,005 0,495±0,005 0,49±0,01 0,5±0,005 

K2 0,0845±0,0015 0,085±0,002 0,084±0,004 0,0845±0,0005 

K3 0,028±0,019 0,014±0,011 0,0135±0,0115 0,00466±0,00464 

K4 1,76±0,001 1,275±0,33 1,76±0,07 1,785±0,015 

 

Table 2. Average (M1, K1), variance (M2, K2), asymmetry (M3,K3)and excess (M4, K4) of distributions of elements of the 

Jones-matrix (real component) and autocorrelation function of blood plasma films polarization images for nosology – 

fibroadenoma. 

Fibroadenoma R11 R21 R12 R22 

M1 0,76±0,01 0,53±0,044 0,57±0,033 0,9±0,06 

M2 0,021±0,0034 0,019±0,015 0,01±0,006 0,01±0,005 

M3 -0,21±0,45 0,56±0,73 1,03±0,78 -1,28±0,79 

M4 2,57±0,53 3,77±1,58 4,83±2,167 4,65±2,19 

K1 0,485±0,005 0,485±0,005 0,465±0,025 0,495±0,005 

K2 0,082±0,003 0,081±0,002 0,078±0,004 0,0825±0,0025 

K3 0,034±0,014 0,036±0,029 0,072±0,059 0,00985±0,00415 

K4 1,755±0,025 1,78±0,02 1,795±0,015 1,7759±0,0059 

 

In order to determine how informative this or that indicator was, circular diagrams of the value of intervals of ranges of 

changes in the values of a set of statistical and correlation characteristics were constructed. Examples of some of them 

are shown in Fig. 4. 
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Figure 4 Statistical and correlation distribution of the values of the elements of the Jones matrix of blood plasma films; b, f – 

fully informative indicators; c, d – partially informative indicators; a, e – non-informative indicators. 

As a result of the analysis, it was found that the most informationally sensitive statistical analysis are the 1st [М1(R12)] 

and the 2nd statistical points [M2(R11, R21, R12, R22)]; according to the correlation analysis, the most informative were the 

3rd [M3(R21, R12, R22)] and the 4th [M4(R21)] correlation moments. 

The next step is the differentiation of nosologies with the help of a decision support system based on the rules of fuzzy 

logic16. For this purpose, a database based on the values of informative indicators was created and membership functions 

were constructed for statistical and correlation analysis of the Jones matrix elements of plasma blood films (Figure 5). 

 

Figure 5. View of membership functions for statistical and correlation moments of the Jones-matrix real component 
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5. CONCLUSIONS 

Multifunctional classification laser polarimetry system was developed. The statistical and correlation analysis  of the 

Jones matrix elements was carried out. As a result of the analysis, it was found that the most informationally sensitive 

statistical analysis are the 1st [М1(R12)] and the 2nd statistical points [M2(R11, R21, R12, R22)]; according to the correlation 

analysis, the most informative were the 3rd [M3(R21, R12, R22)] and the 4th [M4(R21)] correlation moments. The 

differentiation of nosologies was based on the rules of fuzzy logic. 
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