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ABSTRACT 

The article presents the results of a study of the possibilities of 3D Stokes-polarimetric mapping [1-5] of microscopic 

images of protein fluorofors of the prostate. Polarization-holographic measurement and analysis of layer-by-layer maps 

and histograms of the distribution of the polarization ellipticity of microscopic images of biological preparations of the 

prostate. Determination of the relationship between statistical moments of the 1st - 4th orders [6,7], which characterize 

layer-by-layer maps of distributions of the polarization ellipticity of microscopic images of biological preparations of the 

prostate and pathological conditions of the prostate. Determination of the operational characteristics (sensitivity, 

specificity, accuracy) of the diagnostic strength of the 3D layer-by-layer Stokes polarimetric mapping method [8,9]. 
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1. STRUCTURAL-LOGICAL AND OPTICAL SCHEME OF 3D LAYER-BY-

LAYER STOKES-POLARIMETRY OF MICROSCOPIC IMAGES OF 

BIOLOGICAL PREPARATIONS 

In fig. 1 shows the structural-logical diagram and design of the method of 3D layer-by-layer Stokes-polarimetry [10-

13]of microscopic images of histological sections of biopsy of prostate tumorus.  

1 Optical probing source Gas helium-neon laser; 

Wavelength 0.6328 μm 

Power 10 mW 

2 Block for forming the spatial structure 

of the optical probe 

Optical collimator for forming a parallel laser beam with a 

cross section of 5 mm 

3 Multichannel block for the formation of 

the polarization structure of the optical 

probe 

System of formation of linear (
000 45;90;0 ) and right-

circular polarization. 

4 Object block Microscopic coordinate node 

5 Formation block of microscopic image Polarizing micro lens  

6 Multichannel polarization filtering 

block 
Transmission system of linearly (

0000 135;45;90;0 ), right- 

and left-circularly polarized components  

7 Reference coherent wave formation 

block 

Polarizing beam splitter 

8 Multichannel block for the formation of 

the polarization structure of the 

reference coherent wave 

System of left and right polarization (
000 45;90;0 )  

9 Polarization filtering block for 

interference distributions 

Linear polarizer  

10 Discritization block of polarization- Digital CCD camera  
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interference distribution in the plane of 

a digital microscopic image 

 (The Imaging Source DMK 41AU02.AS, monochrome 1/2 

"CCD, Sony ICX205AL (progressive scan); resolution - 

1280x960, size light-sensitive area - 7600x6200mkm; 

sensitivity - 0.05 lx, dynamic range - 8 bit, SNR - 9 bit) by 

polarization microobjective 7 (Nikon CFI Achromat P, 

focal length - 30 mm, numerical aperture - 0.1 increase - 

4x) 

11 Block for computer processing of 

polarization interferometry data 

Calculation algorithms: 

- distributions of the magnitude of the ellipticityof 

polarization of the microscopic image; 

- statistical moments of the 1st - 4th orders 

characterizing the polarization maps. 

 
Fig. 1. Structural-logical diagram of the method of 3D layer-by-layer Stokes-polarimetry of microscopic images of 

histological sections of biopsy of prostate tumours.  

The optical location of the method of polarization interferometry of microscopic images of histological sections of 

biopsy of prostate tumors is illustrated in Fig. 2 [14-19]. 

 

 
Fig. 2. Optical scheme of 3D Stokes-polarimetry of microscopic images of histological sections of biopsy of prostate 

tumours.  

 

Collimator 2 forms a parallel ( m3102Ø  ) beam of He-Ne ( m 6328,0 ) laser 1, which is divided by 50% beam 

splitter 3 into "irradiating" ( Ir ) and "reference" ( Re ). 

The "irradiating" by the rotating mirror 4 is directed through the polarizing filter 6 - 8 in the direction of the sample of 

the biological layer 9 [20-25].  

The polarization-inhomogeneous image of the object 9 by the lens 10 is projected into the plane of the digital camera 15.  

The "reference" beam is directed by the mirror 5 through the polarizing filter 11 - 13 into the image plane of the object 9.  

The resulting interference pattern is recorded by a digital camera 15 through a polarizer 14. 

2. TECHNIQUE OF 3D LAYER-BY-LAYER POLARIZATION-HOLOGRAPHIC 

MAPPING OF POLARIZATION MAPS 

 

Experimental studies include the following set of actions: 

1. Formation of coplanar polarization states in the "irradiating" and "reference" laser beams (Fig. 2). 
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2. Registration of two partial interference patterns through a polarizer-analyzer 14 with an orientation of the 

transmission plane at angles 
00 90;0   (Fig. 2). 

3. For each partial interference distribution, we perform a two-dimensional discrete Fourier transform on the 

image. 

4. Applying a two-dimensional inverse discrete Fourier transform on the obtained spectrum of complex amplitudes 

and phases of a microscopic image of a biological layer. 

5. We apply the analytical operation of phase scanning and obtain a set of layer-by-layer distributions of complex 

amplitudes and phases of a microscopic image of a biological layer. 

6. We use the well-known algorithm for determining the distributions of the Stokes vector  y,x,S k4;3;2;1i   

parameters with algorithmic reproduction of the polarization ellipticity maps  y,x,k  in each phase plane k  

[17,18]. 
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3. COORDINATE AND STATISTICAL STRUCTURE OF LAYERED 

ELLIPTICITY MAPS OF POLARIZATION OF MICROSCOPIC IMAGES OF 

BIOLOGICAL PREPARATIONS OF PROSTATE TUMORS OF VARIOUS 

DIFFERENTIATION 

Coordinate (fragments (1)) and statistical parameters of histograms (fragments (2)) of the distributions of the polarization 

ellipticity of digital microscopic images of histological sections of biopsy of adenoma and adenocarcinoma  with 

different degrees of differentiation are shown in a series of fragments in Fig. 3 -  Fig. 6. 

 

 
 

Fig. 3. Topographic map (fragment (1)) and histogram of layer-by-layer distribution (fragment (2)) of the polarization 

ellipticity of a digital microscopic image of a histological section of adenoma biopsy - control group 1. 
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Fig. 4. Topographic map (fragment (1)) and histogram of layer-by-layer distribution (fragment (2)) of the polarization 

ellipticity of a digital microscopic image of a histological section of a biopsy of a highly differentiated adenocarcinoma (3 + 

3) - research group 2.  

 
 

Fig. 5. Topographic map (fragment (1)) and histogram of layer-by-layer distribution (fragment (2)) of the polarization 

ellipticity of a digital microscopic image of a histological section of a biopsy of a mid-differentiation adenocarcinoma (3 + 

4) - research group 3. 
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Fig. 6. Topographic map (fragment (1)) and histogram of layer-by-layer distribution (fragment (2)) of the polarization 

ellipticity of a digital microscopic image of a histological section of a biopsy of a low differentiation adenocarcinoma (4 + 

4) - control group 4. 

 

Comparative analysis of the results of 3D layer-by-layer polarization-holographic measurement of polarization ellipticity 

maps (Fig. 3 - Fig. 6) of microscopic images of biological preparations of representative samples of all types of prostate 

tissue tumors revealed an individual structure and a consistent decrease in the average histograms of layer-by-layer 

distributions of polarization ellipticity in the plane of digital microscopic images samples of histological sections biopsy 

of adenoma and adenocarcinoma as the degree of differentiation on the Gleason scale decreases – (3+3), (3+4) і (4+4). 

Biophysical, this can be associated with necrotic changes in the morphological structure of malignant prostate tumours, 

which lead to a decrease in the level of optical anisotropy of histological sections of adenocarcinoma with a decrease in 

the level of their differentiation. – (3+3), (3+4) і (4+4).  

4. STATISTICAL ANALYSIS OF LAYER-BY-LAYER MAPS OF POLARIZATION 

ELLIPTICITY OF DIGITAL MICROSCOPIC IMAGES OF HISTOLOGICAL 

SECTIONS OF BIOPSY OF PROSTATE TUMORS WITH DIFFERENT 

DEGREES OF DIFFERENTIATION 

The morphological scenarios of necrotic processes of oncological destruction are quantitatively illustrated by a set of 

mean intragroup values and standard deviations of the magnitude of statistical moments iSM
 characterizing layer-by-

layer distributions of the polarization ellipticity of digital microscopic images of representative samples of histological 

sections of adenoma biopsy (control group 1) and adenocarcinoma (experimental group 2 - group 4) different 

differentiation – (3+3), (3+4) and (4+4), - Table 1. 
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Table 1 Statistical parameters of layer-by-layer polarization ellipticity maps of microscopic images of histological sections 

of biopsy of benign and malignant prostate tumours 

Type Adenoma Adenocarcinoma (3+3) Adenocarcinoma (3+4) Adenocarcinoma 

(4+4) 

1SM  0.21  

0.0095 

0.17 0.008 0.13 0.006 0.099 0.004 

p  001.0p     

 05.0p    

  05.0p   

2SM  0.23  

0.0105 

0.18 0.008 0.15 0.007 0.11 0.005 

p  001.0p     

 05.0p    

  05.0p   

3SM  0.46  

0.021 

0.67 0.029 0.89 0.042 1.09 0.049 

p  001.0p     

 05.0p    

  05.0p   

4SM  0.55  

0.025 

0.79 0.037 1.08 0.048 1.31 0.063 

p  001.0p     

 05.0p    

  05.0p   

 

From the obtained data of the statistical analysis of the layer-by-layer distributions of the polarization ellipticity, which 

were determined by the method of polarization-interference mapping of a set of digital microscopic images, the 

statistical reliability of differentiation of all types of histological sections of biopsies of benign and malignant prostate 

tumours with varying degrees of differentiation according to the Gleason scale (3 + 3, 3 + 4 4 + 4) was established. 

5. INFORMATIONAL ANALYSIS OF THE DIAGNOSTIC POWER OF THE 

METHOD OF 3D LAYER-BY-LAYER POLARIZATION-HOLOGRAPHIC 

MAPPING OF MICROSCOPIC IMAGES OF HISTOLOGICAL SECTIONS OF 

BIOPSY OF PROSTATE TUMOURS WITH DIFFERENT DEGREES OF 

DIFFERENTIATION 

 

The following results were obtained: 

 An excellent level of accuracy in the differential diagnosis “adenoma (control group 1) - adenocarcinoma (research 

group 2 – group 4)” – %96%95 Ac ; 

 Excellent level of accuracy of differential diagnosis "adenocarcinoma (3 + 3, - group 2) - adenocarcinoma (4 + 4, - 

group 4)” – %91%93 Ac ; 

 Excellent level of accuracy of differential diagnosis "adenocarcinoma (3 + 3, - group 2) - adenocarcinoma (3 + 4, - 

group 3)" – %91Ac ; 

 Very good level of accuracy of differential diagnosis "adenocarcinoma (3 + 4, - group 3) - adenocarcinoma (4 + 4, - 

group 4)" – %85Ac . 
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CONCLUSIONS 

1. Possibilities of 3D Stokes-polarimetric mapping of microscopic images of protein fluorofores of the prostate with 

digital holographic reproduction of layer-by-layer polarization maps of ellipticity in the differential diagnosis of benign 

and malignant prostate tumours with different degrees of differentiation have been developed and investigated. 

2. System 3D polarization-holographic measurements and statistical analysis of algorithmically reproducible layer-by-

layer maps and histograms of the distribution of the polarization ellipticity of microscopic images of representative 

samples of prostate biological preparations were carried out. 

3. A set of treatment-relevant relationships between the statistical moments of the 1st - 4th orders, which characterize 

the holographically reproduced layer-by-layer maps of distributions of the polarization ellipticity of digital microscopic 

images of a set of samples of representative samples of biological preparations, and pathological conditions of the 

prostate have been determined.. 

4. The operational characteristics (sensitivity, specificity, accuracy) of the diagnostic power of the method of 3D 

layer-by-layer Stokes-polarimetric mapping of the distributions of the polarization ellipticity of digital microscopic 

images of a protein fluorofores with pathological conditions of the prostate have been determined. 
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