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Abstract— In the paper we present the results of tissue simulators 

recognition inside the breast phantom,  based on polarization analysis of  

scattered light as well as polarimetric optical tomography method based 

on the Mueller-Stokes formalism. Blood, fat and muscle tissues were 

simulated by 10-mm diameter probes with a red dye, 20% Intralipid™  

and water with polarizing foil respectively. All tissue simulators were 

placed inside a container (120mm in diameter) filled by 0.1% solution  

of Intralipid™. Different polarization states of a laser beam (670nm,   

35mW) were used for lighting the container (breast phantom). The 

results of the measurement show that polarization optical tomography 

enables much easier recognition of different kinds of tissue simulators. 

On the other hand, polarimetric optical tomography allows for better 

recognition of the angular placement of tissue simulators. 

 

 

There are a few types of optical tomography based on 

analysis of scattered light in tissue. The most successful is 

optical coherence tomography (OCT) which allows to 

image the structure of a living eye or surface layers of  

skin tissues [1-3]. OCT requires a low scattering medium 

and it is not useful for imaging the breast structure with  

its high scattering tissues. Optical diffusion tomography 

(ODT) is based on analysis of photons diffusion in high 

scattering media and has been introduced for imaging the 

brain structure close to the skull [4-5]. ODT can be also 

applied for imaging of tumor inside the breast  but with a 

relatively low accuracy [6]. 

There are other attempts for optical imaging of high 

scattering structures. Some of them are based on 

polarization analysis of scattered light, which depends on 

the structure of the medium, particularly when the 

Rayleigh scattering plays main role in comparison to     

the Mie scattering as it is the case of living tissue [7]. 

Since the Rayleigh scattering is the most sensitive to 

polarization perpendicular to the incoming beam, the right 

angle should be chosen between illuminating and 

detecting directions. Tomography imaging based on 

simple measurements of polarization states of scattered 

light is called polarization optical tomography. A more 

advanced method based on the Mueller-Stokes formalism 

is known as polarimetric optical tomography. 
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The experimental set-up of both optical polarization and 

polarimetric imaging systems is shown in Fig. 1. A laser 

diode module operating at 670nm (35mW) is used as a 

light source. The measurement system includes also a 

generator of polarization states consisting of a linear 

polarizer, a quarter-wave and half-wave plates. These 

optical components allow for modification of the input 

state of polarization. 

 
Fig. 1. Set-up of the optical polarization and polarimetric tomography 

system 

As a scattering medium a solution of Intralipid™ in 

water (0.1%) was used. It is a kind of the fat emulsion 

simulating optical properties of tissue [8]. Inside the 

container with an Intralipid™ solution  (120mm diameter) 

we put three probes (10mm diameters) with high density 

Intralipid (20%), water and polarizing foil as well as red 

dye simulating fat, muscle and blood, respectively (Fig. 

2). It was shown that linearly, circularly and elliptically 

polarized light changes its polarization in a different way 

in birefringent media (e.g. muscle tissue) [9-10].The 

probes were placed with some angular asymmetry 

between them (95°, 125°, 140°), but at the same distance 

from the center of the container (45 mm). Light scattered 

in the direction of the photodiode passes through another 

series of polarizing optics which consists of a linear 

polarizer, quarter-wave plate  and photodiode. The 

measurements are taken for angles from 0° to 360° 

according to the tomography angular scanning procedure. 
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An idea of polarization optical tomography is based on 

analysis of scattered light polarization for different 

polarization states of a laser beam illuminating the breast 

phantom. A linear polarized light beam is obtained by use 

horizontal (H), vertical (V) or 45° (P) azimuths of the 

polarizer. A circular right-handed (R) polarized light 

beam is obtained by using a quarter-wave plate. The 

scattered light is analyzed by the use of horizontal (H), 

vertical (V), and 45° (P)-oriented analyzer as well as a 

quarter-wave plate (R). Each angular step requires sixteen 

intensity measurements according to the combinations of 

the states of  polarization represented by the matrix: 

 
 

 

(1) 

where the first letter of an element means state of 

polarization of an incoming beam and the second letter 

means the polarization element used in the detecting 

channel.  Angular scanning with a step of 1° gives 16x360 

measurements results shown in Fig. 3. 

Polarimetric optical tomography is based on analysis of 

Mueller matrix [M] elements. The matrix equation 

describing polarization changes introduced by a scattering 

medium is given by: 

                    [S
OUT

]=[M][S
IN

],        (2) 

where the Stokes vector of an incoming beam may have a 

simple form: 

-for horizontally oriented linear polarization:  

[SH
IN

]=[H,H,0,0], vertical oriented: [SV
IN

]=[V,-V,0,0], 

45° oriented: [SP
IN

]=[P,0,P,0], 

-for right-handed circular polarization: [SR
IN

]=[R,0,0,R]. 

 

The Stokes vector of scattered light is calculated on the 

basis of intensity measurements according to formula: 
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 , 

 

 

(3) 

where H, V, P, R mean the intensities of scattered light 

measured with the help of horizontal (H), vertical (V), 45° 

azimuth (P) of an analyzer and a quarter wave plate (R). 

It may be proved [11] that the solution of the matrix 

equation [Eq. (2)] with the help of 16 polarization 

measurements shown in the polarization matrix [Eq. (1)] 

gives all 16 Mueller matrix elements: 
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The results of the Mueller matrix element calculations are 

shown in Fig. 4.  
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Fig. 2. Four the most interesting angular positions of breast phantom 

with tissue in experimental results. 
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Fig. 3 . Experimental results of intensity measurements during angular scanning for sixteen polarization combination; (1), (2), 

(3), (4) mean angular positions of phantom shown in Fig 2. 
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 (4). 
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We choose four angular positions of the phantom in 

order to compare polarization and polarimetric optical 

tomography methods for the recognition of tissue 

simulators (Fig. 2). Each position is marked by a vertical 

line in both sets of the results shown in Figs. 3 and 4. 

Based on the results of polarization measurements 

(Fig.3), we can conclude that only the probe with a blood 

simulator close to the detector (angular position (2) in  

Fig. 2) gives no local minimum seen in Fig. 3, although 

two other probes have such minima (angular position (1) 

for a fat simulator and position (3) for a muscle simulator 

in Fig. 2) and their number is different in both cases. It 

can be also observed in Fig. 3 that only the probe with a 

muscle simulator taking position close to the lighting 

beam (angular position (4) in Fig. 2) gives not so deep 

minima for some measurements as two other tissue 

simulators. 

Additional calculation of polarization measurement 

leading to the Mueller matrix elements gives a more 

complicated view on analysis as can be seen in Fig. 4. 

Nevertheless, m02 and m32 elements allow to show the 

exact placement of probes (Fig. 5). In addition, the 

polarimetric tomography method also allows to recognize 

tissue simulators inside the breast phantom and gives us a 

more advanced tool for analysis as well. 
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Fig. 5 Two Mueller matrix elements (m02 and m32 ) 

showing exact placement of probes with tissue simulators. 
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Fig. 4. Results of Mueller matrix elements calculations; (1), (2), (3), (4) mean angular position of tissue simulators 

shown in Fig. 3. 
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