48

I nter national Jour nal of Advanced Research Foundation
Website: www.ijarf.com, Volume 2, Issue 5, M ay 2015)

Characterization of Tissue Sample- Muller Matrix
lmaging

K. Rajkumat, Dr.P.V. Kanaka R&pDr. Padma SunetfriDr.V.Padmaja
'Associate Professor, SR Engineering College, Walakgndhra Pradesh, INDIA
Associate Professor, Dilla University, ETHIOPIA
3Assistant Professor, Gandhi Medical College, Hybada Andhra Pradesh, INDIA
*Professor, VNR VJIET, Hyderabad, Andhra PradesbMN
rajrecw2k@gmail.com; pvkanakarao@gmail.com; sufgdbdma@yahoo.co.in; vangalapadmaja@gmail.com

Abstract: Polarimetric Imaging is an emerging technique that
uses polarized light to probe the physical and physiological
properties of tissues. Polarization Ellipsometric techniques are
utilized to understand the variation of polarization properties of
light through sample tissue. The obtained optical signature
matrix helps clinicians understand and assess the tissue
properties and provide knowledge about the functioning of the
tissue. In our work tissues collected from pathology lab of
Gandhi Medical College, Hyderabad, India is used for
recognizing the signature matrix of the tissue. Conditions to
obtain a recognizable Mueller Matrix with rotating optics are
addressed and are used to understand the polarization variation
in the tissue through a novel pixel by pixel analysis technique and
via the nor malized signature matrix of the tissue.

Key Words: - Mueller Matrix imaging, Optical signature,
Polarization and Tissue imaging.

1. INTRODUCTION

Widely used technique of polarization measurementhich
a linear variation between the polarization stdtecdent and

excited beams from a sample are obtained is Muell

polarimetry; it describes the polarization propestiof the
sample by using a Polarization State Generator [P8@E

Polarization State Analyzer (PSA) with rotating wapates,
polarizer and analyzer. The polarization effebt take place
in the sample of interest are understood in terhtkeoimages
obtained with predefined polarization states.

These images are further processed to understand th M

characteristic change in the image and are ataibub the
variation in composition of the sample.

Mueller matrix measurement system was described i

the works of some researchers [1-6]. The opticédrmation
effects simultaneously occurring in the sample siedied
with respect to the 49 captured images and theumcestito 16
element Mueller matrix images. These elements obthiare
processed by MatLab codes for processing imageal jpix
pixel and are then normalized to first element &t @
signature matrix.

e'\GVhere

2. THEORY

The polarization state of light is characterized &tpkes
parameters represented [9] as

S

A light beam represented by this Stokes vector when

incident on an optical element (here the tissue pta)dn
undergoes a transformation represented by a 4 Xa#ixm
called the Mueller or Polarization matrix and thensformed
Stokes vector is written [9] as

S=MxS
m,

vector of

NN 0nmn NN
3

transmitted/reflected/scattered light.

rn.ll rn.lZ m13 m 14

m m,,| is the Mueller matrix and
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S is the stoke vector of incident light.

S,
S,

This S' matrix gives measurable polarization
information of the output light beam. The Muelleatnix M
can be also written [7, 8] as
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P=— m
mu(mn my M)
are called as Diattenuation and Polarizance veegpectively
and ‘m’is a 3 X 3 matrix [4].

Diattenuation characterizes the intensity transmdaes
of the incident polarization states. The diatteifmmttakes
values from 0 to 1 and is defined as,

TEM-_Tmm
TEM-FTmm

All Mueller matrices may not be physically realifab

The basic constraint for a Mueller matfixo be physically

realizable is that,
3
(MMT)T => mP <dm,’ (6)

i,j=0

D=

] Fig.1. Experimental setup
The samples considered here are pathology tis$hes.
specimens selected for breast tissue processisenisin 10%
formalin for proper fixation of the tissue. Unfixednd
autolysed tissues cannot be processed. The fixecirspn is
grossed accordingly and specific sites for breassué
processing have to be identified. Then using apstdilade
the concerned part of the specimen is cut into esgueare
shaped bits and taken in to capsules. These capatdethen

This imposes a condition that the Degree oftaken through different concentrations of alcohar f

Polarization is less than or equal to one, i.e.,
(s1?+s22+5%)
SO

<1 - )

dehydration and hardening of the breast tissues ihserted
into containers with molten wax for impregnationtbé wax
into the tissues. This is to harden the tissuerépare blocks
which are later cut. The impregnated breast tisswesthen

: : - locked with molten wax so that the cut surfacehef breast
The equal sign applies for non-depolarizing Sysmm%ssue is properly aligned and then allowed to bardrhese
| blocks are mounted onto a micro tome which cutshiteast
tissue in the blocks in to 3-4 microns thick sea$igll, 12].
These sections are taken on to slides and staingd w
ematoxylin and Eosin stains and is as shown inréz

and the inequality otherwise. In our earlier comioations

[14] we have proved that we get a recognizable Mue

matrix for these wood samples, here now we aregditifor
the breast tissue.

Retardance is a property that indicates the phas.'él

change and has constant intensity transmittance afoy
incident polarization state and is described by

(R (R
R=RR=|Ra, |=| R, |~ G
Ra,) (R

Where, the components indicate, horizontaf, @ad
circular retardance respectively. The net linegandance is

R =Ry + R oo ©)
and the total retardance is

R=\R+RL R ={RITR? =[] -~ (10
3. EXPERIMENTAL PROCEDURE

The normal breast tissue sample was illuminated \siser of

20mW power and 632.8nm wavelength with predefined

polarization state. The collection optics is kept® from the
input beam direction throughout the experiment.sAswn in
Figure 1.

Fig.2. Breast Tissue sample used for experiment

A beam of photons from the source through a PSG

was made to fall on the sample material and reftedteam
was made to pass through PSA and falls on the C&&ctbr
connected to a computer that records the inteirdioymation.
By varying the optical elements in the PSG and P8&%,
different intensity images were recorded [10].

49 intensity images with various orientations of

Polarizer and Analyzer are necessary to obtairiéhelements
of Mueller matrix images [13]. The 49 intensity iges
obtained are named as follows

IOO IOH IOV IOP IOM lOR IOL
IHO IHH IHV IHP IHM IHR IHL
IVO IVH IW IVP IVM IVR IVL
IPO IPH IPV IPF’ IPM lPR IPL
IMO IMH IMV IMP IMM lMR IML
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lro Irn Irv lrp lrm  lrr IRU
lo Ith v e Iwm lr I
where, the first subscript indicates input SR8s),and the
second subscript the output SteRSA).
After acquiring 49 intensity images, the 16 eleraént
Mueller matrix images are obtained by using theresgions
which are as given below.
M11= ooy M= lho-lvo
My3= lpc-lmo; M= lo-lro
Ma=lorlovs M22=(luk +lvw) = (vl vh)
Mos=(lpr+Iwv) ) = (vl mr); M2s= (Irv +lin) = (lretl Lv)
M31=lor - lom
Mz=(lpp +lvm) = (Ihm +lve); Maz=(lpp+Ivm)- (Ipm +1wp)
M3, =(lrm *11p) - (Irp+lim); Mar=lo- lor
Myo=(l +lvr) - (Ihr +1ve); Mag=(lpL +Ivg) - (Ipr+IvL)
My=(lrr+1LL) - (IrL *1LR)

4, RESULTS
The 49 intensity images captured are used to olitenl6

elemental Mueller matrices using the expressiomv@fthese
images are as shown in Figure 3.
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Fig.3. Mueller matrix images of Breast Tissue

After acquiring 16 images, the images are processed
MATLAB platform to acquire intensity component o&ah
and every pixel of image [13]. This Mueller Matoktained is
normalized to the first element of the matrix toldde the
intensity dependent effects in the image and afeplgies the
analysis the Mueller matrix elements are indicate@ablel.

Tablel. The 16 element Mueller matrix of Breast Tissue
(M11) (M12) (M1a) (M14)
1 -0.2791 | -0.1860 | -0.9535

(M21) (M22) (M23) (M22)
0.6977 0.7907 0.5814 1.9767

(M31) (M3 (Ms3) (M3s)
0.1628 | -0.3488 | 0.9535 0.0001

(Ma2) (M4 (M43 (Mas)
-0.1628 | 0.7209 0.7442 | -0.0465

From the measured Mueller matrix the Diattenuation,
Retardance and Depolarization images are acquinedttze
images are shown in figure 4-6. The mean values of
Diattenuation and Depolarization for the sample sirewn in
Table2.
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Table 2. Mean values of Diattenuation, Depolarization and

Retar dance.
Property Value
Diattenuation 0.8609
Depolarization -1.8493
Retardance 2.2168

Diattenuation

-1000

Fig.5. Depolarization image of Breast Tissue

Retardance
r

Fig.6. Retardanceimage of Breast Tissue

5. DISCUSSION

The polarization response of Breast Tissue wasreédevith
respect to the extent of polarization variationibitéd by the
samples. The diattenuation, depolarization, Retarelavalues

4

are observed. The depolarization value is due fferdnt

scatterings of incident light by sample [10], ifetlsample
surface is lambertian as it exhibits high depokian of light

and thus shows sharp back scattered intensityhistn with

high polarization of light. A high specular reflante nature
was observed for the different diattenuations #ason being
different surface texture and grain content on theface
though same part of the sample that is used fasitiyation.
Retardance is due to discontinuity present on thepte

surface this value is due to compositional and tucesor

water content present in the sample as is undetstom the
Breast tissue composition. Further work is in pesgr to
correlate anisotropic variation in different tissuesing the
same method.

6. CONCLUSIONS

Optical signature of the Breast tissue sample énfthm of a
Mueller matrix was obtained and as expected tisaraple
exhibited polarization anisotropic character whishevident
from the results tabulated. The necessary and cgarifi
condition for obtaining Complete/Mueller Polarimete
polarization is satisfied which is evident from timages
obtained and from the values in the table. The enmant
results of this study indicated that pixel by pipebcessing of
the images obtained effectively identified variooptical
polarization changes and scattered intensity bistions
present in the sample in terms of Diattenuatiorpderization
and Retardance images and values obtained.
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