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ABSTRACT

Measurement of optical properties of skin is an expanding and growing field of research. Recent studies have
shown that the biological tissue, especially skin changes the polarization state of the incident light. Using this
property will enable the study of abnormalities and diseases that alter not only the light intensity but also its
polarization state. We have tried an experimental study for measuring changes of polarization state of the light
scattered from skin sample. Using the strokes vector and Mueller matrix notation we have shown that some
elements of matrix were sensitive to the changes of the polarization when physical properties of the scattersare

changed with sample.
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1. INTRODUCTION

Devel opment of gppropriatediagnostic techniques
for measuring and monitoring skin abnormalitiesis
currently one of the chalenging areas of research [3-
5]. Mogt of diagnostic methodsand eva uation methods
for measuring the progressof skin disease are based
on visual examination by dermatologists [14].
Therefore, religbility and repestability of such methods
arealmost questionable. Skin showsabsorptionand
scattering propertieswhenitisexposedto light. Most
of available methodsarebased on measuring intengity
of reflected, scattered or transmitted light. Techniques
like microscopy or dermatoscopy are ableto only
diagnose physical parametersthat make changesto
thelight intensity [14]. Researches have shown that
biological tissue can affect the pol ari zation sate of the
incident light. Themain pol arization-atering agentsof
skin are scattering particles like nuclel cells and
mitochondria, and collagen fibersthat demonstrate

birefringent effect [11]. Development of skin
abnormalitiescan aso changethe polarization state
of the scattered light [8]. Therefore, the progress of
such diseases could be measured and monitored by
measuring the changesin the pol ari zation Sate.

Polarized light can berepresented mathematically
by a4x1 vector known asthe Stokesvector [9-12].
By measuring the Stokes vector of the scattered light
from an object and comparing itselementswith those
of the incident light, we can obtain a 4x4 matrix
known asthe M udler matrix characterizing the object
under study. Each of the 16 elementsof theMueller
matrix dependson the pol arization-atering features
of the object affecting the polarization state of the
light. Polarization-altering componentsof skin could
illustratedifferent polarization propertiesbased ontheir
shape, size, compaosition, structure, etc. Theobjective
of thispaper isto show thesengtivity of somedements
of thematrix to thechangesof physica propertiesof
scatterersand collagen fibers, using the notation of
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Stokes vector for the polarized light and Mueller
matrix for the skin. We have used a polarimetric
experimental setup to measurethe el ementsof the
Mueller matrix of three different skin sample. Our
results have shown that polarimetry isavaluable
techniquethat can be used for measuring the change
in scattering and pol arization properties of skinand
can be developed as a suitable diagnostic tool for
measuring skinabnormalities.

2. THEORY

In polarimetry, a beam of light of arbitrary
polarizationisrepresented mathematically by a4x1
column vector known as the Stokes vector. Its
elements, the Stokes parameters, areusually labeled
I,Q,U,andV, and definedintermsof eectrical field
amplitudesparallel E,, and perpendicular E, tothe
scattering plane.

I = (BB +E,E )=l + &

Q= {EE—EE!) ™ Iy — Iy
U= (BE+ E.EY = I,— I
Vo= i(EE] - E,E}= Ig— I

where parameters are defined as follows *,
complex conjugate < >, time averaging over the
interval long comparedwiththeperiod E,, amplitude
of electricfield parallel tothe scattering planeE,,,
amplitude of electric field perpendicular to the
scattering planel, light intensity H, horizontal state of
polarizationV, vertical state of polarization P, +45°
linear state of polarization M, -45° linear state of
polarization R, right circular state of polarizationL,

left circular state of polarization.

It can be shown that, in general, 12 > Q*+ U2+
V2. The equality holds if the light is strictly
monochromatic or completely polarized. For
unpolarizedlight, Q=U=V=0. Ingenerd, thedegree
of polarization (DOP), degree of linear polarization
(DOLP) and degreeof circular polarization (DOCP)
can be Calculated from Stokeselementsusing

2]

2

DOP:\/Q2+U V27

2

DOLP =,/Q2+U 2 /|

DOCP =V /I

In order to study the variation of polarization
properties caused by a certain sample, a set of
crosstalk polarization parametersisdefined. Inthis
way, the horizontal-to-vertical crosstalk (HVC) is
determined for an horizontally polarized incident
beam, being defined astheratio:

Hve = P2 = PP
par + perp

Where par corresponds to the intensity of the
horizontal polarization output component when
irradiating thetissuewith horizontally polarized light,
and perp. istheintensity associated to the vertical
component. Thevertical-to- horizontal, |eft-to-right
and right-to-left crosstalk parameters can be defined
inan analogousway. All these parametersareinthe
rangeof [-1, 1]. Ononehand, if they takethevalue
of 1, it meansthat the corresponding pol arization state
Is maintained. On the other hand, a value of -1
correspondsto agituationinwhichaconcreteincident
polarization state would result in the opposite
polarization Sate.

Biological tissues present avery high degree of
heterogeneity. They areknownto beaturbid medium
ingenerd, i.e. they strongly depolarizethe optical
radiation whenirradiated with alight beam. Dueto
this fact, the Mueller calculus is a very useful
polarimetric techniquein order to study polarization
dependent interaction between light and tissues, as
long asit can manage partial polarized light beams
and devicesthat causedepolarization[7].

3. EXPERIMENTAL SETUP

For Mueller matrix imaging, we need samplesto
gtart with. For thisthreedifferent tissue sampleshave
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been studied. The pathologist earlier diagnosed one
of themmalignant. Thesamplesmeasuredinthiswork
were brought from GSVM Medica College, Kanpur.
To measure the polarization state of light being
scattered from the sampleanumber of different skin
sampleweretaken and used for the measurements.
Theseincluded human skin. We used three different
types of skin sample. The first type healthy skin,
second type benign mole size skinand thethird type
maignant kin.

Polarizer Lens

Retarder

}

Retarder %ﬂ

Polarizer CCD Camera

Specular

Reflection
Sample

Fig. 1. Experimental Setup

We st up alaboratory-based scattering polarimetric
system using appropriate optical devices, suchasa
laser source (HeNelaser, A=632.8 nrn,), two wide
band polarizer plates, two quarter (1/4) wave plates
(retarders), two collimating lensesto focuslaser on
the sampleand to collect the scattered light from the
sample, and an optical detector. The schematic
diagrams of the system are shownin Figure (i). A
photograph of the systemisshown in Fig.(ii), (iii),
(iv). Thelight source, lens, polarizer and retarder form
the polarization state generator (PSG) unit. The PSG
unit generatesthepolarizedlight. After interactionwith
the sample, the scattered light is received by the
pol arization state detector (PSD) unit that consists of
lens, retarder, polarizer, and optical detector. Tomake
the 16 independent elementsof the Mueller matrix.
So, we had to make 4 individual polarimetric
measurementswith 4 different incident polarized light
sates(vertical, horizontal, +45°, and right circular).

My =hh+hv+vh+ww My,=hh+hv-vh-vv M13=2ph+2pv-M;; My4=2rh+2rv-My;

My=hh-hv+vh-vv M »=hh+hv-vh-vv M3=2ph+2pv-My; My4=2rh+2rv-M,;

Maz;=2hp+2vp-My; Maz,=2hp-22vp-M, M 3;:4;-)-;}2ph-2pv-M a1 Mg=4rp-2rh-2rv-My,

M g=2hr+2vr-My; M go=2hr-2vr-M 1, M 43=4pr-2ph-2pv-M 4

M g4=4rr-2rh-2rv-M 4

Fig.2. Contour Mueller Matrix Of Healthy Skin Sample

My;=hh+hv+vh+vv Mi=hh+hv-vh-vv Mi3=2ph+2pv-My; M14=2rh+2rv-My;

Mpr=hh-hv+vh-vy M p=hhhv-vh-wv Mas=2ph+2pv-May Mpe=2rh+2rv-Myy

.M 3.1=2hp+2va ﬁ M 32=2h;.}22vp-M .12 M3s=4pp-2ph-2pv-Mg;  Mg,=4rp-2rh-2rv-Mg;

M 1=2hr+2vr-My; M=2hr-2vr-M;, M 43=4pr-2ph-2pv-M4; M s=4rr-2rh-2rv-M 4,

Fig.3. Contour Mueller Matrix Images Of Benign Mole
SizeSample

My;=hh+hv+vh+vy My,=hh+hv-vh-vv M;3=2ph+2pv-My; My4=2rh+2rv-My;

My =hh-hv+vh-vv Mz=hh+hv-vh-vv Mas=2ph+2pv-M 2 M24=2rh+2rv-M;

M3, =2hp+2vp-My; Mg=2hp-22vp-M .12 Ma33=4pp-2ph-2pv-M3;  Mgs=4rp-2rh-2rv-Mg;

M 41=2hr+2vr-My; Mp=2hr-2vr-M, M 43=4pr-2ph-2pv-M ;. Mys=4rr-2rh-2rv-M,

Fig.4. Contour Mueller Matrix Images Of Malignant Skin
Sample

[23]

copyright © samriddhi, 2010-2014

S-JPSET : ISSN : 2229-7111, Vol. 6, Issue 1



Characterization Of Pathological Skin Sample By Polarimetric Technique

4. RESULT
Healthy Skin
1 0 0 0
-004 | 03 | -0.06 0
002 | -0.04 | -0.2 | -0.016
-0.016 | 0.03 0 -0.22
Benign Mole Size
1 0 0.01 | 0.004
-0.02 | 056 | -0.13 0
0.3 -01 | -04 | -0.001
-0.03 | 006 | 0.01 | -044
Malignant Skin
1 -0.08 | 0.007 | -0.06
-0.1 054 | -0.15 0
0.3 -0.11 | -0.504 | -0.001
-0.035 | 0.08 0 -0.55

The Mueller matrices have been measured in
backscattering configuration for awave ength of 632.8
nm with such a detection angle that the specular
reflectionisavoided. Theresulting matricesareshown
above.

From these matrices, the Lu-Chipman polar
decomposition isapplied, and then the depol arization
power of each samplehasbeen calculated. Theresults
areshownintable2. It can be observed that normal
skin depolarizeslight inastrong way. Benign mole
depol arizesless, and the maignant sample produces
thelower depolarization.

Table-1
Depolarization Power of the Samples Measured
Depolarization of Healthy skin 0.618
Depolarization of Benign mole 0.386
Depolarization of Malignant Skin | 0.267

As well as the depolarization power, we have
calculated a series of degrees of polarization. The
notation used hereare DOL P, DOTP, DOCP, means
degree of linear polarization, degree of total
polarization and degree of circular polarizationand
subscript denotesthe pol arization state of irradiated
light. Theresultsfor linear polarization states are
included in Table 2, while Table 3 shows the
parametersfor thecircular ones.

Table-2
Degreeof Linear Polarization
DOLPy DOT4 DOLy DOTy
Healthy Skin 0.2417 | 0.2511 | 0.3469 | 0.3588
Benign Mole 0.5825 | 0.5844 | 0.7127 | 0.7188
Malignant Skin | 0.6244 | 0.6173 | 0.7725 | 0.7880
Table-3
Degreeof Circular Polarization
DOCPr DOTPr DOCP_. DOTP_
Healthy Skin 0.2440 | 0.2424 | 0.2140 | 0.2207
Benign Mole 0.4624 | 0.5600 | 0.4070 | 0.5054
Malignant Skin 0.6180 | 0.7145 | 0.4724 | 0.5542

In order to obtain more information about the
polarization behavior of the samples, we havea so
calculated the polarization crosstalk parameters
included in Table4. They do not present any type of
strong crosstalk between polarization states.

Table-4
Polarization Crosstalk Parameters of the Samples
HvVC VHC RLC LRC
Healthy Skin .2400 | .3400 | -0.2550 | -0.2050
Benign Mole 5400 | .5800 | -0.4613 | -0.4070
Malignant Skin | .5834 | .6678 | -0.6381 | -0.4810

The depolarization power observed for each
sample shows a clear difference between them.
Depolarizationin biological tissuesismainly related
to scattering, and thereforeit varieswith the number
of scattering eventsundergone by the photons, aswell
aswiththedensty of scatterers, their dimensionsand
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their composition [11]. Wehypothesizethat themain
factor that affectsthe depol arization power isrelated
to the absorption coefficient, and in particul ar to the
melanin content, aslong asit isthe most relevant
histopathol ogica characterigtic of thetumorouslesion
consderedinthiswork. Skinabsorptionisdominated
by meaninthat showsastrong absorptioninthevisble
range. It is the dominant chromophore in skin.
Therefore, the absorption coefficient of skindirectly
depends on the melanin presence. Melanin is
containedinthemelanosomes. Moleare characterized
by ahigher melanosome content than healthy skin. In
the case malignant skin melanocytes continue to
produce melaninintheir cancerousstate. Therefore,
as the tumor grows, melanosomes diffuse in the
epidermislayer and, depending on the cancer stage,
can a so appear inthedermis[13]. Thiscausesthat,
inthe particular melanomatype considered inthis
work, thetumoroustissue showsavery highmelanin
content. Thishasadoubleeffect: both the penetration
depth and the amount of back scattered light are
dragtically reduced. We proposethat, aslong aslight
penetrates less into the tissue, it undergoes less
scattering events, suffering lessdepolarization. Itis
known that canceroustissuestypicaly show increased
blood perfusion compared to normal tissues. In
particular, maignant skinusudly hasaperiphera blood
net around it in order to obtain enough nutrientsto
maintainitsgrowth[11]. Theresultsincludedin Tables
2 and 3 show thedegreeof linear polarization and
degreeof circular polarizationfor healthy skin, benign
mole, and malignant skin sample. Table4 showsthe
crosstak parametersfor different pairsof polarized
light.
5. CONCLUSION

Thedepolarization power hasbeen provedto show
asignificant difference between healthy skin, beinga

mole, and malignant skin. We have hypothesi zed that
it isdueto the melanin content of the skin samples

considered, based onitsoptical propertieseffectsas
well as the fact that it is the most relevant
histopathol ogical feature observablein beingn mole
and mdignant samplesin comparisonwith hedthy skin.
However, therearemorefactorsthat should bestudied
infutureworksin order to achieveabetter knowledge
about thispathol ogy and itsdetection poss bilitiesby
meansof optical techniques.

In this paper, we presented the application of
polarimetric technique for measuring polarization
propertiesof skin. We carried out measurements of
elementsof theMueller matricesof skin samples.

Theabove results show the applicability of the
polarimetric techniquethat can be devel oped by de-
signing an appropriate system for measuring
polarization propertiesof skininaclinica [aboratory.
The sensitive elements of the Mueller matrix can
represent biomarkers of polarization-dependent
scattering and birefringent e ementsof theskininsuch
Sudies.
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