I nter national Journal of Ethicsin Engineering & Management Education
Website: www.ijeee.in (1SSN: 2348-4748, Volume 1, Issue 5, May 2014)

Polarimetric Imaging of Coffee

P.V. Kanaka rao

Associate Professor
Dilla University
ETHIOPIA
pvkanakarao@gmail.com

Abstract: Polari metric imaging technique for characterizing the
coffee sample depends on the reflection, scattering and
transmission of the polarized light when it is incident on the
anisotropic sample. In a typical experiment a highly collimated
monochromatic polarized beam with predefined state of
polarization from a source is incident on surface of the sample
under consideration. From thereflected and transmitted states of
polarization the variation of polarization in the sample is
understood. The methodology and experimental setup for
obtaining intensity images is specified. The image processing
algorithms for obtaining 16 elemental Mueller Matrix images is
established for the first time on Coffee sample and is verified
theoretically to meet the conditions of a complete polarimeter.
The obtained images are processed by a self developed program
to determine the normalized elemental Mueller Matrix which is
further used to understand the depolarization, diattenuation and
retardance coefficients in the sample under consider ation.

Key Words:-Polarization states, Coffee sample, Mueller Matrix
and Degree of polarization.

1. INTRODUCTION

Mueller Polarimetry is a widely used technique ofgpization

measurement in which a linear variation between the =

polarization state of incident and excited bearamfa sample
are obtained, it describes the polarization pragerof the
sample by using a Polarization State Generator |PS@
Polarization State Analyzer (PSA) with rotating waplates,
polarizer and analyzer.

The polarization effects that take place in the garof
interest are understood in terms of the imagesirddawith
predefined polarization states that are furthercgsesed to
understand the characteristic change in the imagk ae
attributed to the variation in sample.

Mueller matrix measurement system was described i

the works of some researchers [1-6]. The opticédrjzation
effects simultaneously occurring in the samplesaneied with
respect to the 49 captured images and then rediacelb
element Mueller matrix images. These elements obthare
processed by MatlLab codes for processing imagesl jpix
pixel and are then normalized to first elementébaysignature
matrix. The polarization change in the sample idaustood in
terms of the values and images obtained from theasire
matrix.

The basic constraint for a Mueller matrix [10] te b
physically realizable is that the incident Stokescter is
physically realizable from the resultant Stokesterethrough
the Mueller matrix.

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 coffee pdam
undergoes a transformation, represented by a 4 rXattix
called the Mueller or Polarization matrix and thensformed
Stokes vector is written [9] as

S=MXS = e 2)
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Where S is the stoke vector of
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transmitted/reflected/scattered light.
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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 Mueller matrix M can be also written as
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are called as Diattenuation and Polarizance veegpectively
and ‘m’ is a 3 X 3 matrix [4].

Diattenuation characterizes the intensity transmaes
of the incident polarization states. The diatteimmttakes
values from O to 1 and is defined as,

D = Tmax _T
Tmax +Tmin

All Mueller matrices may not be physically realifab
The basic constraint for a Mueller matfixo be physically
realizable is that,

3
T\" _ 2 2
(MMT)" = > m? < 4my” e ©®
i,j=0
This imposes a condition that the Degree of
Polarization is less than or equal to one, i.e.,
SI°+S22+S3
P= ( )51 ------ ()
SO

The equal sign applies for non-depolarizing systems

and the inequality otherwise. In our earlier comioations
[14] we have proved that we get a recognizable Muel
matrix for these coffee samples.

Retardance is a property that indicates the phase

change and has constant intensity transmittance afor
incident polarization state and is described by [12

(Ra) (R,
R=RR=|Ra, || R, | ®)
Ra,) (R

Where, the components indicate, horizontaf, @5d
circular retardance respectively. The net linegandance is

— 2 2
R =VRi +R;
and the total retardance is

R=,/R? +R% +R? :JR5+R5=|ﬁ<| - (10)

3. EXPERIMENTAL PROCEDURE

The Coffee sample is illuminated with He-Ne lasEeomw
power and 632.8 nm wavelength with predefined |déon
state [7,8]. The collection optics is kept af #B5m the input
beam direction throughout the experiment. As showFigure
1.
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Fig.1. Experimental setup '

The samples considered here is Coffee obtained from
Gadeo region of Ethiopia and is shown in Figure2.

@
M

Fig.2. Coffee Sample

Grown on the rolling hills of southwestern Ethiopiae
Arabica type Yirgacheffe gourmet coffee is handebrand
harvested. Each batch is wet processed to imptwvadidity
and enhance its clean floral notes. Full bodiedh witild
earthly flavor, the coffee is roasted medium-lighiproduces
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a unique fragrance and a lingering intensifiedsfinilt boasts lro lrn lrv lrp lem  lrr  ImL

a sweet, rich and smooth flavor.

ILO ILH ILV ILP ILM ILR ILL

~ The sample is then powdered and further sewed tQnhere, the first subscript indicates input state] the second
obtain a uniform granular size and is ready expeniation as subscript the output state.

shown in Figure3.

A beam of photons from the source through a PSG
was made to fall on the sample material and reftbdteam
was made to pass through PSA and fall on the CGBctie
connected to a computer that records the inteigitymation.

By varying the optical elements in the PSG and P&,

different intensity images were recorded.

49 intensity images with various orientations of
Polarizer and Analyzer are necessary to obtaiiéhelements
of Mueller matrix images [13]. The 49 intensity igees
obtained are named as follows
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-Fig.3. Roasted and powdered coffee
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After acquiring 49 intensity images the 16 elemknta
Muller Matrix is obtained from the following relatis
M= loo; M= lholvo
M13= lpc-lmo; M= lo-lro
Mz =lor-lovi Ma=(lun +hw) = (hv+l vi)
Mas=(lpn+wv) )= (pvHl mr)s Mas= (Iry +lin) = (ki Lv)
M31=loF - lom
Mao=(Inp +lvm) - (Iam +lvp); Mas=(Ipp+Ium)- (Ipm +lvp)
Ma,=(Irm +ip) - (Irp+lm); Ma=loL- lor
M=l +lvr) - (g +lv); Mag=(lpL +lmr) - (Ipr 1)
Mu=(lrr L) - (IrL *ILR)

4. RESULTS

The 49 intensity images with various orientatiohpalarizer,
Analyzer and waveplates are obtained and from ttreaml6
element Muller Matrix image are obtained and arewshin
Figure 4

Eselaa'

Eggay

Eggp C

2888y

202



I nter national Journal of Ethicsin Engineering & Management Education
Website: www.ijeee.in (1SSN: 2348-4748, Volume 1, I ssue 5, May 2014)

B2gasl

2agan

ml’ 3
o
an

0

Esaaa

2D 4 60 80 10 20 A 60 80 W0
Fig.4. The 16 element Mueller matrix images of
Yirgacheffe Coffee

Beaawy

From the measured Mueller matrix the necessary
condition for Complete Mueller Polarimeter is cdétad and
is in accordance with equation (6).

From the measured Mueller Matrix the Diattenuation,
Retardance and Depolarization images are acquineldtlze
mean values of Diattenuation and Depolarization tioe
sample are as shown in Table3.

Table 3: Mean values of Diattenuation, Depolaraatind Retardance.

Coffee sample Mean values
Diattenuation 1.3803
Depolarization 0.0030
Retardance 2.0932

5. DISCUSSION

The polarization response of coffee sample wasrebdeand
it is observed to compile with equation (6). Thatttinuation,
depolarization, Retardance values are observed. The
depolarization value is attributed to the differseoatterings of
incident light by sample, if the sample surfacéammbertian it
is exhibiting high depolarization of light and thshowing
sharp back scattered intensity distribution withghhi
polarization of light. A high specular reflectanoature was
observed for the diattenuation the reason beindereifit
surface texture content on the surface though sgnaeular
size is used for investigation. Retardance valualus to
discontinuity present on the sample surface thigevés also
compositional and moisture or water content preserthe
coffee sample.

6. CONCLUSIONS

After acquiring 16 images, the images are processethical signature of the Coffee sample in the foof a

in MATLAB platform to acquire intensity component @ach
and every pixel of image [13]. This Mueller Matoktained is
normalized to the first element of the matrix toldge the
intensity dependent effects in the image and alaplgies the
analysis [11]. The measured Mueller Matrix is shawitTable
1.

Tablel. Mueller Matrix values of Coffee.

(M12) (M1 (M1 (Mg
1 -0.0698 0.0001 | -1.4419
(M21) (M2) (M23) (M2g)
-1.1163 0.0698 0.2558 | -0.4651
(M31) (M32) (M33) (M3y)
-0.3488 -0.4186 0.0930 0.9535
(M42) (M42) (M43 (M)
-0.7674 -0.0930 | -0.1395| 0.0465

Mueller matrix was obtained and as expected it latdd

polarization anisotropic character which is evidéwoim the

results tabulated. The experiment results of thigdys

indicated that pixel by pixel processing of the grea obtained
effectively identified various optical polarizatiaanges and
scattered intensity distributions present in thiéfemosample.
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