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Abstract

Absorbance measurement in dense media via conventional optical spectros-
copy techniques leads to inaccurate results. This is mainly due to multiple
scattering phenomena that contribute to the overall light extinction in the in-
terrogated sample. This limitation imposes the use of dilute solutions for ab-
sorption spectroscopy. However, depending on the polarity of the solvent
used, the absorption spectrum may vary over a given solution. Structured il-
lumination technique offers an alternative to this problem, and provides the
ability to calculate 7n-situ optical properties in dense media. In this paper, we
propose two processing methods applied to images acquired by structured la-
ser illumination planar imaging (SLIPI) technique to extract extinction coeffi-
cients [, of probed solutions: The first is based on the implementation of
principal component analysis (PCA) and the second, on the calculation of
Mean Value. In practice, two kinds of studies were carried out: one quantitative
set of measurements within chlorophyll liquid solutions and a second set with
concentrated coffee solutions, with controlled proportion and concentrations
for each sample. These two proposed analytical techniques are advantageous
because they are very easy to implement and provide a much simpler alternative
to the previous one. Both methods offer satisfactory results, similar to those ob-
tained with the original method which is based on 1D Fourier transform.

Keywords

Spectrophotometry, Dense Media, Extinction Coefficient, Structured Hlumination,
Principal Component Analysis

1. Introduction

Matter is mostly made up of structures with various properties that react in var-
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ious ways to photon interaction. This is the case, for example, of biological tis-
sues whose composition is inhomogeneous and sometimes dense. This, in ho-
mogeneity property of the matter, becomes a challenging issue in diagnosis us-
ing classical method of optical spectroscopy. It uses the Beer-Lambert law which
establishes the proportionality between the concentration of chemical species,
the absorptivity and the path length traveled by the light in the media [1] [2] [3]
[4]. However, this law is no more applicable while measuring the absorbance of
media for which transmittance is either very high, or too weak, under certain
conditions. Thus, there are important operational conditions under which the
Beer-Lambert law cannot be applied without modification [2] [4] [5] [6] [7] [8].
So, to overcome these physical limitations and making successful spectroscopic
measurements in turbid environments, a relatively new approach based on
structured illumination was developed by Edouard Berrocal and coworkers [9].
This technique named SLIPI (Structured Illumination Laser Planar Imaging) is
based on the use of spatially modulated laser sheet passing through the studied
dense media. The light pattern formed inside the media is captured and
processed to get rid of the multiple scattering photons. The main idea behind
using the spatial modulation of the incident light intensity is that only the ballis-
tic photons will keep the memory of the light pattern and lead to significant im-
provement of contrast of images [10]. The stray light is extracted and is used to
calculate the optical density [11]. This approach has been successfully used for
3D imaging and characterizing of scattering media [12]. Kristensson and co-
workers have also used the same idea in the context of imaging of molar extinc-
tion coefficients of turbid media [13]. And most recently Olivier K. Bagui et a/
have used it for classifying groups of coffee [14].

In this work, we have developed new data processing techniques applied to
the same types of images acquired by SLIPI technique. These analytical methods
are based on algorithms edited in our laboratory, based on Principal Component
Analysis (PCA) method, and Mean Value (MV) method. Both methods provide
satisfactory and interesting results compared to the previous method.

In practice, we have measured firstly the extinction coefficients of several
chlorophyll dense solutions, extracted from fresh banana leaves. The use of
chlorophyll as a sample would be beneficial in preventing food shortages and
protecting vegetation. This could lead to a study of vegetation protection against
harmful factors of climate change. Secondly, we applied these proposed methods
to dense liquid coffee solutions whose concentrations are very well known and
whose mode of preparation is well defined. Note that the results obtained from
these three methods, for each sample examined with laser radiation of wave-
lengths 450 nm and 638 nm, have shown the pertinence of our computational
algorithms, because they provide similar results to the existing method. They are
also rather fast and provide very similar results to those of the existing method.
The evaluated variations between extinction coefficients calculated via the stan-
dard method and those that we propose are estimated between 0.00% and 2.13%

which appear very weak. Such observations could confirm the relevance of the
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suggested techniques with a minimal risk of error.

2. Principle of SLIPI Technique

The SLIPI technique was inspired by structured illumination microscopy prin-
ciple [15]. SLIPI method combines both structured illumination and laser planar
imaging by superimposing a periodic pattern with a laser sheet [16]. The main
idea is to filter the single scattered photons from multiple scattered lights by as-
suming that the photons satisfying the Beer-Lambert law have undergone a sin-
gle diffusion before reaching the detector. For classical spectroscopy, this equa-
tion remains valid when the particle density is low, and when the path length
traveled by all photons in the examined sample is short. However, SLIPI tech-
nique is based on a principle that allows the selective encoding of ballistic pho-
tons that will keep the memory of the spatial modulated pattern even in turbid
media, and to consider the multiple scattered photons as noise (whose magni-
tude depends on the optical characteristics of the sample) [17]. This process
works as directional filter and extract most of the unique diffusion of photons in
the propagation direction, considerably improving the contrast of the image
[18]. Note that the principle of this technique is entirely well described in the li-
terature [19] [20] [21] [22], particularly in Chapter 6 of Kristensson PhD Thesis
(see Ref. [18]). An image obtained from a sample illuminated by an intensity

modulated with a sinusoidal pattern is described by:
L(x,y)=1.(Xy)+ 15 (x y)cos(2nxv +¢) (1)

where v is the modulation frequency, ¢ is the spatial phase | (X, y), the
intensity of the single scattering and multiple scattering, and 1,(X,y) is the
amplitude of the single scattering. The SLIPI technique allows to extract and
preserve | (X, y) while it removes |, (X, y) and COS(ZnXV+(p) image after
processing. To extract the single scattering information and to get the SLIPI im-
age | (X, y) experimentally, a minimum of three intensity-modulated images
are recorded with a spatial phase corresponding to 0°, 120" and 240°. By calcu-
lating the pairwise difference between the three recorded images, most of the
multiple scattering of light is suppressed. Equations ((2) and (3)) show how
SLIPI image and the conventional image can be extracted from three images

spatially modulated [23].

Is :g[(lo - I120)2 +(|0 - |240)2 +(|120 - |240)2:|

1
2

2)

| = |0+|120+|240 (3)
¢ 3
By registering N spatially modulated images with a relative phase shift of

%, the SLIPI image can be formed from the generalized Equation (4).

|s=%[§i(|i—|j)zf, N >3 (4)

i1 j=i+l
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3. Materials and Methods

3.1. Samples Acquisition

3.1.1. Chlorophyll Solutions

The first examined media were chlorophyll solutions. The chlorophyll solutions
were exclusively extracted from fresh leaves of five banana trees grown on dif-
ferent sites. These leaves were mashed and infused into alcohol, hence used as a
solvent. In order to avoid any unwanted reaction, we proceeded then to the fil-
tering of the obtained solutions, in absence of light. This allowed us to obtain
dense solutions of chlorophyll from fresh leaves of each plant noted Sy, S5, Ss, Ss
and Ss. These solutions were classified according to their level of turbidity: From

high-concentrated (S;) to lowest (Ss).

3.1.2. Coffee Solutions

The coffee solutions are prepared using instant coffee (from the brand “Nescafé
Classic”) made of 100% robust a coffee. An initial solution C, is created by dis-
solving 6 grams of coffee into 450 ml of water. This dilution results to a concen-
tration equals to 1% from the initial coffee concentration C;. From this solution,
4 solutions have been, once again, prepared to obtain a linear decrease in con-

centration.

3.2. Experimental Setup

The SLIPI technique used in solving optimization problems in the fuel efficien-
cy, had proven to be capable of multiple scattering suppressing in dense sprays
imaging [9]. And since then, according to the assigned objective, its experimen-
tal device is available in various configurations. We use the SLIPI single-phase
approach whose schematic representation can be seen in Figure 1, to measure
the extinction coefficient of probed dense liquids samples. In practice, a sample
placed in a silica cuvette is successively illuminated by radiation from two lasers
diode of 450 nm and 638 nm. These laser beams are expanded and collimated

through two spherical lenses placed one after the order in such a way that the

Max < Turbidity Min

Samples Obtaining method i C :
V, = 6 g coffee + 450 ml water (1.0xC_ |

V, =60.0 ml V, +15.0 ml water :0.8 x C1

@

______ @ V=6
©)
@

V, =45.0 ml V, + 30.0 ml water ;0.6 x C,
V, =30.0ml V, + 45.0 ml water 0.4 xC_ !

______ ® | V,=225mlV, +52.5ml water 0.3xC, |

Figure 1. Samples of coffee solutions photographed in top and the corresponding dilu-
tion procedure is provided in the table below.
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b CW diode lasers

Neutral Density Filter f

Dichroic
mirror

EM-CCD perture

Sperical lens
camera

f=15mm

Spherical lens
f=150 mm

Structured

light sheet — Collimated beam

Turbid solution
Cylindrical lens
f=200 mm

Ronchi
grating

Figure 2. A detailed schematic of single-phase SLIPI optical arrangement.

distance between them is equal to the sum of these focal lengths. The laser sheet
created by a cylindrical lens, and modulated using a 5 Ip/mm Ronchi grating is
then completely reflected through a plane mirror on the cuvette containing the
sample. A 14-bit EM-CCD camera (maximum number of photons 2'* — 1 =
16383) located at 90° to the propagation direction of the laser light sheet, capture
the modulated image generated in the cuvette. The recording of acquired images

is provided by a personal computer linked to the camera (see Figure 2).

3.3. Analysis Methods
3.3.1. The Single-Phase SLIPI Approach

The standard strategies used in order to process the images acquired by SLIPI
set-up and applied to turbid media, is based on single phase scattering detection
by means of Fourier transform [9]. The so-called lock-in detection method is
widely developed in Ref [10]. The explanation of the spatial lock-in algorithm
mathematically, leads to consider a column vector in the modulated spectrum

(I) at the wavelength A containing a spectral line:
L (4,y)=A, (y)sin(2zv,y +¢,(y))+B, (¥) (5)

where y is the spatial vector, v, is the the grating modulation frequency, A

represents the amplitude of theg modulated signal, B a non-modulated back-
ground, and ¢, (y) the unknown spatial phase of the superimposed modula-
tion. The extraction of A is main goal of lock-in algorithm. Then, extract 4 and
reject B.

For that purpose, one creates two reference signals |, and |, with iden-
tical period (v, ) which is equal to those of the modulated spectrum according to

the following Equations ((6) and (7)) but phase-shifted n/2 [24].
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I, =sin(2mv,y) (6)
l,, =cos(2mv,y) (7)

Multiplying the column vector |(l, y) with the reference in Equation 5,
signals yields:

1 = 1,0 (A, y) = A;sin(2rv,y + ¢, (y))sin(2mv,y)+ B, (y)sin(2nv,y)  (8)
And
17 =1,1(4,y)=Asin(2rv,y+g, (y))cos(2nv,y)+B, (y)cos(2nv,y) (9)

Which can be simplified to

It =%A,1 (cos(@ (y))-cos(4nv,y+4, (y)))+ B, sin(2nv,y) (10)
And

12 =2 A, (sin(4, (v)-sin(4mv,y+4, (¥)+B,cos(2nv,y) (D)

Three components can be identified by frequency analyzing of 1} and 12
in the two preceding Equation (8) and Equation (9). First, (a) a DC component,
then (b) one modulated with 2vg and finally (c) one modulated with v, Itis
now advisable to remove the two last components in the Fourier domain apply-
ing a low-pass filter having a cut-off frequency (v, ) less than v, resulting in

the following expressions:
A, cos(g, (y)) (12)

12
Iﬂ,

A;sin(g, (y)) (13)

The tilde assignment in these relations indicates the applied frequency filter-

ing. From these, A, can be extracted finally thanks to the following formula
[24]:
A =2 (I})Z+(I~f)2 (14)

One can extract the amplitude of the modulation from a modulated image
using Equations (6)-(14). The modulated component A, , reflects the exponen-
tial decay of the single-scattered light along the cross-sectional width of the cu-
vette. Extracting the extinction coefficient y., can be done by applying an expo-
nential fit to A, according to the Beer-Lambert-Bouguer absorption law.

Figure 3 and Figure 4 show illustrations of the single-phase SLIPI process.

The amplitude of the intensity decreases from column P to Q according to the
light intensity profile represented. The 1D Fourier transform (FT) applied to the
curves P and Q, makes it possible to obtain the reduction in strength of the 1%
order peak (modulation frequency). This frequency is then filtering and isolated
after applying the lock-in algorithm, which finally reveals the exponential decay
(see Figure 4).
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Figure 3. Single-phase SLIPI principle. This illustration represents the signal from a
structured laser sheet, with cross-sections extracted from two different depths, marked as
P and Q.
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Figure 4. (a) SLIPI image. Isolated frequency using frequency filtering obtained by means
of lock-in algorithm. (b) Curves corresponding to the exponential decay of the light in-
tensity crossing the sample after filtering.
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3.3.2. Mean Value and PCA Approach

The analysis methods we are proposing are applied to the images captured by
the CCD camera, produced from the convolution of the diffracting pattern by
the system’s transfer function. These analysis techniques are based on algorithms
developed using Matlab R2014a; and globally aim at filtering the light intensity
crossing the solution, in order to evaluate and extract noises. We make the as-
sumption that the light passing through the studied media is composed of two
components: The multiple scattered photons which are uncorrelated along the
optical path and then regarded as noises, and the single scattered light possessing
the distinguishing characteristics imposed by the spatial modulation. These
codes based on a signal processing have a principle stipulating that the sum of
intensities measured on each line of the diffraction pattern, plus the sum of the
noises must be equal to an intensity that will tend to the incident flux I, ac-
cording to the following relationship 15.

>3 [1+(8),]-1, (15)

n=li=1

where (b, )n is the fluctuating or variable noise which are recorded for each n
line, and I, is the recorded intensity on each n line without noise. Let us note
that two approaches are developed here; the Mean Value Method and the Prin-
cipal Component Analysis method.

In the Mean Value Method, we made the average of illuminated lines intensi-
ties in the modulation before tracing the total decrease of luminous flow. There-
fore, the hypothesis that emanates from this approach is that, when we make the
average line by line, the mean value of the intensity obtained will tend towards

|, which is considered as the single scattered light.

In the Principal Component Analysis (PCA) method, we extract the correla-
tions between lines. This method consists of applying principal component
analysis on each line. Therefore, the same assumption: |, will be added with a

n

noise in each line:

l+.(b), Q~ line), 1,+> (W), (2" line), ..., 1,+>,(b), , n® line,
assuming 7, on each nline does not vary, as shown in Figure 5.

Thus, by extracting the correlations existing between the lines, the first prin-
cipal component that we will obtain, must correspond to |, and thus easily
dissociable from the noises.

Let us develop now mathematical descriptions which underlie the suggested

techniques.
L(xy) =1, (X, y)+ 1, (X y)cos(2nxv + ) (16)
(X Y) =1 (X, y)+ 1 (X, y)cos(2mx,v +¢) (17)
N N
S(%,,Y)= Z[Ic (X0 ¥ )+ 1 (X, y)cos(2nxnv+¢)} (18)

i (%, y)=§: (X, y)+ZN: I (X,,y)cos(2nx,v + @) (19)

=1 n=1 n=1

>
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Flucturation noises in
the first line

Constant intensity
in this first line

Incident

light 1,

Figure 5. Corresponding diagram to the intensity of light recorded on each line and the asso-
ciated noises. When the light penetrates in-depth of the liquid solution, the line of the grating
becomes less perceptible because of the multiplication of the intensity noise which appears.

On each enlightened line L, the incident light will undergo an exponential de-
cay according to the following equation.

1(L)=1(0)-e" " (20)

where g, the extinction coefficient.

Let assume that the line pixel is composed of the single scattered photon Jg
and the multiple scattered photon J,,

Js is a function of y (Jg = Jq (y) ), and J,, hasarandom distribution and
doesn’t depend on xor y.

So let write that:

(%, Y) =35 (¥)+ I (21)
C(Xn’y)=‘]CS(y)+‘]CM (22)
Is(any)=Jss(y)+‘]5M (23)

For all MVlines of the diffraction pattern, one can write:

Z| Xy )= Z[J )+ 3y | (24)

N
Z'(Xn,y)=ZJs(y)+ZJM (25)
n=1 n=1 n=1
As N increase, ZLJM tend to zero.
N
> Iy >0
n=1

A pre-processing of the raw data consists in extracting the correlations exist-
ing between the illuminated lines in the captured image by the CCD. This makes
it possible to improve the contrast of the image containing the information on
the optical properties of the sampled medium. This technique makes it possible
to make the diffracted lines of the grating in the raw image (Figure 6(a)) more
perceptible (Figure 6(b)).

Applying Principal Component Analysis (CPA), we obtain the matrix of ei-
genvalues to target the area of interest containing mainly the information. This

270

0.:’, Scientific Research Publishing



T. Koffi et al.

SAALLLLCOGOUOUE

o
o
-~

S
o
o
-

Figure 6. (a) Raw image captured by the CCD. In this image, we can notice that the light
diffracted by the grating is only perceptible over a distance approximately equal to 10
mm. (b) Image (a) whose contrast has been enhanced, appearing clearer. In this image,
the lines of the diffraction pattern are perceptible over the entire width of the imaged cu-
vette (20 mm). Zoom on area of 10 mm? of the two images are also given.

area corresponds to the more intense intensity part (red parts in Figure 6).

By decomposition into singular values, one succeeds in extracting the princip-
al components, above the red line (Figure 7), which are dissociated to the noises.

All these components then made it possible to reconstitute the matrix making
it possible to select the main zone of interest, where the information on the ex-
tinction coefficients is more perceived.

In order to understand how the radiation inside the liquid solution could vary,
we plotted the histogram of the recorded image (Figure 8).

The histogram clearly shows an exponential decay of the light intensity in the
probed sample. This exponential decrease is due to the extinction of light flow,
caused both the absorption and diffusion according to the following expressions
[18]:

I, = I g arss) (26)

And
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10-4 L L L i1 a1l L 1 L PR SR | L 1 ! PR T
10° 10° 102 108
principal components

Figure 7. Decomposition into singular values of matrix components and extraction of the
main diagonal elements. This can significantly separate the noise and main components.
These main eigenvalues which are above the line serve to reconstitute the image which
appears clearer.

x10*

———

3.5

A L
] | I

1 1 1
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1

Figure 8. The histogram corresponding to the recorded image. This shows an exponential decrease of the intensity distribution in
the recorded image along the x-axis.

Mo+ Hg = 1, (27)

where g, p, and p, are respectively the extinction, absorption and scat-
tering coefficients, | the length of scattering medium. |, is the intensity of
transmitted light, |; the incident light intensity. The extinction coefficient de-
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pends, in this case, on the solution density N, and on the cross section o, of

the extinction. It can be estimated as in the Equation (10) [25].

U, =N-o, (28)

Then we plot curves corresponding to the exponential decay of the light in-
tensity crossing the sample after filtering using Mean Value and PCA methods.
The extinction coefficients of each solution probed with wavelengths of 450 nm
and 638 nm can be calculated. These extinction coefficients values are extracted
by finding the best exponential fit which can be relatively well superimposed to
experimental one, as shown in Figure 9

Then, we look for the convergence of the proposed methods to the standard
method.

4. Results and Discussions

For each probed sample at 450 nm and 638 nm, the data processing by each of
the three techniques of analysis made it possible to plot the various spectra and
to calculate the extinction coefficients. Figures 10-13 show the respective curves
resulting from the exponential decay of the light crossing each solution and
plotted via each method. The various extinction coefficients values are also cal-
culated using each of the three methods. Those are posted in legend.

For the all examined samples, we calculated and extracted the various extinc-
tion coefficients values. All these values are recapitulated in each illustration.
Note that chlorophyll solutions extinction coefficients calculated at 450 nm by
the Fourier transform method are all nearly identical to those obtained with the
two other proposed methods. The same remark is also made with wavelength

638 nm for these samples. The extinction coefficients of coffee solutions ob-

1 . T

o o Data
0.9k o fit ]
o.sg Extg, (mm) = 2.1271, ]
0.7 0.D = 31.9061 .

intensity [au]

0 5 10 15
Distance [mm]

Figure 9. An example of curves obtained via mean value method of the coffee solution S:
for A = 450 nm. The values of the extinction coefficient and optical density are posted. It
is noticed that the experimental curve (blue) and the theoretical curve (red) are well su-
perimposed.
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intensity [au]
o
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=83 Ext.Coeff.=1.250 mm™'

S4 Ext.Coeff.=1.113 mm-'
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(b)
1 L] 1
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0.8 4
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Figure 10. Curves resulting from the exponential decay of light intensity traced using each of the three methods, for the five sam-
ples of chlorophyll solutions probed with laser light at 450 nm. The extinction coefficients values obtained by each method are
posted on each illustration. We have in top, the standard method (FT) resulting results; in the medium, those of the Mean Value

Distance [mm]

(c)

(MV) method and below, the results resulting from the Principal Components Analyze (PCA) method.
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Figure 11. Curves resulting from the exponential decay of light intensity traced using each of the three methods, for the five sam-
ples of chlorophyll solutions probed with laser light at 638 nm. The extinction coefficients values obtained by each method are
posted on each illustration. We have in top, the standard method (FT) resulting results; in the medium, those of the Mean Value
(MV) method and below, the results resulting from the Principal Components Analyze (PCA) method.
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Figure 12. Curves resulting from the exponential decay of light intensity traced using each of the three methods, for the five sam-
ples of coffee solutions probed with laser light at 450 nm. The extinction coefficients values obtained by each method are posted
on each illustration. We have in top, the standard method (FT) resulting results; in the medium, those of the Mean Value (MV)
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method and below, the results resulting from the Principal Components Analyze (PCA) method.
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Figure 13. Curves resulting from the exponential decay of light intensity traced using each of the three methods, for the five sam-
ples of coffee solutions probed with laser light at 638 nm. The extinction coefficients values obtained by each method are posted
on each illustration. We have in top, the standard method (FT) resulting results; in the medium, those of the Mean Value (MV)
method and below, the results resulting from the Principal Components Analyze (PCA) method.
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tained by each method are also nearly identical at 400 nm on the one hand and
at 600 nm on the other hand.

The values of optical properties calculated via the three different approaches
made it possible to trace the graphs of variability of each method according to
the examined solutions concentrations. By making the differences between the
extinction coefficients values obtained with the proposed methods and those of
the standard method for each given sample Si, as Equations ((29) and (30)), we

noticed very little variations.

Th = |Heg (FT )Ai ~ Heg (PCA)M| (29)

And

T = |Heg (FT )/u T Heg (MV )ﬂi| (30)

where 4, (FT) ., 1s the extinction coefficient of the sample Si calculated by
Fourier Transform method at the wavelength /i, He, (PCA) ,;» the extinction
coefficient of the sample Si calculated by PCA method at the wavelength Ai
and 4, (MV),, the extinction coefficient of the sample Si calculated by
Mean Value method at the wavelength Ai .

Figure 14 and Figure 15 show respectively the distribution curves of these ex-
tinction coefficients variations obtained according to the Equations ((29) and
(30)) with chlorophyll solutions at 450 nm, and at 638 nm.

Same work was also made for the extinction coefficients obtained with coffee

solutions at 450 nm and at 638 nm using the three techniques.

Chlorophyll - 450 nm

0.022
0.02 ) —@— FT-PCA |
\ == FT - MV
0.018

0.016

0.014

0.012

0.01

0.008 '
0.00 1 1.5 2 25 3 35 4 4.5 5
Concentration

Extinction Coefficients variations [mm-1]

Figure 14. Variations of the extinction coefficient values calculated with FT method and
those of PCA method (brown curve); then between the FT method and those of MV me-
thod (green curve) for chlorophyll solutions probed at 450 nm. The observed deviations
ranged between 0.006 mm™ and 0.021 mm™ for the PCA method; and these differences
ranged from 0.006 mm™ to 0.020 mm™ for the MV method.
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Figure 15. Variations of the extinction coefficient values calculated with FT method and
those of PCA method (brown curve); then between the FT method and those of MV me-
thod (green curve) for chlorophyll solutions probed at 638 nm. The observed deviations
ranged between 0.001 mm™ and 0.012 mm™ for the PCA method; and these differences
ranged from 0.00 mm™ to 0.013 mm™ for the MV method.

Note that the extinction coefficients values obtained for each type of solutions
via the two proposed techniques are approximately equal to those of standard
technic. However, there are small variations in these values. These are between
0.6% and 2.1% for the PCA method at 450 nm and between 0.1% and 1.2% for
the wavelength of 638 nm. Similarly with the Mean Value method, there are
small fluctuations (slight differences) of the calculated coefficients compared to
those calculated with the standard method. These small variations are estimated
between 0.1% and 2.3% at 450 nm and between 0.0% and 0.13% for 638 nm rad-
iation.

This leads to assert that these two methods that we are proposing offer similar

results to the standard one.

5. Conclusion

The objective of this study was to provide SLIPI technique with alternative data
processing methods to calculate the extinction coefficients and also optical
depths of dense solutions. The objectives of this work have been achieved by the
use of chlorophyll and coffee solutions at different concentration levels, and they
lead satisfactory results. Note that our proposed data processing algorithms,
which is based on PCA and Mean Value, made it possible to calculate extinction
coefficients g, approximately equal to those obtained with the standard me-
thod [26]. Owing to the fact that they have a good computation time and are
simpler concept and implementation than the standard technique, they also lead

to a minimal risk of error. This approach will also be appropriate in Moiréinter-
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ferometry projection measurement. This would make possible the separation of

the absorption and diffusion coefficients while interrogating dense solutions.
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