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Abstract: This study aims to investigate the combination of speckle pattern analysis, 
polarization parameters and chemometric tools to predict the optical absorption and scattering 
properties of materials. For this purpose, an optical setup based on light polarization and 
speckle measurements was developed and turbid samples were measured at 405 nm and 660 
nm. First, backscattered polarized speckle acquisition was performed on a set of 41 samples 
with various scattering (µs) and absorbing (µa) coefficients. Then, several parameters were 
computed from the polarized speckle images and prediction models were built using 
stepwise-Multiple Linear Regression. For scattering media, µs was predicted with R² > 0.9 
using two parameters. In the case of scattering and absorbing media, prediction results using 
two parameters were R² = 0.62 for µs and R² = 0.8 for µa. The overall results obtained in this 
research showed that the combination of speckle pattern analysis, polarization parameters and 
chemometric tools to predict the optical bulk properties of materials show interesting 
promises.  

OCIS codes: (030.6140) Speckle; (290.5850) Scattering, particle; (260.5430) Polarization; (170.1580) 
Chemometrics; (160.4760) Optical properties; (170.7050) Turbid media 
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1. Introduction 

Non-invasive determination of optical absorption and scattering properties of materials is a 
subject of considerable interest for biomedical [1, 2], agricultural [3, 4] or chemical [5, 6] 
applications. When these two optical properties are obtained separately, the individual roles 
played by absorption and scattering in light matter interactions are better understood. 
Moreover, absorption and scattering coefficient knowledge can be useful for qualitative and 
quantitative analysis. 

Specific experimental techniques based on light propagation theory and radiative transfer 
equation resolution have been proposed to measure absorption and scattering properties 
separately. These techniques involved different setups based on spatially-resolved [7] time-
resolved [8, 9] and frequency-resolved [10] spectroscopy as well as double integrating sphere 
setups [11, 12] or polarization metrology [13, 14]. 

Although powerful, these methods have their limitations. First, they may require complex 
and sometimes expensive optical solutions. Secondly, the model inversion technique used to 
obtain the absorption and scattering coefficients requires the knowledge or approximation of 
parameters describing the studied medium (such as thickness, refractive index, particle size 
and shape, etc.), which may be troublesome for complex media [11, 15]. 

Laser speckle theory was first developed in the 1960s [16]. Statistical properties of laser 
speckle pattern are related to the scattering characteristics of an optically diffuse material. 
Speckle field measurement is now a standard tool used to characterize dynamic behavior of 
scattering media. Indeed, well-known techniques such as Dynamic Light Scattering [17], 



Diffusing Wave Spectroscopy [18], LAser Speckle Contrast Analysis (LASCA) [19] based on 
temporal characterization of speckle intensity fluctuations are now widely used for diverse 
applications such as medicine [20] or agriculture [21]. 

Besides, speckle pattern parameters (typical size, contrast, intensity…) combined with a 
polarization approach can provide additional information on scattering media [22-28]. For 
example, spatial intensity variations, speckle size, image spatial contrast or degree of 
polarization of speckle patterns were shown to be dependent on the anisotropy factor and 
scattering coefficient of the studied medium [29, 30]. More recently, speckle pattern 
parameters combined with a polarization approach [31, 32] has been carried out on both 
scattering and absorbing media. It showed that the speckle pattern parameters of a scattering 
medium were also dependent on the absorption coefficient. These first results are very 
encouraging. Measuring speckle pattern parameters can indeed potentially reveal the 
absorption and scattering properties of materials. 

In analytical chemistry, relationships between multivariate data and media properties are 
commonly described by using chemometrics methods. To our knowledge, the combination of 
speckle pattern analysis, polarization parameters and chemometric tools to predict the optical 
absorption and scattering properties of materials has never been tested. In this study, the 
potential of this approach is evaluated on turbid media. This paper addressed the following 
issues: (i) select relevant speckle pattern parameters to (ii) build and evaluate prediction 
models based on these parameters. The results of this study are first presented on only-
scattering media and then on both scattering and absorbing media. 

2. Materials and methods 

2.1 Optical phantoms 

2.1.1 Liquid optical phantoms preparation 

A set of 41 liquid optical phantoms (Fig. 1) was prepared based on the protocol described in 
[33]. Absorbing properties were set by Methylene Blue (M9140, batch MKBR892V, Sigma-
Aldrich), MB, and scattering properties set by IntraLipid® 20% (batch 10IB7209, Fresenius 
Kabi), IL. All solutions were diluted in deionized water to obtain 100 ml samples.  

A MB stock solution of 400 µM was used to prepare seventeen absorbing levels with 
respectively 0, 1, 2.2, 4, 5, 8, 10, 12, 15, 16, 18, 20, 25, 28, 30, 32 and 36 ml of stock 
solution. The corresponding MB concentrations were then: 0, 4, 8.8, 16, 20, 32, 40, 48, 60, 
64, 72, 80, 100, 112, 120, 128 and 144 µM.   

Similarly, ten scattering levels were created with 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 ml of IL 
20%. IL 20% is originally developed for intravenous feeding and contains soybean oil (200 
g/liter), emulsified with egg lecithin (12 g/liter) in water-glycerin mixture. Taking into 
account the density of the different components, this results in a volume concentration of 
22.7% scattering particles in pure IL 20% [33,34]. As a consequence, scattering particle 
concentrations in the samples were 0.227, 0.454, 0.681, 0.908, 1.135, 1.362, 1.589, 1.816, 
2.043 and 2.270% (volume fraction). Batch-to-batch variability in IL scattering properties has 
been proven to be very small and its high stability over time and at different temperatures 
makes it suitable for calibration of setups developed for optical characterization [35-37]. 



 

Fig. 1. Set of 41 liquid phantoms, created by mixing Intralipid® 20 % (IL; scatter), Methylene 
Blue (MB; absorber) and water (dilution agent). 

 

2.1.2 Estimation of bulk optical properties 

Scattering coefficients µs at 660 nm and 405 nm for pure Intralipid® 20 % were computed 
according to the fitted equation given in [33]: 

 10 2.59( ) 1.868 10sµ λ λ −= × ×   (1) 

with µs in cm-1 and λ in nm.  
This equation was established with optical measurements on similar samples between 500 

nm and 2500 nm. It was then extrapolated to 405 nm as other studies such as [34] reported 
similar µs model between 350 nm and 500 nm. 

The scattering coefficients for the different IL concentrations were then computed using 
the linear relation between scattering and volume concentration for the scattering particles. 
This linear relation is valid for solutions with less than 2% of scattering particles especially 
for wavelengths in the near infrared. Two of the liquid samples prepared were slightly above 
this limit but as measurements were done in the visible range, the impact was considered 
negligible.  

Absorption coefficients µa at 665 nm of solutions were also computed thanks to the fitted 
linear equation found in [33]. 

 0.1071a MBµ C= ×  (2) 

with CMB the Methylene Blue concentration. 
This linear fit is valid for MB concentrations lower than 70 µM. Above this limit, the 

fraction of absorbers around 665 nm (monomers) decreases significantly in favor of the MB 
dimers fraction [38].  

In this experiment, absorption coefficients of solutions with MB concentrations higher 
than 70 µM were estimated by a linear fit between the value at 70 µM and the value at 144 
µM found in the article [33]. At 405 nm, MB absorption is negligible [39]. 

2.2 Experimental setup and parameter computations 

2.2.1 Experimental setup 

The optical setup used for backscattered speckle measurements is schematically illustrated in 
Fig. 2. 



 

Fig. 2. Experimental setup scheme of speckle measurements 

Two laser diodes were used in order to stimulate the liquid samples in two different 
wavelength ranges: one at 405 nm (40 mW, Thorlabs DL5146-101S) where absorption was 
negligible and one at 660 nm (120 mW, Thorlabs HL6545MG) where both absorption and 
scattering occurred. Both laser diodes were mounted with an aspheric lens (Thorlabs 
A220TM for the 405 nm laser diode and Thorlabs C220TME-B for the 660 nm laser diode) 
adjusted to minimize the laser spot at the sample surface .  

A grid polarizer (Thorlabs WP12L-UB) was mounted between the laser diode and the 
sample to set a p-polarization and an analyzer (Thorlabs WP25M-UB) mounted in front of the 
camera (CMOS, Thorlabs DCC3240M) to measure backscattered speckle in p- and s- 
polarization alternatively. The CMOS camera recorded the speckle field on 1024 × 1280 
pixels of 5.3 µm × 5.3 µm pitch. The distance between the sample and the camera was set to 
20 cm so a typical speckle spot covered a few pixels. The image measured with parallel 
polarizer and analyzer was named –pp and the image measured with crossed polarizer and 
analyzer was named –ps. 

The integration time of the camera was set to 0.1 ms [40] and the frame rate was set to 60 
fps to avoid blur on the image due to particle Brownian motion in the liquid sample.  For each 
measurement, 100 frames were taken in a row.  

A dark measurement was also performed for each liquid sample to remove the 
background signal on the images. 

2.2.2 Speckle pattern and polarization parameters 

Several statistical parameters related to the speckle pattern for each polarization can be 
extracted from the speckle images. These parameters were computed for the 100 frames and 
then averaged on the number of realizations to give the results for one measurement. 

First of all, the average intensity of the images –pp and –ps were computed: <Ipp>, <Ips>. 
<Ipp> is the sum of the polarization maintaining light and half of the depolarized light, 
whereas <Ips> corresponds to half of the depolarized light [41]. The average surface and 
volume intensity, respectively Isurf and Ivol were then defined as: 

 Isurf = <Ipp> - <Ips> (3) 

 Ivol = 2 . <Ips> (4) 
The degree of linear polarization (DOPl), which gives information about the predominant 

type of photons, can also be computed to characterize samples. It was given by: 

ܱܦ  ௟ܲ = ழூ೛೛வ	ି	ழூ೛ೞவழூ೛೛வ	ା	ழூ೛ೞவ (5) 



 
Besides, in [16, 42] the “average width” of a speckle pattern is determined from 

calculations of the normalized autocorrelation function of the intensity distribution in the 
(x,y) plane. This function, denoted cI(Δx,Δy) was calculated from the intensity distribution of 
the measured speckle, I(x,y): 

 ܿூ(∆ݔ, (ݕ∆ = ி்షభሾ|ி்ሾூ(௫,௬)ሿ|²ሿି〈ூ(௫,௬)〉²〈ூ(௫,௬)²〉ି〈ூ(௫,௬)〉²  (6) 

where FT was the Fourier Transform, < . > was a spatial average.  
We define cI(Δx,0) and cI(0,Δy) the horizontal and vertical profiles of cI(Δx,Δy), 

respectively. The full width at half maximum of this function provides a reasonable measure 
of the speckle size. Given the setup geometry, only the width along the vertical profile (dy 
such as cI(0,dy/2)=0.5) was considered, to avoid the incident angle influence. For each 
sample, two speckle sizes were computed in micrometers, depending on the analyzed 
polarization state: dypp and dyps. Moreover, the difference dypp –dyps has been investigated in 
the case of volume scattering and absorbing media characterization [31]. 

One last parameter extracted from speckle images –pp or –ps was the contrast (Cpp or Cps) 
defined as [16]:  

ܥ  = ఙ಺〈ூ(௫,௬)〉 (7) 

where σI was the square root of the intensity variance and < . > was a spatial average.   
 

2.3 Multivariate Analysis 

Stepwise Multiple Linear Regression (Stepwise-MLR) is commonly used for variable 
selection [50]. This procedure retains a subset of the most relevant observed variables to 
establish a regression model. The response variable is then predicted from a linear 
combination of the variables selected.  The linear regression model can be written as:  

 0
1

N

j i i j
i

y xβ β ε
=

= + +  (8) 

Where yj is a response variable, xi a dataset of N observed variables, βk (k=0,N) the 
regression coefficients and ϵj the residuals.  

In this study, the stepwise-MLR was applied to fit scattering and absorption coefficients 
from speckle parameters. More precisely, variable selection was performed on eight potential 
predictor parameters (dypp, dyps, dypp - dyps, Cpp, Cps, DOP, Isurf, Ivol) to predict bulk optical 
properties.  

Three quarters of the samples (30 samples) were used to build the calibration models and 
define the model parameters. The second independent dataset, composed by one quarter of 
the samples (11 samples), was used to test the ability of the regression models to predict 
either scattering or absorption coefficients of this new dataset.  Model performances were 
evaluated on the basis of coefficient of determination (R²) and root mean square error of 
calibration or prediction (RMSEc or RMSEp). 

All computations and multivariate data analysis were performed with Matlab software 
v.R2015b (The Mathworks Inc., Natick, MA, USA). 

 

3. Results and discussion 

3.1 Optical sample properties 

From Eq. (1) and Eq. (2), the optical properties of the sample set are calculated and their 
statistics are presented in Table 1. 



Table 1: Average, dispersion and range of bulk optical properties obtained for each wavelength 

Wavelength Coeff. 
Mean in 

cm-1 
Std in 
cm-1 

Min in 
cm-1 

Max in 
cm-1 

405 nm µs 174.47 80.15 33 329.7 

660 nm 
µs 49.23 22.62 9.3 93.1 

µa 5.16 3.94 0 13 

 
At 405 nm, the scattering behavior of samples is studied over a wide range of µs values: 

from 33 cm-1 to 329.7 cm-1, with a mean value of 174.47 cm-1.  At 660 nm, µs values range 
from 9.3 cm-1 to 93.1 cm-1 with a mean value of 49.23 cm-1 and µa values range from 0 cm-1 to 
13 cm-1 with a mean value of 5.16 cm-1. Samples at 660 nm exhibit both scattering and 
absorbing behaviors, but µs values are not as high as 405 nm ones. Indeed IL is composed of 
spherical particles with typical size lower than 500 nm [33], which explains why µs at 405 nm 
is higher than µs at 660 nm for a given IL concentration. 

It should be noted that in this experiment, µs coefficient is linear with IL concentration. 
Indeed, scattering level variations are only due to IL particle concentrations and not to 
particle size variations.  

If the measured media were composed of particles of different sizes, it would have been 
preferable to work with the reduced scattering coefficient µs’ which takes into account the 
medium anisotropy factor g (µs’ = µs(1-g)) [40] and to study other types of polarization, such 
as circular polarization [31].  

 

3.2 Speckle parameter selection and calibration models 

3.2.1 Case of scattering media 



 

Fig. 3. Stepwise MLR predicted values vs actual values of µs at 405 nm using one (Fig. 3.a) 
and two (Fig. 3.b) parameters. The actual values are computed with Eq. (1) 

At 405 nm, the calibration equations obtained by the stepwise-MLR using one and two 
parameters are respectively: 

 ( )405 79.08 75.97s ppµ nm dy= × −  (9) 

 ( )405 84.44 9.55 18.31s pp ppµ nm dy C= × − × −  (10) 

At this wavelength, where absorption is negligible compared to scattering, we find that µs 
is mainly linked to the parameter dypp [Eq.(9)]. More precisely, dypp increases with µs.  

This has already been seen in [40] in the case of non-polarized light. Indeed, the speckle 
spot size increases when the reflected light area from which it originates decreases:  

 
1.22

e

D
dy

D

λ× ×=  (11) 

where D is the observation distance and De the light diffusing area diameter [43]. 
Moreover, in the multiple scattering regime, when light penetrates a sample, it propagates 

up to a depth of a few transport mean paths l* (where l*=1/(µs(1-g)) and g is the anisotropy 
factor of the medium) and spreads out of the sample over an area Se of roughly 10×l*² [44, 
45]. Consequently: 



 
( )( )2

10

1
e

s

S
µ g

≈
−

 (12) 

 
( )( )2

² 10

4 1

e

s

D

µ g
π ≈

−
 (13) 

By combining Eq. (11)  and Eq. (13) we can establish a linear relationship between µs and 
dy. 

In this experiment, speckle patterns for two perpendicular polarizations of detection, pp 
and ps and the corresponding speckle sizes, dypp and dyps were measured. As stated by 
Morgan and Ridgway (Fig. 4), when linearly polarized light hits a medium, the backscattered 
light is composed of photons keeping the incident polarization state, and photons with random 
polarization states [46]. The photons having the incident polarization state have undergone a 
smaller number of scattering events and come from a smaller volume close to the surface 
compared to photons with a random polarization. 

 

Fig. 4. Polarization state of light in a medium with linearly polarized incident light [46,47]. 

As we can see in Fig. 5, most of the reflected light at 405 nm is depolarized (DOPl < 0.1) 
and thus comes from the sample volume. As a consequence, dypp and dyps are both 
measurements of the depolarized speckle spot size. As we can see in Fig. 6, these variables 
provide the same information and are therefore redundant. The model [Eq.(9)] could use dyps 
instead of dypp. But keeping both will not improve the predictive qualities.  

 

Fig. 5. Degree of linear polarization measured at 405 nm versus µs values. 



 

Fig. 6. Measured dypp and dyps versus µs values.  

Furthermore, from the stepwise-MLR model, we can see that µs prediction is slightly 
improved (R² goes from 0.917 to 0.985, RMSEc from 13.51 to 9.95 cm-1) when two 
parameters are taken into account: dypp and Cpp. From the model equation, when the scattering 
level µs increases, the contrast Cpp decreases [Eq. (10)]. 

According to [16], a simplified approach of the speckle contrast gives the following 
relationship: 

 
1

C
N

=  (14) 

Where C is the speckle pattern contrast and N the number of independent speckles 
contributing to the speckle pattern (for example orthogonal polarized speckles or different 
wavelength contributions). 

Previous works such as [48, 49] stated that scattering coefficients inside a volume can 
exhibit spectral variations. In our experiment, the spectral bandwidth of the laser diodes is 
about 2 nm. Hence, given the source bandwidth, spectral variations of the sample scattering 
properties can lead to an independent speckle generation. Actually, it could be assumed that 
the more the scattering level, the more the number of independent speckles and therefore the 
lower the contrast. 

3.2.2 Case of scattering and absorbing media 

Scattering coefficient µs: speckle and polarization parameter selection and model 
calibration   



 

Fig. 7. Stepwise MLR predicted values vs actual values of µs at 660 nm using one (Fig. 7.a) 
and two (Fig. 7.b) parameters. The colorbar gives the level of absorption, µa, for each point. 

At 660 nm, the µs calibration equations obtained by the stepwise-MLR using one and two 
parameters are respectively: 

 ( )660 19.64 23.46s psµ nm dy= × +  (15) 

 ( )660 16.29 7.69 12.65s ps ppµ nm dy dy= × + × +  (16) 

 
At this wavelength, all the samples both scatter and absorb. According to the stepwise-

MLR model with one parameter, µs can be described with dyps [Eq.(15)].  
At first-order, the same analysis done previously linking µs at 405 nm to dy can be done 

for µs at 660 nm. However, here at 660 nm, only dyps gives a measurement of the depolarized 
speckle spot size.  Indeed, DOPl at 660 nm range from 0.05 to 0.5 (Fig. 8.) while DOPl at 405 
nm was around 0.05 for all samples (Fig. 5). This implies that a fraction of the light measured 
in –pp configuration (polarizer and analyzer parallel) at 660 nm comes from the sample 
surface, where light has kept its incident polarization state (Fig. 4). This was not the case for –
pp measurements done at 405 nm.  



 	
Fig. 8. Degrees of linear polarization measured at 660 nm versus µs values. The colorbar gives 

the level of absorption, µa, for each point. 

Moreover, as shown on Fig. 7, predicted values of µs at 660 nm can be greatly improved 
by using stepwise-MLR model with two parameters (R² goes from 0.710 to 0.808, RMSEc 
from 12.23 to 10.11 cm-1): dyps and dypp. These two parameters increase when µs at 660 nm 
increases. Adding dypp parameter seems to improve µs prediction for high absorbing levels 
(yellow dots on Fig. 7). Indeed, when the absorption level is high, light is rapidly absorbed in 
the sample volume. Hence, the available information comes from the sample surface, 
characterized by –pp measurements.  

  

Fig. 9. Measured dypp and dyps versus µs values. The colorbar gives the level of absorption, µa, 
for each point. 

The µs model performances at 660 nm (R² = 0.808) are not as good as those obtained at 
405 nm (R² = 0.985). Indeed, the sample absorption properties modify the penetration depth 
as well as the spread out area due to the scattering properties proportional to dy value [Eq. 
(11) - Eq.(13)]. This can be seen in Fig. 9, where different samples with same µs and different 
µa give different dy values. 

Absorbing coefficient µa: speckle and polarization parameter selection and model 
calibration  



    

Fig. 10. Stepwise MLR predicted values versus actual values of µa at 660 nm using one (Fig. 
10.a) and two (Fig. 10.b) parameters. The colorbar gives the level of scattering, µs, for each 
point. 

At 660 nm, the µa calibration equations obtained by the stepwise-MLR using one and two 
parameters are respectively: 

 ( ) ( )a pp psµ 660 nm 3.26 dy dy 1.33= × − +  (17) 

 ( ) ( )a pp ps PPµ 660 nm 2.41 dy dy 2.17  C 1.59= × − + × −  (18) 

According to the stepwise-MLR model with one parameter, µa can be described as a linear 
function of dypp-dyps. The linear increase tendency of dypp-dyps with µa is well observed	 in	 Fig. 
11.	 This	 kind of results was presented in [31] with four samples made of small particles 
(anisotropy factor g < 0.3). In this experiment, the IL anisotropy factor at 660 nm is equal 0.7 
meaning that particles are not considered as small compared to the wavelength. However, the 
same tendency is observed. 

The increase in DOPl with µa has also been shown in [31]. This implies that µa plays an 
important role in the depolarization process and on the size of the diffusion spread out area. 



   

Fig. 11.  dypp - dyps values versus µa. The colorbar gives the level of scattering, µs, for each 
point. 

  

Fig. 12. Linear DOP values versus µa. The colorbar gives the level of scattering, µs, for each 
point. 

Again, as shown on Fig. 10, predicted values of µa at 660 nm can be improved by using 
stepwise-MLR model with two parameters (R² goes from 0.740 to 0.918, RMSEc from 2.1 to 
1.2 cm-1): dypp-dyps and Cpp.  

From Eq.(18), for a given value of dypp-dyps, Cpp increases when µa increases. The 
opposite was observed between Cpp and µs at 405 nm [Eq. (10)]. Using the same arguments, a 
high Cpp value implies a lower number of independent speckle patterns [Eq.(14)]. Here, when 
µa value is high, light will not propagate deeply inside the sample and there will be fewer 
independent speckle patterns due to depolarization effects. Hence Cpp value increases with µa 
value. Moreover, one can notice that adding Cpp value to the µa-model equation improves 
predictions regardless of the sample µs value. 

In the case of a scattering and absorbing medium, it is interesting to notice that µa and µs 
coefficients are predicted using parameters derived from the polarization analysis (both dypp 

and dyps are used). According to results found in [31, 40], further investigations using circular 
polarizations could be considered to improve the calibration models. 

3.3 Prediction ability of regression models 



The prediction ability of all three regression models was evaluated using one quarter of the 41 
liquid optical phantoms defined in 2.1.1. The 11 samples used to test our models were chosen 
in such a way as to be representative among the calibration set. This means that µs and µa 
standard deviations in the test samples were close to those used for the calibration:  
σ(µs, calib set) ≈ σ(µs, test set) and σ(µa, calib set) ≈ σ(µa, test set). 

3.3.1 Case of scattering media 

Fig. 13 shows µs predicted values at 405 nm for calibration and test datasets using the 2-
parameter regression model described in Section 3.B [Eq. (10)].  

  

Fig. 13. Stepwise MLR predicted values versus actual values of µs at 405 nm using two 
parameters, for calibration and test datasets.  

First of all, the graph (Fig. 13) confirms that calibration and test samples cover the same 
µs value ranges. In addition, R² values for prediction and calibration (see Fig. 3.b) are in the 
same order of magnitude (~0.99). The same holds true for RMSEc and RMSEp values (~8.5 
cm-1). These results show that the prediction ability of the 2-parameter µs model is very 
efficient in the case of scattering media. 

3.3.2 Case of scattering and absorbing media 

µs prediction 

Similarly, Fig. 14 shows µs predicted values at 660 nm for calibration and test datasets using 
the 2-parameter regression model described in Section 3.2 [Eq.(16)]. 



  

Fig. 14. Stepwise MLR predicted values versus actual values of µs at 660 nm using two 
parameters, for calibration and test datasets. The colorbar gives the level of absorption, µa, for 
each test point. 

In this case, the prediction ability of µs model is not as accurate as previously. The R² 
value obtained for prediction is lower than the one obtained for calibration (0.81 see Fig. 7.b), 
whereas the RMSEp is higher than the RMSEc (10.1 cm-1). On Fig. 14, the test points are 
colored according to their absorption level. This clearly shows that the model prediction 
ability is negatively impacted by samples possessing the same µs = 75 cm-1 but with large 
variations of µa values. When scattering and absorbing coefficients vary in these proportions, 
the proposed method to predict µs at 660 nm might not be suitable, especially for high levels 
of scattering. 

The prediction model of µs at 660 nm may also be improved by adding parameters derived 
from 405 nm measurements or by using nonlinear regression models. However, physics 
interpretations would be more difficult to make than those made with stepwise-MLR results. 

µa prediction 

Fig. 15 shows µa predicted values at 660 nm for calibration and test datasets using the 2-
parameter regression model described in Section 3.2 [Eq. (18)]. 

 

Fig. 15. Stepwise MLR predicted values versus actual values of µa at 660 nm using two 
parameters, for calibration and test datasets.  



The prediction ability of the 2-parameter µa model is slightly lower when compared to 
results obtained during calibration (see Fig. 10.b): the R² value is lower whereas the RMSEp 
is somewhat higher than the RMSEc. However, the results are very encouraging. Indeed, the 
proposed method predicts µa in scattering and absorbing media with satisfying accuracy. 

 

4. Conclusion 

This work investigated the usefulness of combining polarization, backscattered speckle and 
chemometric approaches, to predict optical absorption and scattering coefficients (µa and µs) 
of liquid samples at 405 nm and 660 nm. 

At 405 nm, the studied samples only exhibited scattering behavior whereas at 660 nm, 
they had both scattering and absorbing properties. The prediction ability of the regression 
models were then evaluated in these two cases. 

Linear models were built with stepwise multiple linear regressions, to predict µa or µs 
using two variables computed from the polarized speckle patterns. In the case of scattering 
media (samples measured at 405 nm), µs was predicted with a very good accuracy with a 
model using dypp and Cpp (R² > 0.9). However, in the case of scattering and absorbing media 
(samples measured at 660 nm), µs model was built with dypp and dyps and yielded less 
accurate prediction results (R² = 0.62). Besides, µa was predicted with a model using dypp - 
dyps and Cpp, giving satisfying results (R² = 0.8). 

The proposed method, by combining polarized speckle parameters and stepwise-MLR 
yields fairly good results in predicting bulk optical properties (µs or µa). However, it seems 
more difficult to predict µs in the case of absorbing media. The prediction model for µs at 660 
nm could be improved by (1) adding parameters from 405 nm measurements to build 
stepwise-MLR models, (2) taking into account all parameters and use Partial Least Square 
Regressions, (3) including non-linear terms to build the models or (4) using non-linear 
methods such as Neural Network or Support Vector Machine.  

Further investigation should be carried out on complex biological samples (such as plant 
leaves, soil, waste…) in order to assess the potential of this method on biological complex 
media. Indeed, this cost-effective and non-invasive method could lead to the development of 
new sensors.  
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