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Abstract
The possibilities of a Dynamic Rotating Compensator

Polarimeter (DRCP) for the accurate exploring of the
polarimetric behaviour of dense media are explored. For
the case of a rough surface, namely a surface standard like
Spectralon®, its role as a depolarizer is analyzed over the
visible spectrum by implementing and calibrating a
multispectral source on the DRCP. For a scattering
volume, a typical suspension of latex particles, a high
dynamic range camera is added to the detection system of
the DRCP, therefore allowing for a polarimetric imaging of
the input surface. This is an external view of the scattering
processes taking place inside the medium, a view that, for
the simplest cases can be numerically simulated. However,
when an object is embedded in such medium, this
technique seems to be quite efficient in recognizing the
position, depth, and even the nature of that object.
Operations performed on the Mueller matrix (MM) image
are able to distinguish absorbent, reflectant, and even
highly-scattering objects, provided that a reference object-
free polarimetric image can be also obtained.

The combination of spectral and imaging capabilities in
the same DRCP instrument could offer the most complete
“polarimetric fingerprint” of a dense media with optically
inhomogeneous inclusions.

1 Depolarizing surfaces
Spectralon® is a white reflectance standard, and its
Lambertian behavior, spectrally analyzed, stands over
most of the visible spectrum. Regardless the angle of
scattering, the brightness of a Lambertian surface to an
observer is the same. That is why this kind of surfaces is
essential to build diffuse reflectance standards, and for
integrating sphere manufacture and other equipment
calibration. It is also acquiring the role of a polarimetric
standard in the sense of behaving as a perfect depolarizer.
This has been shown recently for a multi-wavelength
source in a variable-incidence experiment. The set-up
geometry of the dynamic polarimeter and some important
results obtained for this surface are summarized in Figs 1
and 2 as they are presented in [1]. In all cases the
experimental reflectance (given by m11) approaches very
well a Lambertian curve, apart from Angles Of Incidence

(AOI)>45° and θ>30°, and all comparisons between
theoretical models and experimental results should be
consistent with this experimental fact.
The purity of the matrix, P(M) is very close to zero in the
range analyzed, as corresponding to an almost perfect
depolarizer, with values under 0.02 for normal incidence
over a large range of θ, regardless of the wavelength. This
result stands for a high range of AOI.
In other words, Spectralon SRS-99 bounces off some [98-
100]% of fully depolarized light in the wavelength range
from 488.0 to 632.8 nm, independently of the AOI, for
−60°<θ<30°

Figure 1 (a) Experimental setup, where the synchronous
rotation of the waveplates and the control of the angles is shown.

(b)Scattering plane showing the criterion for the angles.

outlining a Lambertian reflectance profile. At normal
incidence more than 98% of the reflected light is fully
depolarized in the scattering range −60°≤θ≤60°, with
strong deviations when either θ≤−60° or θ≥60°. Such
deviations increase dramatically for AOI>45° and θ>30°,
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resulting in a low depolarizing surface for these
conditions.

Figure 2 Behavior of Spectralon® SRS-99 standard: (a) element
m11 vs  for at =568,2nm and for several AOI. (b)Purity of the
matrix P(M) vs  at normal illumination.

2 Dense Media
In the case of a turbid medium, the outgoing scattered
light exhibits, in general, substantial depolarization. In
this situation, the surface of the medium, in the
surroundings of the point where the incident beam hits
such surface becomes very interesting. This is a
considerable amount of light that travels through the
medium, interacting with the matter, and can be
monitored by a surface imaging system. Moreover, its
polarization state keeps some record of such interactions,
a fact that demands the use of a polarimetric imaging
system for a proper analysis of such information (i.e. a 4x4
MM of the surface, or 16 images). From this point the
approaches differ from some researchers to others, mainly
because of the different purpose, medium, size or
instrumentation. If an object embedded in a dense media
interacts with light then it may leave its own mark in the
output image polarization. In this sense it must be
detectable. Although a complete MM analysis, like the so-

called polar decomposition can extract the polarimetric
information of the system in an understandable way, we
have operated on the raw images, seeking a straight-
forward way to find the polarimetric fingerprint of the
embedded object.

2.1 Object-free medium
An experiment was performed with polystyrene spheres
suspended in water. Fig 3(b), taken from [2], shows the
MM for particles sized 1,1m in diameter, with a
concentration 3x10-3m-1, enough to have a few mm
penetration and also to hide objects. For this system a
Monte-Carlo simulation has been performed, based on the
algorithm developed by Ramella-Roman et al [3]. Very
briefly, the program tracks the path and polarization for
every photon as it interacts (Mie scattering) with the latex
particles (scattering coefficient s), contributing to the
polarization state at a given point of the surface. The
result is shown in Fig 3 (a). The agreement is as good as
the best found in the literature [4].

Figure 3 MM’s of a 1100nm diameter spheres suspension with
concentration 3x10-3m-1 (picture dimensions are 10x10mm): (a)
Simulated (s=8,33mm-1); (b)Measured (=20°).

(a)

(b)

MT-3.2



LASER-LIGHT AND INTERACTIONS WITH PARTICLES AUGUST 25-29TH, 2014, MARSEILLE, FRANCE

2.2 Polarimetric imaging with inmersed objects
Three different objects were embedded in the turbid
media, all derived from a cylindrical glass tube with an
external diameter of 0,75 mm that acts as a core. The
reflective target is made with an external aluminum foil,
the absorbing target is made adding a black felt cover,
and the depolarizing target is made by gluing
micrometer-sized glass powder. The glass tube is
mounted on a stand, which allows us to control its
position inside the cuvette, i.e. its lateral position and
depth in the medium, as described in [2]. From the
experimental MM obtained for these cases other relative
matrices (subtraction matrices) are defined, in order to
assess the sensitivity of the method to the presence of the
object. The main conclusion of this study is that this
operation applied to elements m11 and m44 allows the
detection of the target, the assessment of its location, and
also offers information about its nature (reflective,
absorbent, scatter).
Fig 4 shows the map, 10x10mm of the surface for the
relative matrix elements r11 and r44 when a reflecting
object is located 4mm to the right and at several depths.
Differences from zero are especially important both at the
input spot and at the location of the object.

Figure 4 “Relative” matrix elements r11 and r44 with the
reflective target right-shifted 4mm and for three values of z.

Fig 5 corresponds to the same two elements r11 and r44 for
both depolarizing and absorbent targets, at the same
lateral shift (x=4mm) and for a depth of z=3mm (this
directly compares with the left images in Fig 4).
While in the case of reflecting and strongly scattering
objects it is observed that r44 < 0), this is not the case for
the absorbent object, for which r44 lies slightly over zero.
Although the effects produced by the strongly
depolarizing and reflecting objects are similar, the
reflective one is much more localized. This behavior is
somewhat reproducing that of its isolated counterpart. A
reflecting object returns the light strongly polarized (the
equivalent r44 for a mirror would be -1). The absorbing
target shows a lack of backscattered light that can result in
higher values of r44. This phenomenon can be understood
as a lack of depolarized light. Lastly, for a depolarizing
object, made of densely packed micron-sized glass

particles, we have the case of a strong scatter inside a
turbid (scattering) medium. Its effect is a non-local overall
reduction of the values of r44.

Figure 5 “Relative” matrix elements r11 and r44 for the
depolarizing and absorbent targets as in Fig4, with z=3mm.

3 Spectral Imaging of turbid media
In principle, a dynamic polarimeter with an imaging
system should provide a wide and accurate view of the
output surface especially if the illumination and
observation angles can be controlled. If the spectral
sensitivity of a continuous source is added to the system,
then its capabilities should increase, in particular for the
cases in which the light-matter interaction is spectrally
selective. This is the purpose of the upgrading that is
being currently carried out in our dynamic DRCP, which
performance and first results could presumably be shown
by the time the congress takes place.
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