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Measurement of parameters of polarization in the living human
eye using imaging polarimetry
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Abstract

An imaging polarimeter using liquid-crystal variable retarders (Bueno, J. M., Artal, P. (1999). Double-pass imaging polarimetry
in the human eye. Optics Letters, 24, 64–66) has been used to study the parameters of polarization in the living human eye.
Retardation introduced by birefringent structures of the eye has been calculated by using a spatially resolved collection of Mueller
matrices obtained from series of 16 double-pass retinal images. Results for images with a 2-mm pupil diameter show that although
the retardation introduced by the eye in a double-pass varies among individuals, at the central cornea the slow axis is directed
along the upper-temporal to lower-nasal line and the ellipticity is close to zero, which indicates the presence of linear birefringence.
As pupil size increased, the measured retardation also increased, while ocular birefringence remained linear and azimuthal angle
changed without a clear tendency. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Polarization properties of both in vitro and in vivo
human eyes have been widely studied (see (Bour, 1991)
as a general review). Most of studies were based on a
polarizer-analyzer technique that allowed interpretation
of the results only in terms of two components: one
maintaining the polarization and other becoming depo-
larized. Although sources of retardation and dichroism
have been previously reported, polarimetric techniques
were not always used.

The state of polarization of a light beam is described
by a four-element column vector known as Stokes
vector (Shurcliff, 1962). A change in the state of polar-
ization of the beam produced by a system is a linear
transformation in a four-dimensional space. This trans-
formation is obtained by means of a four-by-four ma-
trix Mij (i, j=0, 1, 2, 3) with real valued elements called
Mueller matrix (Shurcliff, 1962), which contains infor-
mation on all the polarization properties of the sample

(including effects of depolarization). Nevertheless, the
parameters characterizing the polarizing and retarda-
tion properties of the system do not appear explicitly in
its Mueller matrix. In general, the element M00 repre-
sents the intensity profile of the emergent beam when
unpolarized light is entering the system. Elements M01,
M02 and M03 describe the diattenuation (or dichroism)
(Chipman, 1995), and M10, M20 and M30 characterize
the polarizance (Shurcliff, 1962). The lower 3×3 sub-
matrix contains the retardation. All elements contribute
to the calculation of the degree of polarization (Chip-
man, 1995). Changes in the state of polarization caused
by birefringent structures can be represented on the
Poincaré sphere (Theocaris & Gdoutos, 1979) as a
rotation around an axis or eigenvector. Longitude and
latitude of this eigenvector indicate respectively the
azimuth and the ellipticity of the equivalent retarder.
Retardation is given by the angle of rotation (Kliger,
Lewis, & Randall, 1990).

van Blokland (1985) was the first to measure the
retardation introduced in the light double-passing the
ocular media and suffering reflection in the retina using
a Mueller-matrix polarimeter. That system permitted
only point by point analysis. However spatial resolu-
tion or imaging polarimetry are required for other
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applications. There are two approaches to the design of
imaging polarimeters: either substitution of the
photodetector by a camera (Pezzaniti & Chipman,
1995) or use of a scanning unit (Dreher, Reiter, &
Weinred, 1992). In this paper an imaging polarimeter
incorporating a CCD camera is proposed.

There are two main reasons to further study the
polarization properties of the eye. From a basic point
of view, the eye has rather complicated polarization
properties (Bour, 1991), so any technique based on
collecting the light coming back from the retina may be
affected by polarization (for instance, the double-pass
method (Santamarı́a, Artal, & Bescós, 1987; Bueno &
Artal, 1999b) or the Hartmann–Shack sensor (Liang,
Grimm, Goelz, & Bille, 1994)). On the other hand,
changes in the state of polarization of the light reflected
in the retina are used in clinical applications and diag-
nosis techniques (Dreher et al., 1992; Fendrich, Fischer,
& Bille, 1994; Pelz et al., 1996). For example, the Nerve
Fiber Analyzer (Scanning Laser Polarimeter) is a com-
mercially available instrument oriented to the early
detection of glaucoma by measuring the retinal retarda-
tion associated to the nerve fiber layer thickness. More
recently, other authors have also proposed a polariza-
tion based system to study foveal fixation (Hunter,
Patel, & Guyton, 1999).

Although corneal and retinal birefringence have been
previously studied (Stanworth & Naylor, 1950; de
Vries, Spoor, & Jielof, 1953; Weale, 1966; Bone, 1980;
Bour & Lopes Cardozo, 1981; Hochheimer & Kues,
1982; Bone & Landrum, 1984; van Blokland, 1986; van
Blokland & Verhelst, 1987; Klein Brink & van Blok-
land, 1988; Dreher et al., 1992; Pelz et al., 1996), in this
work, maps of retardation introduced by the eye have
been calculated using spatially resolved Mueller ma-
trices. This permits a more complete description of the

spatial changes in the state of polarization of the light
scattered back from the human fundus. This method
presents an improvement compared with point-by-point
analysis in previous studies of large retinal areas, in
order to be used in future clinical applications.

Since the ocular retardation is dominated by the
birefringent properties of the cornea (van Blokland,
1986), the position and orientation of the incoming
beam may have a substancial effect on the observed
retardation. The influence of the size of the incident
beam on the parameters of polarization has been also
studied in this paper. By keeping the central location of
incidence on the cornea and increasing the entrance
pupil (in general called ‘pupil size’ in this paper), im-
portant and relevant changes in parameters have been
found.

2. Methods

2.1. Double-pass imaging polarimeter

Fig. 1 shows a simplified diagram of the double-pass
imaging polarimeter (Bueno & Artal, 1999a). This setup
incorporates two liquid-crystal variable retarders
(LCVRs) to an ophthalmoscopic double-pass apparatus
(Santamarı́a et al., 1987) and was used to calculate
spatially resolved Mueller matrices in the human eye.
The light emitted by a 633 nm He–Ne laser is spatially
filtered and collimated, passes through the polarization-
state generator (PSG) composed by a liquid-crystal
variable retarder (horizontal linear polarizer and liquid-
crystal cell) (THORLABS, PD A50/M) and a remov-
able quarter-wave plate (LCVR1+QWP1) not shown
in figure. After reflecting in a beam splitter (BS), the
beam goes through the ocular media, suffers reflection
in the retina and leaves the eye. In the exit pathway,
after transmission through BS, the light beam passes
the polarization-state analyzer (PSA) with a symmetri-
cal arrangement as the PSG (QWP2+LCVR2). Artifi-
cial pupils AP1 and AP2 act as effective entrance and
exit pupils respectively. The camera objective forms an
aerial image (O¦) on the CCD plane of a scientific-
grade slow scan camera (SpectraSource MCD1000).
The point source (O), the retinal image (O%) and the
double-pass image (O¦) are conjugated. A photodiode
(RP) records reference intensities to correct the mean
intensity level in the images according to fluctuations of
the light source. A Badal system (BL) formed by two
148-mm lenses permits to correct defocus.

To calculate the 16 elements of the Mueller-matrix,
at least 16 measurements (double-pass images) for inde-
pendent combinations of states of polarization PSG-
PSA are required. Driving the LCVRs with appropiate
voltages (defined after calibration) and placing the two
additonal quarter-wave plates when necessary, four

Fig. 1. Simplified configuration of the optical setup. L, collimating
lens; BL, Badal system; RP, reference photodetector; PSG, polariza-
tion-state generator; PSA, polarization-state analyzer; BS, pellicle
beam splitter; AP1 and AP2, artificial pupils; BD, black diffuser; l/4,
test quarter-wave plate. Inserted dashed square shows the arrange-
ment for the calibration of the system.
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Fig. 2. Changes in the state of polarization for the first (a) and second
passes (b), and Stokes vectors associated to the light reaching the
CCD camera after passing the PSA (c). BS, beam splitter; AP2,
artificial pupil; L2 and L3, Badal system lenses; SPSG

(m) , Stokes vectors
generated by PSG; S IN

(m) and M·S IN
(m), Stokes vectors of the light

reaching and emerging from the eye; SOUT
(m) and SPSA

(m n), Stokes vectors
of the light going into the PSA and entering the CCD respectively;
MR and MT, Mueller matrices of the beam splitter in reflection and
transmission respectively; M, Mueller matrix of the eye in double-
pass; LCVR2, liquid-crystal variable retarder; QWP2, removable
quarter-wave plate; M( PSA

(n) , Mueller matrix of the PSA.

BL (that by AP2) while staring at the attenuated point
source directly until the image was as small and bright
as possible. This focus setting was confirmed by record-
ing double-pass images for different focus positions
around the best subjective focus.

Several series of 16 double-pass retinal images of a
point source (4 s exposure time and 256×256 pixels)
were recorded for independent combination of states of
polarization PSG-PSA. Noise in the images was re-
duced by median filtering after subsampling to 64×64
pixels. The spatially resolved Mueller matrix was ob-
tained by applying to each set of 16 images the proce-
dure described in Section 2.3.

2.3. Calculation of the Mueller matrix

For each independent combination PSG-PSA, a dou-
ble-pass retinal image containing information on the
two passages through the eye and the retinal reflection
was recorded. For each independent Stokes vector SPSG

(m)

(m=1, 2, 3, 4) generated in the PSG, the Stokes vector
S IN

(m) of the light entering the eye is given by S IN
(m)=

MR·SPSG
(m) , where MR is the Mueller matrix of the pelli-

cle beam splitter in reflection. This transformation is
shown in Fig. 2a.

If M is the Mueller matrix of the eye including the
two passages and MT is the Mueller matrix for the
beam splitter in transmission, the Stokes vector of the
light going into the PSA will be SOUT

(m) =MT·M·SIN
(m)

(Fig. 2b). MR and MT have been previously calculated
using the polarimeter in transmission mode (Bueno,
2000). Finally, if MPSA

(n) (n=1, 2, 3, 4) is one of the four
Mueller matrices of the PSA (each corresponding to an
independent state), the Stokes vector of the beam
reaching the camera will be SPSA

(m n)=MPSA
(n) ·SOUT

(m) (Fig.
2c), with an intensity (gray levels in the image) termed
by I image

(m n).
Due to possible fluctuations in the intensity of the

source, every image was corrected according to the
expression:

IF
(m n)=

I image
(m n) −Ibckg�1

N
%
N

i=1

IR(i)−Ioffset
� (1)

where IF
(m n) is the corrected image, IR(i ) are the refer-

ence intensities, N is the number of measured intensities
during the exposure time, Ibckg is a background image
recorded when placing a black diffuser in the place of
the eye and Ioffset is the background intensity for the
reference detector.

If MPSA is the 4×4 auxiliary matrix with each row
being the first row of every MPSA

(n) and MS–OUT=
[SOUT

(1) ,SOUT
(2) ,SOUT

(3) ,SOUT
(4) ] is other auxiliary matrix, then

they verify:

states of polarization in each unit are produced (Bueno
& Artal, 1999a). The maximum irradiance on the sub-
ject’s cornea during exposures was less than 250 nW/
cm2, well below the maximum permissible exposure
limit (American National Standard for the Safe Use of
Lasers, 1993).

2.2. Experimental procedure

Three (well-trained) normal male subjects were
tested: AG, JB and PA; 26, 27 and 37 years old
respectively, myopic (−3, −0.25 and −1.5 D respec-
tively) with normal vision and best corrected decimal
acuity 1.0 or better. A trial lens (not shown in Fig. 1)
was used to correct astigmatism (1.25 D) in JB. Accom-
modation was paralyzed and the pupil dilated with two
drops of tropicamide (1%). After dilation the
natural pupils were all larger than 5 mm. The
subject’s head was fixated by means of a bite-bar
mounted on a three-axis micrometric stage used to
align the natural pupil with respect to the projected
artificial pupil.

To determine the best refractive state, each subject
corrected for best focus by moving one of the lenses of
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=MPSA·MS–OUT (2)

By inversion of Eq. (2), MS–OUT is obtained and
finally M is computed by means of:

M= (MT)−1·MS–OUT·(MPSG)−1·(MR)−1 (3)

where MPSG= [SPSG
(1) ,SPSG

(2) ,SPSG
(3) ,SPSG

(4) ].

2.4. Calibration of the polarimeter

To verify the performance of the experimental sys-
tem, well-defined samples with known Mueller matrices
(such as the air and a quarter-wave retarder) were
tested. For this operation the CCD camera was used as
a detector and a mirror was placed in the place of the
eye (see Fig. 1). For every independent combination
PSG-PSA an image (25 ms and 64×64 pixels with 16
bits/pixel) was recorded. An area of 10×10 pixels was
extracted from the center of every image and its total
intensity was calculated. Those intensities were normal-
ized using Eq. (1) and the Mueller matrix for that area
was obtained.

The experimental Mueller matrix obtained for the air
in the double-pass system was:

MAIR=

Á
Ã
Ã
Ã
Ä

1 −0.004 0.024 0.013
−0.001 0.996 0.006 0.003
0.003 −0.003 1.018 −0.001

−0.001 0.001 −0.003 0.997

Â
Ã
Ã
Ã
Å

The comparison of this result with the identity matrix
shows that systematic errors are similar to those previ-
ously presented in the bibliography (Thompson, Bot-
tinger, & Fry, 1980; Bernabeu & Gil, 1985; Fendrich et
al., 1994).

A linear retarder (quarter-wave plate) was also cali-
brated. It was placed between the mirror and the Badal
system (Fig. 1). A retardation of 180 deg (the effect of
a l/2 due to the double passage) was expected. Table 1
shows values of parameters of polarization (Gil &
Bernabeu, 1987) for different angles of the fast axis of
the plate. Each value is the average of three measure-
ments and errors represent the S.D.

3. Results: retardation, azimuth and ellipticity in
double-pass images

Fig. 3 presents the spatially resolved Mueller matrix
obtained with a 2-mm pupil diameter for the right eye
of one of the subjects. This matrix contains information
on the whole eye in a double-pass. All elements are
normalized to the maximum of the first element (M00).

In Fig. 4, horizontal sections of these elements are
also shown. Since the lower right 3×3 submatrix con-
tains information on the retardation of the system
under study, variations in these elements are due to
changes in the retardation. The retardation introduced
by the eye in a double-pass is described by the magni-
tude, azimuth and ellipticity of the eigenvector associ-
ated with the birefringent structure. Although the
Mueller matrix fully characterizes the polarization
properties of the eye, it does not provide inmediate
information about the cause and nature of changes in
the state of polarization. To extract the parameters of
polarization a theorem of polar decomposition is re-
quired (Lu & Chipman, 1996).

Fig. 5a shows the map of retardation for the whole
eye in subject PA, corresponding to 2-mm double-pass
images. The retardation in the central part of this map
is approximately constant (which indicates a uniform
retinal structure in that area). Out of this area and
probably due to artefact, a rapid increase in retardation
appears. The reasons will be discussed in Section 4.
Spots and irregularities in the distribution are associ-
ated with noisy pixels.

The parameters of polarization associated with the
core of double-pass images (2.3 min of arc in radius)

Table 1
Parameters of polarization (in deg) for a quarter-wave plate in
double-pass with its fast axis at 0, 30 and 45 deg

0 deg 30 deg 45 deg

Retardation 178.2390.53 179.4990.07 179.3990.51
−0.5490.15 30.6490.01 44.4190.09Azimuth
−0.5090.16 2.1990.27 −1.5790.20Ellipticity

Fig. 3. Spatially resolved Mueller matrix for PA’s eye. Each image
subtends 59 min of arc of visual field and they are disposed in the
same order as the elements of the matrix. The gray level code is
shown on the right.
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Fig. 4. Sixteen profiles corresponding to elements of Fig. 3 (horizontal meridian along the middle of the image). Each pixel subtends 0.92 min of
arc.

are shown in Table 2. This area corresponds to the
central cornea-fovea. Eigenvectors on the Poincaré
sphere corresponding to data of Table 2 are presented
in Fig. 6a.

In polarimetric measurements, the incident beam on
the sample must be narrow enough in order not to pass
across zones with different structure. In the case of the
eye, the incoming beam passes the cornea, which has a
structure and thickness that depend on the eccentricity.
Within a 2-mm pupil diameter, the effects of retarda-
tion associated with corneal birefringence at the center
of the cornea can be considerated approximately con-
stant (Charman, 1980; Pelz et al., 1996). Taking this
into account, retardations for the same subjects in
double-pass images for 5-mm pupil size were obtained.
Fig. 5b presents the spatially resolved retardation corre-
sponding to 5-mm double-pass images for the same
subject. Table 3 shows the parameters associated with
the retardation for the core of the images with a 5-mm
pupil diameter. Fig. 6b presents the eigenvectors for the
equivalent retarder corresponding to data of Table 3.

In Fig. 7, averaged radial profiles for the two pupil
sizes in one of the subjects are shown. To obtain this
1-D function, values of the image for a fixed radial

distance to centre were integrated and then averaged in
all directions. This plot permits a direct comparison of
the previous maps of retardation. For subjects AG and
JB (not shown in figure) results have been similar.

4. Discussion and conclusions

For the 2-mm images (central cornea plus central
fovea in a double-pass) of the three eyes studied, the
mean rotation on the Poincaré sphere around the eigen-
vector of the equivalent retarder has been 51.7 deg
(Table 2). This means a phase shift between the ordi-
nary and extraordinary rays of about 1/7 of a wave-
length. There was some variability among subjects:
while two observers (AG and JB) had a similar retarda-
tion, the third one (PA) had an increase of 40%.
However, S.D. have never been larger than 5 deg. The
location of the eigenvector was close to the equator
(Table 2 and Fig. 6a), which indicates that the birefrin-
gence is linear (small ellipticity) and that circular bire-
fringence does not contribute much to the state of
polarization. For subject AG the ellipticity was larger.
The azimuth of this eigenvector was not zero (around
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36 deg in average), which indicates that for all subjects,
the orientation of the slow axis of the birefringent
structure in that area was along the upper-temporal to
lower-nasal direction.

Fig. 6. Eigenvectors associated to the birefringent structure of the eye
in double-pass (central cornea-fovea), for three different subjects: (a)
2 mm; (b) 5 mm of pupil diameter. CR and CL, circular polarization
states; LH, L−45 and L−45, linear polarization states.

Fig. 5. Distribution of phase retardation (deg) in subject PA obtained
from spatially resolved Mueller matrices corresponding to 2 (a) and
5-mm (b) double-pass images.

Table 3
Retardation, azimuth and ellipticity for the central part of 5-mm
double-pass images in three observers

Azimuth EllipticityRetardation

26.393.559.490.8 −8.1290.9AG
49.493.2 2.592.0JB −6.6391.3
86.893.2 11.591.7PA 4.8991.9

Mean −3.2997.1265.2919.4 13.4912.0

Table 2
Retardation, azimuth of the fast axis and ellipticity (in deg) for the
central part of 2-mm double-pass images in three subjectsa

Retardation Azimuth Ellipticity

AG 41.591.446.190.1 16.590.3
42.592.4JB 44.592.3 −5.190.7

64.594.5PA 23.490.1 −1.791.9

Mean 51.7911.1 3.23911.635.8910.8

a Errors show the S.D. Reference axis is horizontal and angles are
positive in the anti-clockwise direction.

Since the core of the images subtends 5 min of arc in
the fovea (without nerve fibers, which provide most of
the retinal birefringent structure (Bour, 1991)), the
largest contribution to the total retardation has been
attributed to the corneal birefringence. The retardation
for this pupil size has been approximately constant as
far as 5 min of arc (Fig. 5a and Fig. 7). This part of the
image corresponds to areas with a larger degree of
polarization (Bueno & Artal, 1999a). However, far
from the image of the point source the obtained retar-



J.M. Bueno / Vision Research 40 (2000) 3791–3799 3797

dation values can be ignored. This could be related to a
decrease in the signal-to-noise ratio (SNR) (Gerligang,
Le Jeune, Cariou, & Lotrian, 1995). The polar decom-
position theorem used to extract the retardation from
the Mueller matrix does not work correctly when the
SNR or the degree of polarization are excesively low. A
lower degree of polarization caused by the intraocular
scattering, as proposed by van Blokland (1986), may
also contribute, but Knighton and Huang (1999) have
recently suggested that at long wavelengths polarization
may be maintained, although the overall reflectivity
could be lower. In those external areas, retardation is
overestimated and does not correspond with the actual
values.

Comparing the results for the core of images with
both pupil sizes, for 5 mm there is an increase of 26%
for all subjects (the mean retardation is 65.2 deg) with
respect to 2-mm images. Data of ellipticity also indicate
that birefringence associated to retardation is linear (an
average of −3.29 deg), although the influence of
corneal curvature increases with the diameter of the
incident beam. Even for large pupils, the presence of
circular birefringence is not significant. Finally, largest
changes appear in the azimuth, though without a clear
tendency in variability.

For both pupil sizes, the beam entering the eye is
centred with respect to the subject’s pupil, and the light
is always incident over the same part of the cornea. The
structure of the cornea (thickness, arrangement of
lamellae…) depends on its eccentricity (Maurice, 1984)
and its optical properties differ from one point to other
of the cornea under study. Due to that, both the
changes produced by the cornea in the state of polariza-
tion of the light passing through it and the information
obtained will depend of the size of the light beam.
Although this aspect depends on the subject, when the
incoming beam is larger than 2 mm in diameter, retar-
dation is overestimated and azimuths lead to erroneous
interpretations. These changes may be due to variations
in the orientation of the fast axis of the birefringent
structure and, in the corneal retardation with the eccen-

tricity, probably associated with a different internal
arrangement of the cornea or a biaxial behaviour (van
Blokland & Verhelst, 1987).

On the other hand, S.D. in Tables 2 and 3 are
notably lower than 15 deg found, for instance, by Klein
Brink (1991). Those errors were attributed to small
fluctuations of the accommodation (even with a mydri-
atic applied) and to involuntary movements of the
ocular globe. Although errors also appear in the
present study, they are smaller probably due to the
inexistence of mobile elements in the system and the use
of trained and highly cooperative subjects.

Data of retardation for 633 nm at these small areas
of the fovea have not been found in the literature. Only
data for the optic nerve head of in vitro eyes appear in
previous experiments (Dreher et al., 1992) indicating
the presence of linear birefringence and retardations
between 5 and 25 deg. Retardation of the whole eye for
light of 647 nm was calculated by van Blokland (1986)
but he did not incorporate the data in his analysis due
to the presence of errors between five and ten times
higher than for short and medium wavelengths. The
reason was thought to have origin in the large depolar-
ization when using red light, probably caused by an
increase of scattering processes at the fundus of the eye,
because of a deeper location of the retinal reflection for
large wavelengths.

Nevertheless, the present work shows that retarda-
tions associated with ocular birefringence (at the central
cornea-fovea) even for this wavelength are in good
agreement with other results obtained for shorter wave-
lengths (van Blokland, 1986). To measure the retarda-
tion introduced by the eye in a double-pass, van
Blokland used a Mueller-matrix polarimeter with rotat-
ing retarders, a photomultiplier and several wavelengths
(488, 514 and 568 nm). Results showed that, for a
retinal field of 2 deg and a pupil of 1.2 mm, retarda-
tions ranged from 60 to 98 deg (depending on subjects)
with a maximum S.D. of 8 deg. The slow axis was
oriented along nasally downward direction and the
ellipticity was close to 0. Klein Brink and van Blokland
(1988) measured the birefringence of the macula in vivo
for 514 and 568 nm, with the same experimental system
(changing the exit pupil to 0.8×0.6 mm2). The retarda-
tion at the outer margin of the parafovea, including the
effect of the cornea, ranged from a minimum of 45 deg
to a maximum of 135 deg depending on subjects and
wavelength. In order to calculate the contribution of
the lens, Klein Brink (1991) found similar results for
the whole eye, although with larger S.D. among observ-
ers. Additionally, other experiments were able to ex-
tract data of retardation for the whole eye using
infrared light (Pelz et al., 1996).

In most of those previous experiments, imaging po-
larimetry was not performed; instead Mueller matrices
were calculated for a wide area of the retina. In this

Fig. 7. Averaged radial profiles for the distribution of retardation
with two pupil sizes (subject PA).
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study, imaging polarimetry has been obtained for a
small area of the retina. The light corresponding to that
area is associated with a directional component (guided
through the photoreceptors (Burns, Wu, Delori & El-
sner, 1995)) that maintains the degree of polarization.
Light out of this part corresponds to diffuse and scat-
tered light and might lead to erroneous results of
polarimetry.

To summarize, maps of retardation for red light by
using spatially resolved Mueller matrices of the eye in a
double-pass have been calculated. Other parameters of
polarization, including ellipticity and azimuthal angles
for the central part of the cornea-fovea, have been also
computed. The birefringence of that area is linear, and
the slow axis is along the nasal-downwards direction.
Retardation not only depends on the subjects, but also
on the size of the incident beam, and an increase
appears when using a larger pupil. Retardations calcu-
lated far from the central part of double-pass images
are larger than one could expect. These data can not be
considered correct mainly due to both the low SNR
and the decrease of the degree of polarization in zones
away from the centre of the image, where the scattered
component and the intraocular diffusion produced in
the eye are located. In the future, information given for
those small areas may be used for detecting retinal
pathologies that could be underestimated when using
an experimental system with lower magnification. To
obtain reliable and accurate retardation at every point
of the image and not only at the centre, an extended
source or a scanning system will be required.
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