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Abstract—The polarization imaging methodology has evolved
to accept increasingly complex parametric measurements. The
Mueller matrix is now generally calculated using a polarimetry
technique. In our manuscript, we study the anisotropic wood sam-
ple using polarization imaging techniques. Herein, We attempt to
study the difference between wood horizontal and vertical fibers.
We calculated 3×3 Mueller matrix elements, which can be used
to described an intuitive overview of the anisotropic material
characteristics. We interpreted experimental results of Mueller
matrix coefficients in terms of a graphical representation.

Index Terms—Scattering, Polarization imaging, Mueller matrix
measurements

I. INTRODUCTION

Several scientists have begun investigating the polarized
light imaging as a possible diagnostic method during recent
years [1], [2], [3]. The basic Linear Degree of Polarization
(LDOP) imaging can be convenient to demonstrate the differ-
ence between the biological tissues in both ex vivo and in vivo
conditions [4]. Since the LDOP imaging of anisotropic tissues
may be sensitive to the sample orientation, a Rotating Linear
Polarization Imaging (RLPI) has been developed to provide the
collection of orientation-insensitive parameters to differentiate
between different microstructural characteristics of fiber tis-
sues. Mueller matrix imaging approach has also been tested
in different clinical uses [5]. Even though it explains com-
prehensively, how the polarization states are converted from
the incident to the transmitted light, a Mueller matrix provides
detailed knowledge about the structure’s optical properties [6].
In this manuscript, we investigated the connection between
the parameters of polarization imaging and the morphological
characteristics of wood. The experimental study provides
new insight into polarization imaging with different imaging
techniques for fiber tissues. This paper provides a summary
of recent findings of Mueller matrix coefficients of wood as
fiber tissue. Measurements in both orientation (horizontal and
vertical) have been obtained.

II. METHODOLOGY

A. Experimental setup

Wood samples (horizontally and vertically oriented) have
been illuminated by linearly polarized light. The wavelength of
illumination is 450 nm from a LED, which is collimated by a

Fig. 1. Experimental setup

lens L1 and then propagates through a linear polarizer P1. The
samples were illuminated orthogonally, observed at different
large angles in order to see the behavior of light according to
the respective angle. Backscattered light in terms of photons
from the sample passes through the lens L2 and second
polarizer P2. Finally, images were captured by a camera,
which is connected to the computer. In our experimental setup,
both polarizers P1 and P2 can rotate around their optical axis
to vary polarization angles for illumination θi and detection
θs.

We selected wood as a sample for anisotropic material, since
wood contains both horizontal and vertical fibres. The images
were mathematically inspected, to determine the properties
of the light diffused towards the observer. In each experi-
ment as illustrated in Fig 1, we captured series of images
I(θi, θs). For each incident polarization, we took a pair of
images corresponding to the parallel θs and perpendicular
θs + π/2 detections. In this way, we recorded 16 images
(parallel images=8 and perpendicular images=8) for wood
sample (horizontal and vertical) respective to different angles
of observation shown in Fig 2.

B. Mueller matrix polarimetry

Polarimetry is the measurement technique, that can be ap-
plied for interpretation of the polarization of light. In general,
when the light interacts with optical elements that include
polarizers, filters, lenses surfaces, scattering media etc, it can
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(a) 0∥ (b) 0⊥ (c) 45∥ (d) 45⊥

(e) 90∥ (f) 90⊥ (g) 135∥ (h) 135⊥

(i) 180∥ (j) 180⊥ (k) 215∥ (l) 215⊥

(m) 270∥ (n) 270⊥ (o) 315∥ (p) 315⊥

Fig. 2. Images for wood horizontal sample (parallel and perpendicular)
direction with respect to the observation angles at 40o

change the state of its polarization. This interaction with any
optical element or material can be defined as a multiplication
of the Stokes vector with a 4x4 matrix, S’= MS. Stokes vector
elements demonstrated as the total intensity of light I, the
amount of linear horizontal or vertical polarization Q, the
amount of linear +45o or −45o polarization U and the amount
of right or left circular polarization contained in the light beam
V. The stokes matrix is modified in terms of Mueller may be
written as:

Iout
Qout

Uout

Vout

 =


M11 M12 M13 M14

M21 M22 M23 M24

M31 M32 M33 M34

M41 M42 M43 M44




Iinp
Qinp

Uinp

Vinp

 (1)

C. Determining the Mueller matrix

If the Mueller matrix all elements are unknown, they can
be determined experimentally with different orientations of
polarizers. Fig. 3 represents the method of measurements for
each matrix element. The element M11 gives the information
of the unpolarized light input to output intensity, so this factor
can be interpreted as a simple transmission. M12 is obtained
by measuring the total reflected intensity for an incoming
beam that is scaled the linear polarization horizontally and
subtracting from this the total reflected intensity for a vertically
polarized incoming beam. M12 can be expressed as the linear

Fig. 3. Formation of Mueller matrix elements

Fig. 4. Terminologies for polarization

extinction at 0o/90o. Extinction here denotes the output-to-
input light intensity ratio. In our case the polarization termi-
nology may need some clarification, since there are a variety of
related terms; transmission/reflectance, absorption, extinction,
etc. illustrated in Fig. 4. If the sample under measurement
displays only intrinsic or extrinsic optical property, the Mueller
matrix can be interpreted as shown in Fig. 5.

III. PHYSICAL INTERPRETATION OF MUELLER MATRIX

A. Anisotropic Mueller matrix

In our experiment, we investigated the 3×3 Mueller matrix,
for the characterization of wood (horizontal and vertical) as a
sample at observation angle θi varies from 10o to 70o. During
our numerical tests and elaborations, we have observed some
important features of wood [7], [8], [9], [10].

Fig. 5. Mueller Matrix described with single optical properties
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Fig. 6. Anisotropic Mueller Matrix

For the horizontal wood sample, the coefficients of Mueller
matrix M23 and M32 have small values with opposite signs.
For the vertical wood sample, values are negligibly small but
have the same signs. For the sake of intuitive understanding, it
is suggested that the diagonal values can be overlooked to fo-
cus the off-diagonal elements as represented in Fig. 6. The first
row and first column of matrix tell us the information about
linear extinction. The signs and magnitude should overlap
across the diagonal for M12 and M21 as well as for M13 and
M31 for homogeneous anisotropic material/sample. For the
Mueller matrix elements M22 and M32, the anisotropic sample
can show higher values compared to the other elements.

B. Graphical representation of Mueller matrix coefficients

Fig. 7 represents the measured Mueller matrix coefficients
for the wood (horizontal and vertical) with the observation
angle varying from 10o to 70o. We have taken an average
of three repeated measurements and normalized all matrix
elements. An interpretation of the anisotropic material refers
to the M12 and M21 are close to zero (see Fig. 7a and 7b),
in the entire range of observation angles. In both cases of
wood (horizontal and vertical), they have exactly the same
slope, just adapted a different constant values. A more realistic
interpretation of M22 is sensitive for the identification of the
wood fibers (see Fig. 7g) . It can be noted as: in the case
of the wood vertical sample, the value of the matrix element
M22 is substantially higher than the wood horizontal sample.
It can be observed that M22 show decreasing numerical values
with the increasing observation angle. Taking into account
the other matrix elements M13, M31 and M33 represents
much lower numerical values rather than M22 (see Fig. 7c,
7d, and 7f). Data trends are similar to M22, but it shows
more fluctuation across the observation angle. M23 and M32

apparently propose that there is a remarkable change in the
phase between the components of the electric vector E of
electromagnetic radiation of the optical path traveled across
the wood fibers (see Fig. 7h and 7e). This information confess
us to conclude that the polarization state of light plays a
significant role in the interaction of light with a wood fiber
orientations.

IV. CONCLUSION

The aim of this study is to determine the Mueller matrix
coefficients. Using these Mueller matrix coefficients, we have
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Fig. 7. Mueller Matrix elements Mij for wood fibers of two orientation
(horizontal and vertical) as functions of the observation angles.

presented the features of anisotropic materials. The matrix
elements M22 is the most informative in this context, while the
other matrix elements are somehow less sensitive. Thus, the
nature of the change in the elements of the Mueller matrices
over the entire observation angle reveals the characteristics of
the wood fibers using light scattering phenomena.
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