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* Most of the light information is missing when the
intensity is recorded. In particular, the vector of
character of light.

* Information associated to the direction of the
electric field can be measured using polarimetric
techniques.

* When using natural light, polarimetric signals can be
week.

e @Goal: to extend Mueller matrix measurements to 3D
integral imaging

Outline
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Basic definitions
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Degree of Polarization measurements 3D
Integral Imaging
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Optical setup & scene
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Quarter wave plate + linear
polarizer + camera.
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3D Mueller Matrix Integral Imaging estimation

1. Agreen LED is used as light source. In combination with a quarter wave plate
and a linear polarizer, the following six input states of polarization are
produced: L L L L L L

S 1 1 1 1 1 1 1111 1 1
S 1 0 0 -1 0 O

yim_|100-10 0
s, 01 0 O -1 O 0100 =10
S 00 1 0 0 -1 0010 0 -1

2. A quarter wave plate and a polarizer are placed in front of the camera. Six
polarimetric images should be recorded for calculating the output Stokes
parameters.

So(Lyihy 1) So(Lyihy J) Sellgihy J) Sellgih 1) So(be;t J) So(Lgil, J)

Vout(i J): Sl(L1,|,J) Sl(LZslij) Sl(L31IlJ) Sl(L4’I’J) Sl(L51IlJ) Sl(L6’I’J)
| S;(Lisiy 1) S,(Lysii0) Sy(Lgsis§) Sy(Lyiin ) Sy(Ls;in 1) Sy(Lgsiy J)
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3. This set is used to determine the Mueller matrix M(i,j) for each pixel of the
scene. _

Vi, J) =M, jVv™
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3. Since the number of unknowns (16) is smaller that the number of equations
(24), M(l,)) is determined using the least squares approximation with the
orthogonal-triangular decomposition method.

MeSt(i, J) — VOUt(i, j)/vinp

4. The procedure is extended to 3D imaging. NxM elementary images have to be
recorded. In partiular, the Lytro lllum camera produces 15x15 El, 434x625 24-
bit color pixels each.

5. The Degree of polarization for each illumination L,, at each pixel (i) is :

\/S Lt (k”J) +83(k’7J)
DoP k,l,j 3 ( k’I,J)

k=1,...,6
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Experimental measurement of the 3D DOP at plane F
5=(1,1,0,0

S=(1,0,0,1

Initial checking:
Comparison between estimated
and experimental DOP

Comparison between numerical
and experimental results
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Experimental measurement of the 3D DOP at plane N
S=(1,1,,)

$=(1,0,1,0) _ $=(1,001)

Comparison between numerical
and experimental results
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DOP experimental measurements using a single elementary image

5=(1,0,1,0)

The estimation of the DOP
provides very noisy results.
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The DOP seems to be
overestimated Again the
result is noisy.




The method enables to
produce results with
illuminations that are more
difficult to produce or not
considered.

Natural (synthetic) light

Using natural light it might be
difficult to analyze the parts of
the scene that display

polarimetric behavior.
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Partially polarized synthetic light
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When the system is
illuminated with
fully polarized light
some parts of the
scene display DOP
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Conclusions

1. We introduced the Mueller matrix imaging
concepts for 3D Integral Imaging Polarimetry

2. The DOP can be estimated at any selected
plane for any arbitrary synthetic illumination
source

3. Image fusion is used to produce synthetic
polarimetric maps.

More Info:

A. Carnicer, S. Bosch, and B. Javidi, "Mueller matrix polarimetry with 3D integral
imaging," Opt. Express 27, 11525-11536 (2019)
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-27-8-11525

Funding
This work was partially supported by MINECO project # FIS2016-75147-C3-1-P.

Full Polarimetric Measurements in 3D Integral Imaging Workshop on Machine-Learning-Assisted Image Formation
10-12 July, Nice


https://www.osapublishing.org/oe/abstract.cfm?uri=oe-27-8-11525
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-27-8-11525
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-27-8-11525
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-27-8-11525
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-27-8-11525
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-27-8-11525
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-27-8-11525
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-27-8-11525

