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1 About this manual

This Manual describes Mueller parameter software. Use this manual as a reference
when working with your M| system.

2 Copyright and Manual Notice

Bossa Nova Vision reserves the right to make any change to this manual and to the
items described therein without prior notice. Bossa Nova Vision has taken considerable
effort to ensure that the information in this manual is accurate and complete. However,
Bossa Nova Vision will not be liable for any technical or editorial errors or omissions
made herein or for incidental, special or consequential damages of any nature resulting
from the furnishing of this manual, or operation and performance of equipment in
connection with this manual.

3 Safety

3.1 General

The safety of any system incorporating the equipment is the responsibility of the
assembler of the system. All statements regarding safety of operation and technical
data in this instruction manual will only apply when the unit is operated correctly as it
was designed for.

Warning: Avoid operating the M?| close to endangered
environments

% Warning: Avoid blocking the rotating parts.

Warning: To avoid harm make sure not to put your
hand in the way moving door mechanism

3.2 Laser safety

© 2019 Bossa Nova Vision, LLC. All rights reserved. Page 1
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Warning: avoid direct long exposure of focused beam.

3.3 Electrical safety

A
ALad

Warning: Follow the common recommendations for
handling of ESD sensitive devices when
touching laser or camera connection inside
the system.

Warning: Do not operate the system if the power cables
are damaged or if the system is not properly

grounded.
4 Characteristics
4.1 Laser
Parameter
Output current intensity lop = 80mA
Output power @ lop P=20mW
Forward voltage @ lop U=0.96V
Operating temperature T=25°C
Center wavelength A=1631.2 nm
Spectrum bandwidth AN =5nm

4.2 Camera

Parameter

Interface

Resolution (pix)
Spectral range
Sensor

Pixel size

Exposure time

Dark current
Temporal dark noise
Saturation capacity

IEEE 802.3 1000BASE-T

320 (H) x 256 (V)

900 nm to 1700 nm

InGaAs

30um x 30um

10ms

280 ke'/s (@ +25°C FPA temperature)
420 e

2.5 Me
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Operating temperature -20°C to +55°C (Case)
CE: 2014/30/EU (EMC), 2011/65/EU, incl.
Regulations amendment 2015/863/EU (RoHS); FCC
Class B

5 Analysis performed with the Mueller system

The Mueller matrix contains 16 parameters [Mgo ... Mas3]. Therefore, at least 16
measurements are necessary in order to estimate its value. The Mueller Matrix
Measurement infrared system is based on “Division of Time polarimeter” architecture. It
encloses two polarization modulators that changes the polarization state between each
frame acquired. The M?| system acquires 16 consecutive images called raw frames
(referred as “Raws”) and computes the corresponding Mueller matrix for each pixel of
the scene.

The M3l system has been calibrated on Bossa Nova Vision factory and is designed to
characterize the transmission of optical element at 1630nm through the measurement
of its Mueller parameters. It will also allow providing simulation of advanced
polarization parameters output from optical elements characterized beforehand by the
M?| software for any

6 Mueller Matrix Measurement infrared software overview

M°®| software combines basic and advanced features to use the Mueller Matrix
measurement infrared system.

Mueller measurement software allows to:

» Acquire Mueller measurement data

» Load various saved measurements

» Calculate/display and export Mueller matrix and advanced polarization
images (Polarizance, Depolarization, etc)

» Simulate the effect of a defined polarized or unpolarized homogeneous plane
wave impinging on an element analysed with the M3 system (Degree Of
Polarization, Angle Of Polarization, Ellipticity, etc.).

7 System first use

Please follow indications given in the document M3l Quick Start in order to plug the
different cables properly to the computer and controller.

. . M
Run the software by clicking on the Mueller measurement software icon. *ESEE
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If the rotation and/or the camera are not plugged or recognized, you will still be able to
use the software to access and process old data but you will be unable to acquire new
measurements.

The software looks like the picture below:

3

| 3204256 141X Signed 16-bit image 609 (0,0)

Figure 1: Mueller Measurement Matrix Infrared software interface

The software is organized in three different modes that can be access direct by clicking
on the corresponding tab:

» Acquisition: For acquiring new measurement (cf. Section 8)
» Processing: For processing, displaying and exporting Mueller measurement

(cf. Section 9)

» Simulate: For simulating the output light characteristics of a light impinging
on an element characterized with the M| system (cf. Section 10)

© 2019 Bossa Nova Vision, LLC. All rights reserved. Page 4
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8 Acquisition Mode

2
|320:256 1.41X Signed 16-bitimage 609 (0,0)

Figure 2: Acquisition Mode front panel

8.0 Overview

The front panel (Figure 2) is composed of six parts:
1. Live image: Live display of the intensity measured with the camera (See Section 8.1).

2. Acquire measurement: click on this button to acquire a new measurement. Note
that a study and a new measurement need to be selected before (See Section 8.2).

3. a) Study selection: Select/Create/Rename/Delete/Copy/Cut/Paste a study (See
Section 8.3.1).
b) Measurement selection: Select/Create/Rename/Delete/Copy/Cut/Paste a
measurement (See Section 8.3.2).

4. Raw _image: Display image of the first raw image acquired for any study and
measurement selected (See Section 8.4).

5. Exit: Exit the software (See Section 8.5).

© 2019 Bossa Nova Vision, LLC. All rights reserved. Page 5
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8.1 Liveimage

It displays the live image taken by the camera (note: if the rotation and/or the camera
are not connected, no image will be observed).

e —

ISESEAE

A

il

| & |

|320x256 1.41X Signed 16-bit image 609 (0,0) \]

Figure 3: Live image

The information below displays the intensity of the pixel image where the pointer is.
The Tools on the side of the display allows the user to:

Zoom tool: zoom in by pressing this button and then click on the image;
zoom out by pressing this button and then simultaneously pressing the “Shift” key on
your keyboard and click on the image.

®

L Selection tool: Click right to copy the image or zoom the image to fit the
display.

Pan tool: Use when the display does not show the entire image. Click
anywhere in the image and move the mouse while keeping the left mouse button
depressed. The visible portion of the document will change according to the movement
of the mouse until you release the button.

© 2019 Bossa Nova Vision, LLC. All rights reserved. Page 6
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8.2 Acquire measurement

Figure 4: Acquire measurement

To acquire a measurement you must first create a new study and measurement file (See
Section 8.3).
Once you select the destination target for this new acquisition, click on the button. A

progress bar will appear to show you the status of the measurement while it is
performed.

Processing...

Figure 5: Progression bar

Once the measurement is finished you will see the measurement on the Raw image
display and the measurement name will no longer be in italic and red.

8.3 Save selection

The data saving is organized in Studies and measurements. One study folder can contain
many measurements.

Figure 6: Save selection

8.3.1 Study selection
> Rename a study

© 2019 Bossa Nova Vision, LLC. All rights reserved. Page 7
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To rename a study left-click on the corresponding item, change the name and press
enter.

To display the study menu, click left on the list. The following menu will be displayed:

New Study
Create a copy
Delete
—lu
Figure 7: Study menu

> New study
Create a new study. The new study should not have a name that already exists.
» Create a copy
Create a copy of the study selected. The copy will have a replicate of all the
measurements from the original study. The copy will be named “Original Name-copy”.
> Delete
Delete completely the study selected and all the measurements associated. This action
is irreversible.

8.3.2 Measurement selection

» Rename a study
To rename a study left-click on the corresponding item, change the name and press
enter.

To display the measurement menu, click left on the list. The following menu will be
displayed:

-45deg ’

New measurement

Copy
Cut

Delete

Figure 8: Measurement menu

© 2019 Bossa Nova Vision, LLC. All rights reserved. Page 8
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» New measurement
Create a new measurement. The new measurement should not have a name that
already exists in the study selected.

» Copy
Create a copy of the measurement(s) selected. The copy could then be paste on a
different study.

» Cut
Replicate measurement(s) selected. After the information has been paste, the
measurements selected will be deleted from the original location.

» Paste
After selected a new study location, paste the measurement(s) you have first copy or
cut.

» Delete
Delete completely all the measurement(s) selected. This action is irreversible.

8.4 Raw image

Figure 9: Raw image

Display one of the raw images of the measurement selected through the selection
interface (See Section 8.3).

8.5 Exit

Exit Iy

Figure 10: Exit button

Exit completely the software.

9 Processing Mode
The Processing Mode is selected from the tab menu (Figure 1).

© 2019 Bossa Nova Vision, LLC. All rights reserved. Page 9
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Figure 11: Processing tab selection

9.0 Overview
The front panel (Figure 11) is composed of eight parts:

Mueller parameters selection: Select which parameter you want to display (See
Section 9.1).

Processed image: Display the processed (See Section 9.2).

Measurement displayed table: Table to select the measurement to display (See
Section 9.3).

Process _and displayed: Click on this button to process and displayed new
measurement(s). Note that a study and a new measurement need to be selected
before (See Section 9.4).

Measurement and study selection: Select/Create/Rename/Delete/Copy/Cut/Paste a
study and measurement(s) (See Section 9.5).

Raw image: Display image of the first raw image acquired for any study and
measurement selected (See Section 9.6).

Export: Click on this button to export Mueller parameters and advanced Mueller
parameters in txt/bmp/png (See Section 9.7).

© 2019 Bossa Nova Vision, LLC. All rights reserved. Page 10
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9.1 Mueller parameters selection

7/ Mueller matrix

Diattenuation
Linear diattenuation

Polarizance

Depolarization

Figure 12: Mueller parameters selection

The Mueller parameters selection menu ring allows to select which complex Mueller

parameter to display:

> Mueller matrix
The Mueller matrix provides the full characterization of a polarization element. Thus,
when one is using polarization elements in critical applications such as polarimetry, it is
highly desirable that the Mueller matrix of the elements be known. All the elements of

the matrices are provided in a single image oriented as:
MO0 MO03

M30

> Diattenuation
It is the property of the transmitting material in which the transmittance depends on

the incident polarization state of light. A diattenuating material will absorb polarization
along one axis preferentially. It is related to dichroism, which is the same property but
usually described in terms of absorption rather than transmission. It is defined as:

VMg, + Mg, + M
MOO

Dia =

> Linear diattenuation

© 2019 Bossa Nova Vision, LLC. All rights reserved. Page 11



BOSSA NOVA

v I s I @ N Mueller Full Stokes Polarization System - User Manual

It is the property of the transmitting material in which the transmittance depends on
the incident polarization state of light. A linear diattenuating material will absorb linear
polarization along one axis preferentially. It is defined as:

LDia = VMo ¥ Moz

Moo

» Polarizance
The polarizance is the degree of polarization of the transmitted light when unpolarized
light is incident. It is defined as:

VM + M, + M3,

Pol =
My,

> Depolarization
This index measures how close a Mueller matrix is to the set of nondepolarizing Mueller
Matrices. It is related to the average depolarization of the exiting light and it is
intrinsically associated with scattering, diattenuation and retardance.
If Dep=0, then for incident polarized states, the exiting light is polarized. If Dep=1, the
element is consider as an ideal depolarizer. Depolarization is defined as:

i=0..3
\/(Z{=0...3 121 ) - Mgo
V3 My,

Dep=1-—

9.2 Processed image

Q
*®
V]

]
<&
)
o
@]

Mean Value in ROI |[Xif:Tx 7514

Grayscale

Figure 13: Processed image
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9.2.1 Image tool control
The Tools on the side of the display allows the user to:

Zoom tool: zoom in by pressing this button and then click on the image;
zoom out by pressing this button and then simultaneously pressing the “Shift” key on
your keyboard and click on the image.

display.

Selection tool: Click right to copy the image or zoom the image to fit the

¥ Pan tool: Use when the display does not show the entire image. Click
anywhere in the image and move the mouse while keeping the left mouse button
depressed. The visible portion of the document will change according to the movement
of the mouse until you release the button.

E ROI rectangle tool: Allow you to create a rectangle region of interest
where the mean value of the processed parameter observed will be calculated (see
section 9.2.4).

<&

ROI rotated rectangle tool: Allow you to create a rectangle region of
interest that can be rotated where the mean value of the processed parameter
observed will be calculated (see section 9.2.4).

@ Free form ROI tool: Create a free form region of interest on the processed
image. The mean value of the processed parameter observed will be computed inside
this ROI(see section 9.2.4).

@ ROl ellipse tool: Allow you to create a region of interest elliptic where the
mean value of the processed parameter observed will be calculated (see section 9.2.4).

ROI annulus tool: Allow you to create a ring-shaped region of interest
where the mean value of the processed parameter observed will be calculated (see
section 9.2.4).

9.2.2 Image menu control
By clicking right on the image panel you can access the image menu.

© 2019 Bossa Nova Vision, LLC. All rights reserved. Page 13
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Copy
Save Image
Zoom to fit

Figure 14: Processed image menu

In the image menu you have the possibility to:
» Copy Data
Copy the snippet of the processed image displayed to the clipboard.
» Save Image
User will be prompt to select a new filename and folder location to save a snippet of the
processed image displayed
» Zoom to fit
The processed image will be zoomed to completely fill the display
> Palette
This menu item will allow the user to select between various colorbar for the processed
image display. It is similar to the color control presented in Section 9.2.3.

9.2.3 Image color control

e J Grayscale
Scarlet blue

Parula
Jet
Hot

Cool

Bone

Figure 15: Colorbar options

Using the image control you can select between different displays to highlight the effect
you want to observe.

> Grayscale I i
> Scarlet blue [ i
> Parula B 00
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> Jet | |
> Hot | e

» Cool

> Bone [

9.2.4 Mean value display

Figure 16: Mean value display
Once you select a measurement (see section 9.3) and the Mueller parameter to display
(see section 9.1) the mean value in ROl box will display the mean value of the parameter
observed in a Region of Interest defined by the user (see section 9.2.1).

9.3 Measurement displayed table

Study Measurement

Adeasure] | test2 Measure

Aeasure 2

Aeasure 3

Aeasure 4

JAeasure 3

Figure 17: Measurement display table

Using the Process and display button (cf section 9.4) you can populate this table with up
to 5 measurements. You can then select from this 5 measurement list which
measurement you want to display.

You can access advanced functions on this table by a left-click. The functions are the
following:

- Copy Data: Create a snippet on the clipboard of the table

- Clear all data: Depopulate the table from all data.

© 2019 Bossa Nova Vision, LLC. All rights reserved. Page 15
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9.4 Process and display

Figure 18: Process and display button

This button allows the user to process and display Mueller acquisition acquire previously
with the Ml software. User will have to select one or multiple measurement (up to 5) to
process and display them (see section 9.5 about measurement selection).

9.5 Measurement and study selection
Cf. Section 8.3

9.6 Raw image
Cf. Section 8.4

9.7 Export

Figure 19: Export button

Any measurement present in the Processing Tab can be exported to a chosen location.
Click on “EXPORT” and a custom set of Mueller polarization images related to the
selected measurement will be saved. The user will be asked to select which parameters
to export and in which format (Figure 20).

© 2019 Bossa Nova Vision, LLC. All rights reserved. Page 16
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. Select parameters to export

Figure 20: Export window

Then, he will be prompted to enter a folder name to be created. All the files will be
saved into this folder.

You will have the option to save them as text files, which gives the best precision. This
can be re-opened for post-processing in any third-party software.

All parameters can also be saved as PNG or BMP images so they can be visualized with
any image display software. The images saved will be in grayscale format.

9.8 Exit
Cf. Section 8.5

10 Simulation Mode

The Simulation Mode is selected from the tab menu (Figure 21).

© 2019 Bossa Nova Vision, LLC. All rights reserved. Page 17
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Q
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Calib . Measure .
dt ghn33 Measure-polar) good with carton
New Foldr Measure-polardS good with carton
New Folfgfgd Measure-polard0 good with carton
NewarFold Measurel
Raw images Measurel0
Study Measurel1
Study! Measurel2
Measurel3
Measureld
Measure thude
Measure2
Measure3
Measured
Measures

Figure 21: Simulation tab selection

10.0 Overview

The simulation mode allows simulating the effect that the element characterized with
the M3 system would have one some homogeneous plane wave impinging
perpendicularly to it.

Medium characterized
through Mueller
matrix
Simulated
Output light

—)

Advanced polarization
(8,,8,83) parameters: DOP, DOLP,
DOCP, AOP, EPS.

Input
Incident light

Stokes parameters

Figure 22: Simulation principle

The front panel (Figure 21) is composed of eight parts:

1. Polarization parameters selection: Select which parameter you want to display (See
Section 10.1).

© 2019 Bossa Nova Vision, LLC. All rights reserved. Page 18
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2. Processed image: Display the processed image (See Section 10.2).

3. Measurement displayed table: Table to select the measurement to display (See
Section 10.3).

4. Process and displayed: Click on this button to process and displayed new
measurement(s). Note that a study and a new measurement need to be selected
before (See Section 10.4).

5. Measurement and study selection: Select/Create/Rename/Delete/Copy/Cut/Paste a
study and measurement(s) (See Section 10.5).

6. Raw image: Display image of the first raw image acquired for any study and
measurement selected (See Section 10.6).

7. Incident Stokes parameters input: Enter on this table the Stokes parameters of the
input light you want to simulate (See Section 10.7).

8. Exit: Exit the software (See Section 10.8).

10.1 Polarization parameters selection

DOLP
DOCP
AOP
| EPs

Figure 23: Mueller parameters selection

The polarization parameters selection menu ring allows selecting which advanced
Mueller parameter to display:

» DOP

\SZ+ 82+ 52

So
This displays the Degree Of Polarization (DOP) for each pixel of the output light based on
the theoretical incident beam entered (cf. Section 10.7). It combines all the Stokes
parameters to provide a global ratio about the amount of polarized light. It is not
possible to differentiate linear from elliptical or circular polarization from this data only.
DOP value varies from 1 (completely polarized) to 0 (non-polarized).

DOP =

» DOLP

© 2019 Bossa Nova Vision, LLC. All rights reserved. Page 19
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So
This displays the Degree of Linear Polarization (DOLP) for each pixel of the output light
based on the theoretical incident beam entered (cf. Section 10.7). DOLP value varies
from 1 (completely linearly polarized) to O (circular or non-polarized light).

DOLP =

> DOCP
pocp =
So

This displays the Degree of Circular Polarization (DOCP) for each pixel of the output light
based on the theoretical incident beam entered (cf. Section 10.7). DOCP value varies
from 1 (right or left-handed circular polarization) to 0 (completely linear or non-
polarized light).

> AOP
1
AOP = > Arg(S; +1iS,)

This displays the Angle Of Polarization on the image. The angle of polarization (AOP)
describes the angle at which the electric field of the light electromagnetic wave
oscillates. Its value varies between -90deg and 90deg.

» EPS
EPS = = arcsin(:2
=3 arcsm(so)
This displays the Ellipticity angle on the image which varies from -45 degree to 45

degrees. It can be geometrically visualized using the representations described on Figure
24.

Figure 24: Elliptical polarization

© 2019 Bossa Nova Vision, LLC. All rights reserved. Page 20
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The tip of the electric field vector describes an ellipse in a fixed plane crossing and
orthogonal to the direction of propagation. This ellipse can be characterized by two

specific angles a and €.

e (is the angle between the ellipse major axis and the reference orientation axis
(X-axis). It is also the Angle Of Polarization parameter.
e ¢ is the ellipticity angle. It ranges between [-45°; 45°]. An ellipticity of 0° means

the light is either partially or totally linearly polarized. Geometrically the ellipse is
degenerated into a line. An ellipticity of £45° means the light is partially or totally
circularly polarized. The sign gives the orientation: positive angle means a left-
handed circular polarization state whereas negative means right-handed circular
polarization.

10.2 Processed image
Cf. Section 9.2

10.3 Measurement displayed table
Cf. section 9.3

10.4 Process and display
Cf. Section 9.4

10.5 Measurement and study selection
Cf. Section 8.3

10.6 Raw image
Cf. Section 8.4

10.7 Incident Stokes parameter input

User can enter here the normalized Stokes parameters (s4,S,,53) = (q,u,v) =
(81/S0,S2/S0,S3/S,) of a theoretical plane wave incident perpendicularly to the sample
characterized with the M?I (cf. figure 22).

The sample is selected using the menu selection presented on section 9.3

The values for this input are such as =1 < s5;-7,3 <1

The incident stokes vector is stored by default and would be kept in memory if the
software is reopen.

10.8 Exit
Cf. Section 8.5
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11 Regulatory — Declaration of conformity
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EC Declaration of Conformity

We, Bossa Nova Vision, of 5777. W. Century Bivd, Suite 205 LOS ANGELES, CA 90045 USA, in
accordance with the following Directive(s):

* VD 2014/35/EU The Low Voltage Directive
®  EMC 2014/30/EU The Electromagnetic Compatibility Directive

hereby declare that:
Equipment: Mueller Matrix IR System

is in conformity with the applicable requirements of the following documents:

* BS EN 61000-6-1 Electromagnetic compatibility (EMC). Generic standards. Immunity for
residential, commercial and light-industrial environments 2001

* BS EN 61000-6-3 Electromagnetic compatibility (EMC). Generic standards. Emission standard for
residential, commercial and light-industrial environments 2001

| hereby declare that the equipment named above has been designed to comply with the relevant sections
of the above referenced specifications. The unit complies with all applicable Essential Requirements of
the Directives.

Signed: Date: 06/17/2019

v SOV,

Sebastien BREUGNOT M
CEO G‘P’ﬁ

“egpnol®
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12 Contact

Please contact us at info@bossanovavision.com or (424) 394-0321 if you encounter any
problems while using M3 system or if you need any further information regarding the
software features and performances.
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