Pred I ktera Evince tutorial - Quantification of powder samples

2020-11-27 (Evince 2.7.12)

Evince tutorial
Quantification of powder samples

Objective

The goal of this tutorial is to learn how to use Evince for developing a quantification method
using hyperspectral images. In this example we will measure the % of three different types of
powders (vanilla, baking soda, potato starch) that are mixed together in a plastic bag. The
following steps are explained in the tutorial:

Importing multiple images into Evince

Removing the background and cleaning up the images

Identifying objects (samples) in the image

Assigning reference values (% of each powder) to each sample

Developing a quantification model (PLS) for the % of the three powder types
Testing the quantification model by predicting the content in a new sample on the
object and the pixel level
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Tutorial data

The hyperspectral images were recorded using a SWIR camera (spectral range 1000-2500
nm). To reduce file size for download over the web the spectral channels were reduced from
256 to 67.

Download tutorial data zip file from this link:
https://www.prediktera.com/download/sample/Powder quantification.zip
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Instructions

Evince tutorial - Quantification of powder samples

2020-11-27 (Evince 2.7.12)

Import and merging of images

a. Start by downloading the Powder quantification dataset to your hard drive
b. Start Evince, select New and click on Finish to start a new project

&P Project Wizard - Step 1 of 1 Mew )

Select Project Type:

@ Routine Analysis
@ Recent
@ Open

~Description

Creates a new, empty, project.

S

Mext = Einish Cancel

c. Find the Powder quantification/Training data folder, select all folders and click
on Next (to select all folders hold down the shift key on your keyboard and
clicking on the first and last folder). Click Yes to merge the selected files.

&3 Data Import Wizard

Import file(s) Merge different files  Import from database

x

www.prediktera.com

Lookin: || | Training data v FEE-
L AD01238
AD01241
Recent Items Ab01242
AD01243
AD01244
| AD01245 Not avalable
Desktop AD01246
Documents
Description
This PC
Network
File name: D:\Evince \Training data
Files of type: | All Supparted Files
@ <Back Nexct > Finish
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d. Click on Next

&5 Data Import Wizard X

Import file(s) Merge different files  Import from database

—| 3 [+ + 1 [=
AD01238 AD01241 AD01242 E
3
+
AD01243 ADD1244 ADO1245
A01246 NjA NjA
X
Create a Category with dass for each file [] Create analogous PLS Y-variable for each file
@ < Back Finish Cancel

e. The Data Summary shows us that we have an image with 999 rows, 576
columns and 67 channels (spectral variables). By moving the mouse over the
image you can see the spectral profile for each pixel.

& DataImport Wizard - Step 1 of 2 ( Multiple files ) X

ata summary
Rows:

939

Columns:

576
Channels:

67

Transpose Data

Pixels Data Tools
Indusion

O Indude
[m] Exclude
Color legend

[ Missing Value
Selection

{23 area [e=3] Horpvert

Zoom
Zoom ¢ Pan

[&] zoom an

Channels
Indusion

O Indude
25000
[m] Exclude

1061.5 12845 1507.5 17305 19535 2176.5 2380.5
Channel

Values | tmage

® <o g |[ o
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f. By left-clicking and dragging your mouse over the image you can select areas
of the image and see the spectral profile for that area. Under the Selection
menu you can change the shape of the selection tool.

&3 Data Import Wizard - Step 1 of 2 ( Multiple files )

Data summary

Rows:
999

Columns:
576

Channels:
&7

Transpase Data
Pixels Data Tools
Inclusion

[0 include only
[m] Exdude
Color legend

B Missing Value

£=3 Hor/Vert

Zoom

i@ Zoom |¢p Pan

[ zoom ai
Channels
Indusion
O Incude
25000
[} Exdude
1061.5 12845 15075 17305 19535 21765 23995
Channel
Values | Image
@ < Back Next > Einish Cancel

g. After selecting an area and clicking Exclude you can remove pixels from your
image that are not of interest. In this example we could remove pixels that are
not from plastic bags with powder (i.e. the black background). This is not
necessary to do but can be useful to reduce the size of the image file or to
make the following data analysis easier (note that the red area cannot be
excluded since this does not contain any image data).

€D Data Import Wizard - Step 1 of 2 ( Multiple files )

Data summary

Rows:

346 (51 excluded)
Columns:

576

Channels:
67

Transpose Data

Pixels Data Tools
Indusion

O Include

[ Missing Value
Selection

Area E Hor Vert

Zoom
(@ zoom || Pan

[Q] zoom

Channels

Inclusion
0 Indude

Select pixels to show spectra
O Excude

Channel

Values  Image

@ <Back Next > Finish Cancel

h. Click on Next
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i. Make sure Model with plots is unchecked and Image SNV transform is
chosen. (SNV is a transformation method used to remove unwanted variation
from the spectra data)

0 Data Import Wizard - Step 2 of 2 { Multiple files ) x
Project settings

Name: | Myt image import

Choose template Additional template optians

Image SNV transform - Replace missing values with median of neighbouring values

Use this template to create a project for analysis of image data. Data is centered and SNV scaled. Spectral DataSet table

and RGB image plots are automatically created for the original data. Replace missing values with median is | [T coeeqeneegeereoe N
defautt [] Model with plots
@rca
PLS
Keep data on disk

The ‘keep data on disk’ feature preserves memory by letting the imported file reside on disk rather than in memory (RAM).

Any changes made to the data will also be written to the file and vice versa. The "keep data on disk’ feature is especially

useful for very large datasets or when the amount of RAM available to Evince is limited. Enabling *keep data on disk’ will

negatively affect the calculation speed. —

Keep identifiers and auxiiary data on disk i

Keep numerical data on disk

@ <Back Mext > Einish Cancel

j-  Change the name of the Evince project if you would like

k. Click Finish.

I.  We have now finished the import of the images into our new Evince project.
The screen is divided into the 5 areas seen in this image.

clm 0|5 2 |G e W oEl Bl BE-= s o@m- - Qi@-&
ME R |
[Flename RGB Image (X Training) -
001238 RGB Image (X Training)
ADD1238
Data Tree Table Area Plot Area
"
ADD1238 -
ADD1238 %0
ADD1238 Yo il
ADD1228 = v I = 2
AD01238 400
ADD1228 500
AD01238 o
H ADD1238 650
uic oo
1 - A001238 5
information ”
Mo
B
ADD1238 g
: e
=
3 Observations | [ Variables
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Data Tree: Shows an overview of the hierarchy of datasets and
models that are in this project. By clicking on the plus sign next to
each icon you can expand it to see additional information relating to
that data set or model. The Original Data is a table of the spectral
values for all pixels, for all wavelengths in the images we imported.
The DataSet is a “working copy” which we can modify, e.g. apply
spectral filters or exclude pixels. It is possible to make additional
DataSets.

Table Area: Shows information in the form of a table. In this case the
variables (Spectral bands) and observations (pixels) in this dataset.
There is a tab at the bottom of the table to change between
Observations and Variables.

Plot area: Shows information in the form of images and plots. In this
case a pseudo RGB image of the hyperspectral images we

imported.

Settings panel: This panel shows the settings for the active plot or
image that is in the Plot area.

Quick Info: Show info about the selected item, table or plot.

m. Click on the plus sign next to the Dataset to expand it. Left click on X Training
and drag and drop it to the plot area.

&5 Prediktera Evince - Powder PLS tutarial * [Professional]
File Tools Table Plot Model Help

Glamo Ot tr elaols AlGo M-85 0BM-[%-[Q&-4
Show: | Al v B 5 [Dataset (Ponder PLS tutorial) (Observations) | # — & X | |RGB Image (X Training)
ObsID 1 ‘ Inc/Exc Train \Test ‘leename‘ RGE Image (X Training)
76831 [76831 A001238 ©
— 76832 [76832 AD01238 RGB
= 76833 76833 A001238
-_'_--_______- 76834 763;: :gg:gg:
TT6eas
E:;ﬁg e Pt T 4001238
76337 76837
76838 (76836 A2 | —
7683976833 A001238 50
76340 (76840 A001238
76841 76841 A001238 100
76842 76842 A001238
76343 (76843 A001238
T6a44 |76+ 00123 150
76845 |76845 A001238
763 _[768% A001238 200
76847 76847 A001238
76848 76848 A001238 250
76349 (76849 A001238
7685076850 A001238
76851 76851 A001238 e
76352 76852 A001238
76853 76853 A001238 0
76854 76854 A001238
76855 |76855 A001238 a0
76856 76856 A001238
Copyright Prediktera AB 6 of 33

www.prediktera.com info@prediktera.com



https://www.prediktera.com/
mailto:info@prediktera.com

Evince tutorial - Quantification of powder samples
Predlktera 2020-11-27 (Evince 2.7.12)

n. Select the Spectral plot in the next window and then click on Finish.

{a Plot Wizard - Step 1 of 3 { Spectral } X

Select Plot Type:
Description

Creates a Spectral plot from the Original Data or X
training.

[_] Column

] Column Stacked
[] Contour 2D

[_] Contour 3D

] Dendrogram
[] Design

[_] Histogram

[ Line

[ Line Stacked
[_] RGB Image

[_] Scatter 2D

[_] Scatter 2D Density

["] Scatter 3D
[ ] Scatter 3D Density 075 d

M Spectral

Example

0.5

0z ﬁv‘

1 50 100 150 200 250

Einish Canicel

® < Back

0. By moving the mouse over the pseudo RGB Image you can see the wave
length for each pixel. This image is created from three wavelengths shown in
the Spectral plot (Red, Green and Blue lines). By dragging these lines with
your mouse you can change the wavelength.

" Spectral X Traning) - DataSet (Multi mage import) S (==
Spectral (X Training)
DataSet (Multi image import)
’ \
‘I‘/\/\\
[l
E N ]
~/
A4 /
o
~ [
[
ST
/
A
1100 1200 200 1400 1500 'TUUVKLE 1900 2000 2100 2200 2300 2400
ol

" RGB Image ( Training) =
RGB Image (X Training)
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By holding down the left mouse button and selecting an area in the RGB
Image the spectral profiles for all pixels in this area are shown (notice that the
pixels selected are automatically highlighted in the data table)

ing) - Dataet (Mt mage impor)
Spectral (X Training)
DataSet (Multi image import)

KIRIE @ %

i
"

=y

RGR Image (X Taining)
RGB Image (X Training)

g. Click anywhere on the Spectral plot to activate the Settings menu for that plot,
check the box to Add average from selection. This will give you the average
spectral profile for the selected area. You can select additional areas with the
mouse to compare the average spectral profiles for those areas.

- X

O | 4 |3 Spectral (c Training) - .
|2 [ommibs
=2 Es|| o ooz v
Spectral (X Training) ;BIMWED] 7
A

DataSet (Multi image import) Color: [

Lines.
By: [[INDEX] r
s “*" A/’\,\ Style: >
Y width: |1
v

¥ ands

/ o
ymamic
AN J
1 / O Fixed
| Max: 13
o4 T < / Min:
/ /
TARS
! Spectra aption
/
/ Show interaction spe
~ /
/ T Add average from selection

Save spectral data...

1100 1200 4300 1400 4500 1700 1800 1200 2000 2100 2200 2300 2400

o]
[
5

RGEB Image (X Training)

Copyright Prediktera AB 8 of 33

www.prediktera.com

info@prediktera.com



https://www.prediktera.com/
mailto:info@prediktera.com

P';;diktera.

Evince tutorial - Quantification of powder samples
2020-11-27 (Evince 2.7.12)

2. Removing the background pixels from the images

a. Right-click on the DataSet symbol in the data tree and select New Model /
PCA Model. Click Finish on the following screen.

{3 Prediktera Evince - Multi image import * [Professional]

File Tools Table Plot Model Help

G =B @

Shaowe: | Al

B O-s|!

= : | DataSet (Mult image mport) (Chservations)

T|Tf TE-‘|- C_Jl"\ Fad

= b- Case (Multi image import)

OhslD 1 IncfEnc |Tigin _|Test |Fiename |

F-E Origingl Dsta (Multl image | |———— [ I I 1
o (ST AN
. Model * Wizard fl
¥
@ Mew Statistics '
PCA Model i
@ Mew Table PCY Mode ;
R i PLS Model ¥
PLS-DA Model |
- . f
® Clone Databet SIBACA Model '
f:’ Apply Changes ADD1238
W Delete ADD1233
III Eename b
ADD1238
__F_‘r_eidil.l DataSet from MUdE! iggg:g
7301 |17301 | | ADD1238
17302 (17302 | | ADD1238
17303 [17302 | ADD1228
17304 17304 | ADD1238
17305 _[17305 | | ADD1243
17306 17306 | ADD1243
17307 [17307 | ADD1243
17308 |17308 [ ADD1243

b. A PCA model has now been created for the image and a number of new plots
are shown. For this exercise we can close down all plots except the PCA
Model - Scatter and the PCA Model - Contour plots.

sional]

S [

2 Quck nformaton

@ PCA Model
Mol PGA

1962 [e1se:
Siens 61563

Layout Ghowhde)

B b =

51554 (61064 A0D1243
61365 [oses AO01243
51555 (61566 Ao01243
61967 61967 A0D1243
61968 o Ao01243
& Ao01243
A0D1243
0124

Ao01243

Ol & v relaols 6o 5-#5 08D [+[Q 6 &

517 - & x| [PCA odd -Loadng -Dataset Fo
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S (@ Loy o
ayer e
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z0 1o
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oy: [
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PCA Model - Contous 2D (1) - Dataset {Powder PLS tutoril)

PCA Mode - Contour 20 (T)
Data

ENERE]

et (Powder PLS futorial)

RGB Image (X Trining)

ERi=NE]
RGB Image (X Training)
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C.

Click on the Arrange drop down menu and select Tile windows horizontally to
enlarge the windows.

Wik B-8 5|9 @ - - Q @ -+
& X[ |PCAMO™ Maximize Windows age import)
PO Tile Windows Vertically Multi image import)
DD Tile Windows Horizentally PCA Model - Scatt
|:|=|| Cascade Windows .
DataSet (Multi imag
5
d. The PCA Model Scatter 2D (T) plot is showing how the pixels in the image
are clustering based on similarity in the spectral profile. In this example the
first component t[1] is explaining 89.2% of the variation and /2] 6.21% (you
might get slightly different results if you did or did not exclude pixels in the
import step). The color is based on pixel density (red = pixels are very close
to each other).
PCA Model - Scatter 2D (T)
DataSet (Powder PLS tutorial)
7
6
5
4
3
$ 2
N 1
< 0
E -1
= -2
-3
-4
-5
-6
-7
-7 6 5 -4 -3 2101 2 3 45 6 7 8 9 1011
t[1] (89.2%)
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e. By holding down the left mouse button and dragging the selection tool over
the cluster of pixels to the right we can see in the PCA Model — Contour 2D
(T) image that these correspond to the background pixels (they become
darker in color after selection). The PCA Model — Contour 2D (T) is colored
by the variation in t[1].

PCA Model -Sctter 20 (1) - Dotaset (Powder PLS tutril) [= [ B3|  PCAModel - Contour 20 () - etaset (Powder PLS tutoril) = (@ (=

PCA Model - Scatter 2D (T) PCA Model - Contour 2D (T)

DataSet (Powder PLS tutorial) DataSet (Powder PLS tutorial)

2] (6.21%)
B T N N S T T R -

50 100 150 200 250 300 350 400 450 500 50

t[1] (89.2%)

f. Right-click anywhere in the either plot and click on Exclude

PCA Model - Scatter 2D (T) - DataSet (Powder PLS tutorial) =R PCA Model - Contour 20 (T) - DataSet (Powder PLS tutorial)
PCA Model - Scatter 2D (T) PCA Model - Contoul
DataSet (Powder PLS tutorial) DataSet (Powder PLS
7
a0
]
100
5
150
4 200
3 250
2 Plot Field Properties
£ ’ 4 Include
~ 4. Include Only
e g 1 Exclude
E Tr Train
=
-1 Te Test
i) 0 Apply Changes
3 & Modifications
Add selected to...
-4 Add Legend
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g. The excluded pixels are now greyed out

PCA Madel - Scatter 2D (T) - DataSet (Powder PLS tutorial) [= [= [@| PCAModel - Contour2D (T) - DataSet (Powder PLS tutarial) (= [= [=
PCA Model - Scatter 2D (T) PCA Model - Contour 2D (T)
DataSet (Powder PLS tutorial) DataSet (Powder PLS tutorial)

t[2] (6.21%)

S0 100 150 200 250 300 350 400 450 500 550

t[1] (89.2%)

h. Right click on the plot and select Apply Changes

7
50
6
100
5
150
4 200
Plot Field Properties
3
Include
2 Include Only
Exclude
1 Train
Test
0
Apply Changes F5
-1
Modifications >
-2 Add selected to...
Add Legend
-3
Advanced ?
4 Analysis »
Select All Ctrl+A
-5 Invert Selection Ctrl+l
Clear Selection
-G
Selections Ctrl+F
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i. The PCA model has now been updated without the excluded pixels
(depending on which pixels you removed, this plot might look different from
the screen shown in these instructions).

PCA Model - Scatter 2D (T) - DataSet (Pawder PLS tutorial) o [ [E%| PCAModel- Contour2D (T) - DataSet (Powder PLS tutorial) [e[@[=

PCA Model - Scatter 2D (T) PCA Model - Contour 2D (T)

DataSet (Powder PLS tutorial) DataSet (Powder PLS tutorial)

112 (21.1%)

50 100 150 200 250 300 350 400 450 500 550

1] (69.8%)

j-  We have now removed the pixels corresponding to the background. But we
want to do some additional cleaning of the image to remove the part of the
plastic bags that don’t have powder in them, pixels on the edge of the sample
(contains some influence from the background), and pixels that have too
much glare.

k. Select pixels that correspond to a sample and see which cluster this
corresponds to in the scatter plot (might look different from the screen shown
in these instructions).

Copyright Prediktera AB 13 of 33

www.prediktera.com info@prediktera.com



https://www.prediktera.com/
mailto:info@prediktera.com

Pred I ktera Evince tutorial - Quantification of powder samples

2020-11-27 (Evince 2.7.12)

I.  Select the cluster corresponding to the samples

m. Right click on the plot, click on Include only and then right click on the plot
again and Apply changes

140
200
240

300 |
Plot Field Properties

Include
Include Only
Exclude

Train
Test

Apply Changes F5

Modifications ¥

Add selected to... >
Add Legend

Advanced ¥

Analysis ¥

n. If needed repeat the two previous steps until you have an image where you
have removed the pixels that are not sample (i.e. the part of the plastic bags
not containing the powder). If you want to magnify an image or plot to see
better hold the mouse pointer over it and scroll using your mouse wheel.

0. We should now have 7 distinct clusters in the scatter plot each representing a
sample.
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PCA Model - Scatter 2D (T) - DataSet (Powder PLS tutorial) [[= [[E-[E3| PCAModel - Contour 20 (T) - DataSet (Powdsr PLS tutorial) EE=E
PCA Model - Scatter 2D (T) PCA Model - Contour 2D (T)
DataSet (Powder PLS tutorial) DataSet (Powder PLS tutorial)

¢ 50 !
a8 100
3 150
25 200

ey

= 350 -
@
< 00
=
~ 450
=

500

b

S0 100 150 200 250 300 350 400 450 500 $50

t[1] (58%)

3. Identifying objects (samples) from each image

a. Right click on the Contour plot and select Analysis/Object identification

Juli]
e, Plot Field Properties
a0 b e
& Include
Juli]
& Include Only
a0 i L Exclude
oo . Tr  Train
Lpi Te Test
50
e ) Apply Changes F5
Juli]
<> Modifications >
5 g Add selected to...
oo Add Legend
>
a0 Advanced
Analysis 3 Compare
oo Create cat fi d
Select All Ctrl+A R
e . GAPLSDA
A0 - Invert Selection Ctrl+
MatrixOperation
= Clear Selection
hilal Object Identification
Selections Cirl+F Process Image
50 100 150 200 250 Apply Template ’ ||
Save As Template
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b. Setthe Min area to 5000 pixels. This means that any object under 5000 pixels
will not be found. This can be useful to remove small objects like dust. Click
on OK.

&% Object Identification X

General  Advanced

Settings

[[] Separate adjacent objects

IMin area (pixels): 50002

Area/Unit ratio: 1 [px ~

Threshold ~ Create from threshold Preview
Class Histogram ] ! !
5000
0
0 50 100
Bins
Min threshold (0-100%): ols
Max threshold (0-100%¢): 1002
Template
Select template:
Standard v

OK Cancel

c. Inthe table area you can see that we generated a dataset of 7 objects each
corresponding to an average spectra of all pixels for each plastic bag with

powder.
Neme [Inc/Exc [Train [Test [Object [Fiename
ez '} ! ¥ o }\A PCA Model - Contour 2D (T)
4 lobecta| - X ootz | .
%ﬁ:ﬁ:t: " DataSet (Powder PLS tutorial)
7 fobiect7| [ [ [ . | B ootz |
Copyright Prediktera AB 16 of 33
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Evince tutorial - Quantification of powder samples
2020-11-27 (Evince 2.7.12)

a. Right-click in the table and select New Modification/New Variable

DataSet (Object Identification) (Observations)

|2 _ 8 x||[PcaMadel - Contour 2D

Mame |/Inc/Exc |Train |Test Object |Filename

1 |Object1 ls001242
Object 2 N |a001241 |

3 |Object 3 lx001238 !

[
[ ] 3
I ] O M TTPYER b nclude
[ X
[ .
]

5  |Object 5 AD01245 | L |nclude Only
6 |Objects ls001244

Object 7

k001245 | b Exclude
0 Apply Changes

Train
Test
Train, Test

Group selected rows

Un-group selected rows

Filename

MNew Medification

MNew Model
Mew Statistics
Mew Databet

Oee® ¢

Analvsis

PCA Model - Cont

PCA Model

DataSet (Poy

-300

-Z00

-100

Wizard

Category F
Mew Variable
Transformation >!

Identifier

b. Write Vanilla % in the Data name field and click on Finish

e New Modification Wizard - Step 2 of 2 { Mew Variable )
Mew Variable Settings

Diata Marne:

Data Value: |

Add new variable values as:

() ¥ values

(®) Y values

@ < Back Next = Finish

Cancel
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c. Repeat this step to add the variables Baking soda % and Potato starch %

DataSet (Object Identification) (Observations) v f -8 X

MName Inc/Exc |Train COhject |Filename |Vanilla % |Baking soda % Pomto starch %
Dbje .

2 |object2 3 Aooiz4amv |

3 |Object3 X ro0123smv |

3 |Object4 I so012430v My |

5 |Objects K 20012450y v |

& |Object& 1 Aooi12d4amv MV |

7  |Object7? . N I Ao01246Mv MV v

d. Copy the reference values from the Powder refdata table. The .xls file was
included in the download of the image files.

Fat
Marme Date modified Type Size
Test data 2017-02-21 1442 File folder
Training data 2017-02-21 14:46 File folder
&) Powder ref values.xls 2017-02-21 10:25 Microsoft Excel 97... 23 KB
A | B | c \ D | E
1 Vanilla (%) Baking Soda (%) Potato Starch (%)
2 |A001242 0 [) 100
3 |A001241 0 100 0
4 |A0D1238 100 0 Goibri <1 - A x BB
5 |A001243 50 0 N Y
=y A - oIe 0
6 AD01245 50 50 B 7= -A-0-%0%
7 |AD01244 0 50 ol
2 A00L246 33 33 & ot
9 53 Copy
[, Paste Options:

=
=]

e. Paste the data into the table in Evince by right-clicking on the row for the first
sample in the Vanilla column (please wait a few seconds while Evince
matches the data with each object and the windows closes)

Object 2 | | || |
Object 3 | | | |
Object 4 | | || |
[ —
[

¥ A001238MV | L |nclude Only
A001243(0

X
K A00124spv EgEe
ADD1244JMV Apply Changes
[»]
B Ao01246[My |

Object 5
Object 6

Object 7

o fun | e |

Train
Test
Train, Test

Group selected rows

Un-group selected rows

Vanilla % >

New Modification >

New Model >
MNew Statistics >

nDee® ¢¢

New DataSet >
Analysis >

Select All Cirl+ A
Invert Selection Ctrl+|

Clear Selection
Selections Ctrl+F
Apply Template

B Savess.

Copy with Identifiers

Copy
Paste

Properties
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f. The table should look like this now

DataSet (Object Identification) (Observations) e ’ - F X
Mame Inc/Exc |Train Test Ohject Filename Vanilla %% |Eaking soda % |Fotato starch %%
i} 0 100 A
2 |Object2 § |s0012._.|0 100 0
3 |Object3 N |s0012. [100 0 0 [Potato s
4 |Object 4 K 20012 |50 0 50
5  |Object5s K 001z |50 50 0
& |Objects B w001z o 50 50
7  |Object7 N . I |eo012..]33 33 33

5. Developing a quantification model (PLS) for the % of the three powder types

a. Now we want to create a PLS model with the reference values we just
entered into the table for each sample. Right click on the DataSet (Object
Identification) and select New Model/PLS Model. Click Finish on the next
window that comes up.

= .ﬂ' Case (Powder PLS tutorial) Mame |Inc/Exc |Train  |Test
n Criginal Data {Powder PLS tutorial)
=[] DataSet (Powder PLS tutorial) 7 |Object2
@ Xand ¥ 3 |Object3
E ¥ Training 4 Dbject 4
El ¥ Test 5 CObject 5
El ¥ Training & |Objects
E E v Test 7 Object 7 N N
- @ = FCA Model
8 Joataset (Object Identificatiorfy :
0 Mew Model » Wizard
Mew Statistics ;
@ PCA Model
HH newTabie PCY Model
Apply Template PLS Model
PL5-DA Model
® Clone DataSet SIMCA Model
f:) Apply Changes
-i- Delete
III Rename
Predict DataSet from Model
TTT
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b. A number of plots are generated for the PLS model. You can close down all
except The PLS Model — Overview and the Observed vs Calculated plot.

ol D-eso@m-[n- QG- °
¥ =8 ¥ e S 56 S| e
o Trtid = |
| | PLS Model - Overview PLS Model - Scatter 2D (W)
o DataSet (Object Identification) DataSet (Object Identification)
. S
1881 18
.
| |
=
§ g
£ g D)
g o
3
]
T °
$ 0§ 3 3 3§ 3 -
wityetr]
PLS Model - Observed vs Calculated PLS Model - Score
DataSet (Object Identification) Dataset (Object
°
: g / . \
H > . ( e
H g o
° s \ . /
. ~_ i
B S —
Vealc.Vanilla %3] 1 E21%)

c. The PLS Model — Overview plot is showing us how well our model correlate
between the information in the images and the % of the 3 different materials.

PLS Model - Overview
DataSet (Object Identification)

1.1

R2Y_cum/Q2Y_cum

[1Jwno™AzH
[Llwna"Azo
[clwno™AgH
[clwno™ Az
[elwno™AgH
[elwno™ Az

Evince uses an autofit function that finds the best complexity of the model. In this
case it has found 3 significant components. The red bars (R2) show the
variation that is explained using 1, 2 and 3 components. In this case
R2=0.997 (99.7% explained). The blue bars (Q2) is showing the predictive
power of the model, i.e. how well it explains samples that are not in the
model. In this case Q2=0.876 (hover the mouse pointer over each bar to see
the exact number). These numbers might vary slightly depending on how the
background removal was done.
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d. The PLS Model — Observed vs Calculated plot is showing the calibration
curve for our model. In the Settings menu under Data range and Y: field you
can change the variable to look at. Under Statistics you can add a linear
regression line to the plot.

PLS Model - Observed vs Calculated
DataSet (Object Identification)

P = —
97.5 Color: [N
S

a0 By: |[FIXED] vir

Min: 7| Max: [30

shope
oy [FBED] o
s Shape: | @ >
_ Labe

By: | NONE] vir

60 Fontsize: |8

Lines

By: [ INONE] v
Sty <

width: |1

By: [NONE] v#

Vanilla %

5 0 75 15 235 30 375 45 525 B0 675 75 825 90 975 10§

Ycalc.Vanilla %.[3]

7. Testing the quantification model by predicting the content in an new image

a. We now want to use this model to analyse the content of a new sample. Right
click on the PLS model in the data tree and Save As. Choose a name and
location and click on Save.

Show: | Al w £ | Dataset (Object Ide

= "- Case (Powder PLS tutorial) Mame
n Criginal Data (Powder FLS tutorial)

B D DataSet (Powder PLS tutorial) Z Dbject 2
[ @ XandY 3 |Object3
E X Training 4 |Object4
B o Test 5  |Object5
E Y Training &  |Objects
E Y Test 7 DbjECt 7

. @ *FCA Medel
=2 D CataSet (Object Identification)

- Xand Y
- o
| oject I ] New Table >
B original
£ origins | NewPlot >
Apply Template
% Save As...
-i- Delete
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b. Click on File and New project, Select New and click on Finish in the next

window.

ﬁ Prediktera Evince - Powder PL5 tutorial * [Professional]

File' Tools Table Plot Model Help

D Mew Project Ctrl+M
[ﬁ Open Project Ctrl+0
Close Project Ctrl+W
Close All Projects Ctrl+Shift+W
% Save Ctrl+5
Save As...

Apply Template
Import Template(s)

Download Ternplate(s)

1"

Data!

|.||m||-|

c. Find the folder A0O01249 that contains the image that we want to analyse.

Click Next and then Next again.

& Dsta Import Wizard

Import fie(s) Merge different files Import from database

Look in: Test data v -
=
Recent Items
| et et
Desktop
Document its
Description
@ A001248 ~
ThispE Meta data:
T 2016-12-09
. 09:25:10
Q*’ Dok AR000095
Network FieldOfView 6328
Length 18
Resolotion 017
Speed 17
FrameRate 100
Frames 333
MarSignal 65535
PixelsPerLine 192
Wavelength 67 v
File name: ADD1248
Files of type: | Al Supported Files -
< Back Mext > Finish cancel
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d. In this window you can change the white and dark references that are applied
to the image. If the reference files are located in the same directory as the
image file and named darkref_"imagename”, and whiteref "imagename”, as

they are in this case, Evince will automatically apply these to the imported
image. Click Next.

&5 Data Import Wizard - Step 2 of 3 ( AD01243)
Unit conversion settings

Enable spectral unit conversion

Convert unit to: Acquisition type Other settings

() Reflectance @ Line [] Cap reflectance values higher than one unit

@ Pseudo-Absorbance Layer [ Replace spikes with median

ETerence mages

Number of images |3

- 0%reflectance | |darkref_ADD1245.ram Browse
@ 100% reflectance « | |whiteref_ADD1249.ram Browse

< Back

Firish Cancel

e. Choose the Image SNV transform template and click on Finish.

&3 Data Import Wizard - Step 3 of 3 ( A0D1243)
Project settings

Name: | 001249

hoose template

Additional template options
Image SNV transform - Replace missing values with median of neighbouring values
Use this template to create a project for analysis of image data Data is centered and SNV scaled. Spectral DataSet table

and RGB image plots are automaticaly created for the original data. Replace missing values with median is
default

[ Model with plots

PCA
PLS

Keep data on disk
The 'keep data on disk feature preserves memory by letting the imported file reside on disk rather than in memory (RAM).
Any changes made to the data il also be written to the file and vice versa. The ‘keep data on disk’ featurs is especially
useful for very large datasets or when the amount of RaM available to Evince is limited. Enabling ‘keep data on disk will
negatively affect the calculation speed

Keep identifiers and auxiliary data on disk

Keep numerical data on disk

<o || e o
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f.  We have now imported the image into a new Evince project

OmM-§- Q- & | ol votaset (091249 ()
2

RGB Image (X Training)

25 50 75 100 125 150 175

g. Right click on the DataSet/New Model/PCA Model and then Finish.

{a Prediktera Evince - ADD1249 * [Professional]
File Toocls Table Plot Model Help

ANNC B O-s| ERIre)
Show: | Al e £ | Dataset (A001249) (Observations)
E|P~ Case (AD01249) ObsID 1 Inc/Exc |Trai |Test |
n Criginal Data (A001243) 1 1 | - | | - |
+ O e |I——; R -
[ [5] HDR Data File | @) New Model > Wizard
@  Mew Statistics :
PCA Model
Bl newTable 1 PCY Model
Apply Template PLS Model
PLS-DA Model
® Clone DataSet SIMCA Model
) Apply Changes
-i- Delete

III Rename

Predict Data%et from Model

Py Lx I
| 18 |18 |
an 4n |
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h. Select the points in the left side cluster in the PCA Model — Scatter 2D. We
see in the PCA Model — contour 2D plot that this corresponds to pixels on the

sample.
PCA Model - Contour 2D (T) - DataSet (A001249) = [ [5% | PCAModel- Scatter 20 (7) - DataSet (A001249) (E=H IR
PCA Model - Contour 2D (T) PCA Model - Scatter 2D (T)
DataSet (A001249) DataSet (A001249)

7
25 6
50 5

4
75

3
100

2
125 g ’

S
150 ~ o
8

175 o
200 -2
225 -3

-4
250

-5
275

-6
300 7
325 75 5 25 0 25 5 75 10

25 50 75 100 125 150 175
t[1] (90.2%)

i. Right click on one of the plots and select Include only and then Apply
changes. We now have an updated PCA model without the background

pixels.
PCA Model - Contour 2D (T) - DataSet (AQD1249) [= [E [ 3| PCAMode - Scatter 2D (T) - DataSet (A001249) (M@=
PCA Model - Contour 2D (T) PCA Model - Scatter 2D (T)
DataSet (A001249) DataSet (A001249)
50 1
75 05
100 ’
125 9
°1. -1
=
150 =
&N as
175 2
200 as
225 ?
250 735
275 - -6 525 -45 375 -3 -225 15 075 0 075 15
25 50 75 100 125 150
t[11 (29%)
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j. When you are satisfied with the clean-up of the image, right-click on the
Contour Plot and select Analysis/Object identification

05
Plot Field Properties

Include

s
s Include Only
=3

Exclude

Tr Train
Te Test

€) Apply Changes F3
& Modifications >

Add selected to...

Add Legend

Advanced 4

Analysis 3 Compare

Select All Ctile Create category from grid
GAPLSDA

Invert Selection Ctrl+1

MatrixOperation
Object |dentification

Selections Ctrl+F Process Image

Clear Selection

Apply Template >
Save As Template

Copy Plot to Clipboard Ctrl+C

= B savens. 535 45 375 3 215

k. Setthe Min area to 5000 pixels. This means that any object under 5000 pixels
will not be found. This can be useful to remove small objects like dust. Click
OK.

&D Object Identification ke

General  Advanced

Settings

[ ] Separate adjacent objects

Min area (pixeks): | s00] 2]

Area/Unit ratio: 1&‘ PX v

Threshold ~ Create from threshold Preview
G Histogram g
5000

2500

0 50 100
Bins

Min threshold (0-100%%): ol
Max threshald (0-100%): 100/3]
Template

Select template:
Standard -

oK Cancel
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e
I.  We now have a new dataset consisting of the average spectra of the sample.

e Prediktera Evince - ADD1249 * [Professional]
File Tools Table Plot Model Windows Help

G &R o H O-S &1 |wi'te ao|s

Show: | Al w £ || DataSet (Object Identification) (Observations)

= Case (a001249) Name Inc/Exc [Train  |Test |[Object
--n Original Data (A001245)

(=[] DataSet (ADD1248)
G- K and v
- PCA Model

I DataSet (Object |dentificat

[ [F] HOR Dsta File

m. Right click on the DataSet and select Predict DataSet from Model

9 Prediktera Evince - AD01249 * [Professional]
File Tools Table Plot Model Windows Help

G @ B o Lot Te

Show: | All v £  |Dataset (Object Identifi

B Case (2001249) Mame |[Inc/E
[+ Criginal Dats (A001245) 1 [obje... 'D

=[] DataSet (A001248)
{ - Kand v

¢ @@ PCA Model
[_.]DaiaSet (Object ldentificatas

[ 5] HDR Data File @  MNew Model »
@  MNew Statistics »

BH New Table >

Apply Template ¥

® Clone DataSet
‘:} Apply Changes

W Delete
III Rename
Predict DataSet frorm Model
il [
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n. Select the PLS model that was created and saved earlier (.mdl file) and click
Predict in the next window.

| %[ Choose calibration model *
Look in: Powder tutorial v Fera-
ADD1249
w,_; =j Powder
=
Recent Items powder test
[ apo1248
B Powder PLS Model.mdl
Val || Powder PLS
Desktop
Documents
This lPC
@ File name: Powder PLS Model.md|
MNetwork

Files of type: | all Supported Files v Cancel

0. We can now see the PLS model in the data tree. Click on PLS Model/External
predictions/Ypred/Ypred [3] and drag Ypred[3] to the table area. Click Finish
on the window that appears.

&5 Prediktera Evince - ADD1249 * [Professional]
File Tools Table Plot Model Windows Help

Gl B o B O-S|+t|v lmo|a

Show: | All w £ ||DatasSet (Object Identification) (Observations)

E‘h‘ Case (A001248) Mame Inc/Exc |Train  |Test Object
--n Original Data {A001249)

[ DetsSet (4001248)
o) X and ¥

B Ypred[1]
£ vpred[3)]
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p. Atable is generated that shows the predicted values of the 3 materials for the
whole plastic bag with powder (based on the average spectra of the sample).

This sample actually contained a mix of 33% of each material so the
prediction is pretty close.

9 Prediktera Evince - ADD1245 * [Professional]
File Tools Table Plot Model Windows Help

Gl e B o HO-s

Show: | Al v £ |Data (rpred[3])

B} Case (A001249) D1 | il & |3 |

B3 Original Data (A4001249) Cbsl... [Ypred.Vanil... Ypred.Bakin... Ypred.Potat...
[ DataSet (A0D12489) 1 1 33,406 31.883 34,965

G- X and v

- @ FCA Maodel

. ][] Dataset (Object Identification)
Lo [Tl HOR Dats File

E-@ PLS Model

ﬁ Explained variances

L——Jﬁ External predictions

[)-453) DataSet (Object Identification)
-E Xres Test

B Yres Test

B Tpred

:--FE] ObsDMXpred

Bn Y pred

: B pred[1]

E Ypred[2]

g. We are now interested to see the spatial distribution of the 3 materials in this

sample. We can do this by using our model to predict the % of the materials in
each pixel.

r. First go to the menu for the selection tool and change to Rectangle Selection

o

= M-® S |98 O -

Q @& - @
Criginal Data - Histogram {Object Matrix) - DataSet % Paoint Selection

PCA Model - Contour 2D (T) - Datas... |_.:. H Rectangle Selection  3ta - Histor

vt Elliptical Selection
PCA Model - Contour 2D (T -, Frechand Selection . istogra
4 Vertical 5election

==%* Hornzontal Selection

DataSet (A001249) e

1.1
-15
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P;;dikterq.

s. Hold down the left mouse button and drag the selection tool over the area we
want to analyse in the centre of the plastic bag

PCA Model - Contour 2D (T)
DataSet (A001249)

50

75

100

125

150

175

200

225

250

275

t. Right click on the image and Add selected to/New dataset

Plot Field Properties

Include
Include Only
Exclude

Train

Test

Apply Changes Fs
Modifications >
Add selected to... New Category
Add Legend )
New Variable
Advanced
® NewDataSet

Analysis

Select All Ctrl+A

h
Input X

1 25 @ Enter the name for the new dataset

Testzet|

1 50 Cancel

A7FE
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v. Right click on the new DataSet in the data tree and select Predict Dataset

from Model.
. I 11055 11058
DataSet (Object Identification) ‘ ‘ 11057 |11057
L1058 |11058
SENAIZE > L1059 |11052
Mew Statistics * 11060 |11060
11061 [11081
E*"g_anl EH NewTable ’ 1052 |11082
11063 [11083
E Apply Template > [106+ |Li0Ed
11065 |11085
E ® Clone DataSet (1066 |11065
E}E ) Apply Changes 11067 |11067
E W Delete L1068 [11068
L1069 [1106%
III Rename 11070 (11070
: 11071 [11071
BT Predict DataSet from Model | ;075 111072
Ez H 11073 |11073
e 11074 |11074
11n7c 11075

w. Select the PLS model and click on Open

|£| Choose calibration model ®
Look in: Powder tutorial ~ ? % '
ADD1249
1& Powder
Recent Items powder test
[] A001248.map

D Multi image import.map

- W Powder PLS Model.mdl

Desktop D Powder PLS.map

=

Documents
This PC
@ File name: Powder PLS Model. mdl
TEm Files of type: | all Supported Files v L
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x. Make sure the Standard Image Prediction is selected and click on Predict

&% Prediction dialog *

Mew prediction category

Select prediction template:

Standard Image Prediction v

Description

Use this template to create a prediction from an PLS image model.
Replace missing values with median is default

Predict Cancel

y. A contour plot is now generated that shows the spatial variation of the % of
the 3 materials. In the Settings menu under Data range you can change the
variable to look at. After changing it, click on the Contour plot to make sure
the color scale is updated.

Contour 2D - PLS prediction (Ypred)

bl L TR

% M E i i i o] Vored Vonill
w AR = e - B a——1
. 'I' mn et [ s .':' L = Statistics
" n T [ —
- ..’-. 5 gl |.|.¥ =
110 ‘- Lo Ir'. -.* a 1.*.:. ;T - - ;(-ex\sn\:h;;] 5
y: v
ns W e :_'. Y :-l.-— 'l'lhﬁ. r 2= - :l CO|OI' V-axis labels
- - . g i a N = —

- ..E .- 1 _r - - o .._‘ Amplitude
ZZ oo il | o ':"I-|-'.J'. i 60-
e J.. = :... '.&I . jg
" = t;. RN ), R |

0 SRRl L Ly L 30

145 ..l. .- e ! 1 -.l ¥ 5 "m T.? 20.
[C i _?riLl.I - ::_ 1-_".. ot

185 =il 5 D Faill § feepgfTs i B

- il o . e == . b |

The pixels that are red show areas that have a higher % of that specific
material, and the dark blue pixels are the areas that have a lower %. If the
powders were well mixed and therefore homogeneous in this plastic bag, one
would expect that all pixels would be colored light blue/green corresponding
to 33%.
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z. By selecting an area we can see the min, max and average value in the Quick
information window

21

24

25

2

b

31

32

33

A Quick Information

|2 Contour 20 (Ypred(3]) - Center of sample Window

Plot - Contour 20 [Ypred[3]) - Center of sample
Gase (4001249)
Perent:  Ypred[3)
Dats:  Ypredl3]
Chjects: 9682
Visible: 3882
Selected: 880
Percentile:8 8825%
Win 85248
Max 21841
Average: 7.5195

34

35

37

39

41

2

43

45

47

Conclusion

&3 e e | e[| o s | [ | o e | o s s ¢ 3 3 s [ 5 e | [ s s ¢ [
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Data
Data
Data
Data
Data
Data
Data

Congratulations on making it all the way to the end!
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120

125

130

135
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145

150

156

160

165

170

175

180

You have now learned how to use Evince to make a PLS quantification model using
hyperspectral images. You also know how to first do a clean-up of your images before the
analysis and how to apply the quantification model on new samples.

The model we developed in this tutorial enables us to analyse the content of new samples of
plastic bags of powder with unknown % of 3 materials. The model seemed to perform well as
confirmed when testing it on one new sample. As the next step it would be wise to validate
this model by using additional samples with varying % of the 3 materials, though we will not

cover that in this tutorial.
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