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Breeze Tutorial

Classification of nuts step 1 basic

In this tutorial you will analyse hyperspectral images with samples of nuts (almond, hazelnut,
pecan and walnut) and shell for each nut type. The tutorial images contain samples of known
nut type that will be used as a training data set, and a sample mix that will be used as a test

dataset.

Your goal is to learn how to use Breeze to make a classification model and then use it to
predict the class of new samples.
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Download tutorial image data

1. Start Breeze with the shortcut created after installation.
The Breeze start screen will look like this:

— 5 x

[© Prediniers Brecae 201920
breeze. Yesnaszo Preciitera.

® > 3

Record Model Play Settings

Capture and organise Overview and maintain Apply model workflows Adjust system settings
image data prediction models

|
‘Workspace: C:\temp\tutorials

Breeze is organised into different views depending on the task at hand. Each view
has a specific purpose as described under each button.

2. Enter the Record view by pressing the “Record” button

5

breeze. V20920 Preciktera.

Record Model Play Settings
Capture and organise Overview and maintain Apply model workflows Adjust system settings
image data pradiction models
|
‘Workspace: C:\temp\tutorials
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3. You will then see the following view (if you already have a Study in Record press the
“Add” button in the lower left corner). Select the “Tutorial” tab.
Select “Nuts Classification” in the “Name” drop down menu.
Press OK to start downloading the image data.

New Study

New Import data Import study

Download tutorfal data to new Study
(No Interet connection? Download manually from:)
b Je-files-and-tutorizls/
pl

LEWCEHE Nuts Classification

Name

Study

4. After the Tutorial data is downloaded you will see the following table:

,,,,,,,,,,,,,,,,,,,

@ Studies ¥ Nuts_Classification ko

Classification

3:55:00

Almond shell Train

Hazelnut Train

Hazelnut shell Train

Pecans Train

Pecans shell “Train

Walnuts Train

Walnuts shell Train

< Mix Test ; <

o ©

A “Study” called “Nuts_Classification” has now been created that includes eight
training images (with either nuts or shells) and one test image. You can click on a
table row to see the preview image (pseudo RGB) for each image.
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5. Click on “Open” to open the study

Cpen

6. The Group view should look like this:

O rresice e 7

('? Groups

It

A Tabe Analyse Tree Explore Import Export Comments

Train

2017-11-08 09:39:04.

™ c5e28a7d

Created 2017-11-08 09:39:04

Test

Measurements 8
20171012 11:03:05

Samples 8

@ @ @ ® Record ©]

Model

The image data in this study is organized into two Groups called “Train” and “Test”

7. Press the “Open” button again to open the “Train” group

[0 Frecirs srece

©| Measurements : Almonds it

PxéBxpore  Analyse Tree References Import Export Comments Metadata Notfications

N Tabi
Almonds ol Identifi
2017-10-12 10:50:40
Name | Almonds x
Almond shell
2017-10.12 1050:41
Hazelnut
20171012 10:50:42

Hazelnut shell
2017-10-12 10:50:43

Sample Group Image

Almonds Train

Pecans
20171012 10:50:44

Pecans shell
20171012 10:50:45

Walnuts

20171012 10:50:46

@ : © @ ® Record [©)

Model
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In the menu on the left side you can now see all the individual images (called
“Measurements” in Breeze) in this group.

8. Click on the “Pixel Explore” tab.

@ Measurements H Almonds

3

T e e bpt Comns W ians

Almonds Variance scatter <y Max variance image ezt

o (D
e | (ot
Indude / Exclude

OMCO)

include Incuude Only Excude

nponent 1) <>

2017-10-12 10:50:40

Almond shell y
2017-10-12 10:50:41

1?0594

Components (2)

Hazelnut
2017-10-12 10:50:42

Hazelnut shell
2017-10-12 10:50:43

> 8y Densty Border paxels

Pretreatments

O e

Normalised pseudo absorbance spectrum

Pecans
2017-10-12 10:50:44

Pecans shell

=
20171012 10:50:45 01

- oars
Walnuts R

2017-10-12 10:50:46

Pseudo RGB image

Add sam @ n selection @ Record @

Model

To do a quick analysis of the spectral variation in the image, a PCA model has been
created based on all pixels in the image. Each point in the “Variance scatter” plot
corresponds to a pixel in the image. The points in the scatter plot are clustered based
on spectral similarity. The color of the points in the scatter plot are based on density
(i.e. red = many points close to each other).

The “Max variance image” is colored by the variation in the 1st component of the
PCA model (the X-axis in the scatter plot, t1), and visualizes the biggest spectral
variation in the image. In this case this is the difference between the sample (blue)
and the background (red).

Hold down the left mouse button to do a selection of a cluster of points to see where
these pixels are located in the image. Move the mouse around in the image to see
the spectral profile for individual pixels or do a selection to see the average spectra
for several pixels.

9. Press the “Up” button in the upper left corner to return to the Group level.
Press “Up” again to go to the Study level.

®

Up
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Enter the known class information for the training samples

1. You will now add the class data to our training data set. Select the “Table” tab and
press “Add variable or Id” (at the bottom of the screen)

® | @

Add Sample model  JAdd Variable or Id

2. Select type “Category (Classification variable)” and write the name “Nut or shell”

@ Add Variable or Id

Type:
Identifier (Sample name or number)

Property (Quantification variable)

Category (Classification variable)
Name:
Nut or shell X

3. A column for “Nut or shell” has now been added to the Table

(If you need to delete variables or IDs, right click on the header for the column you
want to delete and then press the “Delete” option that will appear.)
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4. Hold down Ctrl on your keyboard and use your left mouse button to select the

” W LT

“Almonds”, “Hazelnut”, “Pecans” and “Walnuts” samples.

In the “Nut or shell” column right click on one selected row and write the class
name “Nut” and press Enter on your keyboard.

Nut or shell

Almonds Train

Hazelnut

Pecans Train 5

Walnuts

: C G

¥ Nut or shell
e —

New class

Sample Group Image nut or shell t or shell

Almonds

Almond shell Train

Train

Mix Test [

Your table should look like this now. You do not need to set a class to the Test

image.
]

Sample Group Image Nut or shell
Almonds :

Almond shell Train _"»’ [ ] Shell
Hazelnut Train [ ] Nut

Hazelnut shell Train ] Shell
Pecans Train [ ] Nut

Pecans shell Train [ ] Shell
Walnuts Train HA [ ] Nut

Walnuts shell Train ": ] Shell

Mix Test [ ]
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Create a sample model to remove background pixels

1. You will now create a sample model that will be used to remove the background
pixels and to automatically identify the objects (nut samples) in the images.
Press “Add Sample model” button at the bottom of the screen:

® | ®

Add Sample model | Add Varizble or Id

2. Write a name for the Sample model (or just use the default name) and press “OK”

3. In the first step of the sample model wizard you can select the images that you will
use in the model. By default all measurements are included, which is ok.
Press “Next”

(@ preicers Breeze 2019

C;:) Sample H Measurements (Sample - Nuts_Classification)

Measurements Information Description

‘Select representative measurements Total 9 Select for

Included 9
Wavelengths
Model
3 Exclude background and include sample pixels

Critical distance

Set threshold for critca distance

save mode!

Approve

Walnuts shell

Mix

Next

4. In the next step of the wizard you can select spectral bands (wavelengths) to use in
the model. By default all wavelengths are included except the first and last bands
(the bands at the start and end are often more noisy and 4 % of bands are therefore
excluded by default in Breeze).
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H Wavelengths (Sample - Nuts_Classification)

length and pretreatment
t Pretreatments (In applie

repre rer Sel
OO
‘Select wavelength and pretreatment Incude Incluce Only Excuide vect al
Wavelength

BES ]

Exchde background and ncude sampe press 1200.84

1255.04

2
3
Critical distance 4 1300.16
4 | s cucisne |
5 13452
6
7

1390.17
1435.0¢

Approve 3
Save modd
s 1479.97

s 1524.81

10 1569.64

1 1614.45

12 165025

13 1704.05 T

4 1748.85 Total 31
Induded 29

15 1793.66

Next

The default is OK so Press “Next”.
5. In the next step you will select the pixels to use in the sample model.

a. A mosaic has been created of all images and a PCA model has been created
from all the pixels in this mosaic. Select a region containing only nut or
shell pixels by holding down the left mouse button and marking the area
inside one of the objects. To make this easier you can use the mouse scroll
wheel to zoom in.

H Model - Sample - Nuts_Classification

<D

Include / Exclude

© & 06
Incude Only Excd

§ ’ Components (2)

Model g . \ @ @ @

Exclude background and include sample pixels. £ e id  Ren e

e — elect
Critical distance . 1o @ ©
4 | oo s e ooy s

Approve
5 | o

Previous
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The corresponding pixels are then selected in the scatter plot to the left
(see selected pixels inside the circle). Now you know that the nut and shell
pixels are in the cluster on the right side in the Scatter plot.

b. In the scatter plot, select all pixels in the cluster on the right side (use
the pixel density coloring red, yellow, green and light blue as help). The
corresponding pixels are then selected in the image on the right side and
should correspond to all nut and shell pixels.

35 4 45 5 55 6 }5 7785

t[1] (74.8%)

c. Press the “Include Only” button in the menu:

Include / Exclude

d. The plots are now updated and will contain mostly the nuts pixels.
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=
H Model - Sample - Nuts_Classification
Measurements Variance scatter <> s
O ——
1o - . Indude / Exclude
Wavelengths @ @ @
2 | oo ons prrmen e o B
§ Components (2)
Model & ®O006
Exclude background and incide sampe piess Add Remove  Se
clect
4 Critical distance D@ﬁ @
Vet
Set threshod for crtcal dstance 1) (842%)
> Other
Approve @
S | o
e R
TR AL
st e
[
o e e
Previous Next

e. To clean up the nuts pixels even more you can remove the pixels bordering
each sample object.
Press the “Select - Border pixels” button.

© 0©

By Density Border pixels

f. Use the default of 1 border pixel and press “OK”. The border pixels have
now been selected.
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g. Exclude the border pixels by pressing the “Exclude” button

Include / Exclude

ONTRIO,

Include Include Onhi Exclude

h. Press Next

6. In the next step you will set the Critical Distance threshold. This is the distance to the
sample model, and will be used to determine if pixels are sample or not. The
histogram is showing the distance to the model for all pixels in the images. Pixels on
the left side of the red vertical line (critical distance) are inside the threshold.

Drag the red line to the right to move the threshold. As you can see from the
image, more pixels are included when doing this. The aim is to find a level where all
nut pixels are included but not pixels from the background.

Q r T =
%’9 i @ t‘;‘o?
‘o %N 2
" ‘; ﬁ ‘;ﬁ & 3
» o ~ LY
» Fa a’ﬂ, a_¢
— M R UM
8248 S \‘E’(? ¢
:-, [ ’;’ &8 7
PSR
& @ )
58 i e °
4 ” Q"r ‘ v;::&
8., e o
o ..5€ g?al'ﬂ
Drit (0,028) &:
)

As a general recommendation you can drag the red line to the bottom of the “valley”
between the sample and the background bars in the histogram as shown below.

nnnnn S . ‘..
® p /.Joi - "" -

nnnnn 3 ; A 4 "
"‘?\‘ @ » V,}Ww ;{",

nnnnn Jﬂ ow '.:U' g‘a' “.«4\-

v a8 >

a*¥ 9 @ PN

/&3 ® ;!;"

IDcrit (0.069) ﬁw @ * o ;‘ -
%5 01 oM 02 026 03 0 04 oA 05 Q_’“ - Fem ® a
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8. You are now at the last step of the sample model wizard. The “Minimum area size” is

used to automatically exclude smaller unwanted objects (for example dust or dirt).
Breeze calculates a suggested minimum area size for your data. In this example any
objects under 300 pixels will be excluded from the image. Depending on how you did
the pixel selection in the previous step this value might vary. A value around 300

should be OK.

Press “Finish” to create the sample model and apply this to all images in the study.

U
Measurements

Wavelengths

elect wavelength and pretreatment

Model
Exchde background and inciude sampe pxes

Critical distance
Set threshold for crcal dtance

Approve
Save model

B Approve (Sample - Nuts_Classification)

escriptior

A Sample model has been created.

Press Finish to save the sample model and apply it on all measurements in the group.

© oy changes when fished
Segmentation options

Minimum area size 300 X pixels
> Advanced

In “Table” for the study you can now see all the sample objects in the images after
the sample model has been applied and the background pixels removed.

=
Studies C¥ Nuts_Classification ko
n T G B Export @
I] Nuts_Classification Sample Group Image Nut or shell
20201015 1355100
y m Nut
Q ] Nt
@ ] Nt
g 1 Nut
& [ ] Nut
(9 ] Nut
'\\ 1 Nut
< N ] Nut <
[ ] Nt
A 1 Nut
7 ] Nt
) ] Nt
Almond shell (1) /'\ [ ] Shell
Amond shell (2) ¥ m Shel
imond shell 3) d 3 m Shell
I <‘ ™ Shell
Segmentation =
®6 ® ® ® © orena O
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Click on a sample in the “Nut or shell” column in the table to color all objects in
the preview image based on the class. You can also click on the objects in the
preview image to see where they are in the table.

Nuts_Classification

G0

Overview Analyse Tree

‘ Nut or shell

Sample

Almonds (1)
Almonds (2)
Almonds (3)

Almonds (4)

Expiore Import Export

Comments.

Group Image Nut or shell

Train Nut

]
=z

Train

Train

Train

Almonds (5)
Almonds (6)

Almonds (7)

Train

Train

Train

Almonds (8)

< Almonds (9)

Almonds (10)

Train

Train

Train

Almonds (11)
Almonds (12)

Almonds (13)

Train

Train

o Hgeaen

Train

Almond shell (1)

Train

Almond shell (2)

Almond shell (3)

Train

Train

Almond shell (4)

Train

Almond shell (5)

HEEEEEEEEEERERDRDMDNMN
z

QBSP

Train

Ll Sample - Nuts_Classification A

10. Press the “Explore” tab. A PCA model has been created based on the average
spectrum for each sample. Each point in the scatter plot corresponds to a sample
and the points are clustered based on spectral similarity. Select one or several points

to see their average spectrum.

In the menu on the right click on the category name “Nut or shell” to color the
scatter plot and preview image based on the different classes (the red dots are the
“Mix” samples where we had not entered any class).

e o> —
Studies ' Nuts_Classification B
a Overvien Table Anayse Tree export Comments

Nuts_Classification Nut or shell gm Indude / Exdude
20201015 13:55:00 @ @ @
e Incde Ony. Bids
Components
®Q0
Other
©
re Measur
: &
.. Lol
°8 o e e o
°
o © e 9% o0
v L e A
g ...‘."‘ ° &
e ’ ° o o° ° ° ’
= 0 ® : ° c.st‘
g o8 oo s
L]
0 L]
o
| 1o 05 a3 0 o 05 ons
1109.2%)

® Record @
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By pressing the arrow you can hide or show the preview image. By pressing the
three dots on the vertical band you can expand your screen.

@ Studies

I

Al

Nuts_Classification
2017-11-10 11:40:26

Q n uts_Classification

It will then look like this:

Overview Table Expiore Graph

Nut o, shell !I:..

Normalised psel

I Nuts_Classification

Studies <) B

Import

Export Comments,

Indlude / Exclude

8.2

Components

e

2] (13.8%)

Nut or shell
@ No class Red
@ Nut Density

V' Prop
@ shell -

W Categories (1
Nut or shell

' Descriptors (0)

1] (79:2%)
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Create a PLS-DA classification model

1. You will now use the average spectrum for each sample and the class type that you
have set to train a classification model.
Press the “Model” button in the lower right corner of the screen to move to the
Model step.

©

Model

2. In the menu on the left you can see the Sample model that you created before. To
make an additional model Press the “Add” button.

Q]| @ @ @G

Record Add | Duplicate Remove Open Edit

3. Inthe window that appears, press the “Classification” tab, and then select
“PLS-DA”. Write a name for the model (or just use the default name) and press
HOK”-

New Model

Sample Quantification Classification

Create classification model

Classification - Nuts_Classification|

Name
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4. In the first step of the Classification wizard you can select the Category (class

Y-variables) that you will use to build the model. Since we only have one in the study
you can just press “Next”.

Classification

s

Variables
Sekct seqmentation and varb(s)

Samples

Seect sampes:

Wavelengths
Model

Exclude outiers
Evaluate
Evauate model satstis

H Variables (Classification - Nuts_Classification)

escriptio
Make sure to have at least three measurements before starting model calibration.

Press next to create model.

LS E Nl sample - Nuts_Classification =

.-
B Nut
W shell

5. In the next step of the wizard you can select the samples that you want to include in
the model. By default the measurements from the “Train” group have been included
since they have entered class information. The measurement “Mix” in the “Test”
group has been excluded since there was no class information entered. This is OK.

Press “Next”.

> Classification H Samples (Classification - Nuts_Classification)
Variables formation Descriptio
1 ‘Select segmentaton and variabie(s) Total 152 Select samples for modelling
Included 129
Train 129
o ®® O®®
\ Sample Type Model classes Measurement Thumbna
Wavelengths n
P —— S . p— o pr—y
3 3 Train m Nut Amonds q
’ 4 Model 4 4 Train ] Nut Almonds &
< 5 s Tra m Nut Almonds <
6 Train [} Nut Almonds g
5 Evaluatz‘e 7 7 Trai m Nut Amonds “*‘/
vt modd satstcs 2 - b E— o .
9 Trai ] Nut Almonds B
10 10 Trai oW Almonds a
1 1 Train "] Nut Almonds )
12 12 = Nut ;
13 1 u Nut )
14 1 m Shell /,\
Previous Next
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6. By default all wavelengths bands are included except the first and last bands. The
graph on the right is showing the average spectrum for each sample. Above this
graph there is an option to select different pretreatments of the spectral data. By
default “SNV” is used. All default settings here are OK.

Press “Next”.

Srecze 22009

® c

[1]

\ 2

[4]
[5]

lassification

Variables

Select segmentation and variable(s)

Samples
Selct somples

Wavelengths
Select wavekngth and pretreatment N

Model

Exclude outiers

Evaluate

Evaluate mode! statstcs

Select wavelength and pretreatment

H Wavelengths - Classification - Nuts_Classification

Total

o e a
Wavelength Importance

120084 3
3 1255.04 33
4 1300.16 71
5 13452 15
6 1390.17 ¥
7 1435.00 2%
8 1479.97 2
9 1524.81 17
10 1569.64 18
1 1614.45 13
12 1659.25 56
13 1704.05 40
14 1748.85 0
15 1793.66 2%

©

Included

Previous

7. A PLS-DA classification model has now been calculated.

(3]
2]
5]

Wavelengths
Sekct wavekngth and precestment

Model
Excude outlers

Evaluate

Evauate mode! statsics

AL

LN

> 1] 795%)
Overview (Total for a

cumzy_eum

obsDME]

Components (5)

eLe

o9

> Critical distance

Previous

a. The “Overview (Total for all Y)” graph is showing how good the PLS-DA
model is. It also shows the number of components used for the model. In this
case the autofit used five components. The R2 (model fit) and Q2 (prediction
from cross validation) using five components are around 0.97 indicating a
very good model. An R2 and Q2 value of 1.0 indicates a model explaining all
the variation. A value of 0 indicates that no variation can be explained.
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b. The “Distance to model in X” and “Y” graphs show the distance to the model
for each sample. A high bar indicates that the sample might be an outlier (for
the X distance the horizontal black line can be used as a guide. The “Model”
scatter plot and the “Distance to model” graphs can be used to identify and
exclude outliers.

Since everything looks OK Press “Next”.

8. In the last step of the wizard you can evaluate how good the model is. The “Nut or
shell” vs. “Ycalc.Nut or shell” is showing how good the model can separate the two
classes. The “Variable overview” is showing the R2 and Q2 for each class.
Everything looks OK.

Press “Finish” to complete the model.
i Evaluate - Classification - Nuts_Classification
\L \{ar\ab\is .
[2] =
E Wavelenglhs‘ X4
Model 3
\i mmmmmmmmmmmm > g
H Evaluate ;
Ycalc.Nut or s..: Nut.[5] ¢ ;

3. The Classification PLS-DA model has now been saved as you can see in the menu
on the left. With this model selected press the “Classification” tab to see how
many samples were correctly classified.

P Classification - Nuts_Cla... -
E ia:r:?\Le Nuts_Classific... Shell 64 (49.6%)
o Predi 129 (100%) 65 (50.4%) ‘ 64 (49.6%) (%)
>
Tive
EeesTeejereTe
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Each row is showing the correct class for the samples, and the columns are showing
the classes that these samples are classified into by the model. In this example all
the samples are correctly classified.

Create prediction workflows to classify new samples

1. In this step you will use the classification model to analyse the image with unknown
samples.
Press the “Play” button in the lower right corner to move from the Model mode to
the Play mode.

©

Play

2. Press the “Add” button to make a new workflow

\@ @ @

Duplicate  Remove Open Edit

3. Inthe window that appears, select the “Record data” tab and select the “Test”
Group. Write a name for the workflow or just use the default name.

New Workflow

New Import data | Record data |

Import Record group image data into new Workflow and
apply changes

Incude categories and properties values from Record

Group | ESS

Name

Nuts_Classification X

A new workflow will be generated based on the models you have created for this
study (sample and classification model). The images from the “Test” group in Record
will be imported and applied to this workflow.

Press OK.
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4. A table is generated with the predicted class of all samples in the “Test” image.
Click in the “Nut or shell” column to color the preview image based on the class.

EE -
@ Workflows C¥ Nuts_Classification =
N tion v able Analyse Tree Expore Comments Tmport Export
I] Nuts_Classification 1 Sample Group Image Nut or shell Nut or shell
20190408 10:17:11 4
Mix (2) Group ] Nut
Mix (3) Group m Shell
Mix (4) Group % % | | Shell
Mix (5) Group b ’ | | Shell
Mix (6) Group ] Nut
Mix (7) Group % g [ | Nut
Mix (8) Group ‘ ‘ [ ] Nut
< Mix (9) Group @ [ ] Shell <
Mix (10) Group. 9 | | Shell
Mix (11) Group g | | Shell
Mix (12) Group ’ ’ ] Nut
Mix (13) Group i i [ ] Nut
Mix (14) Group ] Nut
Mix (15) Group ; m Shell
Wi (16) Group © B s
Mix (17) Group i [ ] Shell
. o P = -
Segmentation it I -]
® @ ol e © ®
ol o oot cemoe open  Eax Table heght  Table with Go to measurement | Aool Changes

The “Nut or shell” column with the colored square (as shown above) is showing the
class for the sample based on its average spectrum. The “Nut or shell” column with
the small thumbnail image of the sample is showing the classification based on the
spectrum for each pixel.

5. Click on the “L” button above the preview image to add a legend with classes.

Nut or shell (Object) RalH OB
Sar
M
M)
M)
M

Nut or shell

Q-
@ Nut
@ shell
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6. Press the “Analyse Tree” tab to see the steps in the “Workflow”. First, the
“Measurement” (image) is analysed by your sample model (“Sample -
Nuts_Classification”) to find the sample “Object”.

For this object it then applies your classification model to calculate the variables (“Nut

or shell”).

Overview

Table

Analyse Tree

Explore

Comments

Import

Export

Measurement

Sample

ts_Classificatig

-

Nut or shel

.

=
]

MNut

Shell
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Real time prediction

1. In addition to analysing images that are already recorded on your harddrive, you can
also use Breeze to analyse images in real time directly from the camera. If your
computer is not connected to a camera, you can simulate this by using the camera
simulator in Breeze. With this it will read images from your harddrive and analyse
them continuously. By default it will use the measurements from the current Record
study as input.

With your workflow selected, Press “Analyse”

P Analyse

2. In the window that appears select “New Group”, give it a name like “Realtime” and
press “Add”.

@ Select Group

O Existing groups:
® New group:
Realtime X
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3. Inthe next step of the Play wizard you can select if you want to save the image
measurement and the calculated descriptors (in this case the predicted class), and
the raw data (spectral data for all pixels) for the images being analysed. If you are
scanning many images you can uncheck this option to save space on your hard
drive. You can also set how the real time image segmentation should be done
(Parallel and Sequential)

Press “Next”.

@ Analyse H Settings - Nuts_Classification / Group

Settings Description

N Settings for running your workflow for continuous real time analysis

Place Sample Options
Pace sampe for measurement
General
@ sovc mage measurements nd oyt descrptors
Measure
b — Qoo
Measurement 1t segmentati
o Generates image measurement after
O Sequential ench object
@ Parallel

crop

Demo mode

4. Press the three dots on the vertical band to enlarge the image.

{ |Measure

Nut or shell

Settings

Settings for batch play with object identification
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5. As you can see the image is analysed in real time and the results are displayed in the
table.

B

Measure - Nuts_Classification / Group (1)

Timestamp
2020-10-15 - 15:22:15

2020-10-15 - 15:22:14

20201015

20201015

2020-10-15 -

2020-10-15

15:22:14

15:22:14

15:22:14

15:22:13

Nut or shell
Shell
Shell
Shell
Shell
Shell

Shell

2020-10-15

2020-10-15 -

20201015

2020-10-15

2020-10-15 -

20201015

2020-10-15 -

2020-10-15

202010-15

2020-10-15

2020-10-15 -

20201015

15:22:13
15:22:13
15:22:12
15:22:12
15:22:11
15:22:10
15:22:10
15:22:10
15:22:10
15:22:00
15:22:00

15:22:09

EEEEEEEEEEEEEEEEN

Shell
shell
Shell
Shell
Shell
Nut
Nut
Nut
Nut
Nut
Nut

Nt

Press the button with the arrow pointing right to make the real time image full screen.

H Measure - Nuts_Classification / Group (1)

-
b3
=
©
c
<

Nice job! You have reached the end of the step 1 of the “Classification of Nuts” tutorial.
If you would like to learn more about classification analysis please try the tutorial step 2 to
learn some additional features.

"Classification of nuts — step 2 advanced"
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