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Breeze Tutorial

Classification of nuts step 2 advanced

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 contains samples of known type
and an unknown mix of samples.

Before doing this tutorial, first do the tutorial “Classification of nuts step 1 - basic”.

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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Import known class information to samples

In this tutorial you will use the same images as in the tutorial “Classification of nuts step 1 -
basic” but add a new class variable to classify the type of nut. You will also test two
classification models types (PLS-DA, SIMCA).

1. Make sure that you are in the Record mode (if you are in the “Play” or “Model” mode
use the shortcut buttons (lower left corner) to return to the Record mode).

Model Record

The “Nuts_classification” study and “Table” tab should be selected. Make sure
that the Segmentation drop down menu under the table is set to “Sample -
Nuts_Classification”.
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2. Press the “Import” tab, select “Import variables and id data” and press “Apply”.

X
@ Studies

B¥ Nuts_Classification 2

Import images
AT S—
N Import variables and id data
[ ]

u
I] Nuts_Classification

Import variables from image file(s)
ot st s o e (9

BB

Import from Evince
plq | s e
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[© Pregiees Brecre 201920

@ Import variables H Select file (Nuts_Classification)

Select file

Select fie for value mport

File chooser
Settings —
Look Ir M * @
Setting for fle value mport ookin: |LATmport
a sl agles.csv Preview  Favorite folders
PR 8 nuts s 3l
it Te.
=y Not avalable
&
Documents
L | =
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Cancel Next

4. Make sure the correct segmentation and the option to “Automatically create
Categories” are selected and press “Finish”.
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@ Predikters Breeze 202010

@ Import variables

1]
2]

H Settings - Nuts_Classification
Select file Description

Select fle for vaue mport Select to automatically create Properties or Categories that does not exist in study.

Settings
Setting for fle vaue mport

Press Finish to complete import

Options
Segmentation
(@ Automaticaly create Properties (quantiication variables)

@ Automatcaly create Categories (classficaton variables)

Note. The matching column in the data file should be the first column or have the header name “Measurement”

Previous Finish

The reference values were automatically matched with the

In the Table view you should see the new “Nut type” class variable that was imported.

correct sample object.

ERES

&

s
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« f [ Shell ] Shell
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The spreadsheet .CSV file that you imported looks like this when opened in Excel.
The column “Measurement” matches the class data (“Nut or shell” and “Nut type”) to

the correct images and samples.

A B C D

1 |Measurement lNut or shell Nut type

2 |Almonds Nut Almond

3 |Almond shell  shell Shell

4 |Hazelnut Nut Hazelnut

5 |Hazelnutshell  shell Shell

6 |Pecans Nut Pecan
7_|Pecans shell Shell Shell

8 |Walnuts Nut Walnut

9 |Walnutsshell  shell Shell
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6. Press the “Explore” tab and then under “Color” select “Nut type” to see how the
different types cluster
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7. Press “Model”

Model

Create classification model (PLS-DA)

1. Now you will create a Classification model for “Nut type”. Press Add to make a new

model. Select “Classification” and “Method” PLS-DA. Write a name or use the
default. Press OK.
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New Model

2. Choose the “Nut type” category in the first step of the wizard and press “Next”

@ Classification H Variables (Classification - Nuts_Classification (1))

Variables Description
s e(s) Make sure to have at least three measurements before starting model calibration.

Press next to create model.

Samples

Select samples

Options

R sample - Nuts_Classification
Wavelengths

Select wavength and pretreatment Categories Classes
C
OO ©¢
Model B e—d ) ndude Bckde Gow Ungiowp
Excude outiers
@ Aimond
Evaluate
Evauate modelsatistcs
O Hazelnut

O Pecan
@ walnut

3. Inthe 2nd and 3rd step of the model wizard just press “Next” (use the default) so
that you come to the 4th step (“Model”).

4. In the “Overview (total for all Y) you should have 6 components for your PLS-DA
model. Under “Components” you can press “Add” to add more components to
the PLS-DA model (to a total of 6, i.e. 6 red and 6 blue bars). In the “Overview (total
for all Y)” you can see that the model improved (higher R2 and Q2). Press “Next”.
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@ Classification

H Model - Classification - Nuts_Classification (2)

Variables Score variance <> Distance to model in X
Select segmentation and variable(s) |

Samples 0s
Select samples o0z

Indude / Exclude

i Inclide Inclde Only Exchide
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Train / Test

e
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Model D
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Overview (Total for all Y) Distance to

Evaluate |
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ObsDMYEE]

Lunsz

5. In the last step you can see the class separation by pressing the tabs for the different
classes under the “Nut type” vs “Ycalc.Nut type” plot. The “Variable overview” graph

shows that Aimond and Hazelnut could not be classified as well as the other types.
Press “Finish”.

o
@ Classification
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6. Press the “Classification” tab to see how well the training data was classified by

the PLS-DA model (the results might vary slightly depending on how you did your
sample model).

5 x
¥ Classification - Nuts_Classification (2)
Overvien Statstes Table Cossfcaton Comments Export
Classification - Nuts_Cla... Confusion Matrix (For classification models onl
©-= e Classes Total Hazelnut Walnut No class
Almond 13 (10.1%)
Classification - Nuts_Cla...
OIE Cossfaton, PLS 0 shell 64 (49.6%)
Dis0r0s 30810
Hazelnut 16 (12.4%)
Sample - Nuts_Classific... Pecan 26 (20.2%)
@ e
10308 1aE Walnut 10 (7.75%)
> # Predicted 129 (100%) 7 (5.43%) 64 (49.6%) 14 (10.9%) 25 (19.4%) 10 (7.75%) 9 (6.98%)
Correctly 117 (90.7%)
Incorrectly 12(9.3%)
Type
| -
Bl® @ ® oo ® ©
e IR open EfE Tabl et Tablewdtn |  Apols Cranges e

In this example, 3 of the “Almond” samples are misclassified as a “Hazelnut” and 3
as “No class”. For the “Hazelnut” and “Pecan”, there are 5 and 1 samples
respectively that are incorrectly classified as “No class”.
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Create classification model (SIMCA)

1. Let’s compare the PLS-DA model with a different classification model type. Press
“Add”, select “Classification” and “SIMCA” as “Method”. Write a name for the
model or use default and press OK.

[© Prsinerssrecze 201520 RS

New Model

Sample ‘Qmmiﬁmoﬁ |@]

Create classification model

wernos | IETE N - | |

Name.

Classification - Nuts_Classification x|

2. Choose “Nut type”

Predites Beeze 20920 = 8 x

@ SiiyleclOER fle=1u[dllH \/ariables (Classification - Nuts_Classification (2))

Variables Description
Sekect segmentation and varabe(s) Make sure to have at least three measurements before starting model calibration.
Press next to create model.
Samples
Sekctsamples Options
R sample - Nuts_Classification v
Wavelengths
Select wavelength and pretreatment Categories Classes
®® ®®
Nut or shell Nut type
Model nude Excde Grow
Excude outiers
m-
[ Almond
W shell
[ Hazelnut
[0 Pecan
W Walnut
Next

3. Inthe 2nd and 3rd step just press “Next” (use the default).
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In the SIMCA method one model is created for each class. All samples are then

compared to that class model to determine if they belong to that class. In the
Coomans plot you can set the critical distance for each class model. If a sample is

inside the critical distance it belongs to the class.

Coomans plot

Select the class model for “Almond” by using the tabs under the

Drag the vertical red line to adjust the limit to include all “Almond”

samples (but as few as possible of the other samples). Samples to the left of
the red line are included in the Almond model.

Press the tab for each of the classes and repeat the steps in a. and b.

(@ precikters Breeze 201920

©  simcaClassification
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Example: All Shell samples (blue dots) are inside the limit of the Shell model

(“Overview (Total for all Y)” is only showing how well each class model can explain
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the samples in that class. It does not show how well it can classify other samples)
5. Press “Finish” to complete the model
6. Press the “Classification” tab to see how well the samples in the training data were

classified. Press the three dots to maximize the table view and the arrow to
open the preview image.

lassificd >

Overview

Click on a field in the table to see the corresponding samples in the preview image.

- o x

lassification - Nuts_Classification (3)

Classes Total Almond Hazelnut No class

Almond 13 (10.1%)

Shell 64 (49.6%)

Hazelnut 16 (12.4%)

Pecan 26 (20.2%)

Walnut 10 (7.75%)

< # Predicted 129 (100%) 10 (7.75%) 64 (49.6%) 20 (15.5%) 25 (19.4%) 10 (7.75%) 0(0%)

Correctly 125 (96.9%)

Incorrectly 4(3.1%)

Tyee

CRetrain
ol ranges 5

In this example, with the SIMCA classification a total of only 4 samples were
misclassified (you might get slightly different results depending on how you set the
critical distance in the previous step) . This can be compared to 12 misclassified
samples for the PLS-DA.
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Import the known class information for the test samples

1. To validate the model you should use an external test set to see how well it can
classify samples that were not in the training data set. We will now add the known
class information to the image “Mix” in the “Test” group.

Press the “Record” button and then Press the “Open” button to open the
“Nuts_ Classification” study.

©

Record

m Select “Test” group

m Select “Import” tab and select “Import variables and id data”
m Press “Apply”.

Import variables from image file(s)
R ——
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2. Select “Nuts_Classification_Test_Samples.csv” and press “Next”.

© | 1mport variables

Select file

‘Sekct e for vabie mport

H Select file (Test)

Description

Select file for value import and press Next

Settings
2 ! U aem
Settng for e vae mport
2 Preview Favorite folders
- Previen
L
PETD Not avalable
El
Documents
L]
This PC.
Network
Fiename: |Nuts_Cassfication._Test_sampks.csv
Fiesof type: | Al Supported Fies
Cancel Next

3. Inthe next step check the option to “Automatically create Categories” and press

“Finish”.

4. The table should look like this for the Test group. Scroll down to see the classes

for the “Mix” samples.

— 5 x
seings
Analyse Tree. Explore. ‘Comments Import Export
Train
Sample Group Image Nut or shell Nut type
2017-11.0809:39:04
Mix (2) Test ] Nut [m] Pecan
Test
Mix (3 Test Q Shell Shel
2017-10-12 11:03:05 @ . .
Mix (4) Test @ s T
Mix (5) Test 54 s s
Mix (6) Test Q B O Hazehut
Mix (7) Test ® m Nut [0 Hazelnut
Mix (8) Test . B O Hazehut
< Mix (9) Test @ W sl W s <
Mix (10) Test ; W s W she
Mix (11) Test W s W she
Mix (12) Test ’ ] Nut ] Walnut
Mix (13) Test m Nut W wanut
Mix (14) Test m Nut W wanut
Mix (15) Test W shel W shel
Mix (16) Test W 5] Shell 5] Shell
Mix (17) Test g sl B s
Segmentation SRR eNer ) -
® @ ® ® © orecord @
P o Tobehedht Tabkweth Gotomemuement | Add Samolemodel  AddVarbleorld | Aopy Canges odel

5. Press the “Model” button, and with the SIMCA model selected press “Edit”

Model
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T 5 X
H Classification - Nuts_Classification (3)
Nuts_Cassfcaton Tabe Cessfcaton | Comments Export
Classification - Nuts_Cla... Confusion Matrix (For classification models only)
@E e Clsse ‘ Toal Pecan Wahut No cb
13(10.1%)
Classification - Nuts_Cla...
@ o noon @ e
B0r00 150225
Hozenut 16 (12.4%)
Classification - Nuts_Cla... pecan 26 20.29%)
@ coton mson
0308 150115 Wwalnut 10 (7.75%)
Sample - Nuts_Classific...
@ E e s < # predited 129 100%) 100.75%) 64 (496%) 20(155%) 25(19.4%) 100.75%) 0(0%)
Correctly 125 (96.9%)
Incorrectly 4(3.1%)
Type

6. Press the plus sign to Add “External Record Test Group”. Make sure the group

named “Test” is selected in the menu on the right.

@ Model settings H Nuts_Classification - Test
Model name
T TS ————— Study
Classification - Nuts_Classification (2) X
Nuts_Classification v
W Record Groups (2) +
Grou|
Nuts_Classification - Test
V' External Record Test Groups (1)
Nuts_Classification - Test
> Settings (1)

7. Press the “Up” button located in the upper left corner

Q

Up

8. Press the “Classification” tab and make sure that “Test (External)” is selected
in the drop down menu under the table.
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B¥ Classification - Nuts_Classification (3)

Nuts_Classication Overview Statstis Tabe Cassficaton Comments Export

Classification - Nuts_Cla... Confusion Matrix (For classification models only)
= Classes Total Almond Shell Hazelnut Pecan Walnut No class
Almond 3 (13%)
Classification - Nuts_Cla...
@;: Cosstcaton, PLS-OR Shel 12 (52.2%)
| is0408 159325
Hazelnut 3(13%)
Classification - Nuts_Cla... Pecan 2(8.7%)
@{: Cessfication, PLS DA
— .
2180508 150135 Walnut 3(13%)

Sample - Nuts_Classific...
@ (—] It > # Predicted 23 (100%) 3(13%) 12 (52.2%) 3(13%) 2(8.7%) 3(13%) 0(0%)

Correctly 23 (100%)

Incorrectly

—
Type G -|
@@__ eol® © ©

Tabl height  Table wide Appy Changes

You can now see how well the SIMCA model could classify the 23 samples in the
“Test” group.

9. Let’s see how well the PLS-DA model can classify the test set. Select the PLS-DA
model, press Edit and add the “Test” group as the “External Record Test

Group” (just like you did for the SIMCA model)

10. Look in the Classification table for the PLS-DA. \Which model was best?

[© Preditersbreeze 201520 = 8 x

e® Classification - Nuts_Classification (2)

Nuts_Cissfcaton Overvew Statstis Tabke Cassticaton Comments Export
Classification - Nuts_Cla... Confusion Matrix (For classification models only)
@ cenen svcn
| Bt Classes Total Almond Shell Hazelnut Pecan Walnut No class
Almond 3(13%)
- Nuts_Cla...
Shell 12 (52.2%)
Hazelnut 3(13%)
Classification - Nuts_Cla... Pecan 28.7%)
i 0ss sonte Walnut 3(13%)
Sample - Nuts_Classific...
@= e R e > # Predicted 23 (100%) 2(8.7%) 12(522%) 3(13%) 2(8.7%) 3(13%) 1(435%)
Correctly 21 (91.3%)
Incorrectly 2(8.7%)

Type

Eece oo]lo o o

Table height  Table wide

Copyright Prediktera AB 15 of 20
i info@ i


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

Breeze Tutorial - Classification of nuts step 2 advanced

Prediktera. Breeze v2021.1

Updated 2021-04-29

Create workflow and Import Record test data

1. Now let’s test the new models for “Nut type” in the Play mode. Press “Play”

2. Press the “Add” button, “Record data” tab and select the “Test” group. Press
MOK”.

New Workflow

3. By default Breeze applies the latest model that you have in “Model” in the workflow.
In this case the SIMCA model.

[0 Preaicerssreee 202110 - 8 x

@ Workflows B Nuts_Classification (1) hod

Settings

Nuts_Classficaton Anayse Tree Explore. Import Export Comments

Nuts_Classification (1)
29

Nuts_Classification
20210428 18:09:06

Pecan
Mix (3) Shel
Mix (4) Shel

Mix (5) Shel

ved .

Mix (6) Hazelnut

Mix (7) Hazelnut

Hazelnut

Shell <

Shell

Mix (8)

G
G
G
G
G
G
G
< Mix (9) Grou
Gro
G
G
G
G
G
G

Mix (10)

Mix (11) Shell

Mix (12) Walnut

Mix (13) Walnut

Mix (14) Walnut

Mix (15) shell

Mix (16) shell

EEREEEEREEREOOOOEEREO

Mix (17) Grouy Shell

GePitinesy

RN Sample - Nuts_Classification [y Defoult

‘ © P Analyse
Aonly Cranges

© R Rl B i

Table heiht  Table

4. Press the “Analyse Tree” tab. In the Analysis Tree you can see the steps in the
workflow. First the Measurement is analysed by the Sample model that finds the
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samples (Object). Each Object is then analysed by our model and then classified into

different classes.

Nuts_Classification (1)

Overview Table Analyse Tree

Explore

Import Export Comments
= Almond
N Shell
Meaasurement O Hazelnut
O Pecan
= Walnut

5. Click on the blue symbol for the “Nut type” model (the model that classifies into
the Nut or shell classes), and then press the “Duplicate” button.

T

@ Workflows B Nuts_Classification (1)

Overview Table Analyse Tree

Expore. Import

Nuts_Classification (1)
20210428 20:10:29
Nuts_Classification
20210428 18:09:06

Settngs

V' Nut type o
Node type

Descriptor |4

Method

Alizs.

V' Parameters

Predictal pives and show clssication thum.

P> Analyse
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6. The “Nut Type” model has now been copied and added to the Analyse Tree.

Almond
Sheel
Hazelnut
Pecan
Walnut

Measurement Object
Almond

Shel

Hazelnut

Pecan

EO0OO0OEREDEOO DD

Walnut

7. Click on the first “Nut type” model to see the settings menu for that model on the
right side (pull the vertical line to expand the size). In this menu you can see the
settings for the selected “Node” in your “Analyse Tree”.

(OF Nuts_Classification 5l
o
" Overview Table Analyse Tree Explore Comments. Import Export -
% Nut type
% Node type
o |Descriptor [}
; @ Amend Method
| | Shel Classification of categories .
O e Aliss
() fat oo x
W wanut
Obgect e Parameters
u Shel Model
O Haehut N INuts_Ciassification - Classification - Nuts_Classification (2) (SIMcA)  Kd
O Pem
Categor
W wanut By
Type

8. In the “Model” drop down menu you can see that this is the SIMCA model. So in the
“Alias” field, write “SIMCA” and press enter on your keyboard.

9. Click on the 2nd “Nut type” model in the Analyse Tree and change to using the
PLS-DA model in the “Model” drop down menu. Write the Alias as “PLS-DA”
and press enter. As you can see the text for each model has now been updated in
the “Analyse Tree”.

v TLOTUR
Node type
[  Amond Method
] Shel Classification of categories
[ Hazelrut ‘Alias
O Pecan PLS-DA
] Walnut >
\ f. Amond VY  Parameters
FE T roce
[~ {
\D Razehut Nuts_Classification - Classification - Nuts_Classification (1) (PLS-DA)
O Pecan
Category
B wanut
Nut type
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10. In Breeze you can add many different types of descriptors to your workflow. Click on
the sample model in the Analyse Tree and then press “Add sub-node”.

Measurement

Sample

its_Classificatio

SIMCA

Object

PLS-DA

OO0 E 8 ®EOO

Hazelnut

Pecan

Walnut

Almond

Shell

Hazelnut

Pecan

®

Add sub-node

11. Anew Node has now been generated as a sub node under the Object generated
from the Sample model. In the “Method” drop down menu you can see the different
types of descriptors that are available in Breeze. Select “Spatial values from
sample”. The default “Output” is “area”.

SIMCA

OO EBEOOE N

Almond

Shell

Hazelnut

Pecan

Walnut:

Almond

Shell

Hazelnut

Pecan

Spatial values from sample

Alias

Parameters

Output

>

_

12. With the Area node selected in the Analyse Tree, press “Duplicate” and select
“Width” in the “Output” menu. Press “Duplicate” again and this time select

“Circumference”.

Sample
Meastrement -
its_Classificatiof

Object

Shell

Hazelnut

SIMCA

Pecan

w1
e |

Walnut

Almond

shel

i

OOEEBEO0 M@

Hazelnut.

Pecan

Spatial values from sa

Alias

V' Parameters

Circumference

@

Duplicate | Add sub-node

Level up

Level down Open  Apply Changes Delete
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13. Select the Table view and then press “Apply Changes”

©

Apply Changes

14. The “Table” should look like this after it has been updated to the new workflow.

© Preaiter Brece 22110 5 x
@ Nuts_Classification (1) B
1) Overview Table Analyse Tree Explore Import Export ‘Comments
g [l
= Sample Group ‘ Image SIMCA ‘ SIMCA ‘ PLS-DA PLS-DA Area Width Creumference: ‘
< vix (1) Group be [ pecan W‘ 2 [ recan 156 mm= 16.25mm 59,38 mm
g e 2) Goup %y | e S O e a034mme w031mm 1s0mm
W@ Group Q Q B se ‘ B se 237.6mme 2.12mm 83.12mm
Mo (4) Group v s [ ‘ W she 247.4mm2 18.75 mm 73.12mm
Mix (5) Group a ‘ B she !, W she 222.7 mm2 17.19mm 74.38mm
M (6) Group. ’ [ Hazehut o [ Hazehut 1082 mm? 125mm 4875 mm
ROy S, - 152.9 mm 1656 mm 5875 mm
Mix (8) Group. : 2 [ Hazehut @ [ Hazelut 127.1 mmz 13.12mm 5438 mm
< @) Group @ ® m . B s 2465 mme 1938 mm 75mm <
W (10) Group & @ B s B s [ 1188 mm 4038 mm
Mix (11) Group s . W she W s 276.1 mm2 2156 mm 78.75 mm
Mix (12) Group f ﬁ B wanut y W wanut 283.9 mm2 2438 mm 100 mm
M (13) Group ﬁf W wanut Q W wanut 281.8 mm? 25.62mm 1006 mm
Mix (14) Group g B wanut B wanut 4226 mm? 25mm 1444 mm
Mix (15) Group. ﬁ W she | EC 385.1 mm2 30.94 mm 105.6 mm
Mix (16) Group. < :J % W s H s 256.6 mm? 17.19mm ssmm
Mx (17) Group g é W s B se 2441 mm? 2031 mm 7688 mm
Mix (18) Group P [l Amond W Amond 78.81 mm2 14.06 mm 43.75mm -
Segmentation Limit
e
ol Granges

Nice job! You have reached the end of the step 2 of the “Classification of Nuts” tutorial.
If you would like to learn more about segmentations and descriptors please try the guides
below:

"Segmentation Guide" and "Descriptor Guide"

or see all tutorial and guides at:

Breeze - Tutorials and documentation
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