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Multivariate Calibration Quick Guide

1. How to create Calibration Models

This Quantify Wizard quick guide was prepared to help users to get started in using the quantification
module of the software and its utilities. This guide contains very basic information only, and by no means
intends to replace the user’'s manuals!

In this quick guide, we will develop a calibration for iodine value in epoxidized soybean oil. lodine value is
the measurement of the number of double bonds in an organic compound.

1.1. Introduction into Multivariate Calibration Modelling

This guide is designed to give a short overview of setting up a new calibration model. It is not an
introduction into Chemometrics nor does it discuss in detail the effect of special parameters, influencing
the overall calibration module.

1.1.1. Preparing Data
To start a new calibration you need a project containing your own sample files.

Creating a project is simple, click Project->New.
A standard Windows dialog opens:

Create Project @@
Savein: | My Horizon MB Projects | ems@Er

: B soybean Ot.project]
{t £

My Recent
Documents

G

Deskiop

My Documents

o

My Computer

‘q File name: ‘Snybean Qil project ﬂ Save
(2
=1 Cancel

My Network Save 3s fype: JPanorama Projects (*.project)

Enter “Soybean Oil” as File name and press the Save button.

The new project appears in the Projects pane of the application (top right corner).

Prasects - Soybien o
SEE e
e

M projects | @ u
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Optionally, you may create new folders in your project to organize data.

Click the New Folder icon in the project explorer toolbar. A new folder is inserted automatically.

[ Proces - IVroject _______o#x |
EFE w5 =5
B Sovbean O
| TR |
# rojects | L]

Rename the folder node into “Spectra”

Up to now the project contains no data. Select the function Add Data from Directory from the Projects
menu

Project | Library  Instrument

New... Ctrl+Shift+N
Open... Ctrl+Shift+0
Close

Add File(s)...

Add Data from Directory...

Recent Projects 4

bl e

and navigate to the data source directory using the J button.
Make sure the File mask contains your favorite data format (e.g. *.spc).

Click Import to initiate data import with the defined extension into the project.

Iad Import Data from Directory

Source Directory

‘C \Documents and Settings\jf LABCOGNITION\My Documents\My Hariz l:l

File Mask: = panoran ™ Include Subdirectories

/ Import ‘ Cancel ‘

All loaded spectra can now easily be displayed with the command Show Contents, available from the
projects right mouse context menu.

Projects - Soybean Oil =)}
2EF LS 2]
EX--1 Soybean OiL

" sample1|  Close

W sample2 Show Contents |
$ img:: Remove Contents

T sampies <% Add File(s)...

¥ sample6| | New Folder
' sample?| Ly copy

P sample8| =

" samples—

As you can see the spectra are now displayed merged in a single data view window within the main
workspace. A legend is automatically shown on the left side with the actual selected spectrum marked

bold face.
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Isd pancrama MASTER DONGLE - C:\Documents and Settings\jif.LABCOGNITION\My Documents\My Horizon MB Projects\Soybean Qil.project - sample1
ble [Edir  Projet 2D View  Library  Instrument  Mathematice  Quantfy  Soripting  Toolk  Window  Help
sample1 | | [Projetts - Soybean Oil 0ex
- CLL AR KA
25 B Soybean OF
. T samplel
Abs
. ¥* sample2
2 Fh—| ¥ sampled
T 7207 2964 [1/cm] , 2 61666965 [Abs] ¥ sampled
. samplel ¢ sampks
— sample? T samples
25| |— sampled :: ﬁmx?
- 8
sampled sam|
¥* sampled
samples pE
225 -
2
1,76
1 8 profects|# Lbrary Color. | B
h= Labets of samplel 0ex
e TITLE samph
L= . Mol BOMEM-Michelson
Scans L2
N } |Res T6cmel
L ¥ |Purge 1 minutes
- PostAB
T | [1GramSude Doubsler
0,75 | IGraenD Bi
- |RMicde 1 (Near-R}
LWH 15799.7
- Speed 64 scons/min
0% | Apod Cogine
ZFF 1x
- 705146 C
025 970151419 C
i Comment MB 155\ DTGS gainC| |
1 - ImpontedFram C:\Decuments and Settin
0 | ImporiedFileDate  &/26/2005 8:51 PM
v 11387 2
1E4 8600 8000 2500 2000 7500 7000 G500 GO0D 5600 5000 1fem | T8 pabels [E° + ak m A
TITLE sample 72972964 |1/om] . 2 B1GE696S [Abs]  Depadment ga [Operator [ | ABE HOHILUM W

You are now ready to setup the calibration model.
Select the Soybean QOil project node in the Project explorer.

Choose New Multivariate Calibration from the Quantify menu. The calibration wizard opens and guides
you through the steps of setting up a calibration model.

1.2. Step 1. Calibration Wizard Steps Overview

The calibration steps overview page informs you on all relevant steps for multivariate calibration
modelling. No user interaction is required during this step.
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Iml Multivariate Calibration Wizard - Step 1 of & |Z]@E

Multivariate Calibration Wizard ? ABB

Calibration Wizard Steps Overview

This Wizard will guide you through the steps of an multivariate calibration

1) Calibration Wizard Steps Overview

2) Input of general information on the calibration.

3) Selection of the appropriate calibration model and its calibration parameters.
4) Selection of the set of spectra used for the calibration model and to test it
5) Preprocessing of the spectral data.

8) Selection of the spectral ranges used in the calibration model.

7) Shows the multivariate factors analyse.

8) Review of the created calibration model and further modifications.

| G| | oo | I

NOTE: This page is only available when you set up a new model! It is not shown when editing calibrations.

Press Next to proceed.

1.3. Step 2: Entering General Information

Step 2 is meant to enter a descriptive name for the calibration model. This name is used later on to
identify the calibration model within the project and on reports.

NOTE: within a project the name of the calibration model must be unique!

Optionally, you might give some more details to the purpose of your calibration in the Description text box.
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Il Multivariate Calibration Wizard - Step 2 of 8 |Z]@E
Multivariate Calibration Wizard ' ABB
Input of general information on the calibration. r
Name of the Calibration:
Description:
Additional information on the multivariate calibration.
Cancel <Back | Next> Help

Press Next to proceed.

1.4. Step 3: Calibration Model and appropriate Parameters

Step 3 plays a key role. At this point you need to define on which kind of model the calibration will be
calculated. Click the Model list box to select a model e.g.:

MLR
PLS1
PLS2
SIMPLS

For quantification, we choose in the PLS-1 model.

As additional parameters use
Number of Decimals: 4

Center Data Matrix: Yes.




Multivariate Calibration Quick Guide

Il Multivariate Calibration Wizard - Step 3 of 8 |Z]@@
Multivariate Calibration Wizard

Selection of the appropriate calibration model and its calibration parameters. lr

Calibration Model Property Evaluation Settings

Madel: PLS1 L] New

Use Spectrum Label as Property:

a
Number Of Displayed Dedimals 4 S
a ny

LWN
Center Data Matrix Yes = scans

Center Data Matrix
Specifies whether the calibration matrix will be ...

| Cancel | <Back | Next> ‘ Help ‘

Quantization using statistical evaluation does not work without numeric sample property values, e.g.
concentrations. Such values will be stored in so called Labels attached to spectral data. A list of all
applicable labels is shown in the Property Evaluation Settings area.

Select the appropriate sample property to be calibrated in the list. In this example we choose the IV label.

NOTE: New labels can be created easily. Just click the New button to prepare a new label. Filling labels
with concentration values is described in the next chapter.

Press Next to proceed.

1.5. Step 4: Spectra Selection

After definition of the calibration model it is important to select an appropriate set of calibration spectra. In
this step a set of independent validation spectra might be assigned too.

NOTE: All spectra joined in the project are available here.
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Iml Multivariate Calibration Wizard - Step 4 of & |Z]@@

Multivariate Calibration Wizard ' & ABB
Selection of the set of spectra used for the calibration model and to test it. f
9=
Abs
15
0
e e e e e e e e e e e ek
1,E4 9500 9000 8500 8000 7500 7000 6500 6000 5500 5000 1/em 4500
Statistical Spectra Auto Validation Cross Validation None Edit]
Data Source | calibration [ vaidation | v |
*aS,oybeanOi\
1 sample1 Yes 113,8700
? sample2 Yes 104,4500
YT sample3 Yes 90,0900
1 sampled Yes 74,7200
? samples Yes 54,1000
¥ sample6 Yes 36,3700
1 sample7 Yes 27,3900
! samples Yes 6,5800
7 sample9 Yes 5,1700
| Cancel | <Back | Next> ‘ Help ‘

For convenience the actual calibration spectra selection is shown in the upper spectral area together with
some statistical information like correlation (green line) and average (red line). A sample, marked in the
Data Source grid below the spectra, is displayed as a blue line inside the average band.

1.5.1. Add/Remove spectra from Calibration list

When setting up a new experiment all spectra are included for calibration automatically. They are set
Calibration = Yes. But it's easy to change selection. There are two ways to do it:

Double click on the Yes value to toggle to No.
Alternatively, mark the spectrum and press the right mouse button. A context menu opens.

Add to Calibration Set
Remove from Calibration Set
Add to Validation Set
Remove from Validation Set

Add Autodetected Outliers to Calibration Set
Remove Autodetected Outliers from Calibration Set

Select Add .to Calibration Set or Remove from Calibration Set accordingly.

This only changes the status for one spectrum. If you like to change multiple spectra at once, do the
following:

Selection of a multiple items in the list is identical with typical Windows standard file selection. Keep CTRL
or SHIFT key pressed and select with the left mouse button.
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The click the right mouse button to open the context menu. Choose the operation to change all selected
items.

NOTE: The context menu is also available on folders. In this case all items in a folder are changed
accordingly.

Follow the same procedure to setup spectra being used for validation. This might be an independent set of
spectra or the same.

I Multivariate Calibration Wizard - Step 4 of 8 EHEEI
Multivariate Calibration Wizard 'r ABB

Selection of the set of spectra used for the calibration model and to test it

PR

‘4 . LSRN

. PRV e

e e i
6050 6000 5950 5800 5850 5800 5750 5700 5650 5600 5550 t/om 5500

Statistical Spectra Auto Validation Cross Validation ‘ None

Data Source | caibration | validation | v |
= a Soybean Oil

¥ samplel Yes 113,8700

W cample2 Yes 104,4500

W sample3 Yes 90,0900

W sampled Yes 74,7200

W samples Yes 54,1000

W samples Yes 36,3700

W sample7? Yes 27,3900

W1 sample8 Yes 6,5800

W sample9 Yes 5,1700

‘ Cancel | <Back ‘ Next > i ‘ Help |

The spectra table in the lower part of the window also lists the numeric content of the calibrated label
which has been selected previously. In this example the label IV is used and shows concentration values
for each spectrum.

Between the spectral object and the data grid you will find some Function buttons

1.5.2. Statistical Spectra

Statistical Spectra

Show Average

Show Variance

Show Standard Deviation
Show Correlation
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Show Average Displays the average over all spectra selected for calibration.

Show Variance Displays the variance over all spectra selected for calibration.

Show Standard Deviation Displays the standard deviation over all spectra selected for
calibration.

Show Correlation Displays the correlation between spectra and property value over all
spectra selected for calibration.

The Correlation curve is typically the most important information. It reveals highly correlated spectral
regions which should be taken into account as calibration range. This helps you to identify prominent
spectral regions that are highly correlated to the property under investigation. In general highly correlated
regions will have a R’ close to 1 or -1.

NOTE: Statistical information strongly depends on spectrum selection. Statistical data is updated
automatically, when changing the list of spectra used in the calibration set.

1.5.3. Auto Validation

Auto Validation |

Please enter the 11

percentage of spectra to
be chaosen for validation
here.

OK

This function defines a percentage of spectra, randomly chosen for automatic validation.

NOTE: The Auto Validation is not used in this example.

1.5.4. Cross Validation

Cross validation is used to test the robustness of a calibration model. All spectra included in the calibration
set are assigned a cross validation segment. By leaving out particular segments in model calculation the
influence of the gropu of spectra on the whole model can be estimated.

Ied Cross Validation Setup X

Cross Validation Method
|Full |
Segments
e P
c 4
Segment | No of Samples | Samples -~
1 1 1
2 1 2
3 1 3
4 1 4 v
< b
OK | Cancel |
|

Several cross validation methods are available from the drop down list:

e None
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e Full (Leave one out)
e Random
e Systematic

If a Cross Validation Method is chosen a respective column is inserted into the Data Source table in the
lower part of the wizard window. It shows the cross validation segment assignment. In our example we
chose the method Full, known as the method Leave-one-out too.

Data Source | Calibration | Validation | Cross Validation Segment | Y |

= ﬁSoybean oil
Y1 samplel Yes 1 113,8700
T sample2 Yes 2 104,4500
T sample3 Yes 3 90,0900
! sampled Yes 4 74,7200
YT sample5 Yes 5 54,1000
Y1 sample6 Yes 6 36,3700
Y sample? Yes 7 27,3900
T samples Yes 8 6,5800
! samples Yes 9 5,1700

For convenience the description of the method is also displayed in the read-only field next to the button.

1.5.5. Editing Labels
Editing the property value of a single sample is easily done within the data source table.
Simply click the value with the left mouse button to enter the field.

On a batch level with several samples there is more convenient way using the label editor of the software.
The procedure is described in the following.

At first open or create a list of concentrations e.g. in MS-Excel.

I Microsoft Excel - Tutorfal Spectra.xls

{®] ge Ede Vew [nsert Fgrmat Took Data Window  Help

RN " NERE IS MR A=Y T A AR AR N5 ]|
: aral 10 +|B 7 U|FE¥EEH 5y o0 %% 8
G20 - &

1 1

2 Epoxidized Soybean Qil

3 |

4 1

5 Spactra lodine Valus

L) samplel 113 87

[ sample2 104,45

& sampled 20,08

9 sampled 74,72

10 sampled 541

11| samplet 36,37

12 | sample? 27,39

13 | samplaf 6 58

14| sample® 5,17

Select the numeric value range starting with the cell containing the samplel property (here it's C6 to C14)
and copy the selection into the clipboard using Edit->Copy or CTRL-C keys. Alternatively use the context
menu clicking the right mouse button and choose Copy.

10
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Epoxidized Soybean Qil

Spectra lodine Value |
sample1 113,871
sample2 104,45 §6 | cut
sample3 90,0905 copy
I [«
sample4 74,7 | poste
sample5 54 1 i
sample6 36,37 pstespeadl
sample7 27,39 Insert...
sampled 6,58 Delete...
sample9 217 Clear Contents
. Insert Comment
[ Format Cels...
Pick From Drop-down List...
Create List...
& Hyperiink...
| Look up...

Toggle back to the calibration wizard pane and press the Edit Labels button to open the Label Editor.

e Calibration Wizard - Step 4 of &

Multivariate Calibration Wizard
Selection of the set of spectra used for the calibration model and to test it

Y 4
1.5" /%
| :“*1.___ M P ¥ T

3 |
el 1
- Fx*x_—.ﬂ.—ﬁ:ﬁ—i&‘*“c. i
e / I| )
0 g / 1 f
* i | !
! b ! | {
b . i 'a ,.
g Bt o
st 3¢
G050 6000 5850 5800 5850 5800 5750 5700 5650 5600 5550 tiem 5500
Statistical Spectra Auto Validation | | Cross Validation Full Edit Labels
Data Source | catbration | vakdaton [ Cross vabdaton seqment | v A
= {8 Soybean 01
Y samplel Yes 1 113,8700
V1 cample2 ves F] 04,4500
¥ samphe3 Yis 3 90,900
Y¥sampled Yes 4 74,7200
Y1 camples Yes 5 54,1000
¥ samphes Yis [ 36,3700
V¥ zample? ¥es 7 27,3900
¥ samphes Yis 5 £,5200
¥ sampied Yes 9 5,1700
Cancel < Back | | Mot Halp

The Label Editor dialog is opened.

11
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Il Label Editor EX
i
Ahs:
D:"|‘"'|"''|""|""|""|""|""
97450 9000 8240 7500 G750 6000 52580 e

Speed 07/10/1514:07 C  IGramSide 97/10/1514:19 C

61 scansfmin Diouble Computed Frarm igram () Cosine 16 cm-1

1 {Mear-IR) A1 scans/min Double Cosine 16 cm-1
1 {Mear-IR) 64 scans/min Double Cosine Computed From igram ) 16 cm-1
1 {Mear-IR) A4 scans/min Diouble Cosine 16 em-1
1 {Mear-IR) 61 scans/min Double Cosine 16 cm-1
1 {Mear-IR) 64 scans/min Double Cosine 16 cm-1
1 {Mear-IR) A4 scans/min Diouble Cosine 16 em-1
1 {Mear-IR) A4 scans/min Double Cosine 16 cm-1
1 {Mear-IR) 64 scans/min  Computed fromigram ()  Double Cosine 16 cm-1
I il
Hew Label | Dizplay Options | Delete Lahel | Lancel ‘ Ok
A

Now change the display options for displayed columns in the lower data table. Just click the Display
Options button.

Il Selection | \

v TITLE ~
Wl IV
Fat
Pro
Lac
DATE
OWNER
Ts
Snf Al
ImportedFrom
Filename ¢ Sort
SAMPLINGPROCEDURE
CASREGISTRYNO
MOLFORM
DATAPROCESSING
ORIGIN
MW b

B

Clear

i

New

K

P bk

For a convenient overview you may reduce the number of displayed labels by pressing the Clear button
and then selecting the label(s) of interest, in our example TITLE and IV. Finally click OK to leave the
dialog.

Select the first cell of the column IV (indicated by red circle) and paste the selected values from the Excel
sheet with CTRL-V.

12
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Iull Labe| Editor

e e |
97450 9000 8240 7500 6740 G000 5250  ticm

samplez 104,45
sampleS 6,58
samplel 113,87
sampleS 54,1
sample3 90,09
sampled 5,17
sample? 27,39
sampled 74,72

Mew Label Dizplay Options | Delete Label LCancel | k.

Close the dialog with OK.
Values are updated automatically.
NOTE: If no concentration values are available for a spectrum it cannot be selected for calibration set.

To proceed to the next wizard step press the Next button.

1.6. Step 5: Preprocessing - Applying Mathematical Operations

In particular cases it might be necessary to preprocess spectral data, e.g. normalize, calculate a derivative
or do a thickness correction.

13
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Il Multivariate Calibration Wizard - Step 5 of 8 |Z]@E|
Multivariate Calibration Wizard , ABB
Preprocessing of the spectral data.
F
o
Abs
2-
41—
0
4
[0 e B i, B (e I e e b Gl gp a Al A Al AE b AE il N N A )
1E4 9500 9000 8500 8000 7500 7000 6500 6000 5500 5000 1/lem 4500
Mathematical Pre-Processing -| [ Operation Parameters
Operation id

e

[
|

I Cancel I < Back HW] e J ielp J

All applicable mathematical operations provided by the software are available here and can be used for
pre-processing.

Press the Add button to open the Mathematic Operations dialog.
Select an operation, e.g. in our case the Thickness Correction and confirm with Apply.

tud Mathematic Operations ]

Operation

Arithmetic Calculation

Baseline Correction

Convert Y-Axis Unit

Derivative

Detrending

Expaonential and Logarithmic Calculation
Multiplicative Scatter Correction
Narmalization

Peak Normalize

Smoothing
Standard Normal Variate
Zapping
Apply | Close |

]

Click Close to leave the dialog.

14
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Applied mathematical operations are added to the list with default parameters. The number of selectable
operations is not limited; therefore it is possible to combine several operations and change their order.
Now parameters need to be updated to satisfy your needs.

The Thickness Correction is used to do the path length correction, or normalization. Normalization
(thickness path length correction) is done by drawing a baseline under a peak and integrating the peak
over this baseline. This area then divides the entire spectrum. Often this type of path length correction is
called the “internal standard” method. One requirement for this method is that there must be an isolated
band in every spectrum that arises from a constituent that doesn’t vary in concentration in all samples.

Therefore, by normalizing the entire spectrum to the intensity of the band, the path length variation is
effectively removed.

After selection is carried out you can optimize the parameters individually. Select the mathematical
operation Thickness Correction and press the Edit button to get into the interactive mode.

Mathematical Pre-Processing

Operation Add

Thickness Correction

Delete

bl

Edit

A new window opens, showing calibration data and statistical spectra. Several manipulation parameters
are available on the right hand similar to the list of parameters in the Mathematics tab in the main
software.

Thickness Correction

il . Mormalization By Peak Area Ll
PeakareaCalculati Trapezoid
e o - UseBazeline Yes
Method Average
= =
395 Starttininiurm 7552.69
i Starthd aximum 756812
- =
Endiinimum 9095.63
i ErdM aximum 9103.34
el = 3
Minimurm 7552 6884
e EER] 9103.3424
fioe Use Range Yes
0,75
: Mormahization
5 Gets or sets the normalization method to be
| | | | | | | | | | | | | | i | | | || used.
3000 7400 6000 Ticm 4500
|

15
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First setup the Normalization parameter. Select the option By Peak Area from the drop down list. Set the
Peak Area Calculation to Trapezoid and Use Baseline to Yes.

Next set the Baseline Correction method to Average.

The baseline of the peak considered in thickness correction is defuned by two baseline points. Each point
is allowed to be located in a user defined range. Ranges need to be set up in the Pointl and Point2
sections accordingly. The peak in between Pointl and Point2 is used for thickness correction.

Enter the values into the parameter section on the right hand of the window. Another option is moving
(and resizing) the vertical baseline border lines in the data view on the left. Move the mouse pointer over
the line, press and keep pressed the left mouse button and move the line to the desired position. The
process of fine tuning the intervals should be done manually in the editable parameters section

In this example, the left baseline point will be the average of all points in the frequency interval 9105-9095
cm™, and the right baseline point will be the average of all points in the range from 7565-7555 cm™. This
means, the area of the peak between 9100-7560 cm™ will be used for thickness correction. These limits
are typical for applications involving surfactants, polyols, oils, and fats.

In addition to the normalization described above, a baseline correction can be performed in advance.
This is an optional operation. To setup the baseline range, do the following:

Set the Use Range value to Yes.
Enter the range 9100-7560 cm™ into the Maximum and Minimum fields accordingly.

NOTE: When entering values into parameter fields, they will be updated automatically to match the closest
data point position.

Click OK to transfer current parameter settings to the main Mathematics Operation Parameters box.

16
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Il Multivariate Calibration Wizard - Step 5 of 8 Q@@
Multivariate Calibration Wizard ' ABB
Preprocessing of the spectral data. r
25
Abs
0
7‘ 1 I 1 ll I ll 1 ‘ I 1 ll I 1 1 ‘ 1 1 I I I 1 ‘ 1 1 1 I I I 1 1 I 1 1 I ‘ I 1 1 1 |
1,E4 8500 9000 8500 8000 7500 7000 6500 6000 5500 5000 1/om
0,01—
Abs |
0|
L WL D TR I O C T T D A O N A T
1E4 8500 8000 8500 8000 7500 7000 6500 6000 5500 5000 1/om
Mathematical Pre-Processing Operation Parameters
Operation Add =]
Thickness Correction Normalization By Peak Area
Delete PeakAreaCalculationMe Trapezoid
UseBaseline Yes
Edit =]
Method Average
=]
StartMinimum 7552,69
StartMaximum 7568,12
=]
EndMinimum 9095,63
EndMaximum 9103,34
=]
Minimum 7552,6884
Maximum 7568,1178
Use Range No
< s |
‘ Cancel I < Back J Next> I I ‘ Help I

As you can see the wizard pane now shows two different spectral data views. On top, the original data is
shown and below a preview of converted data is visible.

Click Next to proceed.
1.7. Step 6: Definition of relevant Spectral Ranges (Variable
Selection)

Selection of significant variables for calibration is another important step. In this wizard window you see
the original data view on top and below converted objects.

Statistical information like correlation (green line) and variance (light red shape) and some advice from the
software will help you to make your decision.

You can choose either the full spectral range or select user defined ranges conveniently. Default settings
are always Use Full Spectral Range.

17
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Iml Multivariate Calibration Wizard - Step 6 of &

on Wizard
Selection of the spectral ranges used in the calibration model.

i [} [} [} [}
5000  1/cm 4500

Beacalculate |

Cancel |

<Back | Next> I

Einizh

| wew |

User defined spectral ranges can be adjusted easily either graphically with drag and drop or numerically in
the table. Uncheck the Use Full Spectral Range flag to enable user defined ranges.

Enter the new range information in the grid. Use as Start = 7560 cm™ and as End = 9100 cm™.

18
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Il Multivariate Calibration Wizard - Step 6 of 8 Q@@
Multivariate Calibration Wizard ' ABB
Selection of the spectral ranges used in the calibration model. r
25
Abs | " -
0!
7‘ ll 1 1 1 I 1 I I I 1 1 1 ‘ I 1 I I 1 1 1 1 ‘ 1 1 I I I 1 1 1 ‘ 1 1 1 I I I 1 1 1 I 1 1 I ‘ I 1 1 1
1,E4 8500 9000 8500 8000 7500 7000 6500 6000 5500 5000 1/om
0,01—
Abs |
0|
Loa 4 1 G (I L D O s s O L o s D e |
1E4 8500 8000 8500 8000 7500 7000 6500 6000 5500 5000 1/om
New Range I Use Full Spectral Range
No. Start Ran End Range
3 7560,403  9103,342
‘ Cancel I < Back J Next> I ‘ Help I

Determination of iodine value is done in the CH second overtone region of the spectrum, in the region
9100-7560 cm™. In this example, the calibration region is the same one used for normalization, but it is not
always the case.

The calibration model parameters are now ready.

Click Next to proceed.

1.8. Step 7: Multivariate Factor Analysis

The data plot appearing on screen is called the PRESS (Predicted Residual Error Sum of Squares) plot. It
gives you an indication of the model error vs. the number of factors.

Within the wizard the software proposes a number of analyzed factors. This number has to be confirmed
or modified interactively. This is done either by moving the vertical line or increasing / decreasing the
values using the spin boxes.

The green vertical line indicates the automatically proposed number of factors, which should be
considered the optimum. In the present case, the number of factors at the minimum is two. But keep in
mind, this number can be changed as often you want.
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Il Multivariate Calibration Wizard - Step 7 of 8 Q@@
Multivariate Calibration Wizard ' ABB
Shows the multivariate factors analyse. r
1,75E4—
w -
W
-
o
o
o
I
2
(6]
1,25E4—
1,E4—
7500
5000
2500
0
| | | | |
0 1 2 3 4 ¥ Factor No. 6
Number of factors to analyse: |6 33 Selected number of factors: |2 3:
Cancel < Back J Next> I ‘ Help I

Click Next to proceed.

1.9. Final Step: Calibration Model Results— Ready for Review and

interactive Optimization
The final step presents a summary of evaluation results on multiple screens. Our example shows the PLS
Calibration Report first. The report contains an overview over all previous settings including calculation

results like basic project information, spectrum selection, factor selection, PRESS values, prediction
results, calibration statistics and others.

20




Multivariate Calibration Quick Guide

Multivariate Calibration Wizard
Review of the created calibration model and further modifications.

Il Multivariate Calibration Wizard - Step 8 of 8 EJ\EIFZI

'r ABB

PLS Calibration Protocol:

CALIBRATION DATA:
Location
Total number of Calibration Spectra
Number of Calibrated Spectra
MNumber of Data Points
X-Axis range
Y-Axis range
Resolution

CALIBRATION RANGES:

PROJECT:

Name Soybean Oil

File Name C\Documents and Settings\[fLABCOGMNITION|\My Documents\My Horizon MB Projects\Soybean Oil project
CALIBRATION:

Name Multivariate

Description Additional information on the multivariate calibration

Created by it

Created at 09.03.2007 11:06

Calibration Model PLS1

Calibration Properties

v 51700 .. 113.8700

S

No. Range Bounds Point(s)

1 [7560.4031 ..9103.3424] 201
CROSS VALIDATION:

Spectra Selection PRESS SEC RMSD R2

29 244 419580 0.000000 0.000000 0.890159

139 4.969573 0.000000 0.000000 0.997927

1249 51.042160 0.000000 0.000000 0.926737

1-3:5.9 0630339 0.000000 0.000000 0.998302

1469 68.751107 0.000000 0.000000 0.233111

1579 1205107 0.000000 0.000000 0.998005

1.6.8.9 72617440 0.000000 0.000000 0.883616

1.7.9 363.616137 0.000000 0.000000 0.859242

1.8 662.607524 0.000000 0.000000 0.859770
CALIBRATION PRE-PROCESSING:

Operation Name Operation Parameter List

Thickness Correction e
PLS1 Report | Prediction Plot | Residuals L on |

- J Cancel < Back Print I Einish Help

Some graphical representations of results are available too:

1.9.1. Prediction Plot

This is the calibration curve. It displays the plot of Predicted vs. Actual values.

The screen shows three different types of information:

e The light gray diagonal line is the indicator for identity where predicted values were identical

with actual ones.
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e The blue shape defines the confidence interval.
¢ A small square defines one sample. Moving the mouse pointer over a square shows a tooltip
with plot specific information.

sampled
I\V/( Predicted ): 7,0012
IV( Actual ). 6,58

PR

T T A [ S [ I
55 6 6.5 T 7.5

Prediction Plot | | |

1.9.2. Residuals Plot

That's the graphical display of the Concentration Residuals, it shows the difference between the actual
values and the PLS predicted values.

e The small vertical line is the indicator for identity where the difference between predicted and
actual value is zero.

e The blue shape again defines the confidence level

e A small square defines one sample. Moving the mouse pointer over a square shows a tooltip with
plot specific information.

1.9.3. Loadings Plot

The loadings plot is the plot for X-Factors. These factors allow the reconstruction of the spectra based on
defined algorithms:
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? —

1.9.4. Scores Plot
The model scores can be plot in several 2D plots, whereby the factors can be chosen. Both views show

that all samples are well distributed; no aggregation or clouding can be observed. This indicates that there

might be no outlier.
?III

.'f“' oukio o i

1.9.5. 2D and 3D Factor plots
Factors can be displayed either in a 2D or 3D representation. Outlying samples can be easily determined.

NOTE: the 3D view only shows relevant results, if at least 3 factors have been chosen for the model.
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1.9.6. Spectra Selection

The final tab allows interactive maodification of the calibration model. You may choose to remove one or
more samples from the calibration model. Simply mark the sample of interest, press the right mouse
button and select Remove from Calibration Set from the pop-up menu.

NOTE: If any setting or value has been changed, the Recalculate button becomes active whilst the Finish
button is becomes disabled.

tad Multivariate Calibration Wizard - Step 8 of 8 |Z“§”g]

Multivariate Calibration Wizard ' ABB
Review of the created calibration model and further modifications.
| o+

R
7000 6500 6000

L0 0 0 Dol T 0 T b b o
1,E4 9500 9000 8500 8000 7500

Data Source I Calibration J Validation ‘ CV Segment (leaveﬂut}l N | Predicted I Residual J Qutiier |
= ﬁsaybean ol

ffsamplel Yes 1 113,8700 114,5069 -0,6369

YT sample2 Yes 2 104,4500 104,4652 -0,0152

T sample3 Yes 3 90,0900 90,0991 -0,0091

¥? sample4 Yes 4 74,7200 73,3840 1,3360

¥? samples Yes 5 54,1000 55,4082 -1,3082

YT samples Yes 6 36,3700 34,9944 1,3756

YT sample7 Yes 7 27,3900 27,0776 0,3124

? samples Yes 8 6,5800 7,1524 -0,5724

? sampled Yes 9 5,1700 5,6523 -0,4823

e & ot | Scores Plot | 2D Factor Plot | 3D Factor Plot _Spectra Selection

i ‘ Cancel I <Back Print I Finish Help
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1.10. Saving the Calibration Model

When all parameters are set and you are satisfied with the results press Finish to save the calibration and
leave the wizard.

A new calibration node with the calibration name is created in the Soybean Qil project.

Projects - Soybean Oil o8 x
2EFE ]
= 9 Soybean Ol
o' samplel
o' sample2
=¥ sample3
=" sample4
=" sample5
=" sample6
oY sample7
=¥ samples
=¥ sample9
=i Multivariate
- Calibration Data
SRe) Reports
14 PLS1 Report
| Prediction Plot
1# Residuals Plot
}# Loadings Piot
#* Scores Plot
1#: 2D Factor Plot
1 3D Factor Piot

B projects| @ [ [

The project is automatically updated on disc.

1.11. Expected Results

In the following an excerpt of the expected results is shown.
HORIZON MB

PLS Calibration Protocol:

PROJECT:
Name IV-Project
C:\Documents and Settings\ks.LABCOGNITION\My Documents\My HORIZON MB Projects\IV-
File Name Project.project
CALIBRATION:
Name PLS1-CV_full-No_TC
PLS1 Calibration with full Cross Validation (Leave one out method) Investigated Range: 9100-
7560
Description 4 Factors
Created by
Created at
Calibration Model PLS1

Calibration Properties
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CALIBRATION DATA:
Location

Total number of Calibration
Spectra

Number of Calibrated Spectra
Number of Data Points
X-Axis range

Y-Axis range

Resolution

CALIBRATION RANGES:

No.

5,17000000 .. 113,87000000

715
4497,66845703 .. 10005,96191406 [1/cm]
0,08238769 .. 0,53330553 [Abs]

7,71469672 [L/cm]

Range Bounds

[7560,40305429 .. 9103,34239799]

The following table lists the calibration results.

FACTORS SELECTION:

Factor Count

CALIBRATION RESULTS:

Spectrum Name

26

PRESS SECV
1524,72071 19,5238362
6,45249348 1,27008794
4,58619216 1,07076984
2,62092612 0,809463731
Actual Predicted

R2

Residual

Point(s)

0,886502196
0,999519687
0,999658611

0,999804902
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samplel
sample2
sample3
sample4
sample5
sample6
sample?7
sample8

sample9

2.

113,87

104,45

90,09

74,72

54,1

36,37

27,39

6,58

Prediction of unknown Samples

There are several ways of predicting unknown samples

a)
b)
c)

Auto Evaluation with a loaded calibration model

114,013416

103,734365

90,6419508

74,5906981

55,0369288

35,7955613

26,8130219

6,47929969

5,63475312

Evaluation based on a user defined calibration model
Evaluate with all calibration models opened in projects.

-0,14341305

0,715632412

-0,55195451

0,129303161

-0,93693033

0,574437646

0,576977476

0,10070023

-0,46475304
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