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Welcome

Dear NIRCal user,
NIRCal is recognized as a reliable, comprehensive but also easy to use chemometric
software package. It offers a wide variety of tools for method development and optimization.

The NIR spectroscopic technology and the range of applications develops continuously,
just as new requirements from users and regulatory authorities. NIRCal is designed to fulfill
those requirements today and in the future.

NIR spectroscopy is a powerful technology, which gives insight in product development
projects and sound process understanding enabling optimization of processes and quality.
NIRCal is designed to support all those tasks. Through high quality plots and informative
workspaces, the analyst gets comprehensive overview of the system under study.

Much of the power in multivariate methods like PCA and PLS lies in the information
one can get from interpretation of the models. This manual not only describes the
functionality of NIRCal but teaches the user how to interpret the models to ensure the
maximum return on your investment in NIR technology.

Should you come across any feature which needs improvement or extension, please do
not hesitate to contact us. Your feedback helps us to continuously improve our software
and is highly appreciated. Please send an e-mail to: info@buchi.com.

Every effort has been made at BUCHI to ensure that the information in this documentation is
correct. BUCHI Labortechnik AG accepts no responsibility for errors or omissions.

Information in this document is subject to change without notice and does not represent a
commitment on the part of BUCHI Labortechnik AG.

The software and/or files may be used or copied only in accordance with the terms of
the license agreement.

BUCHI Labortechnik AG, CH-9230 Flawil, Switzerland, March 2013.

Explanation of the used safety notes:

NOTE
Information on technical requirements. Non-compliance can lead to faults, inefficiency and production
losses.

This manual is stored under: C:\Program Files\Buchi\NIRSolutions\NIRCal Manual.pdf"

NIRCal 5.6 Manual, Version B 9
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1 Introduction

1.1 Introduction to NIR

1.1.1 Spectroscopy

Light is a fast time dependent sequence of electric and magnetic fields propagating in space.
Light can be characterised with physical properties, like:

frequency: v, W = 27w

wavelength: 2

wavenumber: k= 1/%

velocity of o=y

propagation:

energy: E=hev_(h=6.63"10% Js)

A summary of the electromagnetic spectrum can be seen in the Picture below. NIR lies between the
visible and middle infrared range. With this light, the molecular vibrations are activated, similar to the
infrared range.
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g£X-RAY | uv | | INFRARED | MICROWAVE RADIO 3
P l. l. I | | I, | |
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3xl1o16 :3x|1c>14 ax10” 3x10° :3xl108 Hz
17 -19 21 23 -25
2x10 2x10 2x10 2 x 10 2x 10 J
$ ENERGY 4
' 2 I I -2 I -4 I -6
1.25x10 1.28 1.25x10 1.25x 10 1.25x10 ev
K-SHELL QOUTERSHELLS TOLECULAR MOLECULAR
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Most of the molecule vibrations take place at a characteristic frequency which lies between 10* to
10 Hz. The osculating molecule interacts with the electrical field or light when the frequencies are the
same.

%)

s sy 0 14 .
i g1 107" -10 Hz Infrared Light

Not only are the basic vibrations absorbed with very high degree of excitation in the infrared range, but
also frequencies 2 or 3 times higher. The harmonic frequencies are absorbed with a lower degree of
excitation and lie in the near infrared range.

Using an infrared spectrum, the characterisations of molecules is possible. In the NIR spectra region
mainly the overtones and combination tones of -CH, -OH and -NH groups are absorbed, so NIR is
suitable mainly for organic substances.

The absorption bands are very broad and they often overlap, which can cause problems by direct
interpretation of the spectra. The most often used evaluation method in spectroscopy, the Lambert-

10 NIRCal 5.6 Manual, Version B
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Beer Law:

A=log 1T = Cedes
has just limited validity in the NIR spectroscopy. The application of chemometrics for the evaluation of
NIR spectra is a must.

Advantages of NIR spectroscopy

The relative low degree of absorption coefficient of overtones and combination vibrations causes a low
degree of absorbance in the NIR region. Solids have a high degree of reflected light and liquids can be
measured for path lengths of several mm.

[l no sample preparation is necessary.

The materials for the optics can be quartz, glass or sapphire, which are

[1 cheap and robust.

1.1.2 Chemometrics

NIR spectra are generally characterised by very broad peaks and a multitude of oscillation
superpositions. Visual evaluation is therefore all but impossible.

Differences in the spectra of similar substances often consist merely of a slight shift or small change in
shape of the wide absorption bands. For this reason, NIR spectra are basically evaluated with the aid
of mathematical methods, which is why such significance is attached to the chemometric software.
Chemometric is the application of mathematical, statistical procedures for processing, evaluating
and interpreting large amounts of chemical data (e.g. NIR spectra). The function of the chemometric
software in NIR spectroscopy is to find a statistical correlation between the spectral data and the
known (e.g. by laboratory analysis) property values of the samples used for the calibration.

If this correlation is systematic, it is possible to predict desired parameters of unknown samples
(e.g. identity, quality, quantity) by recording the spectrum and subsequent evaluation by calculation.

The Bichi NIR spectrometer systems allow several hundred intensity values (reflectance /
transmittance) of the measured NIR spectral region to be included in the calibration. In order to be

able to draw maximum benefit from the measured region, the Principal Component Analysis (PCA) is
applied.

The Principal Component Analysis for qualitative calibration allows the identification of different
substances or similar product qualities. There are 2 ways to use PCA:

[l Cluster calibrations and the

L) SIMCA method

For quantitative analyses, three different calculation procedures have been implemented:

[ Multiple Linear Regression (MLR),

[1 Pricipal Component Regression (PCR) and

[1 Partial Least Squares Regression (PLS).
These methods can be tested with a user made selection of independent validation samples or by using
each sample for the calibration in cross validation.

Chemometrics is the science of relating measurements made on a chemical system or process to the
state of the system via application of mathematical or statistical methods. [International Chemometrics
Society (ICS)]

NIRCal 5.6 Manual, Version B 11
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1.1.3 Cluster calibration

Qualitative calibrations are used for identification of different chemical substances and for separation of
different qualities of the same substances. The possible applications include identification of:

[1 substances with very different chemical characteristics;

[1 chemically similar substances;

[1 acceptable and rejectable qualities of a given substance.

The possible methods are Cluster or SIMCA. Both methods use PCA with the difference that Cluster
method is always used for a group of similar substances, while for each substance a calculation is
performed with SIMCA.

Choosing the Calibration Samples

Verifying substances in the laboratory often means, ascertaining if a sample can be assigned to a
specific category (property); e.g., when checking incoming raw materials in a pharmaceutical company to
see if the incoming raw material is the product that was expected or not. The question can be

answered efficiently by recording an NIR-spectrum of the raw material and analyzing the spectrum with a
gualitative calibration. The raw material can be correctly identified that it belongs to the

expected category or falsely identified that it does not belong to the expected category.

To obtain a useful, qualitative calibration, first, calibration samples should be measured that cover all
expected allowable variations of the quality of the product. For each property, several samples must
be collected to cover variations such as different particle size, temperature, moisture or supplier. To
obtain a representative set of spectra, we recommend measuring samples from at least five to fifteen
different batches of each product that have been collected over a period of at least 6 months. This
will ensure that all variations within a product will be represented in a calibration. Collecting samples
can speed up the building of a proper calibration. But only stable and unchanged substances can be
used.

Only samples that have been tested with reference analysis should be used for the calibration.
The combinations will be chosen randomly or with an adequate experimental design. Two thirds of
these samples are composed to be the basic calculation data for the calibration. The remaining third is used
for testing the calibration.

NOTE
When selecting the spectra in the calibration- and validation-set, it is important to assign all spectra of one
sample either to the calibration or to the validation set.

Calculating the Qualitative Calibration

The spectra of different substances show the physical and chemical characteristics of each substance.
Not all spectral differences are associated with the searched differences. “False” differences arise, for
example through a varying presentation of the sample because of different particle size or other
noninteresting but allowable variations of the substance. Such “false” differences can be reduced or partly
eliminated with the help of appropriate data pretreatments during the calculation.

12 NIRCal 5.6 Manual, Version B
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Figure.l: Solvent spectra (acetone, ethanol, toluene and dichlor-methane), measured through
glass cuvettes with measurement option liquid. The slight shifts (light scattering) are not of interest
and should be reduced with data pretreatments.

Pretreated Spectra
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Figure.2: Spectra out of figure 1 after data pretreatment (here: 1st derivation)
Systematic differences of the four solvents are clear and reproducible

For the actual calibration, the Cluster calibration using PCA has been used. This means a calculation of
a new illustration of the spectral information with the target to show the main differences in the data set.
Spectra appear after the calculation in the new illustration as points in a 2D or 3D Plot.*

The calculation can be performed automatically by the Calibration Wizard. According to the required
input by the Wizard concerning measurement method and dedicated calibration type, different
calibrations are calculated and sorted by a specific quality attribute (Q-Value). For an optimal result, the
wavelength selection, the data pretreatments and the optimal number of PCs must be chosen
adequately. This is automatically done by the software.

Good qualitative calibrations can be recognised as the single spectra are found in well separated
tolerance regions -Clusters- where each represent only one of the possible categories (properties).

NIRCal 5.6 Manual, Version B 13
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dichlormethane
toluene
ethanol
acetone

Figure 3: After transformation with the PCA, the spectra appear as points assorted in clusters,
which are well separated from each other.

* In case of many different categories (properties) more than three delineation axes are required to
show all important differences. It is not necessarily the case, that the first three axes are the most
important ones.

Inspection of the Qualitative Calibration
The attributes of a good calibration are:

o all tolerance regions of the single categories (Clusters) are cohesive;
all tolerance regions are convex and engaged consistently;
all calibration and validation spectra are within a valid range and assigned correctly;
all other substance spectra can not be predicted false with a certain calibration;
Q-Value is closest possible to 1.

Application of a qualitative calibration and interpretation of the results

During the application of a qualitative calibration, it is determined whether a new measured spectrum
can be associated with a calibrated category.
A measured spectrum is identified as OK when these three criteria are fulfilled:
[ the residual is smaller than the allowed limit;
[1 the distance is within the allowed tolerance (the spectrum is in a known cluster),
[1 the identity of the measured substance (substance-ID entry) matches the identity of a
substance used to build up the calibration model.

1.1.4 Quantitative calibration

NIR Spectra can be seen as fingerprints, which are characteristic for a certain substance. When
investigating a substance mixture, different fingerprints are superposed within a complex spectrum. The
concentration rate of the substances is present in the spectra, but cannot be seen. Target of a quantitative
calibration is, to calculate applicable filters that establish the coherence of the measured intensities and
the concentrations of the single components.

The quantitative calibration serves as the determination of parameters such as concentration (e.g.
water content, blending ratio, hydroxyl number, etc.) or physical properties (e.g. density, viscosity).

Choosing the calibration samples

As a basis for the calibration work a set of reference data is used for which the interesting
concentrations have been determined with the referring lab method. For each component (property) at least
15 samples must be used.

14 NIRCal 5.6 Manual, Version B
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Important:
For the choice of the reference samples, all components of the mixture (and eventually
varying parameters like temperature) must be considered, even components not being
calibrated. For complex compositions, like foodstuffs, the requested amount of samples might be
quite high.
The choice of calibration samples must be carried out very carefully. Spot test samples taken from
the production process might not meet the demands, because the reference values
typically show small variations around a nominal value. Suitable calibration samples should
whenever possible be chosen with the aid of an experimental design or specially produced. The
consistent and independent distribution has to be checked in any case.

Suggestions:

Good spreading of reference values coitelated reference values
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Figure 1: The distribution of the reference values is checked with the help of 2D plots.

The NIR calibration range should cover at least 20 times the error range of the reference method. For
example for H.O determination, the range of error of £ 0.2% leads to a minimum NIR-calibration range of
4% around an expected mean value. Otherwise the error of the reference method has a high influence on
a calibration. In order to avoid extrapolation for the NIR calibration, select the calibration range slightly
wider than the working range.

T Working range: concentration range of a parameter that usually is measured in a
product;

_| Calibration range: for the calibration, the concentration range must be set broader than the
working range.

As a rule of thumb; 60 samples should ideally cover the calibration range homogeneously. 2/3 of
all samples are used for calibration, 1/3 of all samples are used for validation. Spectra of the same
sample must remain together and be put either in the calibration set or the validation set. For the
calibration set it is recommended to use at least 10 samples per parameter to be determined.

Spectra with the minimum and maximum concentration values (extreme values) must always be
selected as calibration spectra.
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An incorrect distribution of the samples with two separated concentration ranges should be avoided.
Either an independent calibration should be generated for each range or additional samples, covering the
missing range, should be measured.

For reference measurement, the probe and reference material need to be absolutely clean. This is
valid for the measurement of calibration spectra as well as for the measurement of application spectra.
The measuring option and measurement conditions should be identical for generation of both, the
calibration and routine application use. For quantitative measurements, the fibre optics probe should
be in a fixed position.

The samples should not be measured with increasing or decreasing concentrations, but randomly
distributed concentration.

The accuracy of the laboratory method has a huge influence on the quality of the NIR calibration. It is
important to use the most accurate laboratory method (not the weight loss with IR quick drying for
moisture determination, but the drying oven method or better the water determination by titration
according to Karl Fisher).

The time between the laboratory determination and collecting the NIR spectra should be as short as
possible.

Calculating the Quantitative Calibration

The suggested calculation methods are called PCR (principal component regression) and PLS (partial
least squares regression). The algorithms mostly lead to similar results.

The choice of the relevant wavelength ranges and data pretreatments can improve the result of the
calibration. With the applied data pretreatments unimportant spectral variations can be suppressed or
the coherence between intensities and concentrations can be simplified. For example it is
recommended to convert reflectance spectral data into absorbance data that depend directly on the
concentration values (according the Beer-Lambert law, which is limited valid for liquids in NIR). The
difficulties in choosing the data pretreatments are that they always have combined influence and that
the effects depend on the applied order. Theoretical considerations take a back seat in the practice.
Often the model can be optimised by trying different variations, that are calculated.

Concentration = Bo + B1*Amplitudel + B2*Amplitude2 + + Bn*Amplituden [1],
These establish the coherence between the measured amplitudes and the searched concentrations.

This equation is strongly simplified, a detailed explanation is shown in chapter "Calibration Methods"
Link : Principal component regression (PCR) & Partial least squares regression (PLS)
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The choice of parameters and calculation methods can be done automatically by using the Calibration
Wizard.
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Figure 2: For the review of a quantitative calibration the prediction values
according to equation [1] are compared with the reference values. In an
ideal case, the corresponding points are lying on the 45° calibration curve
through the zero point both for the calibration and validation samples.

Inspection of the quantitative calibration

Precision the SEC and SEP provide the magnitude of the standard deviation for
the calibration set and the independent validation set. The two values
should be as small as possible, but they are likely to be comparable
with the standard deviation of the conventional laboratory
method. With an acceptable calibration, the two values are also
roughly equal (Consistency: »100)

11 Accuracy the V-Set Bias provides information on the average deviation of the
predicted values from the true values. This value gives information on
a systematic deviation of the calibration and therefore should be as
close to zero as possible. The C-Set Bias is zero by definition.

1 Regression show how well the predicted values (NIR values) match the reference
coefficients, r values (original property values) on average.
(1 Q-Value for optimisation, different parameters are integrated in this quality

factor. The Q-Value lies between 0 ( = inoperative calibration) and 1 ( =
ideal calibration)

Possible reasons for bad calibration results

Outliers can be recognised for the differently calculated calibrations as big differences between
predicted values and reference values appear.

Remedy: Outliers must be erased from the calibration as well as the validation set. This always must be
combined with a careful clarification of the reason for the appearance of the Outlier.

To find out if a reference value or the measured spectra must be regarded as an Outlier, the score plots
should be reviewed (Graphics / Scores / 2D-Scatter).
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[ In case spectra breaking ranks, show clearly deviating Scores and Residuals (Graphics /
Spectra / Residuals), these spectra are real outlier and should be eliminated from the
calibration / validation.

[C  In case there are big differences between the reference values and the predicted values, but
the Scores of the referring spectra do not have particular deviations with high probability, the
Outliers appear because of false reference value. The lab determination should be repeated.

LI Group of samples with systematically deviations: this effect can be seen from time to time
when samples are evaluated their reference values have been determined in laboratories not
using exactly the same reference methods. Here only an alignment of the reference methods
can help.

_|I Significantly different results depending on the chosen classification of the samples into the
calibration and validation set: the number of used samples is too small, for instance because
of not considered, hidden properties.

Remedy: Selective completion of the master data set that all possible variations flow into the
calculation.

Application of a quantitative calibration and interpretation of the results

During the application of a quantitative calibration, the referring concentration values of the measured
spectrum are calculated according to equation [1] and indicated.

These calculations always lead to a result, even when performing faulty measurements. (e.g. sample of
completely different, not calibrated substance class). The calculation of the concentration is

therefore enlarged with two further checks:

L. the concentration values found must be within the original calibration range, a warning-
and action-limit can be adjusted as well.

"1 make sure that the new measured spectrum matches the calibration spectra and that the
Residual is within the allowed limit. A warning appears, when the residual of the
measured spectra is bigger than the maximum allowed residual. Results of the spectra with
Residual outlier are not taken for the average calculation of multiple measurements.

1.2 Introduction to NIRCal

1.2.1 General
The work flow for typical NIR Application with Biichi NIRWare is:

1. Create an Application in NIRWare Application Designer for reference measurements

2. Data Acquisition Spectra collection with NIRWare Operator
NIR- Spectroscopy

3. Assign Property value to spectra with NIRWare Sample Manager
Spectra + Reference Analysis

4. Calibration build mathematical models with NIRCal 5
Correlation known Spectra <- -> Concentrations / Identity

5. Copy and modify the Application for routine measurements

6. Assign the created calibration to the routine application

7. Use the mathematical models/calibrations within an Application in the NIRWare Operator
for Predictions

Unknown Spectra -> Concentrations / Identity

In case a calibration after the first trial is not delivering the correct results, the steps 3-7 should be
repeated, the calibration should be expanded with new samples and tested again.

All data (like spectra, property value, projects, calibrations, etc) are saved in the NIRWare Database.
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NOTE

To be able to take full profit from all the possibilities of the NIRCal chemometric software, a Buchi

training is highly recommended.

1.2.2 Starting NIRCal

Windows 7: Start / All Programs / BUCHI / NIRSolutions /NIRCal

Windows 10: Write “NIRCal” in the main screen and navigate to

programs Icon: ﬁ

To use NIRCal Log On with User name and Password.

Introduction

Logon

Logon to 'NIRCal’

User rights and setup is managed with the NIRWare Suite "Security Designer". Please refer to the
corresponding documentation within the SW-Manual for NIRWare.

=4 NIRCal - projectl
=} ject

=)

File Edit View Workspace

Project Calibration Wizard Tables Graphics Modules Window Help

B G| BB B %
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1 Instruments

1 Spectra

[ Properties
7] Calibrations
& Matrices

Ready

Name

(8 Globally Unique ID
+ Comment

(® Creator

(8 Creator Login

(& Created

(8 Creator Software

(® Creator Software Version
(8 Creator Software Build

(% Modified by
(8 Modifier Login
& Modified

(8 Current Software Timestamp
(8 Current Software Name

(@ Current Software Version

(8 Current Software Build

{4ADEG4BF-6CCF-419

Oliver Mandal
mano

4/5/2013 4:29:46 PM
NIRCal

55

3000

Oliver Mandal
mano

4/5/2013 4:29:46 PM

10.03.2009 08:53:53
NIRCal Evaluation
5.5

3000

lﬂ!( urrent Software Path
<

(:\lpROGRA-J\RurhT 24
{98 T

NIRCal opens an empty project.
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1.2.3 NIRCal Project
NIRCal stores the imported spectra and their properties , which belong together in a project.

A project contains:
[ spectra: the imported spectra as they were measured;

[ properties, the property names with their values, which belongs to the loaded spectra
and can not be modified in NIRCal,

1 the calibrations, which have the information about the used data selections and the
calculated results;

1 matrices, which have all chemometric results of the active calibration.

f#NIRCal - [NIR-Explorer: ToDB_Sugar-Petri] ¥ ' =10 x|
a Fle Edt View ‘Workspace Project Calbration ‘Wzard Tables Gvaphcs Modulcs Window Heb -Iﬂl _>£]
= Project
= Instruments
= '__er.ectra
+ ] Properties
+ [ Calbrations
=) Matrices

Ready BiLh /

Note: Instruments is not used in NIRCal 5 anymore.

Related Topics for Spectra import:

Search and Import Spectra from NIRWare Database
Import Spectra from File

Convert and Import spectra from other instruments to DB
Use NIRCal for any type of Data

NOTE

It is possible to import and export spectra between NIRWare databases within the Software "NIRWare
Management Console - Administrative Tools"

1.2.4 Spectra Overview

All spectra measured or imported into this project can be seen here.
Items marked with a yellow pen can be edited by pressing F2 or a double click.
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Explanation of the symbols (right window):

& Spectra belonging to the C-Set

gSpectra belonging to the V-Set

= Eroject A I Name I Meas l Scans l Instrument Type |

----- (3 Instruments (H1 acetone 1 1 16 46210
X2 acetone2 1 16 46210
P acetone 1 &3 acetones 1 16 46210
P acetone 2 R4 acetoned 1 16 46210
4 & aostoned @s acetones 1 16 46210
1 = :E:tg:z; Be acetones 1 16 46210
1 7 ethanol 1 1 16 46210

‘e acetone 6 3 kel
S H5 ethanol2 1 16 46210
it ik o &9 ethanol3 1 16 46210
| b thacol’3 K 10 ethanol 4 1 16 46210
Py ethanol 4 @11 ethands 1 16 46210
P ethanol s @12 ethanols 1 16 46210
ethanol 6 ¥ 13 toluee 1 1 16 46210

#
P koluee 1 14 toluene 2 1 16 46210
‘e toluene 2 ? 15 toluene 3 1 16 46210
i-pve toluene 3 ; 16 toluene 4 1 16 46210
P toluene 4 B17 toluenes 1 16 46210
P toluene 5 B 15 toluenes 1 16 46210
[ toluene 6 K 19 dichlormethane 1 1 16 46210
[ dichlormethane 1 B 20 dichlormethanez 1 16 46210
b & :!c:lolrmeth:ne < & 21 dicholormethane 3 1 16 46210
1 e d:hlo °”“;: "’“843 & 22 dichlormethane 4 1 16 46210
e msalpalaled @2z dhiormethanes 1 16 46210
| L deonmethéne & P24 dichlormethanes 1 16 46210
L B 1 T PR HiAA

Introduction

'b’_‘:ZSpectra in unused Set = U-Set (these spectra are not used for calibration nor for the

validation of a calibration

l—?_Spectra in C- and V-Set at the same time. Overlapping is not allowed.

Red color indicates selection. These spectra for example can be assigned to the user set and be

plotted separately.

1.2.5 Properties Overview

All properties in this project can be seen here.
Items marked with a yellow pen can be edited by pressing F2 or a double click.

3 Project
{3 Instruments
-] Spectra
=-4=3 Properties
- 5 charose
-] Calibrations
[ Matrices

Mame l Value

o # 1

(33 Name Saccharose
@ Unit %

(3 Type Quantification
@Mn 0

3 Max 100
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Min/Max represents the calibration range for quantitative properties. For qualitative properties Min/Max is
shown as 0/1.

1.2.6 Calibration Validation Methods

To be able to judge the performance of a calibration a set of independent validation samples is
necessary.

Validation Set (VS)

Normally all spectra within a project are divided into 2 sets with a suggested ratio of 2/3 to 1/3. The two
sets should be completely independent from each other.

[1 C-Set (Calibration Set)
[ V-Set (Validation Set)

Spectra in the V-Set are not used for the calibration, the V-Set spectra are used like unknown samples to
judge the quality of the calibration (internal validation set). Only the C-Set spectra are involved in the loading
calculation.

Enough spectra of the sample should be available.

VS can be used for all calibration methods.

Cross Validation (CV)

Cross validation (CV) uses all samples as the calibration set for quantitative calibrations except one
sample (or a small group of samples) which is left out.

Validation is accomplished by predicting the left out samples and by systematically varying the

selection of left out samples. The procedure is time consuming because for each selection a

calibration has to be calculated. The method is especially useful when the total number of samples is small
(<50 samples).

Full cross validation (FCV) means that n-calibrations are calculated so that one spectrum has been left out
and all other are in a calibration.

Limitations
[1 only available for PCR and PLS;
[1  needs at least 2 CV groups or at least 4 C-Set spectra for one-leave-out (full cross validation;
FCV);
(1 will delete the V-Set spectra selection, in case it is not empty.

1.2.7 Calibration Methods

Qualitative Calibrations / Identification

Target is to identify the membership of a sample to a property group. The property groups can be
chemically completely different or similar to the same substance.

Both implemented method are using PCA:

[l Cluster Analysis CLU
[l SIMCA

Quantitative Calibrations

Target is to determine the concentration value such as content in %, OH-value or physical
parameters like density, viscosity.
In NIRCal implemented algorithms are:

[1  Principal component regression PCR
[l Partial least squares regression PLS
[1  Multiple linear regression MLR

PCR, PLS, PCA (CLU) and SIMCA are principal components based methods, MLR and also library
search with spectra comparison are spectra based methods.
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1 Calibration Inputs are the measured spectra with their properties and with the reference
values together with the calibration data selection.
Outputs are the calibration for the properties together with the validation for
the validation set (V-Set) spectra or the result of Cross Validation (CV).

1 Application Inputs are the calibration and a measured spectrum.
Outputs are the predicted property value(s), calibration limits or hitlist; spectral
residuals.

1.2.8 Calibrations Overview

All calibrations calculated in this project can be seen here.
Items marked with a yellow pen can be edited by pressing F2 or a double click.

|3 Project Name [ value
-3 Instruments @ # 3
[0 Spectra & Globally Unique ID {5623E363-831B-4EDA-9CC2- 10AET4AAATBD }
(2 Properties @ Name copy of Sugar-ID, mf-db1, 4.2-9.7, F.3
SRS} albrations . Comment
4 Sugars, mf-db1, 4.2-9.7, F:3 g ';"reetgz:tmem %‘rf;er
d’i e I S @ Creator Customer System Maintenance
=4 copy of Sugar-ID, mf-db 1, 4.2 @ creator Login Administrator
=3 Data Sets (® Created 10.01.2006 11:58:00
k== Spectra (& Creator Software NIRCal
~bas Wavelengths @ Creator Software Version 5.1
ks Properties (% Creator Software Build 400
Ll PCs (2 Modified by Customer System Maintenance
&3 Pretreatments 53] Mod?ﬁer Login Administrator
& Settings ﬁMOdlﬁgd o 10.01.2006 11:58:22
¥ Jourrd & Tteration Limit 3000
o oS & Num Primary PCs 0
J Matrices & Mean Centering 1
- Qutlier Tolerance Score 2.5
& Qutlier Tolerance Property 2.5
& Qutlier Tolerance Residual 2.5
& Qutlier Tolerance Leverage 2.5
& Residual Limit Blow Up 2
#Score Limit Blow Up 1.05
& Radi Limit Blow Up 1
« Radi Formula 1
@ Q-Value 0
\ \ .| & validation Method Validation Set \

=i New (active) calibration, not yet stored in the database

&1 Stored calibration not in “Edit” mode (availability for “Edit” mode depends on Lifecycle status)

}@ Stored calibration in “Edit” mode
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1.2.9 Matrices Overview

The matrices shown here depend on the selected calibration and validation method.
Items marked with a yellow pen can be edited by pressing F2 or a double click.

3 Project & name [ value
[ Instruments @I 0
* l_—] Spectra & Matrix Name Original Spectra
& l_—] Pro.pertl.es #\alue Name  eReflectance
= lr] Calibrations & Decimal places 4
=44 Matrices & Links i
: -'. inal 5 g
| ﬁ p & x-Selection Wavelength Selection
; igi r v .
Zee X=Unit Wavelength:
-3 Pretreated Spectra E;x S'nl 15‘:;’;8 glosl
-3 Pretreated Property Aon
.3 Loadings & y-Selection Spectra Selection
.3} FEigenvalue pra y-Unit Spectra
-3 Scores (33 y-Size 18
4} PCR B-Matrix (23 Bytes 216144

.3 Reconstructed Spectra
.3} Spectra Residuum
i..3% Predicted Property

1.2.10 Data

Raw data like spectra and property values are loaded from the NIRWare Database.
Spectra and property values, loaded from the database, are not modifiable in NIRCal anymore.
Pretreatments never change the original spectra.

These data are stored in a NIRCal Project. Each project has a first calibration, which has an organiser
function and this can not be deleted. Calibration specific data like selections (Spectra, Wavelength,
Pretreatments,Principal Components) are stored for each calibration separately together with the
selected chemometric methods calculated data. Approved calibrations, which are released for the
application according the Lifecycle procedure, can be used in the NIRWare Operator.

Link: Calibration Handling according to the Lifecycle.

The main and intermediate data are stored in matrices (e.g. Original Spectra - and Original Property
matrices), which are available in table or graphic form. Intermediate data e.g. Scores and Loadings are
calculated on demand by the active calibration settings.

Matrices can be exported to MATLAB as .dat files or to EXCEL as xIm files.

[1  MATLAB : NIR-Explorer / Matrices / “Loadings” / PopUp Menu / Export.
\ EXCEL: NIR-Explorer / Matrices / “Loadings” / PopUp Menu / Table. In the Table

PopUp Menu / Export Table...
Link: Matrices

NIRCal 5 can work as File- and as Database - oriented software.

With NIRCal it is possible to import data from files and to store data to files. NIRCal 5.4 downward
compatibility of spectra and properties is supported to NIRCal 5.2 as .nir, .ncf and JCAMP-DX file. In
NIRCal 5.2 the NIRCal 5.4 files can be imported with: File/ Import/ Spectra.

The loaded spectra can be also stored in the database. A spectra conversion from the older NIRCal 4
data or from other software is possible in this way. The following data types can be imported:

[l Projects in format ".nir";
[J Spectra with properties in format ".nsf, .bmp, .dat, .csv, .spc, .dx, .jdx, .jcm, .nir "
[ BCAP-Series in format ".S??" (Spectra file)
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It is not possible to import data from NIRCal 4 ".ncf" format, because ncf-files do not include spectral
data.
It is important to take care of the compatibility of the spectra from different instruments!

Link: Convert and Import..in NIRWare DB.

1.2.11 Selections

Data selections are needed to group the data before the calculation of a calibration.
For each calibration the selections can be different.

Calibration method selection
[ Choose the method according to the target of the application.

For quantitative applications there are MLR, PCR or PLS and for qualitative application Cluster or
SIMCA are available.

Validation method selection

To test the validity of a calibration internal test samples are used in the validation mode: VS. For
guantitative calibration the Cross Validation: CV is available.

The default method is VS: Validation Set, where the V-Set spectra should be selected by the user. You
can also use the spectra selection wizard.

Data Sets Selection

Spectra Selection
The selection can be made in NIR-Explorer:

& NIRCal - [NIR-Explorer: FromDB_Solvent ID] ) = |D|5]

a File Edit Yiew MWorkspace Project Calibration Wizard Tables Graphics Modules Window Help -8 x|

(3 Project A1 | Name ] Selected I Size I Selection as String l
[ Instruments (& All Spectra 24 24 124,
- L_:-' Spectra & User Spectra 0 24 nothing selected.
-] Properties & Calibration Spectra 16 24 1-4, 7-10, 13-16, 19-22,
B4 Calibrations 7 validation Spectra 5 24 56, 11-12, 17-18, 23-24.
Bg Sluster & Residual Outlier Spectra 0 24  nothing selected.
= ﬁ é;ta = . Score Outlier Spectra 0 24 nothing selected.
’ & ﬁ::é::ngths & Property Outlier Spectra 0 24 nothing selected.
L2 Properties & Leverage Outlier Spectra 0 24 nothing selected.
i hulAdipes
@#-[_]] Pretreatments
Settings |-
% Journal
[#-[27] Matrices L.I
Ready m 4
All Spectra not modifiable, determined through the number of imported spectra.
User Spectra mainly used for visual comparison, any selection is acceptable, this selection
has no correlation with the C-, V- or U-Set spectra.
Calibration spectra selected for the calibration: C-Set, about 2/3 of all spectra for VS
Spectra mode.
Validation Spectra | spectra selected for the validation: V-Set (1/3 for VS).
Outlier Spectra result of the "Outlier Detection" wizard for the statistical residual, score,
property value and leverage outliers in C- and / or V -Set

Each of these sets, except of "All Spectra”, can be edited by the user.
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Select spectra for the calibration (Calibration Spectra = C-Set) and for the validation of the calibration
(Validation Spectra = V-Set). The C-Set will be used for the calculation of the calibration, the V-Set is
used as an internal test of the calibration.

The same spectra should not be defined as C-Set and V-Set Spectra at the same time. If so then the
spectra will be marked with a question symbol in the spectra overview and following message
appears, that easily allows to remove the spectra set overlap automatically:

Niecal x|
Overlap {actual selected Spectra ) in Calibration)Yalidation Set :
8. (total 1/80)

remove overlap from Calibration Set [Yes] ?
remove overlap from Yalidation Set [MNo] ?

Ja I Mein Abbrechen

Link: Chemometrics / Selections / Spectra Data Set

Wavelengths selection:
[1  All Wavelengths: the measured wavelength/ wavenumber range and the number of

wavelength / wavenumber data points, which is determined by the used instrument and by the
resolution;

[1  Calibration Wavelengths: only the selected range will be taken into account for the calculation
and later for the application.

Link: Chemometrics / Selections / Wavelength Data Set

Properties selection:
[1  All Properties: number of properties belonging to the imported spectra;

[1 Calibration Properties: only the selected properties will be taken into account for the
calculation and later for the application. Normally all or several will be selected for Cluster
calibration, only one should be selected for quantitative and for SIMCA calibration method. Link:
Chemometrics / Selections / Properties Data Set

Principal Components Selection:

[1 All PCs: the number of primary principal components used for the calibration, they are
used for the spectra reconstruction and for the Residual calculation;

[1 Calibration PCs: only the selected PCs will be taken into account for the calculation and later
for the application, they are used in quantitative calibration for the property value calculation
or in qualitative calibration for the property separation and for the allowed tolerance area
calculation.

Link: Chemometrics / Primary Principal Components & Secondary Principal Components

Pretreatments selection:

The measured spectra can be modified before the calculation with several pretreatments or different
combinations of them.

NOTE
The original spectra are still the same and will not be modified.

The list of in NIRCal 5 implemented pretreatments indicates the huge flexibility of the software. The
pretreatments used in the calibration will be applied in the application also.
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Blow Up Parameter:

The allowable limits are calculated with a default blow up limit. These limits can be adjusted by the
user:

[ for quantitative calibrations the scores and residual blow up limits;

[1 for qualitative calibrations the scores, residual and radii blow up limits and the radii
calculation formula.
Link: Chemometrics / Blow Up Limits

Outlier detection limit
To calculate the statistical outliers the limit can be edited by the user or can be calculated according

the T-distribution for the actual calculation.
Link: Chemometrics / Outlier Detection

1.2.12 Graphics
All data that is available in table format can be plotted graphically as well.

In NIRCal 5 there are 1, 2 and 3 dimensional plots available.

The 1D scatter plot is new in NIRCal 5: it shows only one selected line or column of a matrix. This
scatter plot can be used for selections.

The pop-up menu "Options/Show line" or the keyboard shortcut "W " can change the point to a line.

Each 2D plot can be shown as a front view (this is normally the default adjustment), top view and
transposed.

Pretreated Spectra Pretreated Spectra
All Spectra All Spectra
1 0'7 7 .
08s:
v i
g cs‘ g
¢ g
: 04t "
czg —>
L‘D:‘ - 1)
10000 9000 8000 7000 6000 5000 4000 10000 9000 8000 7000 6000 5000 4000
Wavelengths Wavelengths
Default: front vie\ni(\l)\ top view (V)
Pretreated Spectra ,
Al Wavalengths 3
§
§ ©
5
©

transposed (T) 3D
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The plots can show different selections, while the selection plotted is always visible on the subtitle.

The use of modern rendering techniques, such as Anti-Aliasing and Alpha-Blending (new hardware
accelerated features of newer graphic cards), allows to eliminate jagged edges and stair-stepped lines.
NIRCal applies these features to improve the graphical performance.

Anti-Aliasing (hotkey: a) eliminates jagged edges and stair-stepped lines. This can be switched on
permanently under: Edit / Options / 2 D Plot. Opening the 2 D plots is quicker with Anti-Aliasing using
new graphic cards, but can be slower with an older driver.

Alpha-Blending (hotkey: b) allows a partial transparency with steps of 1, 1/2, 1/4, 1/8. 1/32, 1/64 (by
pressing b several times) and helps to look through huge amount of data. The Alpha-Blending level
can only be seen from the data color intensity: the more often the point is drawn, the brighter the color.
Each NIRCal rendering can be stopped immediately by pressing the ESC key.

Anti-Aliasing and Alpha-Blending are very useful for huge amount of spectra especially for 2-D spectra
plots (original, pretreated and residuum); Score plots (vs. PC or vs. Scores) and calibration curve
(original vs. Predicted).

10000 9000 8000 7000 6000 5000 4000 000 8000 7000 8000 5000 4000

On the left side the common drawing style is used, where no details can be seen. Anti-aliasing and
alpha-blending (right side) allow to look through a huge amount of data and to detect hidden
structures.

Note: In case a one dimensional matrix - which is a vector- is plotted, the subtitel is "All One".
"One" indicates the first selected "dimension" and not the value of the vector!

The colors are also selection dependent.
The plots can be opened as Table with the keyboard shortcut "G".

On each plot the X- and Y-axis can be flipped using the pop-up menu: Option/ Flip X-Axis (x) and
Option/ Flip Y-Axis (y).

2D combined scatter plots: beside the standard 2D plots it is possible to combine matrices, even if
they have only with one dimension matching. This can be created manually in the NIR-Explorer
selecting the two matrices and opening in pop-up menu the "2D-Combined Scatter".

There are several plot combinations available in NIRCal 5: under: View.

These plot combinations, which are fixed, can help to make the data selections easier (spectra,
wavelengths, properties, PCs) with useful graphics.

The dependency plots can help to find hidden correlation between spectra and different users, or
time, or instruments.

The users can create own plot combinations and can save them under: Workspace.
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1.2.13 Protocols
The term "protocol” in NIRCal means report.

Calibration Protocol

The calibration protocol is an important validation document, which contains all information about a
calibration, like the user specific data selection and the results of the chemometrical calculations
applied for the C- and V-Set spectra in the project. The calibration protocol is stored within the
calibration.

Link: Calibration protocol

Validation Protocol

The prediction protocol is an in important validation document, which contains the results of a
prediction of a calibration applied for other spectra, mainly not existing in the project. The prediction
protocols help to find out possible interfering substances for the qualitative calibrations.

Link: Prediction protocol
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2 Tutorials

2.1 Qualitative

2.1.1 Qualitative Tutorial

Qualitative calibrations are used for identification of different chemical substances and for separation of

different qualities of the same substances.
Either Cluster or SIMCA method can be used for identification, both using Principal Component
Analysis PCA.

The Cluster method is explained first.

For detailed explanation to the method see Link : Cluster (CLU) and Link : SIMCA

2.1.2 Flow Chart Qualitative
The flow chart shows the way how to build a qualitative calibration using the Cluster method.

Selections: Suggestions :
Calibration Method Cluster = PCA
e e S T A S SN Spectra Selection 2/3 C-Set
| C-Set / V-Set 1/3 V-Set
! I
! e —|-»  Wavelength Selection Fiber: 4'500 - 10000
! !
| | !
| I Property Selection All to identify
! i [
| | g ey
. e i B Initial Calibration
i , ' s P et without Pretreatment
i i :
z I
| I :
> S |
| I 7 Calculation F5or
; ' 1 Overview
|Loop 3 1 I
i i |
Change Spectra i | Primary Principal Residual calculation:
Selection - i Components X-PRESS, Loadings (PC's),
vy 1 . I Residuum Spectra
| 2 I
: ! : 7 Radii calculation:
! 1 ! Secgz?nary Per:]rgnpal Scores, Prop.Box Radii,
i : Laop2 i S 2/3D Scores Plots
: L E
| Modify Wavelength and !
i Pretretment Selection l
i ? l Recalculation FSor
: Overview
| |

- Cluster / Property = 1

[ | I s - C- + V-Set identified correctly
——————— R e b R A e e S e e S B Calibration OK? - Q-Value high

YES

Store to Database
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NOTE
Loop 1 to Loop 3 represent the sequence for optimising a calibration. After each change in the
selection, the calculation and principal component selection should be repeated.

2.1.3 Selecting the Calibration Method
The calculation method can be selected in the Menubar: [Calibration / Method / CLU Cluster] or by

clicking the icon

2.1.4 Selecting the Calibration and Validation Spectra

Samples of known characteristics, both chemical and physical are used to generate qualitative
calibrations. For each substance classes 5-15 different batches should be used for the calibration. The
measured spectra are divided into two sets:

[1  Calibration Spectra: spectra selected for the calibration: C-Set, about 2/3 of all measured
spectra, at least 3 spectra.
Generally, the calibration spectra should contain all “acceptable extreme information” to
define the limits of acceptance.

[1 Validation Spectra: about 1/3 of all measured spectra selected for the validation V-Set at least
2 spectra. Only if a calibration treats the validation spectra equal to the calibration spectra, the
settings can be considered as OK.

NOTE

These two groups of spectra should be:
[1 independent from each other;
[ no overlapping allowed.

Suggested selection: Blockwise: 6-3, if always 3 spectra per batch where measured. In case some
extreme samples are in the V-Set, see Loop 3.

It is possible to leave out some spectra from the C- and from the V-Set, these spectra are in the
Unused Set = U-Set:
C-Set + V-Set + U-Set = All Spectra

The U-Set is visible in the calibration results (see Calibration Protocol), but will not influence the
calibration and validation results e.g. will not be considered for the Q-Value calculation.

Link: Spectra selection

2.1.5 Selecting the Calibration Wavelengths

The exact wavelength / wavenumber range measured is dictated by the instrument type used for the
spectrum measurement. The selected wavelength / wavenumber range depends on the application and
the measuring option used.

NOTE
In general the calibration wavelength / wavenumber range should be as wide as possible.

Suggested wavenumber range for NIRFlex N-500 with measuring options

[1 Solids and Liquids: 4'000-10'000 cm?;
[l Fiber Optics: 4'500-10'000 cm.
[ Solids with Tablet Accessory: 6'000-11'520 cm'™.,

The calibration wavelengths define the spectrum range, where the mathematical algorithms PCA is
applied.
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Suggested selection: use all measured wavenumber in the first calculation, otherwise see Loop 2.

Link Wavelength selection

2.1.6 Selecting the Calibration Properties

The calibration properties are the substances to be identified in the application. The mathematical
algorithm of PCA will be applied for the selected properties. Normally all qualitative properties that
must appear in the calibration model must be selected.

Suggested selection: select all properties.

Link Calibration property selection

2.1.7 Applying Data Pretreatments

Data pretreatments are used to eliminate non important effects or to enlarge minor effects of the
measurements.

Suggested selection: perform the first calculation without pretreatment, using the spectra as they
have been measured. The first step to optimize the calibration is to add and change the
pretreatments.

Link: Pretreatment selection

2.1.8 Performing a calibration (calculation)

After selecting the spectra (C-Set and V-Set spectra), the wavelength range (calibration wavelength)
and the properties (calibration properties), the chemometric parameters (principal components,
scores, residuals,etc) will be calculated.

For the calculation of the PCA the software use only the spectra selected into the C-Set referring to
the calibration wavelength and the choice of the data pretreatments. The spectra of the V-Set will only be
used to prove and judge the calibration

An overview of the calculation can be obtained in the Menubar: View / Overview.

The result of the calibration will depend on the selected humber of primary and secondary principal
components, the first step is to decide on the number of PCs.

The calibration can be optimised manually or using the Calibration Wizard. Here the manual selection
criteria are described.

2.1.9 Primary Principal Components

Primary principal components are the PCs, which are used for reconstruction of the spectra. They
determine the residual value. The more primary PCs used, the smaller the allowed residual of the
calibration.

Recommended graphics for primary PCs selection:

\ X-PRESS function,

[1 Loadings graphic;
[1 Spectra Residuum plots.

Suggested selection: avoid overfitting, do not use too many primary PCs. Link
Primary PCs

Adjust the desired number of primary PCs.
Link: Adjusting Primary PCs
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2.1.10 Secondary Principal Components

The secondary or calibration PCs are used for the separation of the different substances and are
responsible for the tolerance radii calculation. The number of secondary PCs is limited by the
number of primary PCs.

Recommended graphics for the selection:
[1 2-and 3-D Scores plots,
[1 Scores against Spectra and [
Property Box Radii.

These plots are part of the Overview-Plot.

Suggested selection: use just as many secondary PCs as necessary to get a selective calibration. Link:
Secondary PCs

Adjust the desired number of secondary PCs.
Link: Adjusting Secondary PCs

Setting the Radii Formula and Radii Blow up Limit
Calculation of the tolerances can be made with two different formulas and with different blow up limits.

NOTE
It may be necessary to reduce the blow up limit for different chemical substances, when Formula
1 is used in order to increase the sensitivity of the calibration.

Edit the value for Radii Blow Up Limits or Formula.

NOTE
After each new selection a recalculation should be performed again.

2.1.11 Judging the Calibration

In a good calibration, the different properties should appear as a separated and ideally compact
cluster. The proper clusters are visible in the Overview.

For judging the quality of calibration the following criteria are used:

1 Cluster per Property: should be one, so only one cluster for each property:
C Spectra Residuals too big: zero (no residual outlier);
[l  Property Residuum: should be zero which means, that all spectra are in the right cluster;

The 2nd column of the Overview contains important control windows.

[l Q-Value: should be as close to 1 as possible;

[1 Calibration Protocol: show the important adjustments and result of the calibration

\ Prediction Protocol show possible wrong identification for substance spectra not involved in
the calibration

After several calibration optimizations and running the automatic calibration wizard, there will be
several calibrations in the project. Sort the calibrations with a click on the Name or Q-Value.

NOTE
Keep only the best calibration and delete all others.

2.1.12 Save Calibration - Lifecycle

Save the project and the calibrations to the database. Only approved calibrations according to
Lifecycle will be available in the NIRWare Application Designer. See Calibration handling for further
details.
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2.1.13 SIMCA

It is possible to transfer a cluster calibration into several SIMCA calibrations. See Transform Cluster to
SIMCA.

This tool creates for all C-Set properties one SIMCA calibration, the name of the calibration is "SIMCA +
calibrated property name".

2.2 Quantitative

2.2.1 Quantitative Tutorial

Quantitative calibrations are used for the determination of different concentrations or physical
parameters.

For quantitative calibration either the the PCR or PLS method can be used, less useful is the MLR
method.

For detailed explanation see: PCR and PLS

2.2.2 Flow Chart
The flow chart shows how to build a quantitative calibration

Selections: Suggestions :
Calibration Method PCR or PLS (MLR)
R R Rem—— Spectra Selection 2/3 C-Set
[ T T C-Set / V-Set 1/3 V-Set
! [
! ——— e —|- Wavelength Selection Fiber: 4'500 - 10000
! !
| i '
| | Property Selection One by one
! i |
i I gaon
. e s o Initial Calibration
| 1 ! * Prelsslment without Pretreatment
I i :
Y f i
| I - Calculation F5or
i l | Overview
| Loop 3 1 l
i i !
f | : S
/ Chasr‘glzsim . / ! 3 Primary Principal Residual calculation:
3 I Components X-PRESS
) :
| | | |
: ! : L Parameter calculation:
! 1 ! Secngdnary F::::Ipal SecondaryFactor
|  Loop 2 i pon Selection
: 1 E
| Madify Wavelength and !
i Pretretment Selection l
; ? I Recalculation FSor
Qverview
| !
| |
i i
| ! : - SEC,SEP: small (=SD ref. method)
i | i - V-Set Bias => 0
...... e —— Calibration OK? - Regr. coef.: high
NO - Q-Value: high
YES

Store to Database

NIRCal 5.6 Manual, Version B 35



NIRCal 5.6 Software Manual

NOTE
Loop 1 to Loop 3 represent the sequence for optimising a calibration. After each change in the
selection, the calculation and principal component selection should be repeated.

2.2.3 Selecting the Calibration Method

For the quantitative calibration, basically two calculation methods are available:
\ Principal Component Regression (PCR) consists of a Principal Component Analysis (PCA)
with subsequent MLR.
[l PLS Partial Least Squares Regression calculates the PCs with iteration in several steps,
whereas spectral information and property values are considered.

The calculation method can be selected in the Menubar: Calibration / Method / PCR Principal
Component Regression or Calibration / Method / PLS Partial Least Square regression or by clicking the
icon PCR or PLS

2.2.4 Selecting the Calibration and Validation Spectra

Samples of known characteristics, both chemical and physical are used to generate quantitative
calibrations. Ideally 60, but minimum 10 samples for each parameter with different concentration
should cover the calibration range homogeneously. The measured spectra are divided into two sets:

[1  Calibration Spectra: spectra selected for the calibration: C-Set, about 2/3 of all measured
spectra.
Generally, the calibration spectra should contain all “extreme information” to define the limits
of acceptance. The spectra with the highest and lowest property values should always belong
to the C-Set.

[l Validation Spectra: about 1/3 of all measured spectra selected for the validation V-Set. The V-
Set should be spreaded over the whole calibration range, possible equally. Only if a calibration
treats the validation spectra equal to the calibration spectra, the settings are considered as
OK.

NOTE
These two groups of spectra should be:

[l independent from each other; []
no overlapping allowed.

Suggested selection: use the selection in the calibration curve graphic. In case some extreme
samples are in the V-Set, see Loop 3.

Itis possible to leave out spectra from the C- and from the V-Set (e.g. unknown property values), these
spectra are in the Unused Set = U-Set:

C-Set + V-Set + U-Set = All Spectra

The U-Set is visible in the calibration results (see Calibration Protocol), but will not influence the
calibration and validation results e.g. will not be considered for the Q-Value calculation.

Link: Spectra selection

2.2.5 Selecting the Calibration Wavelengths

The exact wavelength / wavenumber range measured is dictated by the instrument type used for the
spectrum measurement. The selected wavelength / wavenumber range depends on the application and
the measuring option used.

NOTE
In general the calibration wavelength / wavenumber range should be as wide as possible.
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Suggested wavenumber range for NIRFlex N-500 with measuring options

[l Solids and Liquids: 4'000-10'000 cm';

[1  Fiber Optics: 4'500-10'000 cm™.

[ Solids with Tablet Accessory: 6'000-11'520 cm™?.
The calibration wavelengths define the spectrum range where the mathematical algorithms is applied.
Suggested selection: use all measured wavenumber in the first calculation, otherwise see Loop 2. Link

Wavelength selection

2.2.6 Selecting the Calibration Properties

The calibration property is the parameter, that is required to determinate in the application. The
mathematical algorithm will be applied for the selected property values

Suggested selection: create separate calibration for each parameter - single property calibrations: only
one quantitative property is selected in each calibration.

NOTE
Quantitative calibration with several properties can not be stored to the Database, because it can not be
used in the application.

Link Calibration property selection

2.2.7 Applying Data Pretreatments

Data pretreatments are used to eliminate non important effects or to enlarge minor effects of the
measurements.

Suggested selection: perform the first calculation without pretreatment, using the spectra as they have
been measured. The first step to optimize the calibration is to add and change the pretreatments.

Link: Pretreatment selection

2.2.8 Performing a calibration (calculation)

After selecting the spectra (C-Set and V-Set spectra), the wavelength range (calibration wavelength) and
the properties (calibration properties), the chemometric parameters (principal components,
scores, residuals, etc) will be calculated.

For the calculation of PCR or PLS, the software uses only the spectra selected into the C-Set referring to
the calibration wavelength and the choice of the data pretreatment’s. The spectra of the V-Set will only be
used to prove and judge the calibration

An overview of the calculation can be obtained in the Menubar: View / Overview.

The result of the calibration will depend on the selected nhumber of primary and secondary principal
components. The first step is to decide on the numbers of PCs.

The calibration can be optimised manually or by using the Calibration Wizard. Here the manual
selection criteria are described.
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2.2.9 Primary Principal Components

Primary principal components are the PCs, which are used for reconstruction of the spectra. They
determine the residual value. The more primary PCs used, the smaller the allowed residual of the
calibration.

Recommended graphics for primary PCs selection:

\ X-PRESS function,

[l Loadings graphic;
[1 Spectra Residuum plots.

Suggested selection: avoid overfitting, do not use too many primary PCs. Link
Primary PCs

Adjust the desired number of primary PCs.
Link: Adjusting Primary PCs

2.2.10 Secondary Principal Components

The secondary or calibration PCs are used for the parameter calculation. The number of secondary PCs
is limited to the number of primary PCs.

The target is the best matching between the original reference values and the predicted NIR values. This
can be seen in the "Predicted Property vs. Original Property" plot and can be judged with
statistical values like:

[ standard errors: SEC / SEP;
[ V-Set Bias;

I regression coefficients;

L' PRESS-values;

These plots are part of the Overview-Plot.

Suggested selection: use the optimal number of secondary PCs, which gives the best result for all
spectra in the C-Set and V-Set.
Link: Secondary PCs

Adjust the desired number of secondary PCs.
Link: Adjusting Secondary PCs

NOTE
After each new selection a recalculation should be performed again.

2.2.11 Judging the Calibration
The target is the best matching between the original reference values and the predicted NIR values.

This can be seen in the calibration curve and can be judged with statistical values like:

Precision SEC/SEP as small as possible (around the standard deviation of the
reference method)

Accuracy V-Set Bias around O

regression r closeto 1l

coefficients

Q-Value closeto 1

Consistency around 100 (80-110)

These values are documented in the Calibration Protocol.
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After several calibration optimizations and running the automatic calibration wizard, there will be
several calibrations in the project. Sort the calibrations with a click on the Name, Q-Value or e.g. SEP.

NOTE
Keep only the best calibration and delete all others.

2.2.12 Save Calibration - Lifecycle

Save the project and the calibrations to the database. Only approved calibrations according to
Lifecycle will be available in the NIRWare Application Designer. See Calibration handling for further
details.

2.2.13 Create a Quantitative Calibration with Cross Validation

The above tutorial is valid for a user selected validation set (VS method).
Itis possible to create a quantitative calibration using the Cross Validation (CV method), in that case all
spectra should be in the C-Set, the V-Set should be empty.
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3 Chemometrics

3.1 Calibration Methods

3.1.1 Principal Component Analysis: PCA

Principal Component Analysis is a mathematical, statistical evaluation of a large amount of
chemical data. In this case the chemical data are the measured NIR spectra.

PCA is made for two reasons:

- to reduces the data amount without loosing necessary information. Noise is truncated by the number of
primary PCs;

- to evaluate the measured spectrum automatically after creating a calibration.

With today's powerful computers, the prime object is no longer the reduction of the data volume.

Today, the main goal of PCA is to find and automatically evaluate characteristics of identity, quality
and quantity in the spectra.

Each spectrum measured with NIRFlex N-500 consists of 1.501 data, which correspond to the
intensity values of the 1.501 support points on the wavenumber scale.

In order to obtain a good calibration, a large number of spectra is needed. For 100 substance spectra,
this already gives us 150.100 data points, which places an enormous computing workload on
computers.

To achieve acceptable computing times, the spectral data are therefore efficiently compressed with
the aid of PCA without loosing any important information. For this purpose, PCA utilises the
redundancy occurring in the spectra. With PCA, so-called principal components are extracted which
are statistically independent from each other and which are therefore orthogonal relative to one
another, yet are still capable of adequately reconstructing the original spectra.

The PCA will always be performed with the calibration spectra set in the selected wavenumber with
the selected pretreatment.

A geometric explanation will serve to visualize the PCA: it is not possible to imagine a space of 1.501
dimensions (selected wavelengths), with each wavelength or wavenumber corresponding to a
dimension. But in this space, a spectrum can be represented as a point. For three dimensions, this can
be shown graphically:

Representation of the spectra as 1 point in
3-dimensional space

2. spectrum Fiz
o I P,
® / ]
®
I
i 2
®
1
02) Ky |45 R
Wavenumber In

In mathematical terms this point is equivalent to a vector with 1.501 components (I11....11501). Several
calibration spectra produce a "cloud" of points - a cluster- in space. For a set of spectra or points in the
1.501-dimensional space, a coordinate's transformation is now performed in a way that the new origin
comes to lie in the mean centre of all the spectra - mean centering - and the new space directions -
principal components - lie along the greatest variance in the spectra.

The new space directions are calculated in such a way that the features with the widest variances -
differences- of all spectra are included in the first space directions and the higher space directions
gradually evolve into noise. Space directions, which contain no any other information than noise, are no
longer taken into account.
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Scores: weighting of the PCs

Any point of the
cluster can be
reached from the
mean by adding or
subtracting a
proportional part of
the PCs

A reduction of the dimensions is performed when the number of PC's (i) is not higher than 1.501.
Through this type of data reduction it is impossible to lose information.

With today's powerful computers, the prime object is no longer the reduction of the data volume.

Today, the main goal of PCA is to find and automatically evaluate characteristics of identity, quality

and quantity in the spectra.
As a result of the PCA, the following is obtained:

Mean spectrum: <I (k)>
Calculated by averaging the intensity values at each wavelength. The centre of the new
coordinate system is shifted to that point: mean centering.

Formula: <1 (K> = [ 14{K} + 12 (k}+ weees IN(K}T / N

Principal Components: Ui (k)
New space directions in the point cluster, which are also called principal components. PCs are

artificial differential spectra.
Each calibration can have i PCs (default is: 15).

The mean spectrum and PCs are always fixed for the calibration.
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Scores: Vin

Weightings of each PC after the pretreated spectrum has been transformed into the cluster. A
score is the portion of a PC used for the reconstruction of the original spectrum. Each
spectrum has different and up to max. i scores.

Residuum: R n (k)

The difference between the pretreated spectrum and the reconstructed spectrum is the
residuum spectrum. When the residuum is summed across the wavelength, a number is
obtained, the Residual.

The scores and the residual are variables for each spectrum.

Leverage
The direct distance of the spectrum from the centre of the coordinate system in the score
place.

Reconstruction of a spectrum

Now, each spectrum can be reconstructed on the basis of a sum through multiplying of scores and
PCs.
Any desired spectrum | n (K) of the calibration set is developed:

max.

I (k)= <[ (% )> % Z v, oU (k)+R (k)

=1

Formula:

For the reconstruction it is now only necessary to save the scores v in and the residual R n of each
individual spectrum, since the mean spectrum and PCs are constant for the entire set of spectrain a
calibration.

The spectrum can also be described as the linear combination of the PCs -U i (k)- and their scores
(mean-centred data matrix).

The following figure shows the reconstruction of a spectrum:

PCA

- Original spectrum Reconstructed spectrum

== Mean spectrum

T W I PC 2
cogan | [|__pey oz
i > !
V1 A VZ
Iy PC 3 I PCn
(only noise)
+0.123 m ¥, » ;087
A
. 1
| Ve v
v n : A
3 Residuum

Mathematically speaking, the Principal Component Analysis is then a breakdown of the spectrum
matrix into 2 smaller matrices. This matrix operation can be represented graphically for, e.g., 15 PC's in
the following way:
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PCA

Original spectra Reconstruction
! I
Wavenumber | 1 ; 1.501 Mean spectr-m:a ] i:o" :;;
100 x 1.501 Matrix + 2

| x

Spectrum No.

t 1
I 1
| 1
==> [15x1.501 PCs
I |
| 1
I 1
O

Pretreatment Wavelength Selection
Scores Residuals

T 4

FIX VARIABLE
For 100 spectra with1501 data points the following data reduction is obtained with 15 PCs:

100 x 1.501 ==> 1.501 + [15x1.501] + [100x 15] + 100
150.100 ==> 1.501 + [22.515] + [1.500] + 100

Example for a Principal Component Analysis:
4 different acetone qualities: without and with 0.3 %; 0.7 % and 1.0 % added water. There are only 3

PCs necessary to reconstruct the spectra. The scores according to PC 1 and PC 2 are repeatable. The
residuum spectra have only noise character.

Example of PCA o6 —

CSet Mean Spectrum L~
B ATAET
Vel o | S
T : I ﬁ"]"*l:ﬁ.."'
Original spectra s e e g .
’ T T — = S s
Proreded Sedia — {| B

Residuum
As a result of the PCA, we obtain those PCs which themselves represent spectra and scores for each
spectrum.
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The scores can be represented in two- or three-dimensional PC plots. Each number represents a
spectrum, v in its score.

Here, the scores of the spectra 1, 2 and 3 of the PCs 1 and 2 are graphically represented. Each
spectrum with "i" PCs will also have "i" scores. The closer together the points in the plot, the "more
similar" the spectra. It is now possible to break down an unknown spectrum with regard to these two
PCs, i.e. to determine the scores. If this spectrum is located, e.g. in the region of 1, it will be identified
as 1.

o~
- 3
W
V19 q 22 Vos
vo1
=
PC1

User-allocated properties of the spectra (e.g. quantity, good/poor quality, identity) do not have any
effect on the Principal Component Analysis.

The Mahalanobis distance

The introduction of Mahalanobis distances means an artificial scaling of the scores with the square
scores sum being normalised. At the same time this leads to a stretching or compression of the PCs,
since the product obtained from the score and PC is not changed.

A new normalisation is performed so that the scores v in of the spectra n will retain roughly the same
magnitude as the PC index increases. Scores are variables without unit that must only be considered
relative to one another.

The purpose behind all this is to make physical or chemical properties which have only slight effects on
the spectral data and which therefore only manifest themselves in higher PCs as visible as those clearly
shown in the spectra.

The scores are normalised as follows:

max.i

Formula:

For this reason, the points in the 2-D plots are evenly distributed, i.e. the scores of all PCs have the same
average magnitude. On the other hand, individual PCs are appropriately reduced or increased. For
further evaluation, only the normalised scores are used.
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Mahalanobis Distance Normalized Scores

& A
gV ] [aN] ® e o
¢
& P e 5 ®
B, TR ® ¢ o
¢
PC 1 PC 1
Standard
thoeet  toaPe2 | Tpcy & pc2
without with Mahalanobis Distance

The Buchi NIRCal software package only works with the normalised distances, the user can not see the
result without it.

3.1.2 Cluster: CLU

Goal: to identify different chemical substances using the PCA and as a result to get a well separated
cluster area in the scores plot for each substance.

The clusters are created according the selected secondary PCs. Secondary PCs are that PCs among
the primary PCs, which shows a clear separation of the substances and the scores are good
repeatable. These secondary PCs are responsible and used for the tolerance radii calculation.

Tools for the selection of secondary PC's:

[ the scores of the spectra will be shown dependent to the PCs: Scores against Spectra. The
scores of all spectra of each substance should be close together, but separated from the
scores of all other substances;

[ the Property Box Radii plot shows the repeatability [(max-min) scores / 2] of the scores for
each property. PCs showing small Property Box Radii values (normally below 0.1) are
important for the calibration;

[1 2 and 3 dimensional score plots: PCs having repeatable scores should be selected.

Determination of the Secondary PCs
Scores Property Box Radii

Booreo Propery Eos Radll
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o

-------------

--------------------

i (l..

2D /3D Scores
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Boorpcuc Boore o Boorpcuc Boore o
AN3pbe .
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Additional tool:

[1 The Score Disorder values show how effectively a particular PC separates different properties
(substances) from each other. By scanning the score values in one direction of a PC and
counting the changes between the membership of A or B the disorder value is achieved. If a
PC completely separates all calibration properties, the disorder values is the [number of
calibration properties - 1]. PCs with small disorder values are possible calibration PCs.

The selected number of secondary PCs should be adjusted and the calibration should be recalculated.
Link: Secondary PCs

The tolerance ring radii are determined according to the secondary PCs.

For this calculation the smallest possible rectangle (rectangle in 2D, a cuboid in 3D, an n-
dimensional cuboid in n-dimensions) constructed around each C-Set. The sides of the rectangles (a
and b) are parallel to the axis of the PCs. The distance from the center to the side of the smallest
possible rectangle is a measure of the extension of the C-Set, this is the so called “Property Box
Radii’. A ‘virtual rectangle’ is created 5 times greater than the rectangle around the C-Set.

Calculation of the Tolerance Radii

2

PC 2

T
Sa a@/

b
55

PC 1

The following distances will be calculated:
\ R1 smallest distance between a spectrum (substance B) to the closest spectrum of a different
property (substance A).
[l R2 smallest distance between a spectrum (substance B) to the side of its virtual rectangle. []
R3 smallest distance between a spectrum (substance B) to the closest spectrum of its own
property (substance B).
[1 R4 mean value out of all R3 distances of the same property.

With these distances it is possible to calculate tolerance circles with a radius r for every calibration
spectra by using Formula 1, 2 or 3.

Formula 1:
Min. of r=R1/2*f
or r=(R1+R2)/4 * f

The smaller of the two possible values for the radius “r” is used. The default setting for the Radii Blow Up
factor "f" is 1.

Depending on the extension of the cluster (R2) and the distance between the two closest clusters

(R1), the circles are closer or further away from each other. With a Radii Blow Up of 1 two circles can just
touch each other but do not overlap.

For chemically different substances the Radii Blow up (f) may be reduced (0< f <1) in order to
increase the sensitivity of the calibration.

NOTE: It is not suggested to have a Radii Blow up (f) higher than 1: it can cause overlapping rings!
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Formula 2
If generally small tolerances are required, Formula 2 can be used:

min. of r=R1*0.499 (0.499: to avoid overlapping)
or r=R3* Pre Blow Up * f
or r = R4*0.5*Pre Blow Up * f

The smallest of the three possible values for the radius “r’ is used.

The pre Blow Up factor is 5, this is an empirically evaluated value. The default Radii Blow Up f =1,
this value can be adapted by the user. In general it should be increased to get connected spheres.

Formula 3
It is used only for SIMCA calibration, where only one substance is calculated (there is no R1).

Min.of r=R2*0.5
or r=R3* Pre Blow Up * f
or r=R4*0.5* Pre Blow Up * f

The smallest of the three possible values for the radius “r’ is used.

The tolerance circles can now be plotted for all calibration spectra:

Calibration Spectra with Tolerance Range

PC 2

PC 1

These tolerance ranges will show if the sum of the radii of one property generates only one cluster:
cluster / property should be one. In this case the number of the secondary PC selection is OK. If more
than one cluster is generated, the number of the secondary PCs is not optimal or other calculation (e.g.
pretreatment) should be tried.

Assessing the calibration

Cluster per Property

The Cluster per Property plot shows if all tolerance circles build one connected cluster for each
property.

Here only a value of 1 is acceptable.

All spectra in the C- and V-Set should be identified correctly

The identification is made according to the distance in the scores plot and residual:
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Distance

The distance to the next calibration spectra should be smaller, than the tolerance ring radius of the
neighboring calibration spectrum. In this case the distance criterion is OK, the spectrum is in a
cluster.

Evaluation of a Measured Spectrum-3

Spectrum is not identified
Distances is out of tolerance

3

PC2

PC 1

Property Residuum zero means, all spectra are in the correct cluster.

Here only a value of 0 is acceptable.

Property Residuum +1 means, that a spectrum is outside the cluster: it is not identified.
Property Residuum -1 means, that a spectrum is in a wrong cluster: it is false identified.

Residual

The [(maximum residual of a C-Set) * 2] is the max. allowed residual for the calibration and later for the
application.
The default residual Blow up factor is 2, it may be changed by the user (it is not suggested to use

smaller values as 1).
Spectra Residual too big should be for all spectra zero.

These three criteria are showed in the Overview plot in the 2nd column.

3.1.3 SIMCA

SIMCA is a calibration method used for identification of substances. Using SIMCA a Principal
Component Analysis (PCA) is made for each substance/property in the project, but each calibration is
made for only one substance.

Cluster calibrations can be transformed to several SIMCA calibrations. See Transform Cluster to
SIMCA.

This tool creates for all C-Set properties one SIMCA calibration, the name of the calibration is "SIMCA +
calibrated property name".

All SIMCA calibrations take over the following default parameters:

the spectra C-Set and V-Set selection of the last active cluster calibration;

the wavelength selection from the selection of the last active cluster calibration;
pretreatments of the last active cluster calibration;

the "Mean centering after Pretreatments” is still switched on;

represent the mean value spectrum;

OO0 LD O
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NOTE

Switching the "Mean centering after Pretreatment” OFF, the first principal component represent
almost the mean value spectrum. This is suggested for only one property in the calibration, which is
always the case for SIMCA. SIMCA can also be created without a transformation from a cluster
calibration.

[1 the number of primary principal components is selected with the "Factor Selection Wizard";
_ the number of secondary principal components is selected also with the "Factor Selection
Wizard" according the Q-Value.

3.1.4 Transform Cluster to SIMCA

An active Cluster Calibration can be transformed to SIMCA by changing the calibration method to
SIMCA. Before the wizard starts with the calculation the following pop-up window appears:

x|
g‘) Trarsform the actual Cluster calbration into multiple SIMCA calbrations ?

Yes: create a SIMCA model per property,
(the actual Cluster caibration wil not be modified by this operation)
No: change the active Cluster calbration method to SIMCA,

Yes No Cancel
Yes Transform the actual Cluster Calibration into multiple SIMCA Calibration using
default SIMCA Parameters. The existing Cluster Calibration will not be modified.
No Change only to SIMCA method without any calculation.

Cancel Cancel the transformation and keep the current method.

For each C-Set Property of the Cluster Calibration a separate SIMCA Calibration is created.

ﬁ NIR-Explorer: qualitative samples.nir
—_

3 Project ' | Name Method | Pretreatments | Logi
: i;l Instruments i1 0.992699, 3 Acids, 1-2/2, 4392-9996, ds2  Cluster  ds2 kelo
-] Spectra {2 SIMCA 100010_Citric Acid SIMCA  none eist
"] Properties £4{3  SIMCA 100020_Ascorbic Acid SIMCA  none gist
B4 Calbrations i4 SIMCA 100030_Tartaric Acid SIMCA  none sisr

14 0.992699, 3 Acids, 1-2/2, 4392-9996, ds2
-4 SIMCA 100010_Citric Acid
{4 SIMCA 100020_ascorbic Acid
9§ SIMCA 100030_Tartaric Acid
M Journal
(-] Matrices
Hereby the SIMCA default parameters are used and calculated. An automatic estimation of primary and
secondary PCs is made.
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The Overview plot is automatically opened after the SIMCA calculation is finished. Each calibration

has the name:

[1 SIMCA + substance name (property name) selected for the calibration.

[ pretreated spectra (20) EROMIM = B3] | ™ Scores (20) | Scores vs. Scores (2 =lolx|
Pretreated Spectra P 1 2
od a2 Csix |1 ~| PCsiyi{2 +|
! Scores vz, Scores
- S - % 4
% o ‘ .
‘ ! i
g amf ---- ~~~~~~~~~~~~~~~~~~~ o - o s
2 5 4 ;
: "L
oD = - ~='..- . ? i . .
™ Spectra Residuals |7 NIR-Explorer: FromD - (0] x|
Spectra Residuals = Project allna
2am A%y — Irstruments @
ey -] Spectra 5
o S Sl il Ly iz Pl i" T A [+ ) Properties &
! 1 < ] B | =] “Zy Calbrations P
ez ' } ol & g Master @
3 1 ! 2
e ¥ ] : gl FLUKAS &
MY =y [+ ¥ SIMCA Oxalic aad &
A : m Al SIMCAK-POd dbssic  w|| o=
g ES & = e R S «| | » Jn 7

The Overview plot contains the following plots:

Plot name Description
1 | Pretreated using the same pretreatment, as the cluster calibration
Spectra
2 | scores scores against the PCs for each spectra in the project
against PCs
3 | scoresvs. in this score plot the calibrated substance is around the center (Mean
scores Centering distance is calculated for only the C-set spectra), each other
spectra, which are not in the calibration, have normally huge score values
4 | spectra the residuals of the calibrated substance spectra are normally smaller, as
residual each other substance residuals
5 | residuals vs. the so-called Coomans plot shows the residuals against the leverages
leverages (leverage is the direct distance of a spectrum in the score plot from the
centrum)
6 | NIR-Explorer

For a SIMCA calibration the limits are also called:
[1 Residual : outer model distance;
[J Leverage : inner model distance.
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PC (Factor) Selection Wizard

™ Factor Selection Wizard V3.1

estimated actual
MNumber of primary PCs |4 8

Secondary PC Selection |1 -2 1-2. Cancel I

MNate : start with a high number of primary PCs to use the estimation once.

Test Details
Test 1.5 : C-3et X-PRE3SS Slope Ratio (Highest>Z) test : 4
Test 2.2 : Q-Value (V5S) maxima (limited) test : 2

Primary PC selection:
Test 1.5 : C-Set X-PRESS Slope Ratio Highest test

w(i+1) = (y() - y(i+1) ) / (y(i+1) - y(i+2) )
Limit =2
PC i for highest i where w(i) > Limit Precise

Secondary PC selection:
Test 2.2 : Q-Value maxima (limited) test

PC i for Max ( QValue(i) ) | < NumPrimaryPCs

NIRCal calculates the allowed residual using the primary principal components for reconstruction.

Default parameter for residual
Residual Blow Up = 2.5

Allowed residual for calibration is 2.5 x max. C-Set Residual.
For each C-Set spectrum NIRCal creates a tolerance sphere using the Formula 3 for radii calculation
according to the Mahalanobis distances with the secondary PCs. This calibration sphere "inner"
space defines the area for a substance.
Default parameters for scores and radii:

Scores Blow Up = 1.05

\ Radii Formula = 3

Radii Blow Up = 2.5

SIMCA Q-Value

The Q-Value for SIMCA calibrations can not take into account the "Property Interference" value,
because there is only one cluster type in each calibration. This value is always Zero. This causes a
slightly higher Q-Value against the Cluster calibrations, in case no outliers are in the SIMCA
calibration.

SIMCA Method Validation

SIMCA allows that the principal component spaces cover each other or can partially overlap
another spaces. To check possible overlapping the "Prediction Protocols" can be used, as it is also
suggested for the Cluster calibrations.

The number “Total not identified, Cluster BAD (&)” and ,Total not identified, Cluster OK (%)“ can
indicate the correct adjustment of the Blow up (Radii and Residual).

SIMCA tolerance spheres normally lie close to the PC center, other spectra can lie also here, which
causes losts of "Total not identified, Cluster BAD (&)" cases. This can be reduced by reducing the
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Radii Blow Up limit.
The number of "Total not identified, Cluster OK (%)" can be reduced by reducing the number of
primary PCs or by increasing the Residual Blow Up limit.

Using SIMCA in application

For the identification of an unknown substance the residual should be below the allowed limit and the
unknown spectrum distance should be smaller as the allowed tolerance sphere to the nearest known
calibration spectrum (inside the "inner space").

In the application mode there are 2 answers possible:

Result Residual Distance
Identified OK OK

Not identified not OK not OK
Not identified not OK OK

Not identified OK not OK

3.1.5 Multiple Linear Regression: MLR

Multiple Linear Regression is an extension of the linear regression to several dimensions.
The analysis is based on a few selected wavelengths and does not require any PCA calculation. In

this procedure, the properties are calculated through intensity values and correlation coefficients, e.g. it is
valid for two selected wavelengths (I: and 12).

MLR: Multiple Linear Regression

12 |
10

S & +

. g 44 ’}‘ )}4 }I‘.

o a2
g |
2 S 0|

True Concentration
a35 605 625 645 655
wavelength Calibration curve

MLR: Prop.za+b .IT,+b,.1,

Where:

Prop property of the ,n“th Spectrum

a intercept

b1 correlation coefficient of the first wavelength
I intensity at the selected (first) wavelength

Note: I: and |- must describe independent characteristics. Select at least 3 wavelengths.

Because with MLR only few wavenumber (min. 3) are used and the rest of the measured 1501 (in
case of NIRFlex N-500) are automatically discarded, this simple method is not suggested to use.

The residual cannot be used for outlier detection during the application because of the extreme
wavelength reduction.

This method is only suggested for filter instruments. For Interferometers (full wavelength range) it is
suggested to use PCR or PLS.
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3.1.6 Principal Component Regression: PCR

Principal Component Analysis (PCA) with subsequent MLR is called Principal Component Regression
(PCR). As a first step, the principal components and scores are calculated with PCA. The second step
is a multiple linear regression MLR using the scores and property values (concentrations).

Since the calculation of the principal components is performed with the spectral data - independently
of the subsequent regression calculation for the correlation of the quantitative values - any number of
parameters can be simultaneously included in a PCR calibration. This also means that the relevant

PCs for the determination of the property are not necessarily the ones describing the biggest spectral
variations.

PCR: Principal Component Regression
1.PCA ST

e |
e ||| .
T T LA RS AR B m
2.MLR =

g

Seores S M”

- z
: q :LpE

Concentration s Z M

True Concertration

BLR: p’”’. :ﬂ'f'bznvi'szayz'f’.. Calkbration curve

3.1.7 Partial Least Squares Regression: PLS

Partial Least Squares Regression (PLS) calculates the PC's with iteration in several steps, with
spectral information and property values being taken into account simultaneously.

This calculation method is more up to date than the PCR. Based on the principle of recursion, PC's and
scores are also calculated as with PCR, but the quantitative reference values are included in the
calculation from the beginning.

PLS: Partial Least Square

:Pretrleatee!Spet.:tra e W\
| o F
E g {“}4’{*
o 1t
” 3 %“Fﬁ
Concentration | | D

Calibration curve

Each of the calculated PC's in the PLS procedure contains information about the original property
values (true concentration) of the samples, with the first PCs (unlike PCR) always showing the highest
correlation.
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If two parameters are not systematically correlated, the mathematical approximation of the spectra via
PLS can never be performed for both parameters when each parameter is calibrated using its own
PLS. For this reason, it is recommended to calculate properties which are not systematically correlated
(e.g. ethanol and acetone contents in any given solvent mixture) in separate calibrations.

Therefore, whereas PCR reduces spectral data to the most dominate dimensions, the PLS aims at the
most relevant dimensions (relevant here means: best match between predicted and original values).
With PLS, the PC's are calculated exactly in relation to the highest correlation in the first PC.

3.2 Calibration Validation Methods

3.2.1 Validation Set (VS)

C-Set and V-Set

C-Set (Calibration Set).

From all spectra within a project only the spectra which are in the C-Set are used for the calculation of the
calibration.

V-Set (Validation Set).
From all spectra within a project only the spectra which are in the V-Set are used for an internal
validation of the calibration.

Normally for VS mode 2/3 of the spectra are selected as C-Set and 1/3 are in the V-Set. This can be
done with Toolbox “Set Creation”.

3.2.2 Cross Validation (CV)

Cross Validation Method

Instead of dividing the samples into two groups, a calibration set and a validation set, all samples are
used for calibration in CV mode. Several calibration runs are performed with all samples except a
small group with which the actual calibration is tested. This group is changed for all trial runs. The
validation results of all the runs are stored and lead to a standard error of the cross validation (SECV)
which compares well with the standard error of predictions (SEP) obtained in VS-mode.

In case each CV group consists of only one sample (one leave out) the method is called full cross
validation. This is the default setting for CV-grouping in NIRCal.

Cross validation is recommended for calibrations based on a small amount of samples. If this number is
larger than 50, NIRCal suggests to use a validation set instead (this comment can be suppressed; see
NIRCal Configuration Edit / Options / Calibration Defaults).

NOTE
All spectra of one sample must be assigned to the same CV-group.

NOTE
For CV mode all spectra should be assigned to the C-Set.

Limitations:

[1  Cross validation is available for PCR and PLS only

[1 Cross validation requires at least 4 spectra in the C-Set

[1  For cross validation at least 2 CV groups have to be assigned
Cross validation will delete the V-Set assignment
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Cross Validation Grouping
Menu: Calibration \ Change Data Sets \ Edit CV Groups...

Icon: Lﬁ‘

In order to define the cross validation groups, the CV Group selector is opened.

Method

l Random L‘

DK

Cancel

| ~|
I__
I__

Apply

Mumber of Groups

Spectra per Group

# Group Size Spectra v short form
1 Random Group 1 2 11,16.

2 Random Group 2 2 13,15.

3 Random Group 3 2 2,9.

4 Random Group 4 2 10,12.

5 Random Group 5 2 g8,19.

6 Random Group 6 1 17

7 Random Group 7 2 7,14.

8 Random Group § 2 3,18.

9 Random Group 9 2 1,4.

10 Random Group 10 2 5-6.

List to Clipboard Highlight Group Plot Group Help

The various possibilities for selections are summarized in the following table.

Methods

One leave out Each spectrum represents a group. Full cross validation

Alternate The spectra are grouped to different groups one after the other.
Number of Groups and Spectra per Groups can be varied, they have an
interdependency.

Sequence Consecutive spectra are grouped to the same group.
Number of Groups and Spectra per Groups can be varied, they have an
interdependency.

Random Spectra are grouped randomly. The groups are filled to the maximal amount
of Spectra per Group.

Property For the selected Property the range (min - max value) grouped into

Segments segments. An empty segment will not build a group.

Property Equal All spectra with the identical property value are grouped. The property values
are compared over all properties.

Spectra Name All spectra with the same spectra name are grouped. The characters to
compare can be defined with Start at Character and Number of
Characters.

Spectra Name Number of Characters is appraised incrementally until the spectra can be

(autom.) grouped to more than one group.
Start at Character is always 1.
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Custom assign
Group to Spectra

This is the default method when the CV Group Selector is started . In this
mode it is possible to display a plot (Group Plot) and/or a table (Group
Table) with the CV Group Index

Buttons / Selections

Method

Select a method from the drop-down list.

Group Table Display table: CV Group Index.
Enabled only for the method: Custom assign Group to Spectra
Group Plot Display plot: CV Group Index.
Enabled only for the method: Custom assigh Group to Spectra
OK OK
Cancel Cancel
Number of
Groups
Spectra per
Group

Start at Character

Used for Spectra Name

Default is 1, the character comparison starts at the first character. (e.g. Start at
Character=10 then all Spectra names that are shorter than 10 characters like
"Name xy","Batch01","1" are grouped into 1 group.

Property

Number of

Segment

Number of Used for Spectra Name

Characters Default is 500 characters, up to 500 characters are compared.
Short form Enabled : e.g. 1-5

Disabled: e.g. 1,2,3,4,5

List to Clipboard

The group list is copied to the clipboard.

Highlight Group

All spectra of a group are highlighted red in NIRCal-plots.

Plot Group

Select a group and plot

After creating or changing the groups, the CV calculation should be performed again.

CV Methods

One leave out (FCV)

Each spectrum represents a group: Full Cross Validation.
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Alternate

The spectra are grouped successively by increasing number (1st spectrum to the 1st group, 2nd
spectrum to the 2nd group, etc.).

Method

I Alternate

MNumber of Groups

Spectra per Group

oK

=

Cancel

—

Apply

BTl

# Group Size Spectra [V shortform
1 Alternate Group 1 2 d L9 i R

2 Alternate Group 2 2 2. 12,

3 Alternate Group 3 2 3513

4 Alternate Group 4 2 4,14,

5 Alternate Group 5 2 5,15.

6 Alternate Group 6 2 6,16.

7 Alternate Group 7 2 7,17,

8 Alternate Group 8 2 g,18.

9 Alternate Group 9 2 9,19.

10 Alternate Group 10 1 10

List to Clipboard Highlight Group Plot Group Help

The number of Groups or the number of Spectra per Groups can be changed by clicking on the + or -
symbols.

Number of Groups

Spectra per Group

2
E

The number of Groups and Spectra per Groups are depending on each other.
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Sequence

The spectra are grouped with consecutive number (1st to 3rd spectra to the 1st group, 4th to 6th

spectra to the 2nd group, etc.).

Method

I Sequence

MNumber of Groups

Spectra per Group

oK

Cancel

Chemometrics

# Group Size Spectra [V ishort form
1 Secuence Group 1 2 1-2.

2 Secquence Group 2 2 3-4.

3 Secquence Group 3 2 5-6.

4 Secquence Group 4 2 7-8.

5 Sequence Group 5 2 9-10.

6 Secquence Group 6 2 11-12

7 Sequence Group 7 2 13-14.

8 Secquence Group 8§ 2 15-16

g Secuence Group 9 2 17-18

10 Secuence Group 10 1 19

List to Clipboard Highlight Group Plot Group Help

The number of Groups or the number of Spectra per Groups can be changed clicking on the + or -
symbols.

Number of Groups I27 *
E

Spectra per Group

The number of Groups and Spectra per Groups are depending on each other.
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Random
The spectra are grouped randomly.

Method -

I Random _V_]

Number of Groups 15 X b tB0F
Spectra per Group 14 -1 Number of Segme

Cancel

BTl

Apply
# Group Size Spectra [V shortform
1 Random Group 1 4 6,8,10-11.
2 Random Group 2 4 3-4,13-14.
3 Random Group 3 4 1-2,7,15.
4 Random Group 4 4 5,9,16-17.
5 Random Group 5 3 12,18-19.
List to Clipboard I Highlight Group | Plot Group Help

The number of Groups or the number of Spectra per Groups can be changed clicking on the + or -
symbols.

Number of Groups I27 +
Spectra per Group I3
The number of Groups and Spectra per Groups are depending on each other.

The smallest number of Group is 2.
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Property Segments
Method
0K
Property Segments |4
Property Segments Cancel

Ii
I' Number of Segments |2D

# Group Size Spectra [V shortform

i Property Acteone vapore pre: _vJ

1l Segl(0.0 To 15.0) 3 1,18-19.

2  Seg4(45.0 To 60.0) 3 15-17.

3 Seg?(90.0 To 105.0) 3 l2-14.

4  Segll(l50.0 To 165.0) 1 11

5  B5egld(l95.0 To 210.0) 3 8-10.

6  Segl7(240.0 To 255.0) 3 5-7.

7 Sega0(285.0 To 300.0) 3 2-4.

List toQIipboardl Highlight Group Plot Group Help

For the selected property the min.-max. value range will be divided into Number of Segments (default: 20)
Each spectrum, which has the value belonging to a segment, builds a group.

Segments without property value are empty (here e.g. concentration range from 5 till 10 %).

The cross validation calculates the groups for the selected property. Only one property must be
selected.
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Property Equal
Spectra with the same property value (concentration) selected for a group.

Each property is taken into account.

i~ Method -

W Property Equal v ', ;
[ aroup Flot
Number of Groups | i Property I_ aADOTe pre:
ki - Number.of 5ec 20
Num of Ct

‘:,r:'u;‘ tra per laroun 1MEnts
JpECla per aioul I IMents
tartat Character | per of Ch

aracters

o1

# Group Size Spectra [V shoitform
1 0 3 1,18-19.
2 300 3 2-4.
3 250 3 5-7.
4 200 3 8-10.
5 150 1 11
6 100 3 12-14.
7 50 3 15-17.
List to Clipboard Highlight Group Plot Group Help
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Spectra Name
Spectra with the same name are selected for a group.

The comparison will start from the 1st character (default), but it can be changed by the user.

The length of spectra name can be limited by: Number of Characters. Default: 500.

-~ Method -
0K
Spectra Name v ; T
Start at Character I1 MNumber of Characters ISUU
Apply
# Group Size Spectra v shortform
1 Luftspektrun 1 1
2 Aceton 300 mbar 3 2-4.
3 Aceton 250 mbar 3 5-7.
4 Aceton 200 mbar 3 8-10.
5 Aceton 150 mbar 1 11
6 Aceton 100 mbar 3 12-14.
7 Aceton 50 mbar 3 15-17.
8 Aceton 0 mbar 2 18-19.
List to Clipboard Highlight Group Plot Group Help
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Spectra Name (autom)
Spectra with the same name are selected for a group.

The comparison will start always from the 1st character.
The length of spectra name will automatically be determined.

- Method -
oK

Cancel

Spectra Name [autom. ] v

=

—
—

T

Apply

# Group Size Spectra IV shortform
1 Aceton 300 mbar 3 1-3.

2 Aceton 250 mbar 6 4-9,

3 Aceton 150 mbar 4 10-13.

4 Aceton 50 mbar 3 14-16.

5 Aceton 0 mbar 2 17-18.

List to Clipboard Highlight Group Plot Group Help
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Custom assign Group to Spectra

~ Method - =
Group Table 0K

ICustom assigh Group to Spectra v Group Plot o

—
—

#  Group Size Spectra [V shortform

1 1 3 1-3.
2 2 3 4-6.
3 3 4 7-10.
4 4 3 11-13.
5 5 3 14-16.
6 6 2 17-18.
List to Clipboard Highlight Group Plot Group Help

For custom-defined grouping, open the Matrix CV Group Index with the button "Group Table".
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fﬁ; File Edit View Workspace Project Calibration Wizard Tables Graphics Modules Window Help . | &
x
CV Group Index £
. All One
. All Spectra
Spectra
1 . D (#)-Glucose Anhydr. SCMS 37027048 1
2 . D (+)-Glucose Anhydr. SCMS 87027048 2
3 l D (+)-Glucose Anhydr. SCMS 87027048 3
: ID {+)-Glucose Anhydr. SCMS 9710T058| :
5 D (+)-Glucose Anhydr. SCMS 87107058 5
6 l D (#+)-Glucose Anhydr. SCMS 3710T058 6
7 . D (+)-Glucose Anhydr. SCMS 38037008 7
3 l D (+)-Glucose Anhydr. SCMS 38037008 8
9 . D (#)-Glucose Anhydr. SCMS 38037009 9
10 . D (+)-Glucose Anhydr. SCMS 38067057 10
1 . D (+)-Glucose Anhydr. SCMS 38067057 1
12 . D (+)-Glucose Anhydr. SCMS 3806T057 12
13 . D (+)-Glucose Anhydr. SCMS 38117073 13
12 l D (#+)-Glucose Anhydr. SCMS 88117073 14
15 . D (#)-Glucose Anhydr. SCMS 38117073 15
16 . D (+)-Glucose Anhydr. SCMS-8702T048 16
17 l D (+)-Glucose Anhydr. SCMS-3702T048 17
13 . D (+)-Glucose Anhydr. SCMS-8702T048 13
19 . D (+)-Glucose Anhydr. SCMS-8710T058 19 Ll
Ready BUCHI

Group Index numbers define to which group a spectrum is assigned.

There are 4 different types of selection possible:

Group name In C-Set In CV-Group (CV Group
Index > 0)

Unused Spectra No No

CV-unused Group No Yes

CV-permanent C-Set Yes No

CV-mutable V-Set Yes Yes

Spectra with Group Index zero and not selected in the C-Set: unused spectra.

Spectra with Group Index higher than 0O, but the spectra are not selected in the C-Set build the
CVunused Group.

Advantage of this group: outliers, which belong to a spectra group, can be removed from the C-Set
without making a new spectra group. In case the spectra should be removed from this group, the
Group Index should be edited to zero.

Spectra with Group Index zero and selected in the C-Set: CV-permanent C-Set. These spectra will
never be left out from the calibration, for each calculation they will be used within the C-Set.
Advantage of this group: spectra with extreme values (min., max.) can be permanently kept in the C-
Set, which is highly recommended.

Spectra with Group Index higher than 0 and selected in the C-Set: CV-mutable V-Set. These spectra
are removed once out of the C-Set and used as V-Set during the CV cycles. These spectra are listed
in the calibration protocol with their Group humber/Group Index and the spectra belonging to each

group.
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CV Plots

It is possible to show the result of each calibration step (e.g. CV Predicted Property) and also the
result of the final calibration (e.g. Predicted Property).

The Overview contains the following plots:

Fs Pretreated Spectra (2D) Sti B (=] E4|| = cv property Residi -0 x| Property | =lolx|
& S % w S % w
Pretreated Spectra Propertiesixy) | Saccherose Propertesixy] [ Saccharcse % v |
— Al Snef'w CV Property Residuum vs. Original Property |Predicted Property vs. Original Property
008 Calibration Spectra 100 Calibration Spectra
- ‘ - - . :
' ,/
004}- R 2 cmedeeeemeadeeaas /
s § ! # e RAa=:
Som 1 : g Vs
by 2 . i 8 o s
£, ol g P o S £ S St § /-
g £ PY e T @ G //
§Ao 02 é 1 : - g S
3 g 5 v
004 g 2 ] % ,//
s ' R :
10000 9000 8000 7000 000 5000 4000 g o 20 %0 ) €0 100 E 0 20 0 ) 0 100
Wavelengths ] Orignal Property Saccharose % Origna Property Saccharose %
™ CV Regression Coel (=] E3|| = cv secv (20) suga =10l x| Sugar =10/ x|
CV Regression Coefficients[1] CV SECV = Project Name
A¥Shect Albeopsi (3 Instruments @ Al PCs
— = e . || @ spectra o User PCs
17i 0y TSR PRRPSe | SO S S @ (2] Properties # Calioraton PCs
1 i : ‘ i ||= & calbrations
- 155 : \ s =-®{ urnamed
= | ! ; \ ' ! ! %7 Journd
& ! @ [ Matrices
. E 154 ; M ; |
g i z | ~ i E
5 " . . T .
B { ! |
EAloo ! ' \ A
13‘5 s \\ /,/ |
4150 ] - !
10000 9000 8000 7000 6000 S000 4000 1 2 3 4 3 6
Wavelengths PCs 4 | I _)J

[1] The 1st C-Set property is chosen automatically for the plots.

Pretreated Spectra:
it is suggested to start the first calibration without pretreatment, but try later some
pretreatments and combinations.

CV Property Residuum vs. Original Property:

property residuum = original property -predicted property. This plot shows for each sample
group the property residuum for the calibration, which had this group in the V-Set during the
CV. A small CV Property Residuum and a regression coefficient between original property and
predicted property residuum close to 0 shows a stable calibration. Spectra with big deviations
are possible outliers and removing them from the C-Set can improve the calibration.

Predicted Property vs. Original Property:
This plot shows the result of the final calibration for the spectra which are in the calibration set
(unused spectra are not visible per default: it can be changed by the user under Visibility).

CV Regression Coefficients [1] (called the property spectra in NIRCal 4.21)

Shows the coefficients of the linear relationship between the NIR amplitudes (of the pretreated
spectra) and the selected C-property.

[1] refers to the 1st C-property. In general for each application only one C-Set property is

allowed, so for each property a separate calibration is necessary (NIRCal could handle more,
but NIRWare is designed for only one property / calibration for quantitative measurements).

CV SECV,; see further details under Matrix CV SECV.
In general the first local minimum of CV SECYV for the secondary PC selection will be taken, in
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case several minimum SECV exist. Use the Factor Selection Wizard. The selected number of

secondary PCs will be red.

Beside these plots there are several other plots to choose outlier spectra or to make a better view of

ks

the results. The plots under

has the following plots:

Property Reslauum

All Properties

p——

Residuals vs. Leverages

All Spaectra
s

[ ——
"

000020

A
000028 -~
© ‘
030025 {acy

@
0%0024

0000224 ---5-----

vs. Spectra

Al Spectra

s 10 15 20 25 14
Spectra
Spectra Residuum

CV Spectra Residuals vs. CV Leverages

Calibration Spectra
e et :
B

0.00055 {"

000050
(0045 -~
B

g -
aBoodo --- "¢+

000035¢ - -

.
.
000030

04 0B 08

CV Leverage

Qamisien Spes

CV Leverages vs. Leverages
jecrs

o Ly weaee

ot 0z 03

s NIR-Explorer: - ol x|
3 Project Name

2 Instruments @ Al PCs
4. ) Spectra W Jser PCs
% () Properties o Calbration PCs
=13 Caiibrations

w *{ unnamed

¥ Journal
+ ) Matrices
T

The property residuum of each spectra showed with the final calibration.

The final calibration result with the used primary PCs are showed for the calibration spectra.

The spectra residual with the final calibration against the residuals with the CV calculation
results are compared. Big difference shows, which spectra groups can be outliers.

= pretreated spectrum-reconstructed spectrum. The residuum of the final calibration is shown.

10000 9000 @000 7000 6000 5000 4000
Wavelengths
[1  Property Residuum:
[l Spectra Residuals vs. Leverages:
[1 CV Spectra Residuals vs. Spectra Residuals:
[l Spectra Residuum:
[l CV Leverages vs. Leverages:

The leverages for the final calibration against the CV leverages are ploted.

[1 CV Spectra Residuals vs. CV Leverages:
Large residuals together with large leverage (points in the upper right square) are typical for

possible outliers.
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Chemometrics

3.3.1 Calibration Method Selection

Menu:
Icon:

R . .
for Principal Component Regression /

Calibration / Method / ...

for Partial Least Squares / for

Multiple Linear Regression

oLy o
for Cluster / for SIMCA
@ NIRCal - [NIR-Explorer: FromDB_Sugar-Petril] ™ _IDlﬂ
@ File Edit View ‘Workspace Project | Calibration Wizard Tables Graphics Modules ‘Window Help 18| x|

S Project

«(] Instruments
-] Spectra

~ [ Properties

New ]
92F1-DA7CECI110AF}

]

@
& &} Calibration Wizard...
(X (¥ Default Parameter..

SR FCalibrations & L
B Y= J.°umal = Yalidation Method » PLS Partial Least Squares Regression
[#-[_] Matrices =
L Parameter » MR Multiple Linear Rearession
T
Pretreatments >
@ . oLy Cluster
C Data Set: »
ange Data Sets S sca
]E Calibration Protocol Calculate
Calibration Protocol Show Fg
Prediction Protocol >
Outlier Detection »
@& @-Yalue Protacol
Update F5
Calculate all Shift+FS
Lifecycle »
(pbohy
@ NIRCal - [NIR-Explorer: FromDB_Sugar-Petril] 7 = |D|ﬂ
File Edit View Workspace Project Calibration Wizard Tables Graphics Modules Window Help -8 x]
'_a Project #' l MName | Method l Pretreatments l Creator Login
[ Instruments #41 Saccharose  PCR none Administrator
L;I Spectra ®{2 Lactose PLS db1 Administrator
[#-(_] Properties
=43 Calibrations
‘24 saccharose
@ Lactose
M Journal
-] Matrices
= J | ol
Ready foush)
Example: For the calibration of Saccharose the method PCR is selected and for the calibration of
Lactose PLS is chosen.
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3.3.2 Validation Method Selection
Menu: Calibration / Validation Method / ...

Icon:
for Validation Set

cV S
for Cross Validation

The default method is VS (Validation Set). For quantitative calibrations CV (Cross Validation) is

available.
@ NIRCal - [NIR-Explorer: FromDB_Sugar-Petril] ] 10} x|
{Gd Fle Edit View Workspace Project | Calibration Wizard Tables Graphics Modules Window Help =8| x|
3 Project | . New |
(2 Instruments & L92F 1-DA7CECO1 104F}
[ Spectra & & Calibration Wizard. ..
- Properties (£ 14 Default Parameter..
BE} Calibrations & = ;
. #. Sugar i Methad »
M Journal
e i 3 Validation Methot
0 Matrices g alidation Method
é Parameter » ¢y Cross Validation
3
& Pretreatments 2
Change Data Sets »
%] Calibration Protocol Calculate
Calibration Pratocol Show F&
Prediction Protocol 4
Qutlier Detection 4
& Q-ValueProtocal
Update FS
Calculate all Shift+FS
Lifecycle »
Yalidation Method : Yalidation Set (¥S) CBuuHl 4

3.3.3 Data Sets

Data sets are permanent selections that are stored and loaded with the project.

Spectra Data Set
Wavelength Data Set
Properties Data Set
PC Data Set

I B

In case one of the above data set is left empty by the user the software automatically will create a

selection with all data within the project (e.g. wavelengths property).
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3.3.4 Edit Data Sets Dialog
Menu: Calibration / Change Data Set / Edit Data Sets...

Icon:
ES

Edit Data Sets : x|

—MName
0K
| Calibration Spectra ~| ;I
Cancel |

Validation Spectra
Calibration Wavelengths
Calibration Properties
Calibration PCs

" Blockwise
' Custom [Spectra]
1-2,4-5,7-8,10-11,13-14, 16-17, 19-20, 22-23. _AJ

— Parameter

Range from I'I to |34 3 Clear
Block select |2 leave I; T

Amount BE.BBEE %

Bl .

Apply

Under the drop-down list Name you can choose to edit the selections of the sets:

[1 Calibration Spectra
[1 Validation spectra []
and more

NOTE
Click Apply after a selection, click OK to close the Dialog.

Invert: a simple tool to invert the selections previously made. It is very useful when dealing with large
numbers of spectra.

Method

Monte Carlo this selection is suggested where there is only one spectrum for each substance

Random was measured but is not recommended (measurement mistake is not clear). 3
measured spectra of the same sample could be separated.

Sequence e.g. 70% of the spectra are selected automatically. The measured spectra will

be separated time dependent.
3 measured spectra of the same sample can be separated.

Blockwise to distribute 2/3 of all measured spectra into the calibration set, 6 spectra are
selected to the C-Set and 3 left out for V-Set in the range from 1 to the last
measured spectra. This is the most common selection method.

Custom user selected by spectrum number. To separate two spectra blocks, a comma
(Spectra) and space are used.
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Parameter

Range from ... The first and the last spectra index.

to ...

Block select ... Number of selected and left out spectra per block.
leave ...

Amount ... % Amount of selected spectra in %.

3.3.5 Spectra Data Set

Samples of known characteristics, both chemical and physical are used to generate calibrations.
Measurement conditions should remain constant for all samples using the full spectrum range. Several
sample from different batches should be collected for a robust calibration and each samples should be
analysed in the laboratory with the classical method. Only acceptable samples can be used for the
calibration. The measured spectra are normally divided into two sets.

[1 Calibration Spectra (spectra selected for the calibration) C-Set, about 2/3 of all measured
spectra (min. 3). Only the C-Set spectra are used for the calculation of the principal
components and the calibration limits.
Generally, the calibration spectra should contain all “extreme information” to define the limits of
acceptance. For quantitative calibration the spectra with the highest and lowest property values
always belong to the calibration spectra.

\ Validation Spectra, about 1/3 of all measured spectra selected for the internal validation V-
Set.
Only if a calibration treats the validation spectra equally to the calibration spectra, the settings are
considered as OK

NOTE
These two groups of spectra should be:

[1 independent from each other: all spectra of one sample should belong to the same set; [
no overlapping allowed.

It is possible to leave out some spectra from the C- and from the V-Set, these spectra are in the

Unused Set = U-Set:
C-Set + V-Set + U-Set = All Spectra

The U-Set is visible in the calibration results, but will not influence the calibration and validation results
e.g. will not be taken for the Q-Value calculation. The calibration protocol is stored within the
calibration.

C- and V-Set can be selected by the user in different ways:
[ inthe NIR-Explorer;

[ inthe Property table;
L inthe graphic.
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Spectra Selection in the NIR-Explorer
Open NIR-Explorer

@ NIRCal - [NIR-Explorer: FromDB_Solvent ID] » 7 = ID[ﬁ]

@ File Edit VYiew Workspace Project Calibration Wizard Tables Graphics Modules Window Help -8 x|

i~ Project A1 | Name ] Selected J Size l Selection as String l
(0 Instruments () All Spectra 24 24 1-24.
- L;.l Spectra & User Spectra 1] 24  nothing selected.
-] Properties &7 Calibration Spectra 16 24 1-4,7-10, 13-16, 19-22,
£l Calibrations & validation Spectra 8 24 56, 11-12, 17-18, 23-24.
E]ﬁ Eluster & Residual Outlier Spectra 0 24  nothing selected.
: E] ﬂ gLecets . Score Outlier Spectra 0 24 nothing selected.
- k=i Spectra &7 Property Outlier Spectra 0 24 nothing selected.
) & Leverage Outlier Spectra 0 24 nothing selected.
I Ao ot
-1 Pretreatments
: €§3 Settings |
- E Journal
[0 Matrices _'_I
Ready puunl 4

Steps sequence:

1. Open the folder “Calibrations” by clicking on the box + in front of the folder or double clicking the
folder

2. Open the active calibration, indicated by the red dot.
3. Open the folder “Data Sets”.

4. Select "Spectra".

@ NIRCal - [NIR-Explorer: FromDB_Solvent ID] o ] 24

@ File Edit Yiew Workspace Project Calibration Wizard Tables Graphics Modules Window Help = ||5’|)_<_]
&= Project Mame I Selected l Size l Selection as String I
{1 Instruments (33 all Spectra 24 24 1-24,

-] Spectra & User Spectra 0 24 nothing selected.

-] Properties Pl 4 Calibration 5 7-10, 13-16, 19-22,
=14 Calibrations & \alidation Sp der = 11-12, 17-18, 23-24.
E {é Sluster " Residual Out ing selected
. 8 }j hl’.z;tzSets & Scare Outlier Invert Set ing selected
s b V:,J ks & Property Out Load from Selection ing selected
o avelengths
; & Leverage Ou ing selected
ks Properties Copy ko Selection
i bog PCs
D Pretreatments Add to Selection
3 Settings Remove from Selection
M7 Journal
-] Matrices
Open dialog to edit this selection. .. BusH? ~

5. Select "Calibration Spectra" in the right part of the window. To open the Edit window press the
right mouse button and click on Edit Set or double click on the selected line. Choose Blockwise with
Block select 6 and leave 3, press OK for applying this selection.

For the " Validation Spectra" the Blockwise method is selected, press first Apply, than Invert and
press OK to get the rest.
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X|

—MName —J oK |

ICalibration Spectra
Cancel I

— Method
" Monte Carlo Random
" Sequence
' Blockwise
" Custom [Spectra]

3-36; 43-72

i~ Parameter

Range from |1 to ISIJ Clear
Block select |6 leave |3 Invert

Amount I 70 % Apply

il .

Selection methods:

Monte Carlo Random: this selection is suggested, when only one spectrum for each substance was
measured, which is not recommended (measurement mistake is not clear). For 3 spectra / samples this
method is not suggested, while the 3 spectra can be randomly in C- or V-Set.

Sequence: e.g. 70 % of the spectra are selected automatically into the C-Set. 3 spectra / sample can be
separated!

Blockwise: to distribute 2/3 of all measured spectra into the C-Set, 6 spectra are selected to the C-Set and
3 left out for the V-Set of the range from 1 to 80. This is the most common selection method.

Custom: spectra selected by spectrum number in the project. To separate two spectra blocks, a
comma and space are used.

NOTE

When each sample has been measured three times, all three spectra should be designated to either the
calibration or validation set.

Therefor it is ideal to use Blockwise selection e.g. if each sample was measured with 3 spectra block
select 6 and leave 3 can be used. Blockwise selection is only recommended for qualitative
calibrations.

Choose Blockwise with Block select 6 and leave 3, press OK for applying this selection for the C-Set. For
the " Validation Spectra" the Blockwise method is selected, press first Apply, than Invert and press OK
to get the rest.

Spectra Selection in the Property Table
Open the table Original Property in Menubar: Tables / Properties / Original:
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@ NIRCal - [NIR-Explorer: FromDB_Solvent ID] [ = Iﬂlﬁ]
@ File Edit View Workspace Project Calibration Wizard | Tables Graphics Modules Window Help = |:5’| 5]
=] Project Name Spectra » has String |
g Instruments (33 All Spectra z
-] Spectra & User Spectra e
-] Properties . Calibration Spectra 5 Pz
-3 Calibrations " yalidati Predicted
= E a & validation Spectra Loadings
3 Data Set 7 Residual Outlier Specl i Residuum
: Eigenyalies
El ; SIELE &7 Score Outlier Spectra R
; m Spectra E{ Property Outlier Spec B-fatrix WavelenagthvRear,
h:; Wavelengths | R R
m Properties everage Outiier Spe Y-PRESS » eqression Coetficients
Pl PCs
-1 Pretreatments C-5et Statistics 2
) Settings y-Set Statistics >
-7 Journal
B[] Matrices Consistency
Glusterd Property.
Property. Box Radij
Open the Original Property Table in a new window BubHy  ~

{4 Original Property (Table) Sugar-QL.nir

Original Property
il All Properties
(T All Spectra
T Spectra D (+)-Glucose, Anhydrous D (+)-Glucose, Monohydrate = Mannitol Sorbitol, granulate Saccharose
1 | D {+}-Glucose Anhydr. SCMS 9702T048I 10000 00000 00000 00000 00000
2 | D (+)-Glucose Anhydr. SCMS 97027048 1.0000 0.0000 0.0000 0.0000 0.0000
-3—7 D (+)-Glucose Anhydr. SCMS 97027048 1.0000 00000 00000 00000 00000
4 D {#+)-Glucose Anhydr. SCMS 97107058 1.0000 0.0000 0.0000 0.0000 0.0000
s D {+)-Glucose Anhydr. SCMS 97107058 1.0000 Q0000 00000 00000 00000
6 | D (+)-Glucose Anhydr. SCMS 9710T058 1.0000 0.0000 0.0000 0.0000 0.0000
T D {+)-Glucose Anhydr. SCMS 38037009 1.0000 0.0000 0.0000 0.0000 0.0000
3 | D {#)-Glucose Anhydr. SCMS 98037003 1.0000 0.0000 0.0000 0.0000 0.0000
T D {+)-Glucose Anhydr. SCMS 38037009 1.0000 00000 Q0000 00000 0.0000
10 | D {(+)-Glucose Anhydr. SCMS 38806T057 1.0000 0.0000 0.0000 0.0000 0.0000
11 | D {+}-Glucose Anhydr. SCMS 3806T057 1.0000 00000 0.0000 0.0000 0.0000
12 [ D (+)-Glucose Anhydr. SCMS 3806T057 1.0000 0.0000 0.0000 0.0000 0.0000
13 | D {+)-Glucose Anhydr. SCMS 38117073 1.0000 Q0000 00000 00000 00000
1¢ | D (+)-Glucose Anhydr. SCMS 98117073 1.0000 0.0000 0.0000 0.0000 0.0000
15 | D {+)-Glucose Anhydr. SCMS 38117072 1.0000 00000 0.0000 0.0000 0.0000
16 | D {(+)-Glucose Anhydr. SCMS-9702T048 1.0000 0.0000 0.0000 0.0000 0.0000
TV D (+)-Glucose Anhydr. SCMS-9702T048 1.0000 00000 0.0000 00000 00000
18 | D {(#)-Glucose Anhydr. SCMS-9702T048 1.0000 0.0000 0.0000 0.0000 0.0000
19 | D {+}-Glucose Anhydr. SCMS-3710T058 1.0000 00000 00000 00000 00000
20 | D {(#)-Glucose Anhydr. SCMS-3710T058 1.0000 0.0000 0.0000 0.0000 0.0000
T D (+)-Glucose Anhydr. SCMS-9710T058 1.0000 00000 0.0000 00000 0.0000
TV D (+)-Glucose Anhydr. SCMS-3803T009 1.0000 0.0000 0.0000 0.0000 0.0000
? D {+)-Glucose Anhydr. SCMS-3803T009 1.0000 00000 00000 00000 00000
2¢ | D (#)-Glucose Anhydr. SCMS-3803T003 1.0000 0.0000 0.0000 0.0000 0.0000

The table consists of the spectrum number, the name of spectrum with batch number and the property
membership (1 indicates: it belongs to a property, 0 indicates: it does not belong to a property).
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Creating the selection: mark the first selected row with the mouse, press the left button only once.
Press the “Shift-key” and double click on the last marked row. All selected spectra are highligthed
in red colour.

[ NIRCal - (Original Property (Table) Sugar-QLrirl ecGc————————————————— =]

@ File Edit View Workspace Project Calibration Wizard Tables Graphics Modules Window Help li-, 5‘

| Original Property A
| All Properties
| All Spectra
Spectra D (+)-Glucose, Anhydrous D (+)-Glucose, Monohydrate  Mannitol  Sorbitol, granulate Saccharos
1 : ] 00000 00000 0.0000 a0
= Clear Selection > i i =
s - ﬁ Edit Selection... — — = =
R - Invert Selection > o e %
= - Load Selection from s S e =
G - Copy Selection to [ | ] )
g - Add Selection to m 1 User Spectra o
I - Remove Selection from ’ \ 2 Calibration Spectra =
2 - ‘ 3 Validation Spectra =
10 - Copy marked Cells to 4 ‘ ) J 20
4 Residual Qutlier Spectra
T - Add marked Cells to » 1 ) 200
5 Score Qutlier Spectra
7 - Remove marked Cells from » ‘ z 20
- ‘ 6 Property Outlier Spectra -
13 e
- Visibility » ‘ 7 Leverage Outlier Spectra ==
14
Fix Table Titles Ctrl T
15 - 00000 00000 0.0000 200
15 - Options » 00000 00000 00000 000
00000 00000 00000 000
i .
18 - 00000 00000 0.0000 000
— — ) Paste | ~|
4 |- »
Copy the curre Sl BUCHI 4
— Pretreatments 4
P Delete Selected Spectra

To remove spectra from the selection: mark the selected row with the mouse, press the left button
only once. Press the “Ctrl-key” and double click on the row.

When the selection is created, the spectra need to be copied to the calibration spectra and/or the
validation spectra:

1. press the right mouse button in the graphic and Copy Selection to - Row - Calibration
Spectra;

2. for setting the Validation Spectra select in the Popup-Menus the command Invert Selection.
The rest of the spectra will be selected;

3. copy this selection in the Popup-Menus with the command Copy Selection to - Row -
Validation Spectra.

NOTE
The menu “Copy Selection to” overwrites the existing selection in the data sets.

Add and Remove Selection from Datasets

Mark the spectra rows of the position to be changed in the selection. Press the right mouse button and add
to or remove this selection from the desired data set. In this way, the selection made before will be
enlarged / reduced with only the new selected data.
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Spectra should not be designated to both, Calibration and Validation-Set.

Should this happen the system forces the user to make a clear decision.
- " Clicking "Yes" will remove the overlapping spectra from the Calibration Set and
keep them in the Validation Set.

y " Dverap (actud selecled Spechia | in Calbrabon/Validation Set |
/X 1.6. [total 6/54]

remove overap flom Caliteation Set [Yes] 7
remove overlap from Validation Set [No| ?

No I Cancell

Spectra Selection in Graphic

A very practical way to make the spectra selection is in the calibration plot using the mouse. This is
especially useful for the quantitative calibration because in the plot "Predicted Property vs. Original
Property” the concentration distribution of the C- and V-Set is visible.

-0,
Click on the L“' Overview-Button in the NIRCal-Toolbar. If the C-Set and the V-Set are empty, a
message will appear. Confirm by clicking on the Yes button to get the Overview.

Enlarge the window "Predicted Property vs. Original Property" in the 3rd column.
The ”"Predicted Property vs. Original Property” can be opened in the Menubar: Graphics / Properties /
Original vs. Predicted as well:

Press the “Minus”-button on the keyboard to expand the X-and Y-ranges of the graphical display.

Clear the selection made before by pressing the right mouse button and click on Clear Selection.

To create selections in a graph, the function of the mouse must be changed from the Zoom function to the
Window Select function.

[1  Press the right mouse button and choose "Mouse Select" under "Options". The symbol of the

mouse will change from O‘ to @ .

[l Draw a box around the spectra with the mouse keeping the left mouse button pressed.

\ Draw boxes around all the other spectra you want to select by holding the “Shift-key”. All
selected spectra will be highlighted in red as soon as the left mouse button is released.

NOTE
While adding spectra DO NOT release the “Shift-key”.

To remove spectra from the selection: Draw a box around the spectra you wish to deselect with the left
mouse button pressed while holding the “Ctrl-key”. Release the left mouse button still holding the “Ctrlkey”.
All remaining selected spectra will stay highlighted in red.

NIRCal 5.6 Manual, Version B 77



NIRCal 5.6 Software Manual

¥ Original Property/Predicted Property (; =101 x|
Properties[xy] | ethanol w
|0r|g|nal Property / Predicted Property
1, Clear Selection C lra
55 Edit Selection... B moeoe-a50s cuduscrn 22 s NSHOLD)
Invert Selection I
Load Selection from 4
T=> ______________ /
_tcu Copy Selection to 1 User Spectra
k] Add Selection ko 2 Calibration Spectra
E‘ Remove Selection from » 3 Yalidation Spectra
@
o T 4 Residual Outlier Spectra ]
o Visibility: » I
S Score Outlier Spectra
= EH viewri F e
@ 6 Property Outlier Spectra
+ [[F Transpose Data
s . 7 Leverage Outlier Spectra ]
g Reagression 4 : |
1S . . 3
o Options e
L e o e e U
Plot Settings... P S0 100
Open Data as * berty ethanol

\ When the selection is created, the spectra can be copied to the calibration spectra, the
validation spectra or the user spectra.

1. press the right mouse button in the graphic and Copy Selection to - Row - Calibration
Spectra;

2. for setting the Validation Spectra select in the Popup-Menus the command Invert Selection.
The rest of the spectra will be selected;

3. copy this selection in the Popup-Menus with the command Copy Selection to - Row -
Validation Spectra.

NOTE
The function “Copy Selection to” overwrites the existing selection in the data sets.

Add and Remove Selection from Dataset
Mark the spectra, which should be removed from a selection.

Press the right mouse button and use "Add / Remove Selection to". This will enlarge or reduce the
previously selection with the new spectra.

NOTE
By copying, adding and removing spectra to (from) the sets, a homogeneous distribution between
calibration and validation spectra over the whole concentration range can be achieved.

3.3.6 Wavelength Data Set

The exact wavelength / wavenumber range depends on the instrument type used for the spectrum
measurement and their settings (e.g. resolution).

The selected wavelength / wavenumber range depends on the application and the measuring option
used. The calibration wavelengths define the spectrum range used by the mathematical algorithms,
PCA, PCR or PLS.

Calibration Wavelengths are the wavelengths used to create the calibration model.
Removing certain wavelengths from a calibration can lead to some improvement.
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NOTE
In general, the calibration wavelength / wavenumber range should be as wide as possible.

Suggested wavenumber range for NIRFlex N-500 for measuring options with
[l Solids and Liquids: 4'000-10'000 cm'?;

[1  Fiber Optics: 4'500-10'000 cm™.
[ Solids with Tablet Accessory: 6'000-11'520 cm'™,

Selecting the Calibration Wavelengths in the NIR-Explorer

@ NIR-Explorer: FromDB_Solvent ID 7? B -10f x|
(N Project Narne Selected Size Selection as String |
!__'I Instruments (2 All Wavelengths 1501 1501 4000-10000,
L_:l Spectra & User Wavelengths 0 1501 nothing selected.
-3 Properties & Calibration Wavelengths 1501 1501 4000-10000.
=44 Calibrations
-3 Cluster
(=423 Data Sets
ks spectra
s wavelengths
{25 Properties
I ™ o
@[] Pretreatments
@ Settings
M Journal
-7 Matrices

To make the selection use the NIR-Explorer: double click "Calibration Wavelengths"” and the Edit
selection dialog appears

Edit Selection 1 x| Steps sequence:

1. Select Custom;

—MName
:I | OK I 2. Type in the selection;

Calibration ‘W avelengths ;
I Cancel I 3. Click on OK.
— Method

(" Monte Carlo Random

" Sequence

" Blockwise

% Custom [wavelengths]

4500-10000. NOTE
It is recommended to use only custom
selection.

Parameter s
Ranae from |1 to |15EI1 $J
Block select |4 leave IZ Invert |

Amount 70 %

dooly |
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% NIR-Explorer: FromDB_Solvent ID

4 Project

[ Instruments

-] Spectra

-] Properties

(=423 Calibrations

= ag Cluster

» D "j Data Sets

- kg spectra

-b2s wavelengths

k25 Properties

b PCs
[#-(_7] Pretreatments
5 @ Settings

-4 Journal

&[] Matrices

Mame | Selected | Size

=10 x]

l Selection as St... I

(3 Al Wavelengths 1501
& User Wavelengths 0
&, Calibration Wavelengths 1376

1501
1501
1501

4000-10000.,
nothing selected.
4500-10000.,

In the project, the selected wavenumber as data points and range are shown (here: 1376 data points in
the range of 4'500-10'000 cm?).

Selecting Calibration Wavelengths using Graphics

To review and select the suitable calibration wavelength range, several graphics can be used.
An example is shown with the pretreated spectra, but it can also be done in the original spectra,

loading or property wavelength regression graphic in the same way.

i NIRCal -

[NIR-Explorer: FromDB_Solvent ID]
a File Edit Wew ‘Workspace Project Calibration WWizard Tables | Graphics Modules Wlndow Help

=10ix|
=18]x|

3 Project Name | Value Spectra » @ Original
L_:l Instruments (3 N... eFirstDerivativeBC Properties
-] Spectra @D 15
- u Propertles &5 o y Reconstructed
S &D... . Residuum
gg Cluster Loadings
. M Journal Eigenvalues Residuals
- u Matrices B-Matrix Leverages
Leverages vs Residuals
X-PRESS »
S Original 3D
C-Set Statistics 4
ro Pretreated 3D
V-Set Statistics »
Residuum 3D
Consistency.
Cluster | Property
Property Box Radii
Open a spectra plot with pretreatment in a new window, w 57

Open the pretreated spectra in Menubar: Graphics / Spectra / Pretreated.

When the graphic is opened, press the right mouse button and choose:Options / Mouse X-Axis

Select.
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Pretreated Spec*::..

E=] Mouse Select

AliSHecna ] o st Q|

z
S

; : 4 Snap to x-Grid X
................... e s ek e e e s e e i . S T
: - * oI Snap to Y-Grid Y
' % Clea v Flip X-Axis X
‘ S Edit Selection... E |5 Fipv-mds y ‘
"""""""""""" “-e- Invert Selection I | T O | TR
I . Turbo Mode M !
Load Selection from 4
| Large Plot L
: Copy Selection to > )
““““““““““““““ e : Show Labels R RSE i 6ol ke
i Show Viewtip Lables ‘
v Show Selection Colors 1
Wisibility » {
Show Cycle Colors 2
[ view Fit Fo| 2 i
fe® Show Property Colors 3
; [[@ Transpose Data T ‘
----------------- ees Top Yiew W Plot Defaults.. s [ B
Options » Copy Plot to Clipboard Ctrl+C ]
Plot Settings... P
: Open Data as 4 : : ‘
Pretreatments >
Wavelengths

Now it is possible to select the wavelengths with the mouse. The cursor position as wavenumber can
be read in the status bar. Keep the left button pressed for selection. The selected range is marked with
red color.

Copy the selected range into the calibration wavelengths with the right mouse button Popup-Menu:
Copy Selection to / Calibration Wavelengths.

[, Clear Selection C
------- S Edit Selection...

B} Invert Selection I

Load Selection from 4

Copy Selection to 1 User Wavelengths

Add Selection to 2 Calibration Wavelenagths

4 Remove Selection from

Yisibility » \l
Yiew Fit F '

Transpose Data

b =h [

Top Yiew v

Options »
Plot Settings... P
Open Data as >

Pretreatments >
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3.3.7 Properties Data Set

In qualitative methods the calibration properties are the substances that are required to be identified in the
application.

In cluster calibration the mathematical algorithm of PCA will be applied for the selected properties.
Normally all qualitative properties are used in the calibration.

In quantitative methods the calibration property (single property calibration) is the selected parameter
which should be predicted.

Selecting the Calibration Properties in the NIR-Explorer

iRl - [NR-Explorer: rompe_Sovent o] i
@ File Edit VYiew Workspace Project Calibration Wizard Tables Graphics Modules ‘Window Help 18] x|
i Project MName I Selected | Size I Selection as St... I
i (;l Instruments (23 All Properties 4 4 1-4,
- (:J Spectra & User Properties 0 4 nothing selected.
- Q Properties PlACalibration Properties nothing selected.
[=-4_3 Calibrations
v Elag Cluster
[=-“Z Data Sets
- by sSpectra

b2y wavelengths
- }2s Properties
© b pes
<[ Pretreatments
i @ Settings
- M Journal
& (C] Matrices

Ready “buLhl

To make the selection use the NIR-Explorer: double click "Calibration Properties"” and the Edit
selection dialog appears.

]| Steps sequence:
—MName 1. Select Custom;
LI | oK I 2. Type in the selection;

Calibration Properties i
I Canc I 3. Click on OK.

N

— Method
" Monte Carlo Random
{" Sequence
" Blockwise
* Custom [Properties]

14

Parameter

Ranae from |1 to |4 Cleat
Block select |4 leave I_ Invert
Srraunt I—A“- Z

FaUn A 7% Apply

|-
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@ NIRCal - [NIR-Explorer: FromDB_Solvent ID] § =10l x|

File Edit Yiew Workspace Project Calibration Wizard Tables Graphics Modules Window Help 15| x|
*_ﬂ Project Mame I Selected | Size l Selection as String I
-] Instruments (5 All Properties 4 4 14
- (1 Spectra & User Properties 0 4 nothing selected.
G- Q Properties Calibration Properties
[=-44 Calibrations
E)E Cluster
=423 Data Sets
: h: Spectra

- pog wavelengths
-}z Properties
, Lo PCs
<[] Pretreatments
@ Settings
M Journal
-] Matrices

Ready (Boohr

In the project the selection is shown

Selecting the Calibration Properties using the Property Table

i@ NIRCal - [NIR-Explorer: FromDB_Solvent ID] L. 10l x|
@ File Edit View ‘Workspace Project Calibration Wizard | Tables Graphics Modules ‘Window Help = ]5[}]
- liroject MName Spectra » I:ion as St.., I
- Instruments {33 All Properties Properties g
&L spectra 7 User Properties s
- Properties . Calibration Proj Scores bk
=4y Calibrations Loadi Predicted
= ] oadings
=t ag Cluster . Residuum
[=1-4y Data Sets Eigenvalues

: ks Spectra B-Matrix Wavelength Rear.

{25 Wavelengths R ion CosfFicient

hﬁ Properties -PRESS A egression Coefficients

i t/-\,. PCs

+-(_] Pretreatments C-Set Statistics »
- settings ¥-Set Statistics >
-4 Journal
G- (] Matrices (ZOnsiStentcy,
Cluster | Property
Property Box Radii

Open the Original Property Table in a new window CBuLHL 4
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Open the property table.

Original Property

il All Properties

| All Spectra

Tl Spectra D (+)-GI y D (+)-Glucose, y
1 |0 (+)-Glucose Anhydr. SCMS mzmsl 10000 0000
2 | D (+)-Glucose Anhydr. SCMS 97027048 1.0000 0.0000
3 | D (+)-Glucose Anhydr. SCMS 97027048 1.0000 00000
4+ | D {#)-Glucose Anhydr. SCMS 97107058 1.0000 00000
5 | D (+)-Glucose Anhydr. SCMS 9710T058 1.0000 00000
& | D (+)-Glucose Anhydr. SCMS 97107058 10000 0.0000
7 | D (+)-Glucose Anhydr. SCMS 98037009 1.0000 00000
2 | D (+)-Glucose Anhydr. SCMS 9803T009 1.0000 0.0000
2 | D (+)-Glucose Anhydr. SCMS 9803T009 1.0000 00000
10 | D (+)-Glucose Anhydr. SCMS 3806T057 1.0000 00000
11 | D (+}-Glucose Anhydr. SCMS 9806T057 10000 00000
12 | D (+)-Glucose Anhydr. SCMS 9806T057 1.0000 00000
13 | D (+)-Glucose Anhydr. SCMS 38117073 1.0000 00000
14 | D (+)-Glucose Anhydr. SCMS 38117073 1.0000 00000
15 | D {(+)-Glucose Anhydr. SCMS 38117073 1.0000 00000
16 | D (+)-Glucose Anhydr. SCMS-3702T048 1.0000 00000
17 | D (+}-Glucose Anhydr. SCMS-9702T048 1.0000 00000
15 | D (+)-Glucose Anhydr. SCMS-3702T048 10000 20000
12 | D (+)-Glucose Anhydr. SCMS-3710T058 1.0000 00000
20 | D (#)}-Glucose Anhydr. SCMS-8710T058 1.0000 00000
21 | D {+)-Glucose Anhydr. SCMS-9710T058 10000 00000
22 | D (+)-Glucose Anhydr. SCMS-3803T003 1.0000 0.0000

T D {#)}-Glucose Anhydr. SCMS-3803T003 10000 0.0000

T D (+)-Glucose Anhydr. SCMS-3803T009 1.0000 0.0000

Mannitol  Sorbitol, granulate Saccharose

20000
0.0000
00000
0.0000
00000
0.0000
20000
0.0000
00000
0.0000
20000
0.0000
20000
0.0000
00000
0.0000
20000
0.0000
00000
0.0000
20000
0.0000
00000

0.0000

00000
0.0000
00000
0.0000
00000
0.0000
00000
0.0000
00000
0,000
00000
0.0000
00000
0.0000
00000
0.0000
00000
0.0000
00000
0.0000
00000
0.0000
00000

0.0000

20000
0.0000
00000
0.0000
00000
0.0000
20000
0.0000
00000
0.0000
00000
0.0000
00000
0.0000
00000
0.0000
20000
0.0000
00000
0.0000
20000
0.0000
00000

0.0000

Select the desired column.

Original Property

00000
00000
00000
00000

nitol  Sorbitol, granulate  Saccharose

10,0000
0.0000
0.0000
00000

Anteil-xx
100000
100000
10,0000

100000

23 | D (+}-Glucose Anhydr.

All Properties.
All Spectra
Spectra
1| D (#)-Glucose Anhydr. SCMS 97027048 Clear Selection » | oo
2 | D (+)-Glucose Anhydr. SCMS 9702T048 ﬁ Edit Selection... 20000
3 | D (#)-Glucose Anhydr. Invert Selection » |ooow
+ | D (#)-Glucose Anhydr. Load Selection from » oo
s | D(#)-Gl Anhydr.
i st Copy Selection to
& | D (#)-Glucose Anhydr. .
Add Selection to »
7 | D (#)-Glucose Anhydr. 3
Remove Selection from >
3 | D (#)-Glucose Anhydr. 00000
9 | D (+)-Glucose Anhydr. Copy marked Cells to » | 0000
10| D {*}Glucose Anhydr. Add marked Cells to » 200w
11| D{#}-Glucose Anhydr. Remove marked Cells from p | 0000
12 | D (+)}Glucose Anhydr. 00000
13 | D (+)}Glucose Anhydr. Visibility * Looom
it | D (#)-Glucose Anhydr. Fix Table Titles Ctrl T e
15 | D (+}-Glucose Anhydr. SCMS 9811T073 Options y Jooo0
16 | D (#)-Glucose Anhydr. 00000
17 | D (#)-Glucose Anhydr. Copy 20000
18 | D (+)}-Glucose Anhydr. @ Paste 0000
18 | D (#)-Glucose Anhydr. Export Tablen 00000
20 | D (+)-Glucose Anhydr. 00000
21 | D (#)-Glucose Anhydr. Pretreatments * oo
2 | D (+)}Glucose Anhydr. P& Delete Selected Spectra 20000
i 0.0000 0.0000

1 User Properties

2 Calibration Properties

0.0000
00000
00000
0.0000
00000
0.0000
0.0000
0.0000
00000
0.0000
00000
0.0000
00000
0.0000
00000
0.0000

100000
100000
100000
10.0000
100000
100000
100000
100000
100000
10.0000
100000
10.0000
10,0000
100000
100000
100000

Fat
00000
00000
00000
20000
00000
00000
00000
00000
00000
20000
00000
00000
00000
00000
00000
20000
00000
00000
00000
20000
00000
20000
00000

Moisture Protei
00000 <
00000 4
00000 3
00000 4
00000 4
00000 4
00000 <
00000 4
00000 4
00000 <
00000 4
00000 4
00000 <
00000 4
00000 4
00000 <
00000 4
00000 4
00000 <
2000 4
00000 4
00000 4
00000 4

Copy the selection into calibration properties.
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3.3.8 PC Data Set

Principal Components or Loadings (old name Factors) are artificial difference spectra.
All PCs: Number of selected primary PCs.
User PCs: use this set as a selection buffer (e.g. for visibility).

Calibration PCs: these secondary PCs are used to create the calibration model. Calibration PCs or
secondary PCs form a subset of the primary PCs of the calibration.

NIRCal 5.6 Manual, Version B 85



NIRCal 5.6 Software Manual

3.4 Calibration Wizard

3.4.1 Calibration Wizard
Menu: Wizard / Calibration Wizard

Icon: B

The quality (robustness, sensitivity, selectivity, portability...) of a calibration for quantification and/or
identification mainly depends on the data selections: choice of calibration and validation spectra,
wavelength range, data pretreatments and PCs used.

The chemometric software NIRCal offers the calibration wizard for an easy and fast generation of
calibrations without a profound understanding of chemometrics. The automatic Calibration Wizard
guides the user. While the user only has to answer a few questions about the used samples, the
installed sampling options or the expected quality of the calibration, the automatic calibration uses its
knowledge base for selecting spectra, wavelength ranges or the number of PCs. The pretreatment
selector for permutation and calculating several pretreatment combinations is an integral part of the
calibration wizard. After all calibration is calculated the summary is documented and the five best
calibrations are stored, all other deleted automatically. The calibration wizard can be started without any
data selection before, but a precalculation can be useful: the wizard never selects properties! To do the
data selection press the Data Sets button.

The Calibration Wizard with the Advanced option:

' N

NIRCal Calibration Wizard V5.50 % > ggg of supstance.
Substance Calibration Type Ir;neriﬁggnstergcr:tizglmpl_s or CLU
((: b ((i .quan.“,hca.non 3. Select behavior of calibration.
o Egnsée o Cancel | 4. Select used measuring option.
" powder Calibration Behavior I Help... I 5. Startthe wizard with OK.
" granule " robust, portable
(" gas {* as precise as possible About.. |

MNIRFlex N-500 Solids L’ < Simple |

The active Calibration defines the Data Sets.  pata Sets. |
Advanced Settings

remove detected Outlier from C-Set and V-Set
Fast Mode reduces data points up to 1/5

show calibration rules after initialisation

keep preselected Pretreatments for all calibrations
exclude this method " PLS (+ PCR
exclude Kubelka Munk

stop after 10 calibrations

build calibration name with property names

<ITIKIKITIT171 X

use predefined Wavelength Selection as
(¢ additional setting
" boundary for internal settings

Choose types of derivatives and smoothing Pretreatments
¢ Gapl e.qg. filter coefficients: 1.-2.1

" Gap2 e.q. filter coefficients:  1,0,0,-2,0,0,1

" Seagment3 e.q. filter coefficients:1,1,1,-2,-2,-2,1.1,1

Edit BlowUp Parameter... | Edit Calculation Parameter...

86 NIRCal 5.6 Manual, Version B



Advanced Settings:

Chemometrics

remove detected
Outlier from C-
Set and V-Set

Based upon outlier detection module with c=2.5, removed spectra are listed in
the calibration protocol.
Not in all cases it is advantageous to use this option.

Fast mode
reduces data
points up to 1/5

Every 5. wavelength value will be used to reduce the calculation time.
Not suggested for the end calculation! Use "Turbo Mode" (M) in plots e.g.
Loading plot.

show calibration
rules after
initialisation

The used pretreatment, wavelength and method selection is showed; "Use all
rules” with up to 2000 combinations are available (the time of calculation will
increase dramatically).

‘use all rulesJ [show rules | [ 0K | [ Cancel J

keep preselected
Pretreatments for
all calibrations

The pretreatment or pretreatment sequence, used in the active calibration, is
kept and the pretreatments from the wizard are added afterwards.

exclude this
method

For quantitative calibration the PLS or PCR method can be eliminated to
reduce the calculation time.

exclude Kubelka
Munk

Kubelka Munk will not be used if this option is checked.

stop after 10

Calculating 10 calibrations reduce the time for the calculation (mainly for

calibrations demo purposes).
built calibration Adequate for single property calibrations; to be switched off for a larger
name with number of properties.

property names

The wavelength selection can be influenced in one of these ways:

additional setting

The wavelength selection used in the active calibration, will be used additional
to the predefined selection.

or

boundary for
internal settings

The wavelength selection is never bigger, as the selection in the active
calibration. The boundary selection can also include gaps.

For the pretreatments of derivatives and smoothings there are 3 possibilities:

- GapO: all data points are in the calculation;

- Gap2: each 3rd data point is in the calculations;

- Segment3: there is an additional 3 point smoothing (as3) for the Gap2 pretreatment.

With these selections predefined wavelength and pretreatment combinations and the calculation
algorithm will be activated.

The wizard can be stopped with the keeping the Esc button pressed.
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Calibration Q-Value Overview

sorted Q-Values

1 i i

Q-Yalue

0 10 20 30 40 50 60 70
calculated Calibrations (hold ESC key to stop)

The Q-Value is a measure of the quality of the calibrations. It ranges from 0 to 1. The higher the Q-
Value, the better the calibration.

Q-Value 1 is theoretical, in practice not achievable, if the value is higher as 0.75 (green), the

calibration is acceptable, between 0.5-0.75 (blue) the calibration is useable, but not very accurate.
Calibrations with Q-Value below 0.5 (red) should be inspected very carefully before routine use. The
general observation is that qualitative calibrations yield considerably better Q-Value than quantitative
calibrations. The Q-Value is a very good tool for the judgement of calibrations especially when
comparing different calibrations.

After all calibrations have been calculated the results are summarized, the calibrations are sorted by
the Q-Value. In addition to the calculated property the used secondary (calibration) / primary factors =
PCs, the selected wavelengths regions, the used algorithm and pretreatments are listed as well.

Project: CisUsershadminsDesktop>TREENIDRC-2816NtranssIDRC2818X-C-U-Transmit-Hemoglobin.nir

INPUT 2
22 Option : NIRFlex N-56@ Solids
22 Substance Type : solid g
22 Calibration Type : quantitative
»>> Calibration Behavior : precise
Calculation of total 66 Calibrations.
Started: @7/27-2018 16:38

Stopped: B7/27-/2818 16:31
Best Calibration has a Q-U

ali
158
132
alue of B.8795

All calculated Calibration sorted by @-Ualue:

m

0.8795; 1-6-6; S@Z: 1186-1282, 1516-1848, 2826-2270; PLS; dbl,ncl
@.8666; 1-S5-5; S@Z: 1188-1232, 1516-1843, 2886-2270; PLS; d?I.nle
@.8648; 1-G-5; S@Z: 1188-1282, 1516-18438, 2826-22708; PLS; mf,dbl,nle
8.8377: 1-6,B: S07: 1190-1282, 1516-1848, 2086-22¢/@: PLS: SN

9.8804; 1-4-4; S@z: 1188-1282, 1516-1843, 2836-2270; PLS; ShY,dbl
8.7382; 1-3-3; S@z: 1188-1232, 1516-1843, 2836-2270; PCR; dgl.nle
@8.7874; 1-3/3; S@x: 1108-1282, 1516-1848, 20836-227@; PCR; mf,dbl,nle
9.7828; 1-4-5: So7: 1190-1282, 1516-1848, 2086-22¢/@: PLS: ds?

8.7747; 1-6-6; S@z: 11@8-1282, 1516-18438, 28836-2278; PCR; SHU |
g.7746; 1-6-6; S@7: 11@80-1282, 1516-1843, 2086-2270; PLS; nf

@8.7691; 1-6s6; S@Z: 118@-1282, 1516-18438, 20836-2278; PLS; ncl

a.7624; 1-5-5; 5@7 a8-1282, 1516-1848, 20886-227@; PLS; ncl,dbl
g8.7618; 1-5/5; 5@ ag-1282, 1516-1848, 2886-2278; PLS; sa3,ncl,dbl
8.7577; 1-6/6; 50 g9-1282, 1516-1848, 2086-2278; PCR; nf

8.7574; 1-4/6; 50 ag-1282, 1516-1248, 2886-227@; PCR; SHY,dbl
8.7531; 1-6-6; S5@7: 11@8-1282, 1516-18438, 2886-2276; PLS; dbl

8.7525; 1-6-6; S@74: 1198-1282, 1516-1843, 20386-2278; PCR; ncl

@.7354; 1-6-6; 5@Z: 118@-1282, 1516-1848, 2826-227@; PCR; <aZ,ncl,dbl
8.7353; 1-3-3; S@z: 1108-1282, 1516-1843, 2836-2270; PCR; dbl,ncl
0.7348; 1-6-6; S@Z: 1188-1282, 1516-1843, 2836-2278; PCR; ncl,dbl
a.726d4; 1-3-3; S@z: 1108-1282, 1516-1848, 20386-2270; PCR; ds2

@a.7212; 1-6-6; 5@Z: 1188-1282, 1516-1848, 2636-2278; PCR; dbl

@.5728; 1-6-6; 100%: 11069-2498; PLS; SNU,dbl

a.5728; 1-6-6; 1807: 1188-2498; PLS; SHY,dbl

@.5708; 1-6-6; 180Z: 1188-2498; PLS: ncl

0.5700; 1-6-6; 180Z: 1180-2498; PLS; ncl

8.5693; 1-6-6; 180Z: 1180-2498; PLS; dal,nle

8.5693; 1-6-6; 100Z: 1180-2498; PLS; dgl.nle

8.5611; 1-6-6; 188Z: 1188-2498; PLS; mf,dbl,nle

8.5611; 1-6-6; 180Z: 11860-2498; PLS; mf,dbl,nle =
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It is possible to save or print this list by clicking on the appropriate buttons.

The ten best calibrations are kept in the project. The calibration with the highest Q-Value is set active. For
this calibration the results are summarized using the Overview. It is possible to inspect the active
calibration manually.

NOTE

It is the responsibility of the user to judge the calibrations and to release them for routine use. The Q-
Value is one among other helpful tools for the judgement of the quality of the calibrations.

It is important to test the calibration with independent well characterized samples

3.5 Pretreatments

3.5.1 Pretreatments

NIR spectra are influenced by various parameters. Variations of chemical and physical properties of
samples as well as the measurement process and changes at the spectrometer will have an influence on
the spectrum. These effects will mainly appear as problems with:

[1 overlapping absorption bands;
[1 non-linearity;

\ light scattering;

[l random noise;

One possibility to overcome these problems is to improve the signal by mathematical transformations of
the spectra using pretreatments. They are used to improve the quality of the spectra and to
minimize unwanted effects.

NOTE
Pretreatments do not change or affect the original spectra.

NIRCal provides a variety of data pretreatments, there are 34 pretreatment possibilities available in 6
groups. Each pretreatment can be combined with another and the order of combination is also
important. Some pretreatments, which have a star "*" behind the name, are wavelength dependent. In this
way there are a hugh number of combinations available. The size of a pretreatment sequence is only limited
by the memory.

NOTE
According to our experience it is not suggested to use more than 3 pretreatments. Be aware of
trashing your data to nonsense by misusing pretreatments.

Applying Pretreatments
The pretreatment selection is available in the Menubar: Calibration / Pretreatments.
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@ NIRCal - [NIR-Explorer: FromDB_Solvent ID]
@File Edit ‘iew Workspace Project | Calibration Wizard Tables Graphics Modules ‘Window Help

I Project
(] Instruments
[Z] spectra
[Z Properties
(=423 Calibrations
=94 Cluster
[C] Data Sets
[:J Pretreatments
@} Settings
o M Journal
[Z] Matrices

Sequence
i 1

=10 x|
=18] x|
MNew
15} Calibration Wizard. ..
47 Default Parameter..
Method »
Yalidation Method »
Parameter »
Pretreatments Mormalization 4 hhﬂﬂ by Closure® ncl
Change Data Sets > Offset > Ir\_/‘ by Maxima* nma
o Smoothin > by Sdev* nsd
25| Calibration Protocol Calculate g M i
T e Derivatives » |~ to Unit Length* nle
e e y Transformation » | between D and 1* noi
Filter >
o : X [ MSC Amplification* ma
utlier Detection o~
Q. oo & Undo Last [ msC Ful* mof
G-Value Protaco
Undo Sequence
Oaite 2 g [~ Divide by Spectrum... div
el SHY Standard Normal Variate® SNV
VS Variance Scaling Vs
Lifecycle »
y Gpushy

The pretreatments can be selected in the toolbar via Icons as well; or select Pretreatments in the NIR
Explorer and use the right mouse button; or select Pretreatments in the NIR Explorer, or in the

Pretreated Spectra Plot and use the right mouse button.

Removing Pretreatment

@

with Undo Last it is possible to cancel the last pretreatment;

o

with Undo Sequence the whole sequence of pretreatments will be canceled.
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3.5.2 Available Pretreatments

Pretreatment Type Short
Normalization by Closure* ncl
by Maxima* nma
by Sdev* nsd
to Unit Length* nle
between 0 and 1* n01
MSC Amplification * ** ma
MSC Full* ** mf
Divide by Spectrum div
Standard Normal Variate* SNV
Variance Scaling** VS
Offset Subtract DC* dc
Shift Negative to Zero* n2z
MSC Offset* ** mo
Add constant +C
Mean Centering ** mc
Subtract Spectrum sub
Smoothing Average 3 points sa3, sa3g2
Average 9 points sa9, sa9g2
Savitzky-Golay 9 points sg9, sg9g2
Derivatives 1st BCAP 5 points db1, db1g2
1st Taylor 3 points dtl, dtlg2
1st Savitzky-Golay 9 points dgl, dglg2
2nd BCAP 3 points db2, db2g2
2nd Taylor 3 points dt2, dt2g2
2nd Savitzky-Golay 9 points dg2, dg2g2
2nd Taylor 3 points, Segment5, Gap5 (Linear ds2, ds2g2
Filter - with fixed coefficients)
3rd Taylor 5 points dt3, dt3g2
Transformation Absorbance Logio(1/x) log
Absorbance inverse 1/{107%) ilg
2nd Derivative/Logarithm SDL
Kubelka Munk kmu
Square x sqr
Reciprocal 1/x 1/s
Filter Linear Filter - with editable coefficients flt

* These pretreatments are wavelength dependent. The used wavelength is the selected calibration
wavelength, or can be edited in the NIR-Explorer under Pretreatments.

** g2 stands for Gap2-filtering. These pretreatments have been adapted for improved performance for
N-500 spectra.
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** MSC and Mean Centering are also depending on the C-Set spectra selection. NIRCal handles
this dependency automatically. The necessary data is stored in the pretreatments itself so they can

also operate automatically in the predictor of the application.

Legend of formula on the following pages:
Capital Letters: Vectors

Small Letters: Scalars

T: Transmittance or Reflectance A

Absorbance
S: Spectrum

h: delta X, distance of base point on the x-axis

3.5.3 Normalization

Normalization
The aim of normalization is to reduce baseline variations.

MSC is used to reduce or to increase baseline effects caused by scattering.

Tip
[ for solids
\ reduce particle size effects
[l reduce pressure difference

Overview of all Normalization pretreatments:

Original Spectra
Original Spectra

Jser Spectrs

Reflectance

—
8000 5000 4000

10002 9000 EOOD 7000
Wavelengths
Normalization by Closure* Normalization by Maxima*
Pretreated Spectra Pretreated Spectra
User Spectra User Spactra
i 10 e
:! IA N\
1 3‘: : \
1 .: "M a8
. 10} 8} £ 08
o t | 8
g 08} 1 8 ,
; ‘ 4
€ 08} | é
€ , \ &
141
N 02
02§ M
004 00
10000 2000 EO0D 7000 6000 £000 4000 10000 a00d 80a0 7000 EODD 5000 4000
Wavelengths Wavelengths

92

NIRCal 5.6 Manual, Version B




Normalization by Sdev*

Pretreated Spectra

User Spectra

Reflectance (nsd)

a
10000 9000 8O0 7000  B000 5000 4000
Wavelengths

Reflectance (nle)

o0oe

004

000

Chemometrics

Normalization to Unit Length*
Pretreated Spectra

User Spectra

VN

10000 9300 8000 7000 6000 5000 4000
L]

Wavelength

Normalization between 0 to 1*

MSC Amplification*

Pretreated Spectra Pretreated Spectra
10 Liger Spectra User Spectra
/ \
0s
é a6 g.
g g
g 04 g
g .. 2
00 : : : A
10000 9000 8000 7000 8000 5000 :CGLU 10000 a0 6000 7000 6000 s000 4000
Wavelengths Wavelengths
MSC Full* Divide by spectrum
Pretreated Spectra Pretreated Spectra
M User Spectra Liser Spectra
0s \ /.'/\ 06
3 J g
s 06 \'\ s 04
2 \ 5
a v
S i,\j 5 o
} \
" - : Vhﬁ 00
B e

10000 9000 8000 B0 5000 4000
1

1000
Wavaelength

10000 =] a00d 7000 6000 5000 4000

Wavelengths
Standard Normal Variate* Variance Scaling
Pretreated Spectra Pretreated Spectra
User Spectra _User Spectra

\‘
05 ‘/fﬁ'

\

‘E.yk-, /‘ y\/.\

Reflectance (SNV)
(‘;. -
o

1

10000 000 8000 EOQOD 5000 4000

7000
Wavelengths

Reflectance (vs)

10000 9000 3000

6000 5000 4000
H

7000
Wavelength:
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* These pretreatments are wavelength dependent.

Normalization by Closure

Original Spectra

User Spectrs

Reflectance

4000

000

EOO0D 7000

Wavelengths

8000 5000

Formula:

o =21

AF
>7
iml

Martens, Naes 1989, p. 337

Use
Reduction of baseline variations.

Type

Reflectance (ncl)

Pretreated Spectra

User Spectra

8000

E00D 7000

Wavelengths

E0J0 £000 4000

The Calibration wavelengths are used when the pretreatment is added; the wavelength range can be
changed afterwards in the pretreatment that can be different from the calibration wavelength.

Normalization by Maxima

Original Spectra

User Spectrs

Reflectance

9000  E000 7000 “4000

Wavelengths

8000 5000

Use
Reduction of baseline variations.

Reflectance (nma)

Pretreated Spectra

User S 2
10 /\ User Spactra

a8

06

04

02 l

00 —
10000 9009 803D 7000 EODD 5000 4000

Wavelengths
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Type:
The Calibration wavelengths are used when the pretreatment is added; the wavelength range can be
changed afterwards in the pretreatment that can be different from the calibration wavelength.

Normalization by Sdev

Division of each spectrum through the Standard Deviation of its Intensity Value within the Wavelength
selection.

Original Spectra Pretreated Spectra
User Spectra User Spectra
3
H
-
g e 2
@
: :
I
o J -
10002 a000 EO0D 7000 6000 sa00 4000 10000 4000 8000 7000 8000 5000 4000
Wavelengths Wavelengths

Use
Reduction of baseline variations.

Type:
The Calibration wavelengths are used when the pretreatment is added; the wavelength range can be
changed afterwards in the pretreatment that can be different from the calibration wavelength.

Normalization to Unit Length
Vector Normalization to Unit Length.

Original Spectra Pretreated Spectra

User Spectra User Spectra

006 \\ f‘f‘

004

Reflectance
Reflectance (nle)

Doz

o Y

10002 9000 £ 7000 8000 5100 4000 10000 9900 80100 7000 (ale) 5000 4000
Wavelengths Wavelengths
= I - 2 2 2
I SR S
95 * Ty b T,
Use

Reduction of baseline variations.
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Type

The Calibration wavelengths are used when the pretreatment is added; the wavelength range can be
changed afterwards in the pretreatment that can be different from the calibration wavelength.

Normalization between 0 to 1

Original Spectra

User Spectrs

10002 9000 EO0D 7000 6000 sa00 .PIJEO
Wavelengths

5 -min($H1
maxl S - min(S)Tl

Use
Reduction of baseline variations.

Type

Reflectance (n01)

Pretreated Spectra
Uger Spectra

10 ‘

/\
08
a6
04
02
00 A
10000 9000 8000 7000 8000 5000 4000

Wavelengths

The Calibration wavelengths are used when the pretreatment is added; the wavelength range can be
changed afterwards in the pretreatment that can be different from the calibration wavelength.

MSC Amplification

Original Spectra

User Spectrs

Reflectance

10000 9000 EOOD 7000 6000 5Q00 4000
Wavelengths

Reflectance (ma)

Pretreated Spectra

User Spectra

a0 6000 BOOD 5000 4000

7000
Wavelengths
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T=aql+bT+E

T-al

MET P o

&
MSC g =T al

T

Mcmpﬁﬁmﬂam = E
T = Mittehwert
E = Brror
Use

Can increase baseline effect, can be good for particle size separation.

Type
This pretreatment is not depending on the calibration wavelengths.

MSC Full
MSC Multiplicative Scatter Correction (full)

Original Spectra Pretreated Spectra
Jser Spectrs User Spectra
08 \ 7~
g o

g :.: 06 \"'

$ ] \

§ S 04 ] \A/‘\/\

o« |
] \ A
02 ¥ lﬁ
10000 a00a BO0D w:;ElDoOn w’atm 5000 X :KJ(EIJ 10000 Q000 8000 W v".l'u.l'!‘ m‘uju_l 5000 I ;lLl_l'J
T=al+bT+E
T-al
MET, =
Jull b
MSC g =T—al
T

mcmpﬁﬁcmax = E
T = Mittehwert

E = Brror
Use

Eliminates scattering effects. Reduction of baseline variations.

Type
The Calibration wavelengths are used when the pretreatment is added; the wavelength range can be
changed afterwards in the pretreatment that can be different from the calibration wavelength.

Divide by Spectrum
When selecting this pretreatment the number of the spectrum, which should be used for the division,
has to be entered.
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In this way it is possible to enhance the differences in the data set.

Divide by Spectrum ;

Spectrum No #

|1n

X]

oK

Cancel

Divide by Spectrum '

Spectrum Scale

Original Spectra

User Spectra

Reflectance

10000 9000 EO0D 7000 6000 5000 4000

Wavelengths

NOTE

X

OK

Cancel

Reflectance (div)

Pretreated Spectra

User Spectra

74

02

ao0

10000 9000

a00a 7000 6000 5000 4000
Wavelengths

Having applied Divide by Spectrum the selected spectrum (spectrum No. 10 in this example) must not be
put into the C-Set; its ordinate values will contain 1.0 only. The selected spectrum is copied into the
pretreatment once. The selected spectra contains all previous pretreatments.

Type

This pretreatment is not depending on the calibration wavelengths.

Standard Normal Variate

The SNV transformation centers each spectrum and then scales it by its own standard deviation

(mean zero and variance equal to one).
It corrects shifts on the ordinate.
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Original Spectra Pretreated Spectra
User Spectrs User Spectra
10 \/\;\‘
05 .f”/\ \ :
00 -

-7

',:‘\-,

Reflectance

Reflectance (SNV)
N

10000 9000 EOOD 7000 6000 5Q00 4000 {0000 9000 8000 7000 G000 5000 4000
Wavelengths Wavelengths

Y_SNV = (y - mean(y)) / Sdev (Y)

Use
Reduction of baseline variations.

Type
The Calibration wavelengths are used when the pretreatment is added; the wavelength range can be
changed afterwards in the pretreatment that can be different from the calibration wavelength.

Variance Scaling

The spectra are divided by the standard deviation vector of the C-Set spectra. It is dependent on the
C-Set selection.

NOTE

NIRCal handles the changing of the C-Set spectra automatically (by a refresh F5 or recalculation) and
changes the the standard deviation and the result of the pretreatment. The standard deviation vector is
stored in the pretreatment, so it can be used in the predictor and application.

Original Spectra Pretreated Spectra
User Spectra User Spectra
4
® g af
§ g
&
1
——— 0 —
10002 000 BOO0D 7000 8000 50c0 4000 10000 9000 3000 7000 §000 5000 i .'J-IJI:U
Wavelengths Wavelengths

Use
Can increase baseline variations, can be good for particle size separation.

Type
This pretreatment is not depending on the calibration wavelengths.
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3.5.4 Offset

Offset

The aim of Offset is to make baseline correction which caused by scattering.

Overview of all Offset pretreatments:

Original Spectra
Original Spectra

User Spectrs

Reflectance

EO0D 7000 6000 5000 4000

Wavelengths

Subtract DC*
Pretreated Spectra

User Spectra

Reflectance (dc)

Shift negative to zero*

Pretreated Spectra

User Spectra

o6&

04

Reflectance (n22)

07

0o H H i H
10000 a000 BO00 7000 6000 10000 @00 8000 7000 6000
Wavelengths Wav s
MSC Offset* Add Constant
Pretreated Spectra Pretreated Spectra
08 _— User Spectra ia 5 \Jser Spectra

- ’/ 2

Reflectance (mo)

06

Reflectance (+c)

04

10000 9000 E000 7000 6000
Wavelengths
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Mean Centering Subtract spectrum
Pretreated Spectr Pretreated Spectra
S _ UserSpecta User Specira
0.06 1w : =
o4 M
= 002f* 5
SERe P 3
%— 0.00 e ;:,
5 002 g
o -004f §
=4 =
& 006 &
-0.08¢
010
10000 9000  BOOD 7000 EOOD 5000 4CO0 10000 €000 8000 7000 B00O 5000 4000
Wavelengths Wavelengths

* These pretreatments are wavelength dependent.

Subtract DC
The integral of the spectrum is subtracted as a scalar from the spectrum.

Original Spectra Pretreated Spectra
User Spectra Jser Spactra
)
§ =
-
2
g
0000 9000  BOOD 7000 6000 5000 4000 1000J 9000 EOD0 7000 6000 S0OD 4000
Wavelengths Wavelengths

Formula:
"
PRy
BC =T -1+
N
Use

Baseline correction of spectra.

Type:
The Calibration wavelengths are used when the pretreatment is added; the wavelength range can be
changed afterwards in the pretreatment that can be different from the calibration wavelength.

Shift Negative to 0

In this example there is no effect because the spectra do not have any negative values. If there are
negative values in a spectrum, a constant of the same absolute value as the largest negative value will be
subtracted from the spectra. There will be no more negative values in the spectrum after the
pretreatment has been performed; the minimum ordinate value will be zero.
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Original Spectra Pretreated Spectra

User Spectrs User Spectra

Reflectance
Reflectance (n2z)

10000 000 EOOD 7000 6000 5000 4000 10000 @00 8000 7000 6000 5000 4000
Wavelengths Waveiengths

Formula:
S=S-min(S)I A min(S)(0

Use
For each spectrum the minimum -if it is smaller than zero- is substracted from the spectrum.

Type:
The Calibration wavelengths are used when the pretreatment is added; the wavelength range can be
changed afterwards in the pretreatment that can be different from the calibration wavelength.

MSC Offset

Original Spectra Pretreated Spectra

User Spectrs User Spectra

Reflectance
Reflectance (mo)

10000 a00a B00D 7000 6000 S000 4000 10000 8000 8300 7000
Wavelengths Wavelengths
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Formula:

T=al+bT+E

T-al
ME"Cﬂu =

M3

axplification =
T = Mittelwert
B = Brror

Use
Can increase the baseline shift, can be used for particle size separation.

Type:
The Calibration wavelengths are used when the pretreatment is added; the wavelength range can be
changed afterwards in the pretreatment that can be different from the calibration wavelength.

Add constant
When selecting this pretreatment the constant to be added has to be entered first.

Pretreatment : Add Constant X|
Constantwvalue 0K
Cancel
|0.3
Original Spectra Pretreated Spectra
User Spectra User Spactra
10 T
. L
3 k3
g g
: i o
o
04
10000 9000 BO0D 7000 6000 sac0 b VZJEO 'lJl:lJ 000 8000 7000 G000 S000 4000
Wavelengths Wavelengths

e.g. Constant = 0.3
This pretreatment can be used for the correction of systematic errors.

NOTE
To subtract a constant simply enter a negative constant.

F=r+al
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Mean Centering

The mean spectrum of the C-Set spectra will be subtracted from each spectra, only the deviation is
remaining.

Original Spectra Pretreated Spectr
User Spectrs r Spactra S
0.06 :
004
s g =
:
3 g 00455
< X
& .oopjss
00845500
010
10000 9000 EO0D 7000 8000 5000 ‘.AEJEO 10000 aoog BOOD 7000 EQOD 5000 4000

Wavelengths

Wavelengths

NOTE
Do not use Mean Centering as the last step in the pretreatment sequence when the Mean Centering
has already been activated in the Calculation Parameters dialog box.

The Mean Centering defined in the Calculation Parameters box is calculated directly after the
pretreatment sequence.

Type
This pretreatment is not depending on the calibration wavelengths.

Subtract spectrum

When selecting this pretreatment the number of the spectrum, which should be subtracted from the
other spectra, has to be entered.

In this way it is possible to enhance the differences in the data set.

Subtract Spectrum 3 Z_I
Spectrum No # 0K
Cancel
10

Subtract Spectrum , l(J

Spectrum Scale oK

Cancel

NOTE
The scale factor can also be negative to add a spectrum.
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Original Spectra Pretreated Spectra
User Spectrs User Spectra

s ‘ 2 & X
. 3
H o
: ;

_—_—
10002 ap0a BO0D 7000 6000 5000 4000 10000 G000 8000 7000 5000 5000 4000
Wavelengths Wavelengths

Type
This pretreatment is not depending on the calibration wavelengths.

3.5.5 Smoothing

Smoothing

Smoothing is used to reduce the noise level in spectra. However when using smoothing the spectral
resolution will be affected. The smoothing function should be chosen according to the original data.

NOTE
Please choose the smoothing function carefully. No loss of spectral information should appear.

Overview of all Smoothing pretreatments:

Original Spectra
Original Spectra

User Spectrs

Reflectance

10002 000 BO0D 7000 8000 5000 4000

Wavelengths
Average 3 points Average 9 points
Pretreated Spectra Pretreated Spectra
Usger Spectra K User Spactra

0B{E=

04

Reflectance (sa9)
~

Reflectance (sa3)

10000 000 8030

7000 6000 5000 4000 10000 2000 E000 7000 6000 5000 4000
Wavelengths Wavelengths
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Average Savitzky-Golay 9 points
Pretreated Spectra

User Spectra

06§

a

s

g 04

;

5 02
00 =
10000 9000 8000 7000 B000 5000 4000

Wavelengths
Average 3 points

User Spectrs

User Spectra

Original Spectra Pretreated Spectra

04

Reflectance

Reflectance (sa3)

10000 9000 EOOD 7000 6000 5000 4000 {0000 9000  B0OD 7000 EOO0 5000 4000
Wavelengths Wavelengths
Formula:
PR IR
gm, 3

Type
This pretreatment is not depending on the calibration wavelengths.

Average 9 points

Original Spectra Pretreated Spectra

User Spectrs User Spactra

Reflectance
Reflectance (sa9)

10002 9000 BO0D 7000 6000 5000 4000 10000 2000 B000 7000 6000 5000 40
Wavelengths Wavelengths
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Formula:

L Tt T g+ T+ T+ T * T * T + Ty
gm, = 0
Type

This pretreatment is not depending on the calibration wavelengths.

NOTE
The information loss can be very high.

Average Savitzky-Golay 9 points

Original Spectra Pretreated Spectra
Jser Spectra 3 __ UserSpectra
0 6{Esons :'__' :
- [REEEN
: :
i s 04
g 3
E 7]
s 02
0D —3 10 s
10002 9000 00D 7000 6000 5000 4000 10000 a000 8000 7000 B000 & ).L'U 4000
Wavelengths Wavelengths

Savitzky-Golay Smoothing (=zero-order derivative), 9 points, cubic

= 210 D 1S, ) A3 0,y ) H 54 F (a D SR F () 548 (x ) 4337 () H14 £ (5, ) —21 £ (L)
231

F o (%)

Type
This pretreatment is not depending on the calibration wavelengths.

3.5.6 Derivatives

Derivatives

A derivative is used to reduce baseline effects and to increase smaller absorption peaks (shoulder
effect). The first derivative will eliminate a linear ordinate offset. The second derivative will eliminate a
sloping baseline.

NOTE
When using a derivative the signal-to-noise ratio will decrease. Therefore often it will be necessary to
combine it with smoothing.

Many derivative calculations are based on polynom fitting, therefore because of the mathematics
involved, some smoothing will be applied anyway.
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Overview of all Derivative pretreatments:

Original Spectra
Original Spectra

User Spectrs

Reflectance

000 EOOD 7000

Wavelengths

8000

1st BCAP
Pretreated Spectra
User Spectra

004%
3
T
e 002%
é 0003

002

10000

1st Savitzky-Golay 9 points

Pretreated Spectra

User Spactra

0es

0.02

0.1

Reflectance (dg1)

2nd Taylor 3 points
Pretreated Spectra

User Spectra

EO0O 6000 4000

5000

7000
Wavelengths

5000 4000

1st Taylor 3 points

Pretreated Spectra
User Spectra
0.04
0.03
§ o
s oot “v/‘
s o,mw i A“v\ ﬂ“"’{
001 v
-002¢ $
10000 400 8000 7000 6000 000 4000
Wavelengths
2nd BCAP
Pretreated Spectra

User Spectra

10000 9100 2000 7000

Wavelengths

6200 5000 4000

2nd Savitzky-Golay 9 points

Pretreated Spectra
User Spectra
0012 i
oai0
paca
)
T 0o0s
-
£ 0004
2 poe2 \
-D000}e ""W\'...i‘ﬁ,‘w | fw "\1 ‘v “
0002
0004 : '
10000 9030 8a0a 7000 6000 000 4000
Wavelengths
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2nd Taylor 3 Points Segment5 Gap5
Pretreated Spectra

User Spectra

03

B1f-- o A

Reflectance {ds2)

Chemometrics

3rd Taylor 5 points
Pretreated Spectra

User Spectra

oo

oo

Reflectance (dt3)
o
i .

00 ' "[ A {1 ""*A A \
WV VIIEYY W v
B4 , | ' -0.01
002
10000 9000 800 700 G000 £aro 4000 10000 9000 8100 700 6000
Wavelengths Wavelengths
1st BCAP
Original Spectra Pretreated Spectra
User Spectrs User Spectra
0044
: g
b ol 11y ; FOOXONSSSSOLE
g af !
E 0003 mﬁf«
-002
10002 9000 BO0D 7000 6000 5000 4000 10000 2000 Ba0o 7000 5000 5000 4000
Wavelengths Wavelengths
Formula:
i) = J(xma) * f(xm); J(xa) - f(x)
Type
This pretreatment is not depending on the calibration wavelengths.
1st Taylor 3 points
Original Spectra Pretreated Spectra
User Spectrs User Spectra
004 !
0.03
® g 0.02
g I
g § 0.0} va‘ ‘
E N W, &Vi *’M '
002 H ‘
10002 9000 EO0D 7000 6000 5000 4000 10000 a0 8000 7000 000 000 4000
Wavelengths Wavelengths
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Formula:

;centered

7y - L0 T O

Type
This pretreatment is not depending on the calibration wavelengths.

NOTE
More sensitive to noise than Savitzky-Golay 1st derivative, can be combined with smoothing (before or

after).

1st Savitzky-Golay 9 points

More useful for spectra with very sharp absorption bands with high noise spectra, for detecting very
small wavelength shifts.

Original Spectra Pretreated Spectra
Jser Spectrs Jser Spactra
0 :
. 'g 0.02 g . '
g o | | f
§ g ’,‘/ A /\ / \ I ,/"1 ‘“
P cAMAFTEVETS1AWIY T4
00 l l
-0.02 l
—— p—- ="
10002 9000 EO0D 7000 6000 Saco 4000 10000 9000 000 7000 G000 5000 4000
Wavelengths Wavelengths
Formula:

Savitzky-Golay derivative works with orthogonal polynoms (here cubic)

= 86f(x ) +1428(x,,,) +193F(x ) +126f(x,,,) - 126£(x,_, ) - 193f(x,_,) - 142f(x,_,) +86£(x,_,)
1188

fr(x,)=

Type
This pretreatment is not depending on the calibration wavelengths.

Literature:
Savitzky, Golay Analytical Chemistry Vol. 36, No. 8, July 1964, p.1627-1639, "Smoothing and
Differentiation of Data by Simplified Least Squares Procedures"

NOTE
This cited paper contains some errors in some coefficients.
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2nd BCAP

Original Spectra Pretreated Spectra

User Spectrs

User Spectra

Reflectance

0005 ’
0.010
10002 a00a EO0D 7000 8000 5000 4000 10000 2100 a000 7000 BA00 5000 4000

Wavelengths

Wavelengths
Formula:
ey = S xm) - 2f§x¢) MPACTEY.
Type
This pretreatment is not depending on the calibration wavelengths.
NOTE
The result is mainly noisy spectra.
2nd Taylor 3 points
Original Spectra Pretreated Spectra
User Spectrs

User Spectra

Reflectance

10002 000 BO0D 7000 6000 5000 4000

10009 000 EO0D 7000 6000 5000 4000
Wavelengths

Wavelengths

Formula:
sSp =17
- 2 +
S(x) = EACITY) fh(zx‘) EACTEY) ;centered, "boxcar 2nd derivative"
Type
This pretreatment is not depending on the calibration wavelengths.
NOTE

The result is mainly noisy spectra.
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2nd Savitzky-Golay 9 points

Original Spectra Pretreated Spectra
User Spectrs User Spectra

0012
0aw
paoa

b g 0008

2 A

3 § 0.004 ‘! ,

5 g 0002 | \

m.namm}\,mé' \,\’ “ ' pap 4 -\.' ﬁ\'. w
-000 'g l} " f
0004
— m
10000 9000 BO0D 7000 6000 5000 4000 10000 9000 8acg 7a00 8000 2000 4000
Wavelengths Wavelengths
Formula:

oy = B G ) FT I (2043) = 8F (hag) =17 F (00 ) = 207 0x) =17 F X ) = 85 (00 ) + T F (K ) + 28 F (o)
462

Type
This pretreatment is not depending on the calibration wavelengths.

Literature:
Savitzky, Golay Analytical Chemistry Vol. 36, No. 8, July 1964, p.1627-1639, "Smoothing and
Differentiation of Data by Simplified Least Squares Procedures"

NOTE
This cited paper contains some errors in some coefficients.

2nd Taylor 3 Points Segment5 Gap5

Original Spectra

User Spectrs

Pretreated Spectra

User Spectra

03

01 il

Reflectance

Refectance (ds2)
r
> =
-
N
f\»

.s‘ \ ."l.’., \/ ,'f'»" !
o T v T V"N" ‘\V Y V

01

e S SRS S sSSP S =spsssssses L
10002 a00a EO0D 7000 6000 5000 4000 10000 9000 gaca 7000 §000 sa00 4000
Wavelengths

Formula:
See Linear Filter

Type
This pretreatment is not depending on the calibration wavelengths.
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3rd Taylor 5 points

Original Spectra Pretreated Spectra
User Spectra User Spectra
oo
|
x
® § 0.1 : 4 l .
: |
, g o ww;\hm «W«
: \ 1
-0.01 | '
—— -0.02 : -
10000 9000 BO0D 7000 6000 5000 4000 I 10000 9000 8acg 7a00 8000 2000 4000
Wavelengths Wavelengths
Formula:
X =2 lx +2f(x o x
f m(xl) = f( J+2) f( J+1)2h3 f( 1-1) f( 4-2) ;centered
Type

This pretreatment is not depending on the calibration wavelengths.

NOTE
The result is mainly very noisy spectra.

3.5.7 Transformation

Transformation
Transformation can be applied to modify the absorption peaks.

Tip: for liquids, in case the absorption peaks are not too high (thickness is too high). Not suggested for
solids (scattering).

Overview of all Transformation pretreatments:

Original Spectra
Original Spectra

User Spectra

Reflectance

10000 9000 BOOD 7000 6000 5000 4000
Wavelengths
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Absorbance
Pretreated Spectra

Usar Spactra

Absorbance invers
Pretreated Spectra

User Spectra

10000

4000

00 8000

7000 6000 000
Wavelengths

10
8
g 2
g ° :
c
: E
e a4 &
z &
2
10000 000 8300 7000 BODO 5000 4000 10000 9000 €000 7000 6000 5000 4000
Wavelengths Wavelengths
Second Derivative / Logarithm Kubelka Munk
Pretreated Spectra Pretreated Spectra
User Spectra e User Spectra
10¢ p
"5;; 5
g E
s | -~
5 oo} SOUNE DUREN | SROUE VIS | YW g
2 o5 %
.1 ]. -
10000 8000 8000 7000 Enoo 5000 000 800a 7000 6000 5000
Wavelengths Wavelengths
Square Reciprocal
Pretreated Spectra Pretreated Spectra
User Spectra User Spectra
0s Z
H z
g g
- :
: &

8300 E00D 7000 G000 000
Wavelengths
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It is useful in case the Lambert-Beer law is valid (not too high absorption).

Original Spectra

User Spectra

Reflectance

4000

5000

7000 6000
Wavelengths

000 BO0D

Formula:

|4 = log (11T)]|

Implemented as:
= -logy (T)
__log.(D)
log,(10)
= -043429448190210g,(T)

TeR*

Type

Reflectance (log)

Pretreated Spectra

Usar Spactra

10000

7000 BI00 5000 4000

Wavelengths

8000 8000

This pretreatment is not depending on the calibration wavelengths.

NOTE

NIRCal 5 calculates maximum 10 absorption units (means: R = 0.0000000001).

NIRCal 5.6 Manual, Version B

115



NIRCal 5.6 Software Manual

Absorbance inverse

This is simply the inverse function of the ordinate transformation into absorbance; i.e. an absorbance
spectrum will be transformed into transmission/reflectance.

Original Spectra Pretreated Spectra
User Spectra User Spactra
s 2
g ®
£
: :
3
100000000 T - 60 " 4dto 10003 9000 G000 7000 el00 5000 2000
Formula:
ilg=10*
Type
This pretreatment is not depending on the calibration wavelengths.
Second Derivative / Logarithm
Original Spectra Pretreated Spectra
User Spectrs User Spectra
105
os}
: g |
g r t A
% 5 oo} e S NN
B ol
ok ; ;
10000 9000  EOOD 7000 600D 5000 4000 10000 9000 8000 7000 G000 S000
Wavelengths Wavelengths
Formula:
_ AII
log{1+ A4)
Type

This pretreatment is not depending on the calibration wavelengths.
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Original Spectra

User Spectrs

Reflectance

10002 000 EO0D 7000 6000 5000 4000
Wavelengths

Formula:

_(-1y
K=" T
Type

Reflectance (kmu)

Chemometrics

Pretreated Spectra

User Spectra

9000 8000 7000 B000 5000
Wavelengths

This pretreatment is not depending on the calibration wavelengths.

Square

Square is a tool for contrast amplification in spectra.

Original Spectra

User Spectrs

Reflectance

10002 9000 BO0D 7000 8000 5000 4000
Wavelengths

Formula:

Use
Contrast enhancement.

Type

Reflectance {sqr)

Pretreated Spectra

User Spectra

10000 000 8000 7000 8000 000 4000
Wavelengths

This pretreatment is not depending on the calibration wavelengths.
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Reciprocal
Original Spectra Pretreated Spectra
Jser Spectrs User Spectra

40

¥ g A

» = Yo 5

¢ = ‘
g g 20

§ o
S 10
1]
10000 9000 EO0D 7000 6000 5400 y lfm 10000 8300 B0I0 7000 6000 s000
Wavelengths Wavelengths

Formula:

5=

] g

Type
This pretreatment is not depending on the calibration wavelengths.

3.5.8 Filter

Linear Filter

Linear filters allow the application of user defined pretreatments. For instance it is possible to apply
average smoothing, derivative, low and high band pass filtering. The default linear filter in NIRCal
contains a neutral setting of 1, 1.

Linear filter &J

Filter coefficients and scale _
0K
1,1 - Cancel

It is best to show examples for the explanation of linear filters.

The coefficients for the lienar filter will be explained for a Savitzky-Golay first derivative. In the original

paper (Anal. Chem. 36, 1627-1639 (1964) the following formula was given using orthogonal cubic

polynomes (nine points):

fr(x )= 86f(x, ) +1421(x ) +193f(x ) +126f(x ) - 126f(x ) -193f(x _,) - 142f(x _,) +86f(x _)
* 1188

This formula will be transferred into the following coefficients for linear filters:

-86, 142, 193, 126, 0, -126, -193, -142, 86, 1188

The coefficient for the highest x-value x(i+4) is -86, for the lowest x-value x(i-4) the coefficient is +86.
The coefficient is 0 for that term, where there is no contribution; in this example it is in the middle, i.e.
x(i+0). The last value of the coefficients is the Scale Factor. The sum will be divided by the scale
factor.

As next example a three point average smoothing is used. The formula is: X (i

= (x(i+1) + x(i) + x(-1) ) / 3

The corresponding coefficients for this example are: 1, 1,1, 3
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Linear filters are very useful when spectra recorded with a different resolution have to be treated
similarly to original spectra with e.g. only one third of data points (step from NIRFlex N-400 to NIRFlex
N-500). For similar prediction results of calibrations smoothing and deriving functions should be
adapted. In the following tables the linear filters for the basic smoothing- and derivative functions are
summarized.

Derivatives Linear Filter Coefficients

First Derivative BCAP (db1) 1,1,0,-1,-1,4

First Derivative Taylor 3 points (dt1) 1,0,-1,2 {= First Derivative Finite
Differences}

First Derivative Savitzky-Golay 9 -86,142,193,126,0,-126,-193, -

points (dgl) 142,86,1188

Second Derivative BCAP (db2) 1,-2,1,2

Second Derivative Taylor 3 points 1,-212 )

(dt2)

Second Derivative Savitzky-Golay 9 | 28,7,-8,-17,-20,-17,-8,7,28,462
points (dg2)

Second Taylor 3 Points Segment5 1,1,1,1,1,0,0,0,0,0,-2,-2,-2,-2,-

Gap5 (ds2) 2,0,0,0,0,0,1,1,1,1,15
{Second Derivative Finite Differences| {1,0,-2,0,1,1}
s

Third Derivative Taylor 5 Points (dt3) 1,-2,0,2,-1,2

{Third Derivative Finite Differences} {1,0,-3,0,3,-1,1}

*) due to upward compatibility reasons, identical to BCAP
{...} not included in NIRCal 5; for “Finite Differences” see: Norris and Williams in “NIR-Technology in
Agricultural and Food Industries” p. 48

Smoothing Linear Filter Coefficients
Average 3 Points (sa3) 11,13

Average 9 Points (sa9) 11,1,11,1,1,1,1,9
Savitzky-Golay 9 Points (sg9) -21,14,39,54,59,54,39,14,-21,231

There are various ways for adapting Filters for the step between data of e.g. the NIRFlex N-400 and
NIRFlex N-500. As a simple recipe we suggest to repeat each filter coefficient 3 times and adjust the
scale or insert zero coefficients between the coefficients and also here adjust the scale. The recipe is
illustrated for the second derivative BCAP (db2) below.

Number of data points: 500 Linear Filter Coefficients
500 1-2,12

Various alternatives:
1501 11,1,-2,-2,-2,1,1,1,3
1501 1,0,0,-2,0,0,1,1.2
1501 1,0,-2,0,1,0.7

For new NIRFlex N-500 datasets gap2 pretreatements have been introduced with NIRCal 5.2. The
following tables show the linear filter coefficients for gap2 pretreatements.

NIRCal 5.6 Manual, Version B 119



NIRCal 5.6 Software Manual

Gap2 Derivatives

Linear Filter Coefficients

First Derivative BCAP Gap2
(db1g2)

1,0,0,1,0,0,0,0,0,-1,0,0,-1, 4

First Derivative Taylor 3
Points Gap2 (dt1g2)

1,0,0,0,0,0,-1, 2

First Derivative Savitzky-
Golay 9 Points Gap2

(dglg2)

-86,0,0,142,0,0,193,0,0,126,0,0,0,0,0,-126,0,0,-193,0,0,-
142,0,0,86, 1188

Second Derivative BCAP

1,0,0,-2,0,0,1, 2

Gap2 (db2g2)

Second Derivative Taylor 3
Points Gap2 (dt2g2)

1,00,2,00,1,2 %

28,0,0,7,0,0,-8,0,0,-17,0,0,-20,0,0,-17,0,0,-
8,0,0,7,0,0,28,462

Second Derivative Savitzky-
Golay 9 Points Gap2

(dg2g2)

Second Taylor 3 Points
(Segment5 Gapb)
Gap2 (ds2g2)

1,0,0,1,0,0,1,0,0,1,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,-
2,0,0,-2,0,0,-2,0,0,-2,0,0,-
2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,1,0,0,1,0,0,1,0,0,1,
5

Third Derivative Taylor 5
Points Gap2 (dt3g2)

1,0,0,-2,0,0,0,0,0,2,0,0,-1, 2

Gap2 Smoothing Linear Filter Coefficients

Average 3 Points Gap2 1,0,0,1,0,0,1,3

(sa3g2)

Average 9 Points Gap2 1,0,0,1,0,0,1,0,0,1,0,0,1,0,0,1,0,0,1,0,0,1,0,0,1,9
(sa9g2)

Savitzky-Golay 9 Points Gap2 -

(sg9g2) 21,0,0,14,0,0,39,0,0,54,0,0,59,0,0,54,0,0,39,0,0,14,0,0,-

21,231

3.6 Primary PCs

Primary PCs are used for the reconstruction of measured and pretreated spectra. The optimum
number of primary PCs will be achieved if the spectra are described down to the limit of noise of the
spectrometer. Primary PCs influence the spectra reconstruction and therefore are responsible for the
residuum spectra and the residual.

The more primary PCs are used, the smaller the allowed residual of the calibration. If too many
primary PCs are selected, a calibration is overfitted. In this situation only the calibration spectra
will be identified correctly but not necessarily spectra of additional validation samples represented in
the project.

If too few primary PCs are selected, the calibration might not be selective enough for the

products (underfitted). _ _
Tools for the selection of the optimal number of primary PCs:

The X-PRESS function shows from which PCs on, an additional PC does not improve the
reconstruction of the spectra. The smallest number of PCs that still shows changes should be
selected.

The Loadings / PCs themselves can be judged. PCs that appear noisy should not be used.
The Residuum spectra can be checked. The amplitude of these spectra with the selected
number of primary PCs should be about the same.
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Determination of the Primary PCs

X.PRESS |EEETOIETEITNT  ox

| el R |

Loadings Residuum Spectra
3 ectra Resaduum (20) Framiil_SSNREINIR 1= .7

o iy - Ry L) Ry

e

In this example, 3 primary PCs are necessary, each loading contains spectral information. PCs 4 to 10 are

very small and have only noise with no useful information.
Check the number of primary PCs with the help of the graphic X-PRESS (in the Overview, or open the

graphic in the Menubar : Graphics / X-PRESS) and Loading.

Additional tool:

The Eigenvalue of the PCs may provide information of the information content of the PCs. The
reliability of the Eigenvalue is dependent on the applied data pretreatment.

The selected number of primary PCs should be adjusted and the calibration recalculated.

The more primary PCs are used, the smaller the allowed residual of the calibration.

[1  If the primary PCs are selected correctly, the residuum spectra are similar for the C- and V-

Set.
Example of correct primary PC selection:

Spectra Residuum

. AliSpectrs

|

000

Reflectance (SNV, db1)

10000 000 8000 7000
Wavelenyths

NIRCal 5.6 Manual, Version B 121



NIRCal 5.6 Software Manual

Spectra Residuals vs. Spectra
) »}) Spectra . )
0[(\1:
3 ool
° |
3 s
(-4 L
UECQ: n * T
UE(H.~ T
10 20 0 40 50
Spectra

[1 If too many primary PCs are selected, a calibration is overfitted. In this case only the
calibration spectra will be identified correctly but not necessarily the validation samples in the
project.

Example of overfitting:

Spectra Residuum

All Specira

: CRwIN mrchy
< omé
o ¢
= ;
2 :
L . h ) e Al

- LAWCR PR L ALK SN ST :
s Omf; 4 SR L :fg e
§ | '
S a0

P e e e e e
10000 2000 8000 7000 s000 S000 2000
Wavelenyths

Spectra Residuals vs. Spectra

All Spectra
{5 covmemmon vwecen : : T
|
0003+
|
|
|
|
g0 L(IZ:
=
|
é ]
|
00014
|}
0.000 85 : ; .
10 2 0 40 50
Spectra

The residuals of the C-Set are much lower, as for the V-Set.

\ If too few primary PCs are selected, the spectra are underfitted, the calibration might not be
selective enough for the products.
Example of underfitting:
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Spectra Residuum

__All Specira

P ————

0mes

0044

1} ﬂ:':: *
G

000§ ?“)"H B

et

0028 1

0043

Reflectance (SNV.db1)

0064
a.08:

10000 2000 8000 7000 S000 5000 2000
Wavelengths

Spectra Residuals vs. Spectra

All Spectra
"."..I,,\"t" v v »

0012}
{
|

nr-nf
|
0 0084
]

Residual

0,006+ . =" o
. ,
0004+ oot ¢ o

1
000es

10 0 0 40 50
Spectra

There are spectral characteristics, which are still not fitted, the residuum spectra are bigger, as the
noise of the instrument.

NOTE
Avoid underfitting and overfitting! The PCs / Factor Selection Wizard can help with an estimate.

3.7 Adjusting Primary PCs (Calculation Parameters)

Menu: Calibration \ Parameter \ Calculation

Icon: +

Calculation Parameters w

Calculation
") Data Description [%4] 939
@ Num Primary PCs 3 ﬂ_}

Advanced
[¥] Mean Centering after Pretreatments
Max. Iterations 3000

The primary PCs are edited in the Dialog called Calculation Parameters. To check the result of the
Setting of the Primary Principal components open the graphic Spectra Residuum: Menu: Graphics /
Spectra / Residuum:

NOTE
Avoid overfitting: do not use too many principal components with little information.
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Calculation
Data Description [%]

Num Primary PCs

Advanced
Mean centering after
Pretreatments

Max. Iterations

To determine the number of primary PCs with a certain Data description

(in %).

Available for Cluster and PCR Method only.
Change the value at Num Primary PCs to the number defined by the

graphic “X-PRESS”. The limit of maximum number PCs is number of C-
Set spectra.

Sets the Mean Centering after finishing Pretreatments ON or OFF.

All implemented algorithms (PCA, PCR, PLS) prefer a mean
centering of the data.

In very special situation it is possible to try the calibration without mean
centering (e.g. SIMCA).

The maximum number of iterations for the internal PCA, PCR and PLS
algorithm.

When the maximum iterations are reached the algorithm will stop the
calculation at the actual PC. All the following calculations will be done
with this actual number of PCs instead the desired number of primary
PCs.

Tip: for very difficult data set, set the number of iterations up to 3'000.

NOTE: Max. iteration limit is the number of C-Set spectra.

3.8 Secondary PCs

3.8.1 Secondary PCs for qualitative Calibration

The secondary / calibration principal components are responsible for the separation of the different
substances and are used for the tolerance radii calculation. Several graphics or tables can help
decide which principal components will lead to a successful separation of the properties.

The most comprehensive results are in the Menubar: View / Overview.

= X PRESS (20) SUB JRIETES[ = property Reschuan (ONSUMI=TER|[ = scores ve scorea _la/x]
X-PRESS Property Residuum PCsix] |1 v | PCsil|3 |
A3 Tpechks AS Properies
| = 5. E
b ' ] Lon R L O T pitche - intsnd
3 : i
E az; "..‘ ;
- . i
& ; \ : 1
1 s n :,é‘ a0 as o - « l:h wm A=
7 Scores (2D) Bugars, (=] 3| | = spectra Residals ¢
- Spectra Residuals too big
Ml Ore
031 %= ’ 0 0
2 gom bbb bl
2 ' g
g e : i
an| ] i
ar = '
1. > - -« m w A <
gzt
7= Property Box Radi { B [=] 3| | = clusters per Proper =]
Prope;tltx' Bo.x Radii Clusters ‘;')I?" Property 3 Project Name A
= T ' T 7 O Instruments @& Globally U
L 7 - SR ) .t S #-( Spectra # Comment
v i - @ Creator —
. B / 3 [ Properties eator
& / 1) & 1 Calbratiors @ Creator Lc
- / 5 s ) Mafrices ® Created
oo “et oo nee 2 @ Creator S
Y . @ Creator Sy
10 i ] . 30 3% o 13 s CINE 3% ;l > 4
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View Scores Graphic

Enlarge the Scores / Scores window in the Overview (3th column, 1st window).

=10} x|
PCs[x]|1 Ll PCsm|2 j
Scores vs. Scores
O p ST e ——— _Hfo:‘_n ...... ...@.-_
..... r ': - .
T [ R, {eamisssisglns Rt it

2
A
£,
f
a

'
\
| '
'

b= Rk ikt et nia Xl w L A R R AN Y SN T R LA i
' v
' s

7Y | davenonenaalnesenaige= l_.l._.
< < <L o

There is a clear separation of the 4 different properties
spectra according to the PC 1 and 2.

There is no separation with the scores of PC 4.

PCs[x]IS vl pc:;mlﬂ vl

Scores vs. Scores
lipers

e
@

PC 1, 2 and 3 are secondary PCs, the PC 4 is not
chosen for a secondary PC.

Scores against Spectra:

Chemometrics

Enlarge the Scores window in the Cluster Method Overview (1st column, 2nd window). Good
reproducible scores belong to PCs 1, 2 and 3, the PC 4 scores are not repeatable => PC 4 can not be

used as secondary / calibration PC.
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@ NIRCal - [Scores (2D) FromDB_Solvent ID] L & |DL>_<]

File Edit View Workspace Project Calibration MWizard Tables Graphics Modules Window Hp -||5'|5]
All Spectra

{ dichicanehare

Q

o
Ready Pcs 3 pC [1.13531 [Zoom [Snap-- boeHy  ~
Property Box Radii:

Enlarge the Property Box Radii window in the Overview (1st column, 3rd window). Property Box
Radii represents the scattering of the scores

[J small values (normally below 0.1) mean repeatable
[ scores, big values mean bad repeatability.

The scores of PC 4 are not repeatable, PC 4 can not be used as calibration PC.

@ NIRCal - [Property Box Radii (2D) FromDB_Solvent ID] R _|D|£|
File Edit View Workspace Project Calibration ‘Wizard Tables Graphics Modules Window Help -2 x|
All Properties

| =% : ; s s |
o0 S-S SR R S T e — beneesneess
P /R S S O— A | — o A—
E ! : : ) :
4 : 3 ¥ Y :
1 E ! E ! # o
L e EEEUEI SR S et SN
] e z ! P z
: : : : 2 :
1.0 15 20 25 30 35 40
PCs
Ready [pCs [3 [Radi [0.0176828  [Zoom  [Snap-- Bushy ~
Additional tool:
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The Property Score Disorder values show how effective a particular PC separates different
properties (substances) from each other. By scanning the score values in one direction of a PC and
counting the changes between the membership of A or B, the disorder value is achieved. If a PC
completely separates all calibration properties, the smallest disorder value is: [the total number of
calibration properties-1].

PCs with small disorder values are possible calibration PCs.

Summarising all the information available from the graphics for this example, the first 3
principal components (1-3) should be used as secondary PCs.

The separation with 3 selected calibration PCs is visible in a 3 D graphics.

@ NIRCal - [Scores (3D) FromDB_Solvent ID] ' - |El|ﬁ

@ File Edit Yiew Workspace Project Calibration Wizard Tables Graphics Modules Window Help _Iﬁ’lﬂ

PCs I- vl | vl |- vl Properties I_ vl

dichlormethane
toluene
ethanol
acetone

Ready |all Spectra [Plang ------ [Rotate (bush  ~

The selected number of secondary PCs should be adjusted and the calibration recalculated.

NOTE

In case more than 3 secondary PCs are selected, there is no possibility to see the clusters with the real
radii in a 3D-Plot (more than 3D is not existent).

Try adjusting the xyz axis using the drop down list.

NOTE
To see the scattering in multi dimensions use Grafics / Scores / Multi 2D-Scatter.

3.8.2 Secondary PCs for quantitative Calibration

The secondary / calibration principal components are responsible for the parameter calculation and for
the quality of the calibration. Several statistical values can help this decision.

The most comprehensive results are in the Menubar: View / Secondary PCs Selection.
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i NIRCal - FromDB_Sugar-Petril

File Edit View Workspace Project Calibration ‘Wizard Tables Graphics Modules Window Help

=18l x|

=10(x]

v

6 PCR B-Matrix (2D) FromDB_Sugar-Petri

PCR B-Matrix
brepurtss

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

7 ¥-Get PRESS (2D) FromDB

=10l

Cross Validation
Fresorss

Regression

V-Set Regression Coefficient
Arigactos

PRESS (2D) FrombB

=10l

78 NIR-Explorer: Fro

5 AAAAAAAAAAAAAAAAAAAA [ Project 4| | Mame | sele

a : [ Instruments (3 All PCs S

i : (0 spectra . User PCs 0

T £ Properties . Calibration PCs S

: @L. Saccharose
(=143 Calibrations

- = R R [ i |

Ready PCs |4 [BValue [-27.0308 [Zoom [Snap-- Cuuh

Select the number of PCs, where:

[l the in the plot regression coefficients[1] the PCs, which have similar constant value, are
good for the calibration, big deviation indicates over fitting;
the SEP Generalized Cross Validation is small (about the value of the standard deviation of
lab method);
the V-Set Bias is around zero;
the Q-Value is high;
the absolute value of the PCR B-Matrix is high (not available by PLS);
the V- and C-Set regression coefficients are as close to one as possible;
the consistency is around 100;
the V- and C-Set PRESS are as small as possible;
the V- and C-Set SEP and SEE (SEC) are as small as possible and are similar (consistency).

s A Y Y O

Summarising all the information available from the graphics for this example, the first 3 principal
components (1-3) should be used as secondary PCs.

It is possible that different numbers of PCs are ideal for different selection criteria. In this situation the
different secondary PCs should be adjusted, the calibrations recalculated and the results compared.

In general for the C-Set a higher number of PCs always improve the result. For the V-Set, after a
certain number of PCs the result can be even worse. The optimum should be selected.

The selected number of secondary PCs should be adjusted and the calibration recalculated.

Note: The PLS algorithm calculates the PC's with the highest correlation to the property values, that
means the secondary PC selection can not have a gap. The real selection is always "1 to the last
selected". For 1-2, 4-7 secondary PC's selection the internal used secondary PC’s are 1-7 due to the
PLS algorithm. This allows easy switching between the methods form PCR to PLS and back without
losing the PC selection.
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3.9 Secondary PC Selection

The number of secondary PCs is limited by the number of primary PCs. From this number of PC any
number can be selected using the NIR-Explorer or the Edit dta Set dialog.

NOTE

In PLS a secondary PC selection like in the PCR or CLU is not possible, NIRCal uses all PCs from PC
1 to the last selected PC as secondary PCs.

3.9.1 Secondary PC Selection using NIR-Explorer

@ NIRCal - [NIR-Explorer: FromDB_Solvent ID] i
@ File Edit View ‘Workspace Project Calibration Wizard Tables Graphics Modules Window Hel

’fj Project Marme I Selected I Size l Selection as St... l
(0 Instruments (53 Al PCs 4 4 1-4,
&+ Spectra & User PCs 0 4 nothing selected.
-] Properties #iCalibration PCs 3 4. 153,
[=-4Zy Calibrations
- =84 Cluster
=49 Data Sets
ks spectra

b2y Wavelengths
k25 Properties
. L pes
<[] Pretreatments
@ Settings
- % Journal
<[] Matrices

By double clicking on Calibration PCs, the selection dialog appears

x Steps sequence:
—Name 1. Select Custom:;
= | OK I 2. Type in the selection;
v

Calibration PCs .
| Cancel I 3. Click on OK.

— Method
" Monte Carlo Random
{" Sequence

" Blockwise

@ Custom [PCs]

1-3.

Parameter

Ranae from |1 to |4 £
Block select |4 leave IZ Invert

Armount 70 %

|-

Apply
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@ NIRCal - [NIR-Explorer: FromDB_Solvent ID]
@ File Edit View Workspace Project Calibration Wizard Tables Graphics Modules Window Help

4 Project

[ Instruments
&[] Spectra

- (L] Properties

1429 Calibrations

- =84 Cluster

: =43 Data Sets

b2y spectra

b2y wavelengths
-}2s Properties
Poclupe BES

<[] Pretreatments
@3 Settings
M Journal

-] Matrices

In the calibration the selection is shown.

MName I Selected I Size | Selection as St... ]
(%3 all PCs 4 4 14,

& User PCs 0 4 nothing selected.
ZCalibration PCs 3 4. .. 13

3.9.2 Secondary PC Selection using Edit Data Sets Dialog

Click on the icon: ﬁ
data Sets / Edit Data Sets.

Edit Data Sets B

X|

—MName
0K
|Calibralion PCs _:J le
ance
— Method
" Monte Carlo Random
" Sequence
" Blockwise
& Custom [PCs]
1-3. Zl
Parameter
Range from |1 to |3 i‘
Block select |4 leave |2 Invert |
Amount 70 % IA—]
pply
NOTE

or open the Edit Data Sets dialog under the Menubar: Calibration / Change

Select Calibration PCs from the drop
down menu. Select Custom, edit the
selection and press Apply.

After setting the secondary principal components, the calibration should be recalculated.
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3.10 PCs (Factor Selection Wizard)
Menu: Calibration / Change Data Sets / PC
Icon: F

estimated actual
MNumber of primary PCs 4 8

Secondary PC Selection  |1-2 1-2. Cancel

MNate : start with a high number of primary PCs to use the estimation once.

Test Details
Testt 1.5 : C-8et X-PRESS Slope Ratio (Highest>Z) test : 4
Te=t 2.2 : Q-Value (US) maxima (limited) te=t : 2

Under actual the current settings for primary and secondary PCs (Factors) are displayed.

Under estimated the wizard suggest an optimized selection. The selections are changed manually.
See: Adjusting Primary PCs and Adjusting Secondary PCs

NOTE
The estimated selections can only be smaller then the actual selections in the current project.
Therefore it is recommended to change the selections for the PCs to a relative high value.

Related Topic: SIMCA, Transform Cluster to SIMCA

3.11 Blow Up Limits

Menu:  Calibration / Parameter / Blow Up Limits

Icon:
L

The dialog is different depending on whether a quantitative or qualitative method is selected. They can be
used for the fine tuning of the calibrations.

3.11.1 Blow Up limits quantitative calibration

olow up Limies x
~— Limits
Residual IZ—' B l
Score W
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Limits

Residual The maximum residual, allowed for the application is determined by two (2) times the
maximum residual of the calibration set. The default value is 2 and can be edited by
the user.

Scores The calibration spectra "maximum and minimum Scores x Blow Up limit" are used for
possible score outlier detection in the prediction protocol. Possible outliers are
searched with the secondary PCs. The default value is 1.05 and can be edited by the
user.

3.11.2 Blow Up limits qualitative calibration

Blow Up Limits ) x|

Residual l2
R Cancel I
Score IT-U5
—Radius——

Radi lT ’ Formula [1—

For a qualitative calibration (Cluster, SIMCA) the dialog box additionally has the possibility to edit the
Radii Blow Up limit and the Radius Formula.

Limits

Radii  For all calibration spectra a radius is calculated and will be used for the application. These
radius can be enlarge or decreased by editing the Radii Blow Up limit. The default value is
1 and can be edited by the user.
Reducing the radii will decrease the robustness, but increase the sensitivity of the
calibration.

NOTE

Formula 1: it is suggested to reduce the Radii Blow Up limit (0<f<1) for chemically different
substances to increase the sensitivity of the calibration.

Do not use higher blow up limit as 1 with Formula 1: it can cause overlapping.

Radius Formula

1 Formula 1: Radius = min(R1,(R1+R2)/2)/2 * Radii Blow Up
2 Formula 2: Radius = min(min(0.499*R1, R3*5*Radii Blow Up), R4*2.5*Radii Blow Up )
3 Formula 3: Radius = min(min( 0.5*R2, R3*5*Radii Blow Up), R4*2.5*Radii Blow Up)

See details in Cluster.

NOTE
Formula 1 or 2 are recommended for Cluster calibration.
Formula 3 is recommended for SIMCA.

Examples for different Formula and Radii Blow Up limits:
| Formula 1; Blow Up limit = 1 | Formula 1; Blow Up limit = 0.5
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Fine Saccharose Fine Saccharose

-
»

Saccharose Saccharose
Lactose Lactose
Fructose Fructose
Formula 2; Blow Up limit =1 Formula 2; Blow Up limit = 2
i i

../?i<.

Fine Saccharose Fine Saccharose
Saccharose Saccharose
Lactose Lactose
Fructose . Fructose

i
»

Reducing the radii results more selective calibration but increases the danger to get separated cluster for
the same substances (Cluster / Property> 1).

3.12 Outlier Detection

Menu:  Calibration / Outlier Detection / Advanced

Icon:
wilfy

Outliers are spectra, that differentiate strongly from spectra of the same class. They can be detected

visually, check the spectra in the menu Graphics, in the calibration curve or in e.g. score
plots;

statistically with the "Outlier Detection” module.

The principle of the calculation with the advanced "Outlier Detection" is explained for the residual
outliers.

The average (mean) and the standard deviation (stdev) of the C-Set residuals are calculated. Each
spectrum outside the confidence interval will be sorted as outliers, they are stored in the NIR-Explorer.
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Outlier Detection

— Outlier

mean +7/- stdev Plot

Spectra Residuals I 24141 Hecalculatel |
Property Residuum I 24141 Hecalculatel |

Cancel

X
DKl
I

Check Outlier in

Leverages 2 4141 Recalculate l | 7 CSet
-Sel
Scores 2.41 41 Recalculate l | [V V-Set

— T Distribution

Confidence level | 33 I Calculate

c |

Degrees of freedom | 44 MNum C-Set

Spectra

—Info
Confidence interval mean +/- stdev * ¢

Results are stored in the active calibration
spectra outlier data sets. See MNIR-Explorer

¥ Spectra Residuals vs. Spectra (2D} 00-qu

Spectra Residuals vs. Spectra
All Epecis
s : ] : "o
nOm e s e - - - - SR AR AR A S T T 3 el e
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E ; : :
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. o @ i . o
®  ome)oo-8 . SHsr e Bk n e PR
Broat Og o ! o o -
oom _V-'Jl--b--?'%b----vff---?-'r -"T,#on
& P ) 0:0 % oeu v O ™
({0 !
DI a2 S sy e e GEE LT It
S
2 «a a
Bproia

i NIRCal - [NIR-Explorer: 0Q-quantitative spectra.nir]
@ File Edit VYiew ‘Workspace Project Calibration Wizard Tables Graphics Modules Window Help

This calculations can be
made for the C-Set and/or
V-Set as selected by the
user.

The confidence interval e.g.
for 99 % level (mean value
+/- ¢ * stdev) can be
determined according the
number of C-set spectra:
Calculate c.

Press Recalculate beside
the 4 different types of
outliers to start the
calculations. The found
outlier type spectra are
marked red after pressing
Recalculate."

By pressing Plot, the
graphic is opened with
scatter plot for easier
spectra selection.

Outliers are marked with a
sign and colored as shown
in the plot legend.

=10l ]
=181 x|

1= Project

-] Instruments

-] Spectra

-] Properties

=42 Calibrations

3 0.9332 Sacch%, dat-nle, 1-3(3, 4152-8700

%4 Q-value, secondary/primary Factors, wave selecl

% Saccharose %, 0.8491, 1-3./7, 4992-9996,

[-% Saccharose %, 0.8423, 1-4./4, 4992-7152, 740¢
Qi Saccharose %, 0.8532, 1-3./6, 4992-7152, 740¢

: E] 'j Data Sets

& Wavelengths
s Properties
v f ks PCs
L__] Pretreatments
Jd |

Ready

-

Name I Selected I Size | Selection as String |
(53 All Spectra 74 74 1-74.

& User Spectra 0 74  nothing selected.

& Calibration Spectra 44 74 1-6, 13-18, 22-32, 36-41, 45-50, 60-65, 69-71,

& validation Spectra 30 74 7-12, 19-21, 33-35, 42-44, 51-59, 66-68, 72-74.
& Residual Outlier Spectra 3 74 72-74.

.{:- Score Outlier Spectra S 74 6,26, 41,55, 59.

n!!- Property Outlier Spectra 1 74 41,

.!:Leverage Outlier Spectra 2 74 6,59,

(sounly

Spectrum No. 72-74 are identified as residual outliers with this module (residuals: 0.0067-0.0075).
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Spectrum No. 16 in the calibration set has the max. residual value (0.00449) and defines the limit for the
calibration and application:

Max. allowed residual = Max. C-Set residual * 2

2: default Residual Blow up, can be adjusted by the user.

In this example, these spectra are not real residual outliers for NIRCal. In case these spectra would be real
outliers, they can be selected as C-set spectra to entlarge the limits or eliminated from the

calibration (U-Set = unused set).

There are two different types of outliers:
1. False measurement:

If for example air bubbles in liquid are measured or particles pollute the sample just in front of the
optics of a probe, an outlier spectrum is measured. As three spectra are collected from
every sample, it is easy to recognize these spectra. The spectra of one and the same sample
should be similar. Nevertheless variations due to the production process will also manifest in the
NIR spectra. Spectra originating from false measurements should be deleted or eliminated from
the selection (unused).

2. Samples "out of specification™:
If all spectra of one sample are different to spectra from other batches of the same material,
the sample itself may be considered as an outlier. The difference can be caused by several
parameters, for example changes in the production process, the type and/or the composition
of single substances in a product were changed and/or varied, or the sample is polluted. The
user has to verify what caused the difference and if the particular sample can still be used for
its purpose.

Before outliers are deleted, a careful clarification of the reason should be made for the appearance of the
outlier.

For quantitative calibration to find out if the reference value or the measured spectra must be
regarded as an outlier, the score plots should be reviewed (Graphics / Scores / 2D-Scatter). Spectra
breaking ranks, show clearly deviating scores and residuals (Graphics / Spectra / Residuals). Is that not
the case, the reference value can be considered as false.

If there are big differences between the reference values and the predicted values, but the scores do
not have particular deviations, with high probability, the outliers appear because of false reference
values.

Groups of samples with systematically deviations

This effect can be seen from time to time when samples are evaluated their reference values have
been determined in laboratories not using exactly the same reference methods. Here only an
alignment of the reference methods can help.

Significantly different results depending on the chosen classification of the samples into the C-
and V-Set

The number of used samples is too small, for instance because of not considered, hidden properties.
Remedy: selective completion of the master data set that all possible variations flow into the
calculation.
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3.13 Q-Value
Menu:  Calibration / Q-Value Protocol
Icon: Q

In NIRCal calibrations can be rated via the Q-Value. The Q-Value sums up all important criteria.

The Q-Value is part of the calibration protocol, there is no separate calculation necessary

After several calibration optimization and running the automatic calibration module (Step 2: Calibrate),
there are several calibrations in the project. Sort the calibrations with a click on the Name or Q-Value.

The calibration are sorted with increasing or decreasing Q-Value.

NOTE
Keep only the best 2-4 calibrations and delete all others.

Further details can be found in the Calibration Protocol or in the description of the matrix Q-Value.

3.14 Change X-Unit Wavelength / Wavenumber

Menu: Project / Spectra / Change X-Unit to

Icon:
b Changes the x-axis units for the display of spectra to nm.

=1
Changes the x-axis units for the display of spectra to 1/cm.

3.15 Convert and Import spectra from other instruments to DB
It is possible to import spectra measured with:

NIRVis and NIRFlex N-400
NIRLab N-200
other instruments (in case the wavelength range is similar)

into the NIRWare Database. In order to use those spectra with the NIRFlex N-500 the spectral data
need to be converted prior to saving them into the Database to reach the compatibility. The spectra
should be stored into the database, the project should be closed, opened again and the calibration
should be created.

These steps are explained in detail below.
Typically following conversions can be made with Biichi instruments:

NIRVIS / NIRLab N- Convert NIRFlex N-

NIRFlex N-400 200 500

Reflectance Absorbance --> Reflectance
[1/cm] 4'008 - 9996 3'999,67 - > 4'000 -

10'001,1 10000

Resolution 25 8 8*
Step 12 3,85696 4
Datapoints 500 1'557 --> 1'501
Remarks Values at 4000, Transformed

4004 are by ilg

repeated from (inverse

4008 and logarithm)

10'000 is Pretreatment.

repeated from

9996

* can be 16, but this is not suggested.
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3.15.1 Procedure of Spectra Import
NIRCal 5 can work as File- and as Database - oriented software.

In case the File - oriented mode is used, the projects can be opened and stored as ".nir" Files (as
NIRCal V 4.21), all function of editing and deleting of names, properties and values is allowed, also the use
of "Find and Replace" module (like in NIRCal 4.21).

NOTE
Calibrations stored in file format cannot be used together with NIRFlex N-500.

This mode should be used to copy spectra together, which are stored in different projects before

conversion.
Use "File/ Import/ Project” or "File/ Import/ Spectra”.

NOTE

NIRLab spectra can cause problem by importing with the error: "Spectra are not compatible with
Project Spectra because: not the same resolution in the Data Vector".

In this case export the spectra as JCAM.DX file, use "Fixed Format".

Import the spectra in an existing project as JCAM.DX file.

BCAP Series can be also imported using "File/ Import/ Project” and using "All Files(*.*)" as file type.
The Spectra files " .Sxx" should be selected (not the Head files ".Hxx").

In Database - oriented mode the projects are stored in the Database, the function of editing in
NIRCal 5 is strictly restricted. Deleting is allowed according the adjusted Lifecycle template.

3.15.2 Procedure of Spectra Conversion:

1 Open a new empty NIRCal project.
2 Import one NIRFlex N-500 template spectrum into this empty project.
NOTE

There are template spectra stored on the NIRSolution CD: Operation Manual / NIRFlex N-
500 Template Spectra.

Choose a spectrum according the the y-Unit and wavenumber range, intended to use
later with NIRFlex N-500.

3 Start the Module / Spectra Converter

4 Define the folder, where the source spectra are stored. Spectra which have *.nir, *.nsf, *.jdx,
*.dx, *.jem, *.spc and*.s?? file format, can be imported and transformed.

5 The spectra will be imported and converted into the project and the first template spectrum
is automatically deleted from the project. At the end the following information is shown:
G Spectra Converter V2.0 I%J

Spectra conversion to target no Instrument / REFLECTANCE finished.
The spectra can now be stored.

Additional Hints:

Review and adapt the Property names, units and types in NIR-Explorer ->
Properties

Make sure to split the name and the unit.

If type is not specified it will be stored as Quantification into database.

OK
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(7a)

After conversion the spectra are available.

NOTE
E.g. each spectrum will have 1501 data points between 10.000 and 4.000 cm-1. In case

some data are missing in the original spectra, the last measured value will be repeated, eg.
by spectra measured between 10.000 and 4.500 cm-1, the value at 4.500 cm-1 will be
repeated till 4.000 cm-1. To keep the spectrum as a constant graph (better for derivatives).

Do not use the "Spectra Converter" module twice in a project!
Check the name of the property in the project and make sure, that it has always the same
spelling, as it is already used in the database. Consider capitalisation!

Adjust the property unit.
Unit: it is necessary to separate the unit from the property name (quantitative).

Deleting not necessary property and spectra from the project is still possible. Check the
property values (Table Properties Original).

Save the spectra/project into the database with "File / Database / Save Project As..".
Attention: in case the project has huge number of spectra, this step can be time consuming.
A dialog appears with the property types (Quantification/Identification) selected

automatically. Review the types before saving and make changes via the drop-down menu
if necessary.

r B
Property Type u&

Not all property types are defined. An auto detection was made. Please check the property types.

Name Minimum Maximum Auto detected type
Moisture 33.95 43.85 i Quantification ¥
Fat 29.40 36.20 Quantification -

OK | Cancel

[

The project will be closed automatically.

(7b) Edit the property name, - value and - unit in NIRWare Sample Manager in case it was not

made in NIRCal 5 before saving the project into the DB.
Reopen the NIRCal-project.
Create the calibration.

In case a NIRCal 4.21 calibration is available, open the project with NIRCal 4.21 and copy
the data selection (C-V-Set spectra, calibration wavelength) into the new NIRCal 5
calibration.
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NOTE

Calibration wavelength: deselect wavelength range, which were not measured with the
original spectra. By several instrument spectra in the same project use the smallest
measured range.

NIRLab spectra have not integer wavenumber; the wave selection is after conversion
rounded to integer.

In case the calibration was calculated with a special wave selection, it is suggested to make
several trials to find the best wavelength selection.

Apply the pretreatments as used in the existing calibration.

NOTE

Pretreatment: use "Absorbance” (log) as additional first data pretreatment by NIRLab N-
200 spectra, in case not "Absorbance inverse" (ilg) was used as first data pretreatment. This
can be used for each calculation with the calibration wizard activating "Keep

preselected Pretreatments for all calibrations”.

NIRFlex N-400 spectra have 3 times more data points after the conversion. Using the
same data pretreatment give other result. In case e.g. "1st Derivative BCAP" was used in
NIRCal 4, after the spectra conversion "1st Derivative BCAP Gap2" will nearly give the same
result in NIRCal 5. The same with other derivatives and smoothing.

10 Perform the first calculation (Overview) and adjust the number of primary and secondary
PCs according the existing calibration.

NOTE
Compare the results of the calibrations. The Q-Value should be different for quantitative
calibration, while the calculation equation is improved that leads to slightly different Q-
Values.

11 Increase the robustness of the calibration with spectra recently measured with NIRFlex N-
500.

12 Optimize the calibration and save the best according the Lifecycle.

13 Close and save the project. The created calibration is now available in the NIRWare
Application Designer.

3.15.3 Explanation of the Spectra Converter

Cubic spline function is used for the spectra conversion. The cubic function will be fitted on the data
stepwise with 3rd degree polynom:

yx)= a*x*+b*x*+c*x+d
The Y-value for the desired X-values (wavenumber) are extracted from the resulting function curve.

The result is: not a linear connection of the points

NIRCal 5.6 Manual, Version B 139



NIRCal 5.6 Software Manual

P [1/am]

but a spline function.

Original data

- Target data

P [Vem|

3.16 Calibration Handling

In a NIRCal project several calibrations can be handled. Their status can be different according the
project is stored as file or into the database. The calibrations, stored in file format are always
editable.

The calibrations which are stored in the database, underlying the Lifecycle and can have
"Created" with "editing" or "Approved" status with "read-only" mode.

The first calibration in the NIRCal project is always the master calibration.

NOTE
The typical features of the master calibration:

[1 This calibration organises the spectra in the project: all spectra should be imported
activating this calibration; otherwise they will not be stored in the project!

[1 Can have only “Created” LC mode; so it is always editable. It is not possible to put to
“Approved” LC state and it can not be deleted with “Lifecycle / Delete”;

[1 Can only be deleted if the project is deleted with “File/ Database/ Delete Project” (new feature
in NIRCal 5.4).

[1 Itis not suggested to use this calibration for an application: for tracability of the results use
only approved calibrations for applications.

Approved calibrations, which are already used for application, are different from the approved
calibrations, which are never implemented in any application. Approved calibrations, already used in
application for measurement can not be deleted.
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3.16.1 Calibrations without Lifecycle

Each new project in NIRCal 5 has an "unnamed” or master calibration, which is created

automatically by importing spectra into the empty project.
This calibration and every calibration created with the menu "Calibration / New" has an "all"

selection for the C-Set spectra, wavelength and property selection automatically and has "editable"
status.

Running the calibration wizard, several new calibrations will be generated, the calibration with the
highest Q-Value is active. The calibrations created by the wizard are outside the normal Lifecycle,
unless they are saved in the database!

Calibrations, which are created but not yet stored in the database are editable and can be deleted by
selecting them in the NIR-Explorer on the right side and pressing "Delete".

Rename the Calibration
The name of an active, editable calibration can be changed by clicking the right mouse button and

selecting: "Rename”. It is suggested to give a short, but clear name for each calibration; data as
extention is useful for approved calibrations.

NOTE

The calibration name is part of the Calibration Protocol which is created during calculation. If the
calibration name is changed afterwards, make sure to do a full calculation to get an updated
calibration protocol.

NOTE
Give an appropriate hame to the calibration, this allows a correct connection for the application.
Rename is not available for Approved calibrations.

3.16.2 Calibrations with Lifecycle

After saving the project into the database, the calibrations are also stored and from that moment
underlying the Lifecycle.
Calibration status in all Lifecycle Template "Unregulated, ER, ERES":

(Deleted) 4—]—

L N

A
I ?
Deleted) +— ]— Created B

Calibration

Version 1

Version 2

i 9 23

Next'  Copy*  Delete’

Allowed Lifecycle functions are visible, the grey fields are not available.

Note: Audit trail will log all important transitions.
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Lifecycle: Edit

A calibration stored in the DB has the "created" status and " read-only" mode. The active calibration can
be edited with the Lifecycle / Edit.

% NIR-Explorer: FromDB_Sugars-1D

= Project Name Yale
- Instruments @ Globaly Urique ID {5623E363-B31B-4EDA-3C
#- 1 Spectra & Caib Lifecycle Sate created ide
-2 Properties & Caib version 2
5183 Calbrations gcmb Max Allowed Residual 6.70594067046355€-03
_ Properties Count 4
8. SLigars; mi-1, 5:2-5, &Prop1 Name Fructose
8ii Sugar-iD, mf-db1, 4.2- & Propl Comment

L g+ Edt
¥ o = y
(& 1 Matric Calibration Protocol Show F8 ¥

P Copy

£ PredctProject 2 Next
B Predictexternal... x) Delete

£ Multi Predict Project 0

& Multi Predict external... 1

Fine Sucrose
£] Applcation Predict Project

& Applcation Predict external... 9

There is no possibility to edit an approved calibration.

NOTE

If the first calibration in the project is approved, this calibration can never be extended with new
spectra. Work around: use the spectra GUIDs to create the same project, the calibration protocol can be
a valuable help.

Lifecycle: Save

Calibrations after optimization can be stored into the database with this LC function. It

is not available, in case the project is not yet stored in the database.

NIRCal tests each quantitative calibration, if only one property has been selected (single property
calibration). In case there are several properties, the calibration is not stored, the user gets a warning.
There is a question in case after a modification the calculation is not yet made:

x|
@ Note that the Calibration was changed after the last calculation !

Calculate the Calibration now ?

Yes No Cancel

Yes: the calculation is necessary for "Approved" status.
No: gives the possibility to save the calibration into the database without recalculation (quick save at the
end of the day).

NOTE
Prediction Protocols are only available for calibrations, which are calculated and not modified after the
calculation.
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New | A E KM e
N W% 2 5, 0t | i
s i g eSS
Method * [CC-10AE TaAMATED
Vaidstion Method »
Parameter »
| Pretreatments ’
| ChangeData Sets - RSN
[¥ Cabrabon Protocol Show 8

Precicton Protocol f] PredctProject

I
I
|
I
I
! & Predctexternal.,.
I Cutier Detection ’

I

I

I

I

I

I

I

Q ¢ {1 MUt Predict Project
3 MUt Predict extermal...,
§1 Appication Predct Project
Lifecycle q B Apphcation Predict external,

|

Lifecycle: Copy

A copy of the active calibration can be created with this LC function. There is a request for calculation in
case after a modification the calculation is not yet made.

The copy is automatically saved in the DB and set to active with the status: Created.

The copy has the same GUID, as the original calibration, but a higher version number.

For the copy of a calculated calibration the Prediction Protocols are available.

Each calibration can be copied.

The copied calibration can be edited, modified and used later -after the necessary steps of saving- for the
application.

Lifecycle: Next

To put a created calibration to the approved status, this LC function is used. If the calibration is not yet
calculated, there is a request for calculation.

NOTE

It is not possible to put the first master calibration to the next status.

After the necessary calculation the calibration is stored and it's quality is tested. The Q-Value default
limit is:

[] 0.8 for qualitative and
[ 0.6 for quantitative calibrations.

It is possible to put a calibration to a higher status with lower Q-value.

NOTE
Do not use a calibration with outliers!

Lifecycle: Delete

Calibrations, which are created but not yet stored in the DB, can be deleted by selecting them in the
NIR-Explorer and pressing "Delete".

Calibrations, which are already stored in the DB but not used for application, can be deleted only with:

Lifecycle / Delete.
The question about deleting should be answered before:
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x|
t\")) Delete Calibration : 'Sugar-ID, test'

Are you really sure ?

Yes No

NOTE
It is not possible to delete the first master calibration.
Calibrations, which are embedded in an application, can never be deleted.

Nical X|

The calibration can not be deleted because it is used in Application(s) :
'Sugar ID- ROUTINE'

OK l

NOTE
Calibrations, which are already used for sample measurement in the application, can be never
deleted.

Optimize the Calibration

In order to optimize a calibration manually, the first calibration can be edited or copied: Lifecycle /
Edit or Copy.
Running the calibration wizard, several new calibrations are available, the calibration with the highest

Q-Value is activated.
A new empty calibration can be created: menu Calibration / New.

Save the Calibration for Application

The adjustment of the best calibration -mainly wavelength, pretreatment and PCs selection- is
suggested to be copied into the first calibration in order to keep these adjustments for further
changes. Unnecessary calibrations should be deleted before saving the project into the Database.

The best, activated and validated calibration should be stored for the application, for this the Lifecycle /

Next should be used.
The calibration will get the Approved state using Lifecycle / Next.

NOTE

Only calibrations with Lifecycle state "Approved" are available for use in the routine applications for the
operator user group.

The Designer and Administrator user groups can use created or checked calibrations for test.

Validate the Calibration

In the calibration process released samples with known properties should be measured together with
the calibration samples. These samples should be placed in the V-Set of the calibration: internal
validation.

When a calibration is created and released for the application, the application should be also

validated: external validation. This is made with several new, known samples, which are not yet in the
calibration: operation qualification - OQ. These samples should be measured also with the
conventional laboratory method. In case the results of NIR and lab are the same (identification,
qualification) or they are within the allowed tolerances (quantitative determination), the calibration can be
used for the routine measurement till the next performance qualification - PQ.
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Extend the Calibration

In case during the external validation there are unacceptable differences -property value or
residual-, the calibration should be extended with the spectra of the external validation samples.
These spectra are stored in the DB. The necessary steps are:

[1 editing the property values in the Manager Console / Sample Manager (see NIRWare
manual);

(1 import the spectra into the original NIR-project;

[1 extend the calibration.

NOTE
Spectra import is suggested to make in the activated first calibration. Approved calibrations, which were
already used in the application, can not be edited and modified anymore.

For creating an extended calibration, the new imported spectra should be selected as C-Set

spectra, in this way the missing information is fully integrated in the new model. A copy of the

optimized master calibration should be created with: Lifecycle / Copy. This copy should be stored in the
database Lifecycle / Next and used for the application.

3.16.3 Project Handling
A project with existing calibrations can be stored under an other name in the Database.

NOTE

These calibrations are in this case only linked, but not copied!

Changes in a calibration causes changes in the calibration of both "projects" (after deleting a
calibration in a project it will be lost in both projects).

In case with the same spectra e.g. for different quantitative properties, several calibrations have to be
created, the spectra should be loaded into new projects. In each project calibrations for just one property
are evaluated and optimized.

3.17 Protocols

3.17.1 Calibration Protocol Qualitative
Menu: Calibration / Calibration Protocol Calculate or Show

Icon:
Short Key: F8

The calibration protocol is an important validation report giving all information about the data selection
and result of the chemometrics calculation. The calibration protocols are stored in the DB (or .nir
project file).

Explanation of the content of the calibration protocols:

Cluster Calibration
The first section has the information about the user specific data selection (row 1-64).
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Calibration Protocol

4
5
] User Customer System Maintenance
7 DatetTime 27.01.2006 14:17:13
g Software MIRCal V5.1 (Build 600)
9 Project File Name
10 Project Comment
1 Project GUID |DEADFIBS-3F AD-4970-BA00-2B4SETHICET0}
12 Calibration Name 10-Amino-V3
13 Calibration Comment
14 Calibration GUID {482178F 5-F73E-4AAT-89D1- A26BA0FI7C30}
15 Calibration ¥ersion 3
16 Calibration Lifecycle Sate created editing
17
12
19 Properties in Project Ornitin-aspartat, L-Alanin, Propafenon-HCI, Cellulose, PEG, Stearic acid,
20 Myristyl alkohol, Kollidon, Ketone Resin, Mg-Stearate, Yerapamil-HCI. (total 11¢11)
21 Properties in Calibration Set Ornitin-aspartat, L-Alanin, Propafenon-HCI. (total 311)
22
23
24 Spectra in Project 25
25 Spectra in Calibration Set 18
26 Spectra in Yalidation Set 7
27
28 Spectra in Calibration Set 12, 4-5, 7-8, 10-11, 13-14, 16-19, 21-23, 25. (total 18425)
29
30 Spectra in ¥alidation Set 3,6,9,12, 15, 20, 24. (total 7425)
&)
32 Spectra unused [(U-Set) nothing selected. [total 0/25)
33
34 ¥alidation Method Validation Set
Row | Name Description
1 Calibration Protocol Header
6 User
7 Date/Time Date and time of the calculation
8 Software Current software version
9 Project File Name Empty for database, name and place of the project for file
10 Project Comment Normally empty. The comment section of the project.
11 Project GUID Global Uniq IDentity of the project
12 Calibration Name Name of the calibration
13 Calibration Comment Normally empty
14 Calibration GUID Global Unique IDentity of the calibration
15 Calibration Version Indicates the modification of the calibration. The Calibration
Lifecycle Version is incremented by Lifecycle copy (or by XML
import to avoid duplicates).
16 Calibration Lifecycle not available anymore
State
19 Properties in Project Name and number of all properties in the project
21 Properties in Name and number of calibrated properties
Calibration Set
24 Spectra in Project Total number of spectra in the project
25 Spectra in Calibration Total number of spectra selected in the C-Set
Set
26 Spectra in Validation Total number of spectra selected in the V-Set
Set
28 Spectra in Calibration Spectra selected in the C-Set
Set
30 Spectra in Validation Spectra selected in the V-Se
Set
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Row | Name Description
32 Spectra unused (U- Spectra not used for calibration
Set)
34 Validation Method Selected Validation method: Validation Set or Cross Validation
(quantitative)
35
36 C-Set Spectra
37 Instrument type ! serial NIRFlex NS00 ¢ 400000003
38 y-Unit  Measurements ! Scans Reflectance ¢ 1/ 16
39
40 ¥-Set Spectra
# Instrument type ! serial NIRFlex NS00 ¢ 400000003
42 y-Unit  Measurements ! Scans Reflectance {1/ 16
43
44 Spectra Resolution 4 1lem
45 Spectra y-Unit Reflectance
46
47
48 Wavelengths Project Set 4000-10000. (total 150111501)
49 Wavelengths Calibration Set 4200-3600. (rotal 13511501)
50
51 Number of Data Pretreatments 2
52 Data Pretreatment Sequence (short fa dbinle
53 Data Pretreatment Sequence [detailed 1. First Derivative BCAP
54 2. Normalization to Unit Length®, 4200-9600. (total 13511501)
55
56 Method Cluster
57 Maz Iterations 3000
58 Mean Centering yes
59 Number of Primary PCs 2
60 Secondarg/Calibration PCs 1-2. [total 202)
81
62 Blow Up Parameter
63 Residual Blow Up 2
64 Score Blow Up 1.05
85 Radii Blow Up 05
3 Radii Formula 1
67
68 Mazx C-Set Spectra Residual 0.00937207
69 Maz Allowed Residual for Calibration 0.0193441
70
36 | C-Set Spectra Instrument statistic
37 | Instrument type / serial Used instrument type and it's serial number
38 | y-Unit/ Measurements / Measuring principle / Number of repeated measurements and
Scans scans of a spectrum
40 | V-Set Spectra Instrument statistic
41 | Instrument type / serial Used instrument type and it's serial number
42 | y-Unit/ Measurements / Measuring principle / Number of repeated measurements and
Scans scans of a spectrum
44 | Spectra Resolution Used data resolution
45 | Spectra y-Unit Measuring principle
48 | Wavelengths Project Set | Measured wavelength range
49 | Wavelengths Calibration Selected wavelengih range (selecied datapoints / all data poinis)
Set Numberofapplied-datapretreatment
51 | Number of Data o v
Pretreatments
52 Data Pretreatment SN0t name or the appllet] dala pleuea[men[
Sequence (short)
Sequence (detailed)
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Row | Name | Description
56 | Method Selected calculation method / algorithm
57 | Max Iterations Calculation steps before default stop (max. 3000)
58 | Mean Centering Mean centering after pretreatment is activated: yes / no
59 | Number of Primary PCs Number of selected primary principal components
60 | Secondary/Calibration Numbers of selected secondary principal components
PCs
62 | Blow Up Parameter Title
63 | Residual Blow Up Factor for residual limit calculation (default: 2)
64 | Score Blow Up Factor for score limit calculation (default: 1.05)
65 | Radii Blow Up Factor for radii limit calculation (default: 1)
66 | Radii Formula Formula for radii calculation: 1 / 2 (SIMCA: 3)
68 | Max C-Set Spectra Highest value of the C-Set residuals
Residual
69 | Max Allowed Residual Residual limit of the calibration for the application (max.* 2)
for Calibration
7
72 Q-¥alue 0989553
73 ¥alidation Method Validation Set
74
75 C-Set false identified 0
76 C-Set not identified 0
77 ¥-Set false identified 0
78 ¥-Set not identified 0
79 Cluster Index 0
80 Property Uniformity 0.00517301
a Property Interference 0.0537843
82
72 | Q-Value Q-Value of the calibration
73 | Validation Method Selected Validation method: only Validation Set
75 | C-Set false identified Should be zero (indicates wrong user settings)
76 | C-Set not identified Should be zero (indicates wrong user settings)
77 | V-Set false identified Should be zero (indicates wrong sample or calibration)
78 | V-Set not identified Should be zero (residual or distance problem)
79 | Cluster Index (No. Cluster- No. Property): should be zero
80 | Property Uniformity Should be small: the spectra spreading in the clusters is uniform
81 | Property Interference Should be small: the clusters are independent from each other
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83

24 Property Overview Mum Cluster  CnumSpec  ¥VnumSpec  Unum Spec

85 Total Sum 3 18 & 0

86 Ornitin-aspartat 1 3 3 0

87 L-Alanin 1 3 2 0

88 Propafenon-HCI 1 3 2 0

89

90 Property Separation Q- Qe Interference  Extension Distance MNearest Prop
a1 Total Sum 0161353 0.0873482 162702

92 Ornitin-aspartat Dmin 0.0547223 0.0295032 0.539138 L-Alanin

93 L-Alanin Imax Emat Dmin 0.0694985 0.0374632 0.539138 Ornitin-aspartat
94 Propafenon-HCI Imin Emin Dma 0.0371314 0.0203758 0548747 Ornitin-aspartat
95

96 Property Outlier Cout Clu ¥ out Clu Cfalse Clu V false Clu CResidbig ¥V Residbig
a7 Total Sum 0 0 0 0 0 0

98 Ornitin-aspartat 0 0 0 0 0 0

99 L-Alanin 0 0 0 0 0 0
100 Propafenon-HCI 0 0 0 0 0 0
101
102 Property Outlier U-Set U out Clu U false Clu U Resid big
103 Total Sum 0 0 0
104 Ornitin-aspartat 0 0 0
105 L-Alanin 0 0 0
106 Propafenon-HCI 0 0 0
107

Row | Name Description

84 Property Overview

Number of clusters and selected spectra

85 Total Sum

Num Cluster = Total number of clusters, should be equal to the
number of calibration properties

86 1st Property

Num Cluster = should be 1, the spreading of C-and V-Set

spectra about 2/3-1/3

87 2nd Property

Num Cluster = should be 1, the spreading of C-and V-Set

spectra about 2/3-1/3

88 3rd Property

Num Cluster = should be 1, the spreading of C-and V-Set

spectra about 2/3-1/3

90 Property Separation

Information about the influence of the properties on the
separation *

* Description of the property separation:

Q- = Imax, Emax and Dmin indicate bad influence on the substance separation Q+
= Imin, Emin and Dmax indicate good influence on the substance separation

Nearest Prop = Name of the property with the smallest distance

Judging criteria:

Distance = Mahalanobis distance to the closest property (spectrum to spectrum of the other
cluster; see Property Adjacency)
Extension = The max. Mahalanobis distance of each cluster in the factor space (secondary

rincipal components)

nterference = Extension divided by distance
Imin / Imax = Extreme values regarding the parameter Interference
Emin / Emax = Extreme values regarding the parameter Extension
Dmin / Dmax = Extreme values regarding the parameter Distance

96 Property Outlier

Number of outlier spectra outside a cluster, in false cluster,

residual too big in C- and V-Set

97 | Total Sum All should be 0

98 1st Property All should be 0

99 2nd Property All should be 0

100 | 3rd Property All should be 0

102 | Property Outlier U-Set Number of outlier spectra outside a cluster, in false cluster,
residual too big in U-Set

103 | Total Sum Normally the U-Set is empty, the sum is also zero
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Row | Name

Description

104 | 1st Property Normally all are zero
105 | 2nd Property Normally all are zero
106 | 3rd Property Normally all are zero
NOTE

Number of cluster of each property must always be 1.
Number of any outliers in the C-and V-Set must always be 0.

109 Legend
o | Number of Clusters MNum Cluster
111 Num C-Set Spectra C num Spec
12 Num ¥-Set Spectra W num Spec
13 Num U-Set Spectra U num Spec
14 Distance to nearest foreign C-Set Spectra Distance
115 Name of nearest Property MNearest Prop
116 Num C-Set Spectra outside of Cluster CoutClu
17 Num ¥-Set Spectra outside of Cluster W out Clu
18 | Num C-Set Spectra in false Cluster Ctalse Clu
19 Num ¥-Set Spectra in false Cluster V false Clu
120 Num C-Set Spectra with Residual too big C Resid big
121 Num ¥-Set Spectra with Residual too big W Resid big
122 | Num U-Set Spectra outside of Cluster Uout Clu
123 Num U-Set Spectra in false Cluster U false Clu
124 Num U-Set Spectra with Residual too big U Resid big
125
126 |
%(2)2 E)éggganon of the Short form

Some statistics:

126

127

128 C-Set Spectra Residual Overview by C-Set Properties

129

130 C-Set Property Min Residual  Min at Spec | Max Residual  May at Spec | Mean Sdev

13 Ornitin-aspartat 0.00532228 23 0.00997207 1 0.00764126 0.00242659
132 | L-Alanin 0.00460561 21 0.00693607 5 0.00557426  0.00111922
133 Propafenon-HCI 0.00337812 18 0.00643532 g 0.00454229 0.00112817
134

135

136 C-Set Spectra Radii Overview by C-Set Properties

137

138 C-Set Property Min Radius ~ MinatSpec MaxRadius  Max at Spec Mean Sdew

133 Ornitin-aspartat 0.0746637 14 0.0774915 2 0.0763127 0.000929506
140 L-Alanin 0.0718959 5 0.0767116 13 00743734 0.00223665
14 Propafenon-HCI 0.0713045 8 0.0734389 19 0.0728965 0.000832398
142

143

128- | ¢ get Spectra Residual Statistic of residual: min.-max. residual with spectrum number,
133 mean value and standard deviation

136- | “rott opetiid Radl Statistic of radii: min.-max radii with spectrum number, mean
141 value and standard deviation
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Yalidation for C-Set Spectra

Name No.
Ornitin-aspartat 1
Ornitin-aspartat 2
L-Alanin 4
L-Alanin 5
Propatenon-HCI 7
Propafenon-HCI 8
P-HC1 10
P-HC1 n
L-Alanin K]
Omitin-aspartat "
Alanin %
Alanin 7
Propatenon-HCI 18
Propafenon-HCI 19
alanin 2
Om-Asp 22
Ormn-Asp =
Om-Asp %
Name No.

Total No. of Spectra with X.

VYalidation for ¥.Set Speotra

Name

Ornitin-aspartat

L-Alanin

Propatenon-HCI

L-Alanin

Ornitin-aspartat
Propatenon-HCI

Om-Asp

Name

Total No. of Spectra with X.

e —=
e z

"3
S

000

0000000000000 00

s L LW
2

@

a

Chemometrics

Possibie Outlier Spectra are marked with 3 X

Orig Prop Pred Prop Radius Residual Residual Score outside Clu  false Clu  ¢nones catside

Oinitin-aspatta Qunitin-sspaitst 00769038 0.00997207
Ornitin-azparta Ormitin-aspartat  0.0774315 0.00965432
L-Alanin L-Alanin 0.072%81 0.00696531
L-Alanin L-Alanin 0.0712359 0.00633607
Propafenon.HI Propatenon-HCI 0.0726464 0.00607872
Propafenon-Hi Propafenon-HC! 0.0713045 0.00643532
Propafenon:Hi PropafenonHCI 0.0732926 0.00441388
Propatenon-Hi Propafenon-HCI 00732843 0.00885517

L-Alanin L-Alanin 0.0787116 0.00535308
Ornitin-azparta Ornitin-aspaitat  0.0746637 000953185
L-Alanin L-&lanin 0.0760521 0.00472783
L-Alanin L-Alanin 0076124 0.00479768
Propafenon-Hi Propafenon-HCIE 0.0734116 000337312
Propafenon-Hi Propafenon-HCI 0.0734383 0.00348852
L-Alanin L-Alanin 0.07632 0,00460661
Ornitin-agpaita Qunitin-aspattst 00765128 0.00555455

Ormitin-azparta Ornitin-azpartat  0.0766441 0.00532228
Omitin-asparta Oindtin-aspartat  0.0764%44 0.00538246

Orig Prop Pred Prop Radius Fesidual Residual Score outside Clu  false Clu  cnones cside

0 o 0 0 0 0

Possible Outlier Spectra are matked wmith 3 X

Orig Prop Pred Prop Radius Fesidual Residusl Score ouside Ol fadse Clu  <mons> outside CI
Ornkir-asparta Qenitin-aspartat 0 00103079

L-Alanin L-Alanin o 000544146

Fropatenon-Hi Propaferon-HC) 0 000735834

L-Alsnin L-&lanin 0 000532608

Orntirazparta Ormitin-azpartat 0 000933259

PropatenonHi PropaterontiCl 0 00035608

Onir-asparta Qinitin-aspantat 0 000557075

Orig Prop Pred Prop Radius Fesidual FResidusl Scote curside Chs  fase Clu | <nome> outside CI

0 0 0 0 0 0

Information of the C-Set and V-Set spectra:

Row

Name

Description

145-
166

Validation for C-Set
Spectra

List of C-Set spectra with predicted and original property, radii,
residual. Number of possible outliers should be 0.
.The last column shows the GUID of each spectra.

167

Total No.of Spectra
with X

It should be all type zero.

171-
181

Validation for V-Set
Spectra

List of V-Set spectra with predicted and original property, radii
(0), residual. Number of possible outliers should be 0 except
Scores outliers**.

The last column shows the GUID of each spectra.

182

Total No.of Spectra
with X

It 1Is mostly all type zero, scores outliers should be carefully
controlled.

** Explanation of possible score outliers:

These spectra are identified correctly, but they are possible outliers according to the score. As score

tolerance the min. and max. score of the C-Set spectra are taken. These extreme values are
multiplied by the "Score Blow Up", which is equal to 1.05 by default. But the tolerance rings give a
higher limit.
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Possible Score Outliers

[]: Score-range of the calibration in case score blow up=1.05
red / blue Circles : Cluster for substance A /B
= Score-Range und Cluster are not identical

1 A/2 B : Spectra for Prediction, Possible Score Outliers

Minitnal Maximal
Score PC1 Score PC1

Maximal
Score PC2

Iinimal
Score PC2

4

Score of PC2

Y

Score of PCl1

The spectrum 2B is not a real outlier, but spectrum 1A is dangerous: it is better to select into the C-
Set.

3.17.2 Calibration Protocol Quantitative
Menu: Calibration / Calibration Protocol Calculate or Show

Icon:
Short Key: F8

The calibration protocol is an important validation report giving all information about the data selection
and result of the chemometrics calculation. The calibration protocols are stored in the DB (or .nir
project file).

Explanation of the content of the calibration protocols:

Quantitative Calibration

The first section has the information about the user specific data selection and similar, as for the
Cluster calibration (row 1-58).
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2595 Blow Up Parameter
_ B0 Residual Blow Up 2
_B1 ] Score Blow Up 1
_62_
B3 Max C-Set Spectra Residual 0.00028157
_ B4 Max Allowed Residual for Calibration  0.00056314
_65 |
_66
_B7 Q-Value V5 0.871706
68 Validation Method Validation Set
_63
70 C-Set Residual too big 0
| Al V¥-Set Residual too big 0
iz
73| Num Properties 1
4 Rel. Consistency 0.0381583
75 VWeighted BIAS 0.00185398
76 Validity 0.0004727
s Comparability 0.00027436
T Precision 0.0106114
ik Yeighted Accuracy 0.0557913
80
Result of the calculation
Row | Name Description
59 Blow Up Parameter Title
60 Residual Blow Up Factor for residual limit calculation (default: 2)
61 Score Blow Up Factor for score limit calculation (default: 1.05)
63 Max C-Set Spectra Residual Highest value of the C-Set residuals
64 Max Allowed Residual for Residual limit of the calibration for the application (max.* 2)
Calibration
Q-Value protocol
67 Q-Value V5 Q-Value of the calibration according version 5. The higher
the Q-Value the best the calibration.
68 Validation Method Selected Validation method: Validation Set or Cross
Validation
70 C-Set Residual too big* Number of C-Set spectra with too high residual = rejection of
known (theoretically: O but always tested!)
71 V-Set Residual too big* Number of V-Set spectra with too high residual = rejection of
unknown (should be zero)
73 Num Properties Number of properties in the calibration (should be always 1 for
the application)
74 Rel. Consistency* The C- and V-Set should have similar low standard error of
prediction (BIAS corrected):
Abs(SEC-SEP)/(Abs(SEP)+1). Should be close to 0
75 Weighted BIAS* The absolute V-Set BIAS should be as close to zero as
possible:
Abs(Vset-BIAS)/Abs(Range)
76 Validity* The V-Set regression coefficient should be near to 1:
1-VsetRegr. Validity should be close to 0
77 Comparability* C- and V-Set should have similar high regression coefficient of
prediction:
Abs(CsetRegr-VsetRegr). Comparability should be close to 0
78 Precision* V-Set standard error of prediction (BIAS corrected) should be
low:
SEP/Abs (Range)
79 Weighted Accuracy* V-Set residual sum of squares=RSS should be low (not BIAS

corrected):
Abs(Sum((Orig-Predicted)*2)/Abs (Range)

* used with different weighting values.
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8z Property Statistics ethanal
83

84 | C-Set BIAS 0

.85 V-Set BIAS -0.0593272
_86 C-Set SEE (SEC) 0.33271
87 | V-Set SEE (SEP) 0.333566
.88 | Consistency 115.65
83|

e C-Set Regression Coefficient 0.333252
el VY-Set Regression Coefficient 0.993527
.92 | C-Set Regression Intercept 0.1M7752
293 | ¥-Set Regression Intercept 0.212344
94| C-Set Regression Slope 0.995852
E855 V-Set Regression Slope 0.935064
36 |

£are C-Set Orig. min 64

.98 ¥-Set Orig. min 65

897 C-Set Orig. max 36

100 | V-Set Orig. max 34

01 C-Set Orig. mean 79.5833
10z ¥-Set Orig. mean 79.3333
103 C-Set Orig. sdev 10.1575
04d | V-Set Orig. sdev 11.0333
05

106 | C-Set Pred. min 64.1316
107 V-Set Pred. min 65.2528
108 | C-Set Pred. max 95.8365
103 V-Set Pred. max 94.2257
1o C-Set Pred. mean 79.5833
an | V¥-Set Pred. mean 79.3927
Tz | C-Set Pred. sdev 10.15
hnax V-Set Pred. sdev 1.0232
114

Property statistics

Row | Name Description

384 C-Set BIAS Always zero by definition.
85 V-Set BIAS Average deviation between the predicted = NIR and original = lab

method values. Should be as close to zero as possible (no
systematic deviation).

36 C-Set SEE (SEC) Standard error of estimation of the C-Set. Should be as small as
possible, but comparable to the standard deviation of the
laboratory method.

37 V-Set SEE (SEP) Standard error of prediction of the V-Set. Should be as small as
possible, but comparable to the standard deviation of the labor
method.

38 Consistency Relation between the standard error of estimation of C- and V-

Set: SEC/SEP * 100.
Should be around 100 (80-110).

90 C-Set Regression "r" shows, how well the predicted values of C-Set match the
Coefficient original values on average. Should be as close to 1 as possible (r
> 0.9). NOTE:r is not "2 (r-square), r can also be nagative.
91 V-Set Regression "r" shows, how well the predicted values of V-Set match the
Coefficient original values on average. Should be as close to 1 as possible (r
>0.9)
92 C-Set Regression r=a + bx, where "a"= intercept of the C-Set. Should be as close to
Intercept 0 as possible
93 V-Set Regression r=a + bx, where "a"= intercept of the V-Set. Should be as close to
Intercept 0 as possible
94 C-Set Regression Slope r=a + bx, where "b"= slope of the C-Set. Should be as close to 1 as
possible
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Row | Name

Description

95 V-Set Regression Slope

r=a + bx, where "b"= slope of the V-Set. Should be as close to 1 as
possible

Statistics of the original property values (labor method, X-axis)

97 C-Set Orig. min. The smallest property value in the C-Set

98 V-Set Orig. min. The smallest property value in the V-Set

99 C-Set Orig. max. The highest property value in the C-Set

100 | V-Set Orig. max. The highest property value in the V-Set

101 | C-Set Orig. mean. The mean property value of the C-Set

102 | V-Set Orig. mean. The mean property value of the V-Set

103 | C-Set Orig. sdev The standard deviation of the property values in the C-Set

104 | V-Set Orig. sdev

The standard deviation of the property values in the V-Set

Statistics of the predicted property values (NIR, Y-axis). These

113 values should be comparable to the similar values of the original
property values.

15 | C-Set RSS 163643
116 | V-Set RSS 0.597645
7|

e | C-Set Durbin-Yatson 3.0533
ma| C-Set Durbin-¥atson inrange 1.5t0 2.5 Mo

120 | Y-Set Durbin-Yatson 2.54473
121 ¥-Set Durbin-¥Watson in range 1.5t0 2.5 Mo

122
123 | C-Set Resid. min -0.464557
124 | V-Set Resid. min -0.328338
125 C-Set Resid. max 0.625452
126 ¥-Set Resid. max 0.59574
121
128 | ¥-Set t-value 0.427362
129 | ¥-Set t-Test(n-1.2-tail) Confidence [] 31.3514
130
131 | C-Setn 12
13z | V-Setn 6

133 |

115 | C-SetRSS

C-Set residual sum of squares = RSS should be low:
Sum((Orig-Predicted property)*2) = Sum (e”2)

116 | V-SetRSS

V-Set residual sum of squares = RSS should be low:
Sum((Orig-Predicted property)*2) = Sum (e"2)

118 C-Set Durbin-Watson

dw=Durbin-Watson = Sum of consecutive/succesive Residual
Difference Square / Sum of Residual Square LINK: Durbin-
Watson Factor Statistics

119 | C-Set Durbin-Watson in
range 1.5t0 2.5

Is the dw value between 1.5 and 2.5? Answer: Yes or No

120 V-Set Durbin-Watson

dw=Durbin-Watson = Sum of consecutive/succesive Residual
Difference Square / Sum of Residual Square

121 | V-Set Durbin-Watson in
range 1.5t0 2.5

Is the dw value between 1.5 and 2.5? Answer: Yes or No

123 C-Set Resid. min

Biggest negative deviation in the C-Set property values

124 V-Set Resid. min

Biggest negative deviation in the V-Set property values

125 C-Set Resid. max

Biggest deviation in the C-Set property values

126 V-Set Resid. max

Biggest deviation in the V-Set property values

128 V-Set t-value

Original property and the Predicted property are compared via a
paired t-test to show if the results are statistically equivalent

129 | V-Sett-value (n-1, 2-tail)

Significance level, where is no evidence for a difference between

Confiflence (%) the Original and Predicted property results
131 | C-Setn Number of C-Set spectra
132 | V-Setn Number of V-Set spectra
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Explanation of V-Set t-test:
Original property and the Predicted property are compared via a paired t-test to show if the results are
statistically equivalent.

.. _H

s, fan

éj

where:
[l e isthe mean residual (original - predicted property);
LI d isthe standard deviation of the residuals.

Example:

The two-sided critical value of students™t" e.g. at 5% significance level for n-1 degrees of freedom is
protocoled as V-Set t (5%,n-1) and the calculated t as V-Set t-value. If V-Set t (5%, n-1) is greater than
V-Set t-value, there is no evidence for a difference between the Original and Predicted results.

NIRCal estimates and protocols the significance level, where is no evidence for a difference between the
Original and Predicted results.

V-Set t-Test (n-1,2-tail) Confidence [%]: the higher the value the best the confidence of the V-Set
results.

See reference: [Anthony C. Moffat, Andrew D. Trafford, Roger D. Jee and Paul Graham. “Meeting the
International Conference on Harmonisation’s Guidelines on Validation of Analytical Procedures:
Quantification as exemplified by a near-infrared reflectance assay of paracetamol in intact tablets.”, The
Royal Society of Chemistry, Analyst, 2000, 125,1341-1351].

NOTE
[1 the V-Set spectra selection has a huge influence on the t-value;

[1  the t-test reacts also negative on calibrations with very small V-Set BIAS. The t-test for the C-
Set has no sence, because the C-Set BIAS is per default 0. t = Abs( BIAS )/ ( SEP / Sqrt(n) )

135
136 Validation for C-Set Spectra
137 Propenty ethanal
138
1139 | Spectrum Name MNo. Orig Pred Orig-Pred  Estrapolation  Residual Residual too big
140 | EtOH 96 1 36 95.8965 0.103513 6.13798e-005
[ 141 EtOH 64 2 64 64.1316 -0.131623 9.16348=-005
142 EtOH 67 4 67 66.7031 0.230322 0.000167636
43| ExOHB63 5 63 £9.152 -0.151398 7.68871e-005
44| EWOHT5 7 75 75.4646  -0.4B4557 8.5873e-005
[ 145 EtOH 76 8 76 75.3891 0.610304 0.00028157
146 EtOH 78 10 78 78.4433 -0.4433585 0.000225863
147 | EtOH 79 il 73 79.1443 -0.144327 0.000197002
148 | EtOH 83 13 83 §2.3745 0.625452 9.45751e-005
143 ExOH 86 14 86 86.2338 -0.233807 0.000112266
150 EtOH 90 16 30 53.6331 0.360851 0.000163933
151 | |EwOH 92 17 az 924143 -0.414551 0.000243341
152 Spectrum Name No. Orig Pred Orig-Pred | Extrapolation Residual Residual too big
153
| 154 | Validation for W-Set Spectra
| 185 | Property ethanol
| 156
157 Spectrum Name MNo. Orig Pred Orig-Pred  Extrapolation Residual Residual too big
158 EtOH 65 3 65 65.2528 -0.25276 0.000114213
153 EtOH 70 ] 70 70.0285 -0.0284536 0.000205743
160 EwOH 77 3 T 77.3283 -0.328338 0.000234052
161 EtOH 81 12 &1 §0.4003 0.59374 0.000144012
| 162 EtOH 89 15 83 89.1204 -0.120373 0.000133084
| 163 | EtOH 94 1B 34 94.2257 -0.225743 0.000142433
164 | Spectrum Name MNo. Orig Pred Orig-Pred  Extrapolation Residual Residual too big
85
166
Statistics of the C-Set and V-Set:
Row| Name Description |
136- | Validation for C-Set Name, number of spectrum, original, predicted property and the
151 | Spectra difference (original minus predicted); an X for "extrapolation”, in
154- | Validation for V-Set case the value is outside the calibration range; residual value and
163 | Spectra an X for "residual too big", in case the value is outside the allowed
range, spectra GUIDs
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3.17.3 Calibration Protocol Quantitative CV
Calibration / Calibration Protocol Calculate or Show

Menu:
Icon:

Short Key: F8

The calibration protocol is an important validation report giving all information about the data selection
and result of the chemometrics calculation. The calibration protocols are stored in the DB (or .nir
project file).
Explanation of the content of the calibration protocols.

Quantitative Calibration: Cross Validation
The first section has the information about the user specific data selection (row 1-58).

1 Calibration Protocol

4

5

b User Customer System Maintenance

7 Date/Time 11.01.2006 13:42:42

8 Software NIRCal V5.1 (Build 400)

9 Project File Name C:ANIRCal-Data\NIRCAL-5 Projekte\FromDEB_Lactose guantitation.nir

10 Project Comment

11 Project GUID {98C445B2-729B-4385-8920-12874F9DB400}

12 Calibration Name Sugar-Quant.

13 Calibration Comment

14 Calibration GUID {4923922A-2D1F-43EC-8BCB-F40ESBEAFC7 C}

15 Calibration Version 2

16 Calibration Lifecycle Sate created editing

17

18

19 Properties in Project Lactose, Fine Sucrose. (total 2/2)

20 Properties in Calibration Set Lactose. (total 1/2)

21

22

23 Spectra in Project 69

24 Spectra in Calibration Set 66

25

26 Spectra in Calibration Set 1-55, 57-61, B3-67 , B9. (total 66/69)

27

28 Spectra unused (U-Set) 56,62, B68. (total 3/69)

29

30 Validation Method Cross Validation

31 CV-mutable V-Set 1-42,52-55, 57-61, 63-67, B9. (total 57/69)

32 CV-permanent C-Set 43-51. (total 9/69)

33 CV.unused Group 56,62, B8. (total 3/69)

34 CV Group # : Group Index (CW-mutable V-Set)

35 1:1 1,7,13,19,25,31,37, 52, 58, 64. (total 10/69)

36 2:2 2,8,14,20,26,32,38,53,59, 65. (total 10/69)

37 3:3 3,9,15,21,27,33, 39, 54,60, 66. (total 10/69)

38 4:4 4,10, 16,22, 28, 34, 40, 55,61, 67. (total 10/69)

39 5:5 5,11,17,23,29, 35, 41. (total 7/69)

40 6:6 6,12,18,24,30, 36, 42, 57 63, 69. (total 10/69)
Row | Name Description

1 Calibration Protocol Header

6 User

7 Date/Time Date and time of the calculation

8 Software Current software version

9 Project File Name Empty for DB, name of the project for file

10 Project Comment Normally empty. The comment section of the project.

11 Project GUID Global Unique IDentity of the project

12 Calibration Name Name of the calibration

13 Calibration Comment Normally empty
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Row | Name Description
14 Calibration GUID Global Unique IDentity of the calibration
15 Calibration Version Indicates the modification of the calibration. The Calibration Lifecycle
Version is incremented by LifeCycle copy (or by XML import to avoid
duplicates).
16 Calibration Lifecycle not available anymore
State
19 Properties in Project Name and number of all properties in the project
20 Properties in Name and number of calibrated properties
Calibration Set
23 Spectra in Project Total number of spectra in the project
24 Spectra in Calibration Total number of spectra selected in the C-Set
Set
26 Spectra in Calibration Spectra selected in the C-Set
Set
28 Spectra unused (U- Spectra not used for calibration (not in the C-Set)
Set)
30 Validation Method Selected Validation method: Validation Set or Cross Validation
(quantitative)
31 CV-mutable V-Set Spectra used as V-Set (C-Set minus CV-permanent C-Set)
32 CV-permanent C-Set Spectra used always in C-Set
33 CV-unused Group Spectra belonging to a group, but not used for the CV

CV-Group #: Group
Index

List of the CV-mutable V-Set spectra, belonging to different groups

C-Set Spectra
Instrument type / serial
y-Unit / Measurements / Scans

Spectra Resolution
Spectra y-Unit

MNIRFlex NS00 /400000011
Reflectance /1 /16

4 1/em
Reflectance

Wavelengths Project Set
Wavelengths Calibration Set

Number of Data Pretreatments

Data Pretreatment Sequence (short form)
Data Pretreatment Sequence (detailed)

Method

Max Iterations

Mean Centering

Number of Primary PCs
Secondary/Calibration PCs

Blow Up Parameter
Residual Blow Up
Score Blow Up

Max C-Set Spectra Residual

Max Allowed Residual for Calibration

4000-10000. (total 1501/1501)
4200-9700.

[Wavelengt

hs] (total 1376/1501)

2

ma,dg1

1. MSC Amplification®, 4200-9700. (total 1376/1501), Mean Vector(1501)
2. First Derivative Savitzky-Golay 9 Points

PLS
3000

yes

15

1-2. (total 2/15)

2
1.05

§.72336e-005
0.00017 4467

SN DN DD DN NN ||| OO D | Da | Da | De | De | DD D
N oS

C-Set Spectra

Instrument statistic

43 Instrument type / Used instrument type and it’s serial number
serial

44 y-Unit / Measuring principle / Number of repeated measurements and scans of a
Measurements / spectrum
Scans
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Row | Name Description
47 Spectra y-Unit Measuring principle
50 Wavelengths Project Measured wavelength range
Set
51 Wavelengths Selected wavelengin range (selected datapoinis / all data poinis)
Calibration Set
55 Number of Data Numper ot applled data pretreatmem
Pretreatments
56 Data Pretreatment SNOrt name or the applled data pretreatment
Sequence (short)
57 Data Pretreatment FUll hame or the applled data prelreatment
Sequence (detailed)
60 Method Selected calculation method / algorithm
61 Max Iterations Calculation steps before default stop (max. 3000) Mean
62 Mean Centering centering after pretreatment is activated: yes / no Number
63 Number of Primary of selected primary principal components
PCs
64 Secondary/Calibration | Numbers of selected secondary principal components
PCs
66 Blow Up Parameter Title
67 Residual Blow Up Factor for residual limit calculation (default: 2)
68 Score Blow Up Factor for score limit calculation (default: 1.05)
70 Max C-Set Spectra Highest value of the C-Set residuals
Residual
71 Max Allowed Residual | Residual limit of the calibration for the application (max.* 2)
for Calibration
73
74 Q-Value V5 0.555521
75 Validation Method Cross Validation
76
77 C-Set Residual too big 0
78
79 Num Properties 1
80 Rel. Consistency 0.381513
81 Weighted BIAS 0.000974035
82 Validity 0.00334391
83 Comparability 0.00200931
84 Precision 0.0257861
85 Weighted Accuracy 0
86
Result of the calculation
Row | Name Description
Q-Value protocol
74 Q-Value V5 Q-Value of the calibration according version 5. The higher
the Q-Value the best the calibration.
75 Validation Method Selected Validation method: Validation Set or Cross
Validation
77 C-Set Residual too big* Number of C-Set spectra with too high residual = rejection of
known (theoretical: 0)
79 Num Properties Number of properties in the calibration (should be always 1 for
the application)
80 Rel. Consistency* The C- and V-Set should have similar low standard error of
prediction (BIAS corrected):
Abs(SEC-SEP)/(Abs(SEP)+1). Should be close to 0
81 Weighted BIAS* The absolute V-Set BIAS should be as close to zero as

possible:
Abs(Vset-BIAS)/Abs(Range)
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Row

Name

Description

82

Validity*

The V-Set regression coefficient should be near to 1:
1-VsetRegr. Validity should be close to 0

83

Comparability*

C- and V-Set should have similar high regression coefficient of
prediction:
Abs(CsetRegr-VsetRegr). Comparability should be close to 0

84

Precision*

V-Set standard error of prediction (BIAS corrected) should be
low:
SEP/Abs (Range)

85

Weighted Accuracy*

V-Set residual sum of squares=RSS should be low (not BIAS
corrected):
Abs(Sum((Orig-Predicted)"2)/Abs (Range)

* used with different weighting values.

87
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Property Statistics

C-Set BIAS
C-Set SEE (SEQ)
CV SECY

C-Set Regression Coefficient
C-Set Regression Intercept

C-Set Regression Slope

C-Set Orig. min
C-Set Orig. max
C-Set Orig. mean
C-Set Orig. sdev

C-Set Pred. min
C-Set Pred. max
C-Set Pred. mean
C-Set Pred. sdev
C-Set RSS

C-Set Durbin-Watson

Lactose [%]

0
1.87989
3.00342

0.998665
0.137817
0.997333

0

100
51.6667
36.3988

-0.415629
99.8771
51.6667
36.3502
22971

1.43165

C-Set Durbin-Watson in range 1.5t0 25 No

C-Set Resid. min
C-Set Resid. max

C-Setn

-3.87881
3.158957

66

Statistics of the C-Set

38 Property statistics Selected property

90 C-Set BIAS Always zero by definition.

91 C-Set SEE (SEC) Standard error of estimation of the C-Set. Should be as small as
possible, but comparable to the standard deviation of the
laboratory method.

92 CV SECV Standard error of estimation of the C-Set. Should be as small as
possible, but comparable to the standard deviation of the labor
method.

94 C-Set Regression “r* shows, how well the predicted values of C-Set match the

Coefficient original values on average. Should be as close to 1 as possible (r
>0.9)

95 C-Set Regression r=a + bx, where "a"= intercept of the C-Set. Should be as close to

Intercept 0 as possible

96 C-Set Regression Slope r=a + bx, where "b"= slope of the C-Set. Should be as close to 1 as
possible
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Row | Name Description
Statistics of the original property values (labor method, X-axis)
98 C-Set Orig. min. The smallest property value in the C-Set
99 C-Set Orig. max. The highest property value in the C-Set
100 C-Set Orig. mean. The mean property value of the C-Set
101 C-Set Orig. sdev The standard deviation of the property values in the C-Set
103- C-Set Pred. Statistics of the predicted property values (NIR, Y-axis). These
106 values should be comparable to the similar values of the original
property values.
108 C-Set RSS C-Set residual sum of squares = RSS should be low:
Sum((Orig-Predicted property)*2) = Sum (e”2)
110 C-Set Durbin-Watson dw=Durbin-Watson = Sum of consecutive/succesive Residual
Difference Square / Sum of Residual Square LINK: Durbin-
Watson Factor Statistics
111 C-Set Durbin-Watson in | Is the dw value between 1.5 and 2.5? Answer: Yes or No
range 1.5t0 2.5
113 C-Set Resid. min Biggest negative deviation in the C-Set property values
114 C-Set Resid. max Biggest positive deviation in the C-Set property values
117 C-Setn Number of C-Set spectra
S Al c | D | | F G H | 1 4 K L | M | N | 4] :J
121 | Validation for
a2z Property
D23 ]
124 | Spectrum Name Prad Ong-Pred  Extrapolation Residual Rasidual oo teg Spectrum GUD
125 | Lac 100 FSuc 0 < 2B3411 & 3
126 |  Lac9 FSuc10
27 | Lac 70 FSue 30
A28  Lac’50 FSuc50
29 Lac 30 FSuc 70
3 Lac 10 FSuc 10

0

131 | Lac 100 FSuch 2
132 | Lac 90 FSuc 10 _2
133 |  Lac70 FSuc30 2
134 | Lac%0 FSues0 2
135 |  Lac30FSuc? 2
136 |  Lac10 FSucd0 2
37 Lac 100 FSucD 2

Lac90 FSuc 10 2
39 Lac 70 FSuc 30 2
40 | Lac50 FSuc50 2

65 Y P 10 D P LA 1 J D o 1 307 ] 4 I I

141 | Lac30 FSuc0 2
142 | Lac10 FSucf0 2
143 | Lac 100 FSuch 2
44|  Lac9%0 FSuctd 2
145 |  Lac70 FSucd0 2
146 |  Lac50 FSuc50 2
147 | Lac30 FSucih 2
148 | Lac10 FSuc90 2
149 | Lac 100 FSuc 3
50 Lac 90 FSuc 10 3 £
TI51  Lac7DFSuc30 3 0
152 | Lac50 FSuc50 3 2 5
153 |  Lac30FSuc7?D 3 2 N
154|  Lac10FSuc9 3 £ 10
55 Lac 100 FSuch 3 1] 100
156 |  Lac% FSuc10 3 n 5
157 Lac70 FSuc30 3 i3 na
158 Lac 50 FSuc 50 3 34 5
159 Lac30 FSuc 70 3 ¥ £1]
180 | Lac10 FSuc9 3 5 10
161 Lac 100 FSucD 3 7 100
162 Lac 90 FSuc 10 3 33 0
163 Lac 70 FSuc3n 3 5] 0
184 | Lac50 FSuc50 3 Q )
185 Lac 30 FSuc7D 3 4 3
166 Lac 10 FSue 90 3 2 10
167 1L 0 FSuc 100 LE} 0

Result of the final calibration

Validation for C-Set
190 Ypectra

Name, number of spectrum, original, predicted property and the
difference (Orig-Pred); an X for "extrapolation”, in case the value is
outside the calibration range; residual value and an X for

"redidual too big", in case the value is outside the allowed range;
spectrum GUID
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Al c Es—|—F 1 6 1| ®© ! J I 1 v |1 w N | 04
193 Validation for
194 Property
195
196 Spoectrum Name No. Org Ong-Ped  Extrapolstion  Residual Residual 100 tug
187 Lac 100 FSuc D 1 100 172812 0000147428
198 Lac 90 FSuc 10 2 a0
199 Lac 70 FSue 30 3 el
200 Lac 50 FSue 50 ] 5
201 Lac 30 FSuc 70 5 N
202 Lac 10 FSuc 10 6 10
203 Lac 100 FSuch 2 7 100
204 Lac90 FSuc 10 2 ] K0
205 Lac 70 FSuc 0 2 ] M
206 Lac 50 FSuc 50 2 10 50
207 Lac30 FSuc7D 2 1 n
208 Lac 10 FSuc 90 2 12 10
209 Lac 100 FSued 2 13 100
210 Lac90 FSuc 10 _2 14 a
21 Lac70 FSuc30 2 15 M
212 Lac 50 FSuc 50 2 16 5
213 Lac30 FSuc?D 2 17 £1 s
214 Lac 10 FSuc 90 2 18 10 41-0700-42
215 Lac 100 FSuch 2 19 100 4-855E-AS,
216 Lac 90 FSuc 10 _2 20 &l ¢
217 Lac70 FSucd0 2 2N n
218 Lac50 FSuc50 2 2 51
219 Lac30 FSuc il 2 23 k1)
220 Lac 10 FSuc 90 2 24 10
221 Lac 100 FSuc 0 _3 25 100
222 Lac90 FSuc 10 3 » a
223 Lac 70 FSue 3D 3 2 0
224 Lac 50 FSuc S0 3 p.- ] 50 Da0304633)
225 |  Lac30FSuci0 3 b 0 6007 EE0G) I |
226 Lac 10 FSuc 9 3 k] 10 F
227 Lac 100 FSuch 3 Ell 100
228 Lac50 FSuc 10 3 32 %
229 Lac70 FSucd0 3 13 el
230 Lac50 FSuc 50 3 34 50
231 Lac30 FSuciD 3 E=) k1
232 Lac 10 FSuc 90 3 £ ] 10 2
233 Lac100 FSuch 3 7 100 108719
234 Lac 90 FSuc 10 3 k-] a0 0613344
235 Lac 70 FSue3dn 3 E:l m
236 Lac 50 FSuch0 3 il 5
237 |  Lac30FSuc?D 3 4 n
238 Lac 10 FSuc 9 3 a2 10
239 Lac 100 FSucDh 4 52 100
240 Lac 90 FSuc 10 4 53 &)
‘
Result of the CV-steps
Row | Name Description
194-  |Validation for CV-Group [Name, number of spectrum, original, predicted property and the
H H . n . n H H
253 Spectra difference (Orig-Pred); an X for "extrapolation”, in case the value is

outside the calibration range; residual value and an X for “redidual
too big",in case the value is outside the allowed range; spectrum
GUID

3.17.4 Prediction Protocol
Menu:  Calibration / Prediction Protocol / Predict Project

Icon:

Prediction Protocol of quantitative Calibration

The quantitative calibration will give the list of selected spectra with their name, the spectra number,
the residual value. The outlier according residual means, the matrix is different, in this case the
predicted property value should be in question. The scores outliers are less important: scores are
intermediate results. The spectra with property outliers have extrapolated values: they are outside the
calibrated range. The predicted and original property values give the information about the calibration

quality.
Introduction

In NIRCal new statistical measures are included in the prediction protocol. The statistics are calculated in
compliance with the ISO 12099 standard: Animal feeding stuff, cereals and milled cereal products
Guidelines for the application of near infrared spectrometry.

The statistics are included for each property in the prediction protocol. The statistics are calculated
using the spectra which are not flagged as outliers. If there are too many outliers, the limits for the
calibration should be adjusted in the Calibration -> Outlier Detection -> Advanced menu.

Calibration Properties Min Max Offset Slope RMSEP SEP RSD Bias
Moisture [%] 33.95 43.85 -0.1136001 1.0029908 0.2391134 0.2390958 0.2394709 -0.0029012
Fat [%] 294 36.2 0.0568048 0.9985213 0.4415973 0.4415367 0.4423662 0.0073186
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Important:
The statistics only gives relevant estimates of calibration performance if the prediction protocol is
made using an independent test set.

The statistics reported here can deviate from what is reported in the Original vs Predicted Property
plots of two reasons: 1) outliers are not included, and 2) the linear regression to find slope and offset is
made using the predicted values as the independent variable.

Definitions

The prediction protocol includes the following statistics:
Offset

Slope

RMSEP

SEP

RSD

Bias

I I o A |

The following figure explains some of the statistics.
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Predicted

The vector of difference between the predicted and the reference values for sample i is defined as:

€ =Yi — Yi

Where y: is the reference value for sample i, y: is the predicted value for sample i and e; is the residual for
sample .

Bias: The bias is calculated as the mean of the differences.
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RMSEP (Root Mean Square Error of Prediction): The RMSEP is an estimate of the random and
systematic errors in the predictions.

1 n
RMSEP=,|-) ¢
; - > 8

=1
SEP (Standard Error of Prediction): The SEP is an estimate of the random error.

, 1 &
SEP = =) (ei —&)?

n—1~4%
i—1

Slope and offset: The slope and offset of the regression line are both indicated in the figure above.
They are found as a linear model of the form y = ax+b, where y is the reference value, a is the slope, x is the
predicted value and 4 is the offset:

B={X'X) Xy
b = offset = B (1)

a = slope = 3(2)

where X is the a n x 2 matrix with 1 in the first column and y in the second column; y is a column vector of
reference values and " is a two element column vector with the offset and slope.

RSD (Residual Standard Deviation): This estimates the random error corrected with the slope.

) l n
=1

n—2

RMSEP vs SEP vs RSD: The three estimates of random errors each include

[l RMSEP: Random error + systematic slope + bias
[1 SEP: Random error + systematic slope [
RSD: Random error

Slope and bias correction

If the prediction protocol is based on an independent test set, then the slope and offset calculated in
the prediction protocol can be used directly in the management console to make slope and bias
correction. Notice that the offset value from the prediction protocol must be entred in the bias
field.
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Prediction Protocol

Protocol Type
Creation User
Creation Date/Time
Creation Software
Project Name

Project Comment
Project GUID
Calibration Name
Calibration Comment
Calibration GUID

Calibration Version

Pregkt Project
Aminisirator
2112013 25347 P :
NIRC21 V55 (Build 1000)

C:Program Fiiles BuchiNIR Soktions \QuickguiseiData'Quanthatie nir

{FEDC14FE-E183-40EA-3681-099DB2A425ECT

wmamed

{CT7DC035-C224-4860-52E0-TACSA2AB4 138}

ot caloulzted under LieCyole

Calibration Lifecycle Sate not created
Calibration Method quITEe
Calibration max allowed Residual 00003397
Calibration Properties Min Max omet Siope RMSEP sep
Moisture [%] 3395 4385 00542833 1.0014750 02323305 02323904
Fat [%] 24 *2 01520732 09953505 ousr? 04455029
Ouslier Oustier Ouslier Precicied
Spectra Name No Resioual Rezinal Score Propeny Molsture [%]
Sample 1/1 1 0.0000811 348042
Sample 1/2 2 0.000035¢ 347430
Sample 1/3 3 00000857 347810
Sample 2/ 1 4 0.0000579 356230
Sample 2/2 5 00000562 354498
Sample 2/3 3 00000642 354178
Sample 3/ 1 7 00000845 358746
Sample 3/2 3 00000726 357697
Sample 3/3 9 00000712 3782
Sample 4 /1 10 0.0000305 387214
Sample 4/2 1 00001007 357456
Sample 4/ 3 12 00000875 353053
Sample 5/1 13 00000714 358756
Sample 572 1@ 0.000070¢ 35369
5 | s

N
’SD Biss
02325167 00002549
ous2 00135093

Oniginal
Faps] Woisture [%] Fapy] Spectra Gl
342541 347500 348000 {sBiCKE
343550 347500 345000 {82008D5¢
343u6 347500 34,5000 {24A2A52
3580 35.4000 336000 {4478031%
335955 35.4000 336000 {57T6F1291
R8T 35.3000 335000 {5238FAC
333615 355000 335000 {20878%8
33275 35.3000 335000 {0E3C908
35701 356500 332000 {EsTTOEC
334184 356500 332000 {14r260C
3.32% 356500 332000 {83042336
335519 35.8300 33.0000 {SDA20F2
333640 355300 33,0000

{DC2057) —v_]
2

Prediction Protocol of qualitative Calibration
The prediction protocol (SIMCA and Cluster) can be configurated: LINK: Cluster Prediction Protocol.

The documented 7 cases are:

Case

Group

Symbol

Residual

Distance

Name/Property

1

not in a cluster

OK

not OK

not OK

false identified

?

OK

OK

not OK

identified

*

OK

OK

OK

not identified CLU OK

not OK

OK

OK

not identified CLU BAD

not OK

OK

not OK

not identified known

not OK

not OK

OK

~N| o o AW

not identified unknown

not OK

not OK

not OK

Example:
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Prediction Protocol

1

4

S

5] Protocol Type Predict Project

ki Creation User | Customer System Maintenance
g Creation Datel!Time 412312005 10:46:14 AM

3 Creation Softw are MIRCal VS (Build 3000)

10 Project Name Flukaldent

1 Project Comment |

12 Project GUID 1BA28704E-DCI0-4B17-ASAI-TIC3I420F42E2}
13 Calibration Name SIMCA Oxalic acid

14 Calibration Comment

15 Calibration GUID {FEB33CD1-30A5-4CEB-AEB2-4A5235E32635}
16 Calibration Version 0

17 Calibration Lifecycle Sate created editing

13

13 Calibration Method qualitative

20 Calibration max allowed Residual 0.0001372
21

22 Calibration Properties Min Max

23 Oxalic acid 1] 1

24

25 | Protocol filter settings
26 not in a cluster (!) on
27 false identified (?) on
28 identified (7) on
23 'not identified known (-) on
30 not identified unknown (=) on
3 not identified Clu OK (*£) on
32 not identified Clu BAD (&) on
22

On the top of the protocol about some general information about the calibration, the calibrated
properties are listed and the filter setting are visible. The calibration max. allowed residual is
important to note.

3!

34 Outlier Outher Ovalier

35|  Spectra Name No Residusl  |Residusl | Score Property | Predioted Oxiginal
3! 75702 Oxalsiure -007 1 0.0000655 Onalic acid Owalic acid
1 | 75702 Oxalssuwe -007 2° 00000729 Oxalic acid Oxalic acid

3B 75702 Oxalsdure -007 3 0.0000677 Oxalic acid Onalic acid

38 75702 Oxalssure -0T1 4° 0.0000531 Onalic acid Ohialic acid
40 75702 Onalsiure 011 s* 0.0000550 Owalic acid Oalio acid
_41 75702 Oxalsiure -011 6° 0.00005% Onalic acid Owalic acid
42 15702 Oxalssue -0 1° 00000852 Oxalic acid Oxalic acid

43 75702 Osalsdue -011 8" 0.0000652 Onalic acid Dualic acid

44 75702 Oxalssure -011 8° 0.0000888 Onalic acid Ohialic acid
_4s 75702 Oxalsdure -009 0 0.0000623 Oialio acid Oualio acid
46 75702 Oxalsaure -009 n 0.0000705 Oialic acid Oxalic acid
a7 75702 Oxalssuwe -009 2 00000734 Oxalic acid Oxalic acid

48 75702 Oxalssure -010 B’ 0.0000636 Okalic acid Owalic acid

43 75702 Onalssure -010 u* 0.0000763 Oinalic acid Ohalio acid
50 75702 Onalsiure -010 B 0.0000631 Oinalic acid Owalic acid
E51 0001_44897211-01-005 B= 00016402 X X X K-P0d dibasic
_52 0001_44897211-01-005 7= 00016435 X X x K-PO4 dibasic

53 | 0001_44897211-01-005 8= 00018432 ¥ X X K-P0O4 dibasic

54 0006_60355 K-PO4 dibas_449026/1-01-007 13« 0001514 X X X K-PO4 dibasio
551 0006_60355 K-PO4 dibas_44302611-01-007 20-= 00016510 X X bl K-POd dibasio
56 0006_60355 K-PO4 dibas_443026{1-01-007 21= 00016465 X X b K-P0d dibasic

ST | 0007_60355 K-PO4 dibas_44302611-01-007 22= 00016427 X X Pl K-PO4 dibasic

58 0007_60355 K-PO4 dibas_44302611-01-007 23= 00016447 X X X K-PO4 dibssic

59 | 0007_60355 K-PO4 dibas_44302611-01-007 24« 0.0018473 X X X K-P04 dibasio
60 0008_60355 K-P0O4 dibas_449026/1-01-007 25= 00016442 X X X K-P0d dibasic
61 0008_60355 K-PO4 dibas_443026/1-01-007 26= 00016471 X b b K-PO4 dibasic

62 0008_60355 K-PO4 dibas_449026/1-01-007 27= 00016416 X b X K-PO4 dibasic

0009_60355 K-PO4 dibas_44302611-01-007 28« 00016333 X X X K-PO4 dibasic
B4 0009_60355 K-P0O4 dibas_449026!1-01-007 23~ 00016388 X X X K-P0d dibasic
651 0009_60355 K-PO4 dibas_443026/1-01-007 30= 0.0016358 X b * K-P04 dibasic

Each spectra name is listed with the number. Behind the number there is the symbol, which
identification case it is. The actual residual will be compared with the allowed max. residual and in
case it is higher, the spectrum is a residual outlier and will be not identified: residual criteria is not
fulfilled. The possible scores outliers are less important: LINK: Cluster Cal.Protocol. Under predicted
property the filed is empty, if the spectrum is not a cluster. There is the name of the cluster, in case the
spectrum is in a certain cluster.

In case the predicted and original property names are matching, it is correct prediction: spectra 1-15.
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0001_093500 NH4-Oxalate Monohydr_4490731155 = 00020416 X bl x NH4-Oxalate monohyde
0001_09900 NH4-Oxalate Monohydr_449073¢155= 00020215 X % X NH4-Oxalate monohyd:
0001_09900 NH4-Oxalate Monohydr_4490731160 = 00020328 X X b NH4-Oxalate monohyd:
0002_039900 NH4-Oxalate Monohydr_443073¢ 61= 00020253 X bl X NH4-Oyalate monohyde
0002_09900 NH4-Oxalate Monohydr_4430731 62 = 00020141 X bl x NH4-Ouwalate monohyd:
0002_09900 NH4-Oxalate Monohydr_443073¢ 63 = 00020201 X b b NH4-Oxalate monohyd:
0003_09300 NH4-Oxalate Monohydr_445073¢ 64 = 00020348 X X X NH4-Oxalate monohyd:
0003_099500 NH4-Oxalate Monohydr_443073¢ 65= 00020326 X X b NH4-Oxalate monohyde
X 0003_09900 NH4-Oxalate Monohydr_443073¢ 66 = 00020133 X X x NH4-Ouxalate monohypd:
02 | 0004_03900 NH4-Oxalate Monohydr_443073¢ 67 = 00020272 X bl x NH4-Oyalate monohyde
03 0004_09300 NH4-Oxalate Monohydr_443073¢ 65 = 00020121 X bl X NH4-Oxalate monohyd:
04 | 0004_09900 NH4-Oxalate Monohydr_443073¢ 65 = 00020263 X b b NH4-Oxalate monohyde
0S| 0005_09300 NH4-Oxalate Monohydr_443073¢ 70= 00020022 X % x NH4-Oxalate monohyd:
08 0005_09900 NH4-Oxalate Monohydr_443073¢ 71= 00020404 X bl X NH4-Oxalate monohyd:
07 0005_09300 NH4-Oxalate Monohydr_443073¢ 72= 00020188 X bl X NH4-Oxalate monohyd:
08 0001_51456 Urea_449278/1-01-006-10 738 00042226 X b Oralic acid Urea
%09 | 0001_51456 Urea_44927811-01-006-10 T4& 00042636 X x Oxalic acid Uea
10 0001_51456 Urea_44927811-01-006-10 158 00043015 X b Okalic acid Urea
|m 0002_51456 Urea_449278{1-01-006-10 6& 00042500 X X X Oxalic acid Urea
mne 0002_51456 Urea_449278!1-01-006-10 T78& 00042337 X b * Oualic acid Lhea
13| 0002_51456 Urea_44927811-01-006-10 18= 00042785 X X Urea
14 | 0003_5156 Urea_449278!1-01-006-10 3= 00042870 X X Urea
15 | 0003_5M56 Urea_44927611-01-006-10 80= 00042150 X b Ures
16 | 0003_51456 Urea_449278{1-01-006-10 81= 00042530 X * Urea
N7 0004_51456 Urea_449278!1-01-006-10 82= 00042155 X x Urea
118 0004_51456 Urea_44927811-01-006-10 83 & 00042671 X X Oralic acid Urea
s 0004_51456 Urea_44927811-01-006-10 8d= 00042658 X b3 Lhes
| 120 Total outliers 69 S9 69
21 |
122 | Total not in a cluster (') 0 Residual OK, but not in a cluster
| 123 Total identified (*) B Residual OK, chuster found, predicted is equal original
124 Total false identified (?) 0 Residual OK, chuster found, predicted is NOT equal oniginal
125 | Total not identified. Cluster OK (%) 0 Residualtoo big, cluster found. predicted is equal anginal
126 | Total not identified. Cluster BAD (&) 6 Residualtoo big, cluster found, predicted is NOT equal original
127 | Total not identified known (-) 0 Residualtoo big, no cluster found. onginal property is available
128 | Total not identified unknown (=] 63 Residualtoo big. ne cluster found, original praperty is not available
wma

In case the predicted and original properties are different, it is a wrong identification: spectra 73-77
and 83. These spectra are in a false cluster, but will not be identified, while the residuals are much
higher (0.0042) as the allowed residual (0.0002).

Correct identifications -case 3- and not identified unknown -case 7- are less important, deactivating e.g
case 3 and 7 will give a shorter protocol.

Especially cases 1 and 5 are critical. By case 5 the residual relationship (actual against allowed)
should be controlled. Case 2 is inacceptable.

In summary all spectra should be listed under the number of “Total identified” or “Total not identified
unknown”, no spectra should be in the 5 other types. Printouts of the prediction protocols are part of the
validation procedure.

When the result is unsatisfactory, the calibration adjustment should be changed.
In case there is no any calibration, which problems without works, the possibilities of improvement are:

not in a Cluster Add these spectra to the project without allocating them to C- or V-Set.
0] Calculate and observe if the spectra are lying far from the cluster. If not, the
spectra must remain in the project (similar spectra)

false identified Add the spectrum that was identified as false to the project and enlarge the

(?)

calculation (similar spectra)

identified (%)

The spectra are OK (known, identified)

not identified

These spectra are rare, because the known substance spectra are only to be

Clu OK (%) found in one project, eventually add such spectra to the C-Set.
not identified Reducing the Radii Blow Up Factor may help. Otherwise compare max allowed
Clu BAD (&) residual with actual residual. When the actual one is 150% or more than the

allowed, the calibration can be used. In case the actual residual is slightly
higher than the allowed, the spectra should be calibrated in the same project.

not identified

These spectra are rare because the known substance spectra are only to be

known (-) found in one project, eventually add these to the C-Set.
not identified The spectra are OK (unknown, not identified).
unknown (=)

Only calibrations without false identification can be used.
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NOTE

The warning: incompatible spectra means, that the number of data point or the wavelength range of the
calibration and predicted spectra are not matching because of different resolution or different
instrument type.

3.18 Matrices

3.18.1 How to display matrices
Each matrix can be displayed in different plots. Available views are:

1D Scatter

2D Line

2D Scatter

2D Combined Scatter
3D Scatter

3D Surface
Table

Oooooooo

Export:
Export the matrix to a *.dat File. To export the table to excel display the matrix first as table and then
export to *.xml (slow) or *.txt (fast) format.

Rename:

Matrices can be temporarily renamed.

Example : 2D Scatter plot
The Coomans plot is part of the SIMCA Overview plot. It is a 2D-Scatter plot of the 2 matrices

[1  Residual (matrix ID 95)
[l Leverages (matrix ID 94)

= ﬂ Callorations H# 73  v-set Spectra Residuum Min 0 Wavel
éi glastera ; Hoeo Spectra 0 One s
E g Sugar_CIuster Hst  Spectra 0 Spectt
+
'i‘_‘g- Lo Hs2  wavenumber 0 One s
#-€ 4 SIMCA Saccharose - not calcw geo ? 2 L
-4 SIMCA Fine Saccharose - not 14 hballes e
(-4 SIMCA Fructose - not calculat 1 84  Property 0 One 5
(- § SIMCA Lactose - not calculate 85  Property o Propel
A Journal Hse Factor 0 One 5
e i Hs7  Factor 0 PC Sel
[+ Matrices
Hoz Cset Spectra Residuum MinMax 0 PC Sel
#E Leverage :
+ a Explore

H 96 Correlation Spi E:.-_ 1D-Scatter t
H 97 Correlation we ;

Hoz realtime = 2D-Line
H 99 realtime :
H 100 Time 2D-Combined Scatter

# 101 Time K 3D-Scatter

# 102 Property
# 103 Property * AL

# 104 Instrument B Table
# 105 Instrument
# 106 Creator

LS = ) pue == o = g = )

Export...
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1. Select Matrices in the NIR-Explorer tree
2. then select the two matrices in the NIR-Explorer
3. click the right mouse and then 2D-Scatter

NOTE

To save such a created plot a workspace can be saved and reused within other projects.

| Residuaks v Leverages (2D) 00-qualitative specin nir JaEd|
poaiilz -
Residuals vs. Leverages
All Spectra
0.03 3
| &
o 0.024
©
S |
E |
8 |
0.00{
"0 s0 100 150 200
Leverage 2

3.18.2 Calibration Residual Limits

Description The min. and max. residual is depending on the number of primary PCs.
Use The maximum allowed residual of the calibration is valid for the application.
Method PCR / PLS / Cluster (CLU) / SIMCA

Matrices ID 55

Tip The highest residual of the C-Set is used for the residual limit calculation.
Details The allowed residual = 2 * maximum C-Set residual. 2 is the default of

residual blow up, can be edited by the user.

Related Topic

Residuals, Primary PCs

3.18.3 Calibration Residual Limits with Blow Up

Description The min. and max. residual is depending on the number of primary PCs.
Use The maximum allowed residual of the calibration is valid for the application.
Method PCR / PLS / Cluster (CLU) / SIMCA

Matrices ID 56

Tip The highest residual of the C-Set is used for the residual limit calculation.
Details The allowed residual = 2 * maximum C-Set residual.

2 is the default of residual blow up, can be edited by the user. Do not use
residual blow up smaller as 1!

The minimum residual = minimum C-Set residual /2. It is not used for the
application.

Related Topic

Residuals, Primary PCs, Blow Up Limits
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3.18.4 Calibration Score Limits

Description Allowed minimum and maximum score values of the calibration.

Use Score outlier detection in the validation set, especially in Cluster calibration.
Method PCR /PLS/ Cluster (CLU) / SIMCA

Matrices 1D 45

Tip Only scores outliers according the secondary PCs are important.

Details

Related Topic Scores

The allowed score limits for the validation: 1.05 x min. and max. scores of the C-set spectra.
The default blow up limit of 1.05 can be edited by the user.

3.18.5 Cluster per Property

Description Number of cluster -connected radii area- per property.

Use Additional information for property separation.

Method Cluster (CLU) / SIMCA

Matrices ID 52

Tip The number of cluster per property is always 1 in a good calibration.

Details Each spectra of the same property should be together and build one
connected cluster.

Related Topic Property Box Radii, Property Box Center

% Clusters per Property (2D) FromDB_4 sugars in vials Q@@
Clusters per Prope

All e

Number of Clusters
B

_________

______________________________________________

Properties

A good calibration has only one cluster for each property

3.18.6 Consistency

Description Consistency describes the relation between the standard errors of the
calibration and validation sets.

Use Selecting the secondary PCs for a robust calibration.

Method PCR / PLS (only with VS mode)

Matrices ID 33

Tip SEP- and SEE-value should be small and similar for a stable calibration.
With an optimal number of PCs the consistency shows values around 100
(80-110).

Details Visible in the Overview, in the View: Secondary PCs Selection and under
Graphics.

Formula Consistency=100x SEE / SEP

Related Topic C-Set SEE, V-Set SEE (SEP)
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It is possible, that different numbers of PCs are ideal for a certain parameter. In this situation the
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different secondary PCs should be selected, the calibrations recalculated and compared.
Very low consistency indicates an overfitting (too many secondary PCs used).

AR %)
3

3.18.7 Correlation Spectra

Description Called also as synchronous 2D correlation spectra.

Use Shows the correlating spectra.

Method PCR / PLS/ Cluster (CLU) / SIMCA / MLR

Matrices 1D 96

Tip See Top view or 3D-surface plot. Pretreatments have influence (press F5
after changing pretreatments).

Details Cw = X'X = Transpose(X) * X
X = pretreated spectra

Related Topic Correlation Wavelength

3.18.8 Correlation Wavelength

Description Called also as synchronous 2D correlation wavelength.

Use Shows the correlating wavelengths.

Method PCR /PLS/ Cluster (CLU) / SIMCA / MLR

Matrices 1D 97

Tip See Top view or 3D-surface plot. Pretreatments have influence (press F5
after changing pretreatments).

Details Cw = XX’ = X * Transpose(X)
X = pretreated spectra

Related Topic Correlation Spectra

3.18.9 Creator

Description Contains the creator / user index.

Use For 1D-scatter and dependency plots.
Method PCR /PLS/ Cluster (CLU) / SIMCA / MLR
Matrices 1D 106

Tip

Details Creator index is a column vector.

Related Topic

Description Contains the creator / user index.

Use For 1D-scatter and dependency plots.
Method PCR / PLS / Cluster (CLU) / SIMCA / MLR
Matrices 1D 107

Tip

Details Creator index is a row vector.

Related Topic
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3.18.10 CV C-Set PRESS

Description CV C-Set PRESS is the Predicted Residual Error Sum Square for the
samples in case they are in the C-Set of the calibration.

Use To estimate the number of PCs. Compare it with C-Set PRESS of the final
calibration.

Method PCR/PLS

Matrices ID 68

Tip Optimal number of PC, where CV C-Set PRESS has the minimum value.

Details Shows the CV C-Set PRESS in function of the number of PCs.

Related Topic

C-Set PRESS

3.18.11 CV Group Index

Description Before CV the spectra can be grouped: the number indicates, to which group
a spectrum belongs.

Use To find out, which spectra have e.g. same or similar property values with
Property equal or Property segment selection. Using CV each spectra
belonging to the same group will be at the same calculation step in V-Set.

Method PCR/PLS

Matrices 1D 65

Tip Can be used for dependency plot or for combined scatter plot.

Details The group number and the spectra belonging to the groups are listed in the
CV calibration protocol.

Zero as group index means: the spectrum belongs to no any group (unused
spectrum: U-Set).

Related Topic Cross Validation Grouping; Custom assign Group to Spectra

3.18.12 CV Leverages

Description Mean of the spectra Leverages during Cross Validation of the V-Set spectra
group.

Use To compare with the “Leverages” of the final calibration with all C-Set spectra
to find possible outliers.

Method PCR/PLS

Matrices 1D 70

Tip High leverages indicate outliers.

Details For the calculation the primary PCs are taken.

Related Topic

Leverages

3.18.13 CV Predicted Property

Description CV Predicted Property is the predicted property value for the sample in case
it is left out of the calibration.

Use Compare it with the predicted value of the final calibration and with the
original property value.

Method PCR/PLS

Matrices 1D 66

Tip It should be close to the original property value and to the predicted value of
the final calibration.

Details The CV predicted property is calculated according the selected secondary
PCs.

Related Topic Predicted Property, CV Property Residuum
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3.18.14 CV Property Residuum

Description CV Property Residuum is the difference between the original and CV
predicted property value.

Use It gives information of outlier sample.

Method PCR/PLS

Matrices ID 67

Tip It should be as close to zero as possible.

Details Big differences indicate outliers.

Related Topic

CV Predicted Property

3.18.15 CV Regression Coefficients[1]

Description It shows as many regression coefficients, as many calculations / groups exist
in the CV calibration. Each regression coefficients name has the group
name, which was left out.

Use Help for the optimal secondary PCs selection.

Method PCR/PLS

Matrices 1D 88

Tip In case each regression coefficients look similar, the calibration is stable. A
group with huge deviation indicates outlier.

Select PCs, which have stable regression coefficients (not noisy).

Details [1] means the 1st C-Set property. In general for each application only one C-
Set property is allowed, so for each property a separate calibration is
necessary (NIRCal could handle more, but NIRWare is concipated with only
one property per calibration for quantitative measurements).

NOTE
In the graphics the tooltip shows spectra and number e.g. "spectra (45)", the
number corresponds to the CV Group number (ignore the other information).

Related Topic Regression Coefficient, Regression Coefficients [1]

3.18.16 CV Regression Coefficients[1] Mean

Description Mean of CV Regression Coefficients [1] for each wavelength.

Use Used for the CV Regression Coefficients [1] t-test.

Method PCR/PLS

Matrices ID 90

Tip

Details

Related Topic CV Regression Coefficients[1] t-test

3.18.17 CV Regression Coefficients[1] Sdev

Description Standard Deviation of CV Regression Coefficients [1] for each wavelength.

Use Used for the CV Regression Coefficients[1] t-test.

Method PCR/PLS

Matrices ID 89

Tip

Details

Related Topic CV Regression Coefficients[1] t-test
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3.18.18 CV Regression Coefficients[1] t-test

Description Uncertainty testing in regression model.

Use Used for selecting most relevant and stable wavelength.
Method PCR/PLS

Matrices ID 92

Tip

Details

Related Topic

Explanation:

t = Abs(xm) / sx * sgrt(g)

where
t = CV Regression Coefficients[1] t-Test;
xm = Regression Coefficients[1] (of the final calibration); sx
= CV Regression Coefficients[1] Sdev;
g = humber of CV groups.

What are good prediction equation coefficients?

\ Where Abs( xm ) is big, there are wavelength with a huge relevance to the prediction
equation;
[1  Where sx is small there are stable wavelengths in the prediction equation.

Due to this 2 points above, consider only at t because it combines the aspect of both, so deselect
wavelengths with a small t value.

To get a statistical based limit, look in a t-distribution table, select a alpha i.e. 0.05 and use a degree of
freedom of g-1.

Recommended readings:
[Uncertainty testing in PLS regression” A.M.C.Davies, Norwich NIR Consultancy, 75 Intwood Road,
Cringleford, Norwich NR4 6AA, UK]

http://Iwww.spectroscopyeurope.com/TD_13 2.pdf

3.18.19 CV Regression Coefficients[1] Variance to final Calib

Description Sum of squared differences of the Property Spectrum of the final calibration
to each CV CV Regression Coefficients [1] of each group.

Use Used for the CV Regression Coefficients [1] t-test.

Method PCR/PLS

Matrices ID 91

Tip

Details Sum( Sar(B-B(g))

Formular B8-CV SECV

Related Topic CV Regression Coefficients[1] t-test
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3.18.20 CV SECV
Description CV SECV: Standard Error Cross Validated
Use The CV selects the number of secondary PCs, where CV SECV has a
minimum.

Method PCR/PLS
Matrices ID 72
Tip The secondary PCs selection is indicated with red color.
Details The first local minimum of CV SECV is taken.
Formula 1

SECV = \/ S (y-Y)?

n—p=

y = reference method value

Y = predicted value (of the left out spectra)

n = number of batches = number of C-Set spectra

p = number of coefficients = number of secondary PCs
Related Topic SEE
3.18.21 CV Spectra Residuals
Description The spectra residual of the spectra in the V-Set during CV.
Use Compare the CV spectra residual with the residual of final calibration to find

out possible outliers.

Method PCR/PLS
Matrices 1D 71
Tip Big CV spectra residual indicates outlier.
Details The number of primary PCs are used for the calculation.

Related Topic

Residuals, Primary PCs

3.18.22 CV V-Set PRESS

Description CV V-Set PRESS is the Predicted Residual Error Sum Square for the
samples in case they are in the V-Set of the calibration.

Use To estimate the number of PCs. Compare it with C-Set PRESS of the final
calibration.

Method PCR/PLS

Matrices 1D 69

Tip Optimal number of PC, where CV V-Set PRESS has the minimum value.

Details Shows the CV C-Set PRESS in function of the number of PCs.

Related Topic

C-Set PRESS, CV C-Set PRESS

3.18.23 C-Set BCAP-PRES

Description PRES function of the calibration Set comparable with the DOS based BCAP
Software.

Use To estimate the number of factors

Method PCR/PLS

Matrices ID 21

Tip

Details Shows the C-Set PRES (Predicted Error Sum) in function of the number of
PCs.

Related Topic V-Set BCAP Pres
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3.18.24 C-Set BIAS

Description Bias provides information on the average deviation of the predicted values
from the true values.
BIAS of the calibration set spectra.

Use To compare with the V-Set Bias.

Method PCR/PLS

Matrices ID 17

Tip The C-Set Bias is zero by definition.

Details Available in the calibration protocol.

Formula Bias = 1/N e 2 ( Xn- ¥n)

Related Topic

V-Set BIAS

3.18.25 C-Set Mean Property

Description Average property value of the C-Set spectra. Internally used for
meancentering.

Use Compare with the predicted mean property value.

Method MLR/PCR/PLS

Matrices 1D 35

Tip

Details It is available in the calibration protocol (C-Set Orig.mean).

Related Topic

Pretreated Property

3.18.26 C-Set Mean Spectrum

Description Mean spectra of the calibration set.

Use Internally used for meancentering.
Method all

Matrices ID 34

Tip

Details Pretreatments take effect.

Formula < (K== [1(K) +12 (k)+ ... IN(K)]/ N
Related Topic Pretreated Spectra

It is calculated by averaging the intensity values at each wavelength.

The centre of the new coordinate system is shifted to that point: mean centering.

3.18.27 C-Set PRESS
Description Calibration Set: Predicted Residual Error Sum Square.
Use To estimate the number of PCs. Compare it with the V-Set PRESS
Method PCR/PLS
Matrices 1D 13
Tip Graphics / C-Set Statistics / PRESS
Details Shows the calibration set PRESS in function of the number of PCs.
N
2
Formula — ( — )
PRESS =2Ix -,
n=1
Related Topic V-Set PRESS

This function calculates the error sum square as a function of the number of PCs. The term ,residual”
here refers to the difference between the predicted values and from the original reference values.
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The optimum number of PC is always given by the smallest number of PC where the PRESS function for
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the calibration and for the validation set is approximately equal and minimal.

If the error of the prediction diminishes only very slightly by the addition of another PC, it is not worth while

to add that PC. This is because higher PCs with little influence will often result in a poorer
reproducibility or stability of the calibration.
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3.18.28 C-Set Property Dependencies
Description Regression coefficient between all original C-Set spectra properties.
Use Shows linear dependencies between different properties.
Method MLR /PCR / PLS
Matrices ID 36
Tip Use a table (grid) to check internal property dependencies
Details Absolute regression coefficient near 1.0 shows that two properties are
linearly dependent. Only the property of C-Set Spectra take effect.
Related Topic Original Property
3.18.29 C-Set Regression Coefficient
Description Calibration Set Regression Coefficient of Original Property and Predicted
Property (also known as correlation coefficient or Pearson's correlation
coefficient)
Use To compare with the V-Set regression Coefficient
Method PCR/PLS
Matrices ID 18
Tip Should be as close to 1 as possible.
Details Visible on the calibration curve and in the calibration protocol.
> e x)ly, )
Formula

5 (D20 5)

Related Topic

V-Set Regression Coefficient, Original Property, Predicted Property

The regression coefficient "r" shows how well the predicted values match with the reference values

(original property values) on average.

The correlation is rated as acceptable when r > 0.9 is achieved (the error of the conventional reference

method goes into the NIR-calibration via the reference values).
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The regression curve can be described better with the slope (a) and intercept (b): f(x)=ax+b

3.18.30 C-Set Regression Intercept

Description Intercept of the regression line equation of the calibration set.
Use To compare with the V-Set Regression Intercept

Method PCR/PLS

Matrices ID 19

Tip A value around zero is expected for a good calibration.
Details A better description of the C-Set regression coefficient.
Related Topic C-Set Regression Coefficient, C-Set Regression Slope

3.18.31 C-Set Regression Slope

Description Slope of the regression line equation of the calibration set.
Use To compare with the V-Set Regression Slope

Method PCR/PLS

Matrices 1D 20

Tip A value around one is expected for a good calibration.
Details A better description of the C-Set regression coefficient.
Related Topic C-Set Regression Coefficient, C-Set Regression Intercept

3.18.32 C-Set SEE (SEC)

Description Standard Error of Estimation: Standard Deviation of the Property Residuum
of the C-Set Spectra.

Use To compare with the V-Set SEE (SEP)

Method PCR/PLS

Matrices 1D 16

Tip It should be as small as possible, but comparable with the standard deviation
of the lab method.

Details Precision. Available in the calibration protocol.

Formula SEE= (N -13 (x, - v, - BIAS)H?

Related Topic V-Set SEE (SEP), Property Residuum
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The SEC and SEP provide the magnitude of the standard deviation for the calibration set and the
independent validation set. The two values should be as small as possible, but they are likely to be
comparable with the standard deviation of the conventional laboratory method. With an acceptable
calibration, the two values are also roughly equal (Consistency: around 100).

Statistically the expected error is with a probability of 68 % within an interval of + SEC and with a
probability of 95 % within an interval of + 2 SEC.

Statistical Results: Precision & Accuracy

normal distribution 66 %o ali
.Accuracy results can be
‘ expected
within a range
: ; of +/- SEP
< SEP (68%)
————

2 x SEP (95%)",

95 % of all results within a range of +/- 2xSEP

3.18.33 C-Set Spectra Residuum Limits

Description The min.-max. limit of the C-Set residuum spectra.

Use Judgement of the number of primary PCs and disturbing (not fitted)
wavelength range.

Method PCR / PLS / Cluster (CLU) / SIMCA

Matrices ID 53

Tip Pretreatments have influence: visible on the Y-axis.

Details Depends only on the number of primary PCs.

Related Topic Spectra Residuum, C-Set Spectra Residuum Max, C-Set Spectra Residuum
Min

3.18.34 C-Set Spectra Residuum Max

Description Shows the maximun residuum of the C-Set spectra using different number of
PCs in the selected wavelength range.

Use To find the optimum number of primary PCs.

Method PCR / PLS / Cluster (CLU) / SIMCA

Matrices 1D 75

Tip Small residuum indicates a good reconstruction, but avoid overfitting.

Details The residuum with e.g. PCs 3 shows the residuum spectra using 1-3 PCs for
the reconstruction.

Related Topic Spectra Residuum, Primary PCs
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3.18.35 C-Set Spectra Residuum Min

Description Shows the minimun residuum of the C-Set spectra using different number of
PCs in the selected wavelength range.

Use Find the optimum number of primary PCs.

Method PCR /PLS/ Cluster (CLU) / SIMCA

Matrices ID 76

Tip Small residuum indicates a good reconstruction, but avoid overfitting.

Details The residuum with e.g. PCs 3 shows the residuum spectra using 1-3 PCs for

the reconstruction.

Related Topic

Spectra Residuum, Primary PCs

3.18.36 C-Set Spectra Residuum MinMax

Description Shows the maximal residual of the C-Set spectra in dependency of the
number of PCs.

Use To find the optimum number of primary PCs.

Method PCR /PLS / Cluster (CLU) / SIMCA

Matrices 1D 93

Tip Small residuals indicate a good reconstruction, but avoid overfitting.

Details

Related Topic

Spectra Residuum, Primary PCs

3.18.37 C-Set Std Orig Property

Description Standard deviation of the original property values of the calibration set
spectra (standard deviation of the whole calibration range, X-axis).

Use To compare with the C-Set Std Pred Property

Method PCR/PLS

Matrices ID 14

Tip Gives information about the size of the original calibration range.

Details It is available in the calibration protocol: C-Set Orig.sdev.

Related Topic C-Set Std Pred Property Original Property

3.18.38 C-Set Std Pred Property

Description Standard deviation of the predicted property values of the calibration set
spectra (standard deviation of the whole predicted calibration range, Y-axis).

Use To compare with the C-Set Std orig Property

Method PCR/PLS

Matrices ID 15

Tip Gives information about the size of the predicted calibration range.

Details It is available in the calibration protocol: C-Set Pred.sdev.

Related Topic C-Set Std Orig Property Predicted Property

3.18.39 C-Set X-PRESS

Description Predicted Residual Sum Squares of the C-Set spectra.

Use See the effect of the number of PCs for reconstructing the C-Set spectra.

Method PCR /PLS/ Cluster (CLU) / SIMCA

Matrices ID 73

Tip Help for selection of the number of primary PCs.

Details The smallest number of PC, that is still showing changes, should be
selected. Compare it with V-Set PRESS.

Related Topic X-PRESS, V-Set X-PRESS
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3.18.40 Durbin-Watson Factor Statistics

Description Statistical test for the determination of the linearity.

Use Addition information for statistics like regression slope and intercept.

Method PCR / PLS / Cluster (CLU) / SIMCA

Matrices ID 62

Tip Thle C-Set and V-Set selection has a big influence on the Durbin-Watson
value.

Details dw = Durbin-Watson = Sum of consecutive/successive Residual Difference
Square / Sum of Residual Square

Related Topic Calibration Protocol Quantitative

Definition: "The Durbin-Watson test is a test for first-order serial correlation in the residuals of a time
series regression. A value of 2.0 for the Durbin-Watson statistic indicates that there is no serial
correlation. This result is biased toward the finding that there is no serial correlation if lagged values of the
regressors are in the regression.

Formally, the statistic is: d=(sum from t=2 to t=T of: (et-et-1)2/(sum from t=1 to t=T of: et2) where the
series of "et" are the residuals from a regression.

Use Durbin-Watson test to assess correlation between adjacent observations.

. (ea €4 )2
dw = 4
2l
1

e = Property residual = (Original property - Predicted property)

The Durbin-Watson test checks for sequential dependence in which each error (and also residual) is
correlated with those before and after it in the sequence.”

Interpretation:

O ranges from O (perfect positive correlation) to 4 (perfect negative correlation);
O values from 1.5 (= du) to 2.5 (= 4-du) indicate no serious violation of independence ( for n >
30)

0 1 15 2 25 3 4
Results of dw:

[l 0<=dw<=4 always;

[1 the distribution of dw is symmetric about 2;

[1 if successive residuals are positively serially correlated, that is positively correlated in their
sequence, dw will be near 0;

\ if successive residuals are negatively serially correlated, that is negatively correlated in their
sequence, dw will be near 4, so that (4 - dw) will be near 0.

Abbreviation:
dl = dw lower limit;
du = dw upper limit;
k =1, considering 2 dimensional plots like regression plot;
Residuals from a fittet straigth line Y = b0 + b1* X;
n = number of C-Set resp. V-Set spectra;
alpha = 5% significance, typical;

Limits for dl and du after k, n, alpha are to find in reference:
[Savin, N.E. and White, K.J., "The Durbin-Watson Test for Serial Correlation with Extreme Sample
Sizes or Many Regressors", Econometrica, Vol. 45, 1977, pp. 1989-1996.]

Order : "The observations and residuals have a natural order."
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The spectra are internal for the Durbin-Watson calculation ascending sorted according the original
property values of each properties. By the same property values the original sequence will be kept.

C-Set/ V-Set : the dw will be calculated separately. If the V-Set is empty dw = 2 protocoled.

Durbin-Watson test is available in NIRCal:
LI the calibration protocol of quantitative calibration has the dw value for C-Set and V-Set;

_I the dw values are in the matrices.

3.18.41 Eigenvalue

Description Corresponding Eigenvalues for PCs and scores.
Use To select the number of primary PCs.

Method PCR / PLS / Cluster (CLU) / SIMCA

Matrices ID 5

Tip The eigenvalue matrix is in diagonal form.

Details High eigenvalue describes high spectral influence.
Related Topic Scores,Primary PCs,Loadings

Eigenvalue gives the information about the importance of the PCs: high value means high information, small
value indicates less information.

Explanation of mathematical correlation of the loadings and eigenvalue using Mahalanobis distance of the
PCA (PCR, CLU, SIMCA):

FR=1
AR
Li=1
|Lz[ =1
where:
0 F factor / loadings matrix
0 F transposed factor / loadings matrix;
4 eigenvalue
[ L scores matrix;
L transposed score matrix;
o identity matrix (diagonal matrix with 1).

The equation of the spectra reconstruction using this terminology:
X=1'"X+LF+R

This is equivalent to the equation given by the Loadings (links) explanation.
The results are different using Mahalanobis or Euclidean distance:

Mahalanobis Euclidean
FF | Diagonal matrix with eigenvalue Diagonal matrix with 1
LL | Diagonal matrix with 1 Diagonal matrix with eigenvalue

The calculation of eigenvalue is different by the PLS method: the eigenvalue are calculated under
consideration of the property value variance. Therefore iterative algorithms, like nipals, are used.
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3.18.42 Instrument

Description Contains the used instrument index.

Use For 1D-scatter and dependency plots. Can be used for Outlier selection.
Method PCR /PLS/ Cluster (CLU) / SIMCA / MLR

Matrices ID 104

Tip

Details Instrument index is a column vector.

Related Topic

Description Contains the used instrument index.

Use For 1D-scatter and dependency plots. Can be used for Outlier selection.
Method PCR /PLS/ Cluster (CLU) / SIMCA / MLR

Matrices 1D 105

Tip

Details Instrument index is a row vector.

Related Topic

3.18.43 Leverages

Description Mahalanobis distance from the center of the score space to each spectra.

Use To find Leverage Outliers.

Method PCR / PLS / Cluster (CLU) / SIMCA

Matrices ID 32

Tip

Details All primary PCs are used. The secondary PC selection has no effect on the
leverages.

Related Topic Scores

Description Contains the Leverages against the PCs for the different properties (Cluster).

Use For PC selection.

Method PCR / PLS / Cluster (CLU) / SIMCA

Matrices ID 94

Tip

Details

Related Topic Leverages

3.18.44 Loadings or Principal Components

Description Loadings build up the base for reconstructing the spectra together with the
scores and the Eigenvalues.

Use Look for the wavelengths activity in the loadings and compare it with the
original spectra.

Method PCR / PLS/ Cluster (CLU) / SIMCA

Matrices 1D 4

Tip Mark interesting bands in the wavelengths and have a look to the spectra.
The wavelengths selection will also appear in the plot.

Details Loadings are called also Principal Components or sometimes till called
"factors" (NIRCal 4 terminology). The maximum available number of PCs
calculated is called the primary PCs.

The selected PCs for predicting properties are called secondary PCs.

Related Topic Scores, Eigenvalues

The loadings are artificial difference spectra. Only principal components with characteristic spectral
information should be used.
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The formula of spectra reconstruction:
max.i

L(k)={1(k )>+ Z\’m U (k)+ R, (k)

where:
[0 In(k): spectrum ( n: number of spectra, k: wavenumber);
[J <I(k)>: mean spectrum;
[J vin: scores (i: number of PC);
[l Ui(k): PCs/loadings;
[l Rn: residuum spectrum.

A more detailed formula for the matrix is: Eigenvalue.
Minimum number of loading is one, the maximum number of PCs is never higher than the number of
C-Set spectra or C-Set Wavelengths.

See the PCs under the menubar: Graphics / Loadings.

Loadings

All PCs

" Calibration PCs

[ IRV NSUTRT. NN SO 3 -~

o

2

3

I

e
_ﬁzé-

PC (mf,db1)

TN ERRSBEI SUS U EAS— o SR— .

10000 9000 8000 7000 6000 5000 4000
Wavelengths

3.18.45 Original Property

Description Original property values of all spectra in the project. (Dependent variable)
Use Defines the concentrations contained or classification of the spectra.
Method all

Matrices ID 1

Tip Editing is possible in NIRWare: Sample Management.

Details Table / Properties / Original

Related Topic Pretreated Property, Predicted Property

In cluster method each spectra is assigned to exactly one property by setting a 1 (one) to the class,
where it belongs, all other properties must have a value of O (zero).

In quantitative calibrations the original property values are equal to the results of the laboratory
methods referred to.
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3.18.46 Original Spectra

Description Original Spectra in the project (Independent variable)
Use Overview of all spectra in the project.

Method all

Matrices ID 0

Related Topic Pretreated Spectra

Original spectra are plotted as the intensity values (reflectance, transmittance, transflectance) were
measured according the wavelengths.

Available in the Menubar: Graphics / Spectra / Original.

& Original Spectra (2D) FromDB_Acids o= =]

Original Spectra

All Speectra

Citric acid an:hydrous A A X A .
1.2 -Ascorbicacid- - - - -~ - ---- e e dmm s b e a e s .

Reflectance

5000 8000 7000 6000 5000 4000
Wavelengths

The values are also available in table form.

3.18.47 PCs or Factor

Description Contains the PC index number.

Use For 1D-scatter plots.

Method PCR / PLS / Cluster (CLU) / SIMCA / MLR
Matrices 1D 86

Tip

Details PC is a column vector.

Related Topic

Description Contains the PC index number.

Use For 1D-scatter plots.

Method PCR /PLS/ Cluster (CLU) / SIMCA / MLR
Matrices 1D 87

Tip

Details PC is a row vector.

Related Topic
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3.18.48 PCR B-Matrix

Description Shows the influence of the PCs to the property value.

Use Useful for secondary PC selection.

Method PCR

Matrices ID 7

Tip Select the PCs with high absolute correlation value to optimize the
prediction.

Details Also known as correlation coefficient or B-matrix.
Depends only from the number of primary factors. The selected secondary
PCs take no effect on the PCR B-matrix.

Related Topic Scores, Original Property

The PCR algorithm makes as first step a Principal Component Analysis and the second step is a
Multiple Linear Regression. In the MLR the scores are multiplied with the correlation coefficients: B-
values.

Formula of MLR by PCR:

Property value =ymean +b1*v1+ b2*v2+ b3 *v3 +.........

where: b : correlation coefficient; v : score; 1-2: number of PC.

8 PCR B-Matrix (2D) Fromei"s-ﬁ gar-Pe 10| x|
PCR B-Matrix

All Progeries

Bvaife

............................................

Here the 3. PC has very small B-value, so only the first 2 PCs are important for the parameter.

NOTE
The B-values are not normalized between -1 and + 1 as usual for correlation coefficients, because the
scores are already normalized using the Mahalanobis distance.

3.18.49 Predicted Property

Description The predicted property values for all spectra in the project with the activated
calibration. (Estimate of dependent variable)

Use Main result of a calibration.

Method all

Matrices 1D 10

Tip The original and predicted property values should be as similar as possible.

Details The prediction depends on the selected secondary PCs.

Related Topic Property Residuum, Original Property

In cluster method the spectra get a 1 (one) to a class, if it is identified as such (distance and residual
limits are fulfilled).
In quantitative calibrations the predicted property values are the results of the NIR methods.
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3.18.50 Pretreated Property

Description A copy of Original Property

Method all

Matrices ID 3

Tip Editing is not allowed.

Details In a later version there will be special property pretreatments.

Related Topic

Original Property

3.18.51 Pretreated Spectra

Description Original spectra with the selected data pretreatments applied.

Use Looks at the effects of the various data pretreatments.

Method all

Matrices ID 2

Tip Try zooming to see minor effects

Details Without any Pretreatments the Pretreated Spectra are identical to the

input and the result are the Pretreated Spectra again. In this way, it is
possible to build up a sequence with Pretreatments.

Original Spectra. Each Pretreatment works directly on the Pretreated Spectra as

Related Topic

Original Spectra, Pretreatments

Pretreated spectra are plotted as the intensity values after the pretreatment or pretreatment sequence
according to the wavelengths.

Available in the menubar: Graphics / Spectra / Pretreated.

G Pretreated Spectra (2D) FromDB_Acids =@

The applied pretreatments are visible on the intensity axis in different plots related to the spectra

0.1

Pretreated Spectra
All Spectr§
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intensity (e.g. Spectra Residuum). The used calibration wavelength is marked red.
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3.18.52 Property

Description Contains the property index.

Use For 1D-scatter plots.

Method PCR /PLS/ Cluster (CLU) / SIMCA / MLR
Matrices ID 84

Tip

Details Property is a column vector.

Related Topic

Description Contains the property index.

Use For 1D-scatter plots.

Method PCR /PLS/ Cluster (CLU) / SIMCA / MLR
Matrices 1D 85

Tip

Details Property is a row vector.

Related Topic

Description Contains the first C-Set Property[1] Values
Use For 1D-scatter plots and dependency plots
Method PCR / PLS / Cluster (CLU) / SIMCA / MLR
Matrices ID 102

Tip

Details Property values are column vectors.
Related Topic Residuals, Primary PCs, Blow Up Limits
Description Contains the first C-Set Property[1] Values
Use For 1D-scatter plots and dependency plots
Method PCR / PLS / Cluster (CLU) / SIMCA / MLR
Matrices 1D 103

Tip

Details Property values are row vectors.

Related Topic

Residuals, Primary PCs, Blow Up Limits

3.18.53 Property Adjacency

Description The minimum Mahalanobis distance in score space between the nearest two
C-Set spectra of property A to property B, C, etc..

Use See neighborhood relationships between the properties for all PC’s.
The first nearest distance is reported in the calibration protocol under
"Property Separation / Distance".

Method Cluster (CLU)

Matrices 1D 49

Tip Look at it in a 2D-Plot in top view to see hidden effects.

Details Secondary PCs take an effect. Calculation is based on C-Set spectra and C-
Set properties.

Related Topic Score Adjacency
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3.18.54 Property Box Center

Description The center position (expressed as score) of the smallest possible box in the
score space that contains each C-Set spectra of a property.

Use Shows the distribution of the properties in the score space.

Method Cluster (CLU) / SIMCA

Matrices ID 46

Tip In higher PC dimensions the property box center falls together. These higher
PCs are useless for property separation, so remove them from the secondary
PC selection. See also the Property Box Radii matrix.

Details Only C-Set spectra and C-Set property are used for calculations.

Related Topic Property Box Radii

3.18.55 Property Box Center Uniformity

Description Uniformity of the distribution of the Property Box Centers.

Use Additional information for PCs selection.

Method Cluster (CLU) / SIMCA

Matrices 1D 51

Tip

Details Estimates the place consumption of all properties per PC.

If several properties lay near each other in a PC, the PC becomes a low
uniformity value. A uniformity value of 1.0 is ideal.

Related Topic

Property Box Radii, Property Box Center, Scores

3.18.56 Property Box Radii

Description The distance from the Property Box Center to each wall of the smallest
property box.

Use Shows the score distribution of the properties versus PCs. One of the best
matrix to select the secondary PCs for the cluster method.

Method Cluster (CLU) / SIMCA

Matrices 1D a7

Tip Small values (normally bellow 0.1) indicate good reproducibility. To get good
separation of the properties select these PCs for the secondary PCs.

Details

Related Topic

Property Box Center

3.18.57 Property F-Test backward

Description Significance of PCs starting at the minimum of the SEP function.

Use For secondary principal component selection.

Method PCR/PLS

Matrices ID 37

Tip

Details Starting at the PCs they set the SEP value to the minimum, take PCs away
as long as no significant change for the worse of the SEP value occurs. This
process is called backward search operation.

Related Topic Property F-Test forward
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3.18.58 Property F-Test forward

Description Significance of additional PCs.

Use For secondary principal component selection.

Method PCR/PLS

Matrices ID 38

Tip

Details Alternative for proofing the robustness of a calibration with a backward

search operation is to start at a certain calibration checking for additional
PCs that will improve the SEP value significantly.

Related Topic

Property F-Test backward

3.18.59 Property Interference

Description Interference = Property Score Extension / Property Nearest Neighbor

Use Judgement of the influence of the property for the cluster separation.

Method Cluster (CLU)

Matrices 1D 61

Tip Small interference indicates a good influence of the property for the
calibration.

Details Property Interference is the relationship between the size of a cluster and

distance to the nearest property.
The interference values are listed in the calibration protocol.

Related Topic

Property Score Extension, Property Nearest Neighbor

3.18.60 Property missing Values

Description Spectra, which have no defined property value (0 = value missing; 1 = value
available)
NOTE
This has no relevance in NIRCal file-mode, only in database-mode.

Use Find spectra, which have no property value

Method PCR /PLS / Cluster (CLU) / SIMCA / MLR

Matrices ID 115

Tip Edit the property values in Manager Console/ Sample Management

Details Spectra without property values can not be used for the C- and V-Set.

Related Topic

Original Property

Interpretation:

[1 1 means: there is defined property value,
[1 0 means: missing property value = there is no defined property value.

3.18.61 Property Nearest Neighbor

Description The smallest Mahalanobis distance between the property mean to the next
property center.

Use Judge the property separation.

Method Cluster (CLU)

Matrices ID 60

Tip High values indicate good separation.

Details These values together with the next neighbors are listed in the calibration
protocol.

Related Topic Scores
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3.18.62 Property Residuum

Description The difference between the original property and the predicted property.
Use See where (property, spectra) the major differences are.

Method PCR / PLS / Cluster (CLU) / SIMCA

Matrices ID 11

Tip

Details

Related Topic Original Property,Predicted Property

Qualitative calibrations

The predicted property value depends on the cluster, in which the spectrum is located. For the
property residuum, only a value of 0 is acceptable. Property residuum zero means all spectra are in the
correct cluster.

Property residuum +1 means that a spectrum is outside any cluster: it is not identified.

Property residuum -1 means that a spectrum is in a wrong cluster: it is false identified.

Quantitative calibrations

The values should be as small as possible. Property residuum zero means, the predicted NIR value is
exactly the same, as the referring lab result. An acceptable range is equal to the standard deviation of the
lab method.

Property Residuum

All Popueilmx

____________________________________

Propert' Redduum

-------------------------------------

A

Fructru

3.18.63 Property Score Diffusion

Description Property Score Diffusion is the scaled disorder, number of different property
spectra according the scores of different PC per property. The scaling is
made by the number of spectra of a property.

Use Useful for secondary PCs selection in higher dimensional space (> 3).
Method Cluster (CLU)

Matrices ID 58

Tip It is not depending on the size of the score scattering, only the number of

interchanging of the properties are important. Shows, which property is
mixed and shuffeled with other property spectra. This plot is very informative
in Top View. Dark means low diffusion, white means high diffusion. Select
the PCs, by which more than one dark area (property) appears. Two dark
areas means: these two properties are separated with that PC. Positioning
the mouse over the area, the property name is visible in the Status bar.

Details Small disorder values indicate a clear separation for the property of a given
PC.
Property Score Diffusion is calculated only for the C-Set spectra.

Related Topic Scores,Secondary PCs, Property Score Disorder

Algorithm (unpublished) by Roman Bossart 18. June 1998
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3.18.64 Property Score Disorder

Description Property Score Disorder: number of different property spectra according the
scores of different PC.

Use Useful for secondary PCs selection in higher dimensional space (> 3).

Method Cluster (CLU)

Matrices ID 57

Tip The smallest number of property score disorder = (number of selected
property -1). This value indicates a clear separation of the different
properties.

Details Small disorder values indicate a clear separation (how many times the color
is changing with the score of a PC). Property Score Disorder is calculated
only for the C-Set spectra.

Related Topic Scores, Secondary PCs, Property Score Diffusion

Disorder = Sum (Property Score Diffusion) * (number of C-Set spectra) / (number of property)

3.18.65 Property Score Extension
Description Property Score Extension: the maximal distance between two C-Set spectra
of the same property.
Use Useful for secondary PCs selection in higher dimensional space (> 3).
Method Cluster (CLU) / SIMCA
Matrices ID 59
Tip Small values indicates good reproducibility and repeatability. PCs with small
extension are prefered for secondary PC selection.
Details Property Score Extension is calculated only for the C-Set spectra. The
extension values are listed in the calibration protocol.
Related Topic Scores, Property Score Disorder, Property Score Diffusion
3.18.66 Property Wavelength Regression
Description Contains all regression coefficients between each wavelength of all the
calibration set spectra and the property value.
Use In a 2D-plot very useful to optimize the wavelength selection for all
properties. Especially useful for quantitative methods.
Method all but not SIMCA
Matrices ID 44
Tip Absolute values near 1.0 shows strong wavelength dependencies with the
corresponding property.
Details Dependencies:
U pretreatments
[l C-Set spectra
[1 Calibration property
Related Topic Property Spectra
3.18.67 Quant Calib. Statistics
Description Contains all statistics of the quantitative calibration protocol.
Use Use it as a fast or short protocol.
Method MLR /PCR/PLS
Matrices ID 42
Tip Open this matrix as Table (Grid).
Details Summary of the relevant statistics matrices.
Related Topic
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3.18.68 Q-Values
Description Value between 0 and 1. 0 means a bad 1 would be a good calibration. But 1
cannot be reached.
Q-Values depending on the number of PCs.
There is a warning limit for the stored calibration:
[1 0.8 for qualitative
[1 0.6 for quantitative
Use Select the number of secondary PC according the highest Q-Value.
Method PCR / PLS / Cluster (CLU) / SIMCA
Matrices ID 64
Tip In generell: the highest the Q-Value the better the calibration.
Details The Q-Value is in the calibration protocol, see explanation: LINK: Calibration
Protocol Qualitative
It is used for selection of the best calibrations for the automatic Calibration
wizard.
Related Topic Quant Calib. Statistics, Cluster per Property, Spectra Residuals too big

Explanation of the Q-Value calculation of quantitative calibration:

Value

Weights

Formula for value

General term

Aspects of a
good
calibration

Detail

wNum 10
NotC

Number of C-Set spectra
with Residual too big

Rejection of
known

Rejection
count of known
should be 0

wNum 1
NotV

Number of V-Set spectra
with Residual too big

Rejection of
unknown

Rejection
count of
unknown
should be 0

Abs (SEE-SEP)/
(Abs(SEP)+1.0)

Relative
Consistency

C-Set and V-
Set should
have similar
low standard
error of
prediction

BIAS
corrected

Abs (VsetBIAS)/
Abs(Range)

Weighted
BIAS

The absolute

V-Set BIAS
should be low

1-VsetRegr

Validity

The V-Set
regression
coefficient
should be near
1

Abs( CsetRegr-VsetReqgr)

Comparability

C-Set and V-
Set  should
have similar
high
regression

wQe 1

SEP / Abs(Range)

Precision

The V-Set
standard error
of prediction
should be low

BIAS
corrected

Abs(RSS)/Abs(Range)

Weighted
Accuracy

The V-Set
Residual Sum
of squares=
RSS should be
low

not BIAS
corrected

NIRCal 5.6 Manual, Version B

193



NIRCal 5.6 Software Manual
Q-Value V5:

Q=1/(1+ sum (weights * value))
NOTE

The weights are changed between the NIRCal 4.21 Q-Value calculation weights, so the NIRCal 5 Q-
Values are differing against NIRCal 4.21.

The Q-Value calculation is not changed for the Cluster calibration between NIRCal 4.21 and NIRCal
5.

Explanation of the Q-Value calculation of qualitative calibration:

General term Aspects of a good Weights
calibration

L-S€t Talse iaentuned Should be zero (indicates 10
wrong user settings)

L-S€t not igentuined Should be zero (indicates 10
wrong user settings)

V-S€l 1alse identied Should be zero (indicates 5
wrong sample or calibration)

v-Setnotigentred Should be zero (residual or 1
distance problem)

Cluster Index “Number of “Number of C-Set Properties”: 1

Clusters” should be zero

Property Uniformity Should be small: the spectra 1
spreading in the clusters is
uniform

Property Interference Should be small: the clusters 0.1
are independent from each
other

= 1 w : weights
O—Value= ————  v:value

n : number of aspects
14wy,

s

i=1
The Q-Value is normally high for CV and SIMCA calibrations, while a quantitative calibration with

Cross Validation has empty V-Set (Weighted Accuracy = 0), a qualitative calibration using
SIMCA has no neighboring substance (single property calibration: property interference = 0).

3.18.69 Real time

Description Contains the real time of the spectra creation time in seconds.
Use For 1D-scatter and dependency plots.

Method PCR /PLS/ Cluster (CLU) / SIMCA / MLR

Matrices ID 98

Tip

Details Real time is a column vector.

Related Topic

Description Contains the real time of the spectra creation time in seconds.
Use For 1D-scatter and dependency plots.

Method PCR / PLS / Cluster (CLU) / SIMCA / MLR

Matrices ID 99

Tip

Details Real time is a row vector.

Related Topic
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3.18.70 Reconstructed Spectra

Description Reconstructed pretreated spectra with the number of primary PCs.

Use See how good the reconstruction works.

Method PCR /PLS/ Cluster (CLU) / SIMCA

Matrices ID 8

Tip It should be as similar to the pretreated spectra as possible.

Details Reconstructed spectra are plotted as the intensity values after the used

pretreatments according the wavelengths after the reconstruction of the PCA
using the primary PCs.

Related Topic

Pretreated Spectra Spectra Residuum

Available in the menubar: Graphics / Spectra / Reconstructed.

A reconstructed spectrum is the sum of [mean spectrum and the sum of PCs multiplied with the scores

values].

3.18.71 Residuals

Description Contains the residual value against the PCs for the different spectra.

Use For selection of the primary PCs.

Method PCR / PLS / Cluster (CLU) / SIMCA

Matrices 1D 95

Tip Select the smallest number of PCs, where the residuals are similar small and
do not change anymore.

Details Residual is the sum of squares of the residuum spectrum. Residuum
spectrum = pretreated spectrum - reconstructed spectrum.

Related Topic Spectra Residuum, X-PRESS

3.18.72 Regression Coefficients [1]

Description It shows the regression coefficients in function of the PCs. Each regression
coefficients name has the name of the PC.

Use Help for the optimal secondary PCs selection.

Method PCR/PLS

Matrices 1D 79

Tip Select PCs, which have stable regression coefficients (not noisy).

Details [1] means the 1st C-Set property. In general for each quantitative application
only one C-Set property is allowed, so for each property a separate
calibration is necessary (NIRCal could handle more in file-mode, but
NIRWare is conceived with only one property per calibration for quantitative
measurements).

Related Topic Regression Coefficient, CV Regdression Coefficients[1]

3.18.73 Regression Coefficients / Property Spectra (CLU)

Description Spectra of the property. This matrices is called Regression Coefficient for
guantitative calibration and Property Spectra for Cluster calibrations.

Use Useful for wavelength selection.

Method PCR / PLS/ Cluster (CLU)

Matrices 1D 31

Tip Select wavelengths with high absolute values.

Details Cluster method calculates the mean spectra of all C-Set spectra with the
same property.

Related Topic Loadings, Property Wavelength Regression

In quantitative calibration the Regression Coefficients is used for building up the prediction

equation:
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Y = (X-X mean) * P + Y mean

Where:

Y predicted property value

X pretreated spectrum

X mean Mean of C-Set spectra ("C-Set Mean Spectrum")

Y mean Mean Property value of the C-Set spectra ("C-Set Mean Property")
P Regression Coefficients

The Regression Coefficients can be opened as Excel table in the Regression Coefficients plot

pressing "G".

The value of "Y mean" can be found in the Matrices: "C-Set Mean Property".

3.18.74 Sample

Description Contains the sample index number.

Use For 1D-scatter plots. Can be used for Outlier selection.

Method PCR /PLS/ Cluster (CLU) / SIMCA / MLR

Matrices ID 113

Tip Spectra from the same sample get the same sample index.

Details Sample is a column vector.

Related Topic

Description Contains the sample index number.

Use For 1D-scatter plots. Can be used for Outlier selection.

Method PCR / PLS/ Cluster (CLU) / SIMCA / MLR

Matrices 1D 114

Tip Spectra from the same sample get the same sample index.

Details Sample is a row vector.

Related Topic

3.18.75 Scores

Description Each spectra is placed in the n-dimensional score space. The position of the
spectra is given by the n-dimensional coordinate of the scores.

Use Similar spectra are placed near each other. Look for clustering effects and for
Outliers.

Method PCR / PLS / Cluster (CLU) / SIMCA

Matrices ID 6

Tip Looks very nice in a 3D scatter plot or 2D scatter plots.

Details Vin: score of the i PC and n spectrum

Formula Reconstruction of a spectrum In{k) = <I(k)= + Zvin « Ui (k) + Rn

Related Topic Loadings

Scores are the weightings of each PC after the pretreated spectrum has been transformed by PCA. A
score is the portion of a PC used for the spectra reconstruction. Each spectrum has different scores for
each primary factors.

The scores are visible in a 2 or 3 dimensional scatter plot.

In qualitative calibration, the separate scores determine the number of secondary PCs.
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Thereis no separation with the scores of PC 4, this PC'is necessary for the acetone spectra.

Here PC 1, 2 and 3 are secondary PCs, the PC 4 is not a secondary PC.

The separation with 3 selected calibration PCs is visible in a 3 D graphics.
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3.18.76 Score Adjacency

Description Distance in score space between each spectra against all others.

Use The neighborhood relationships between the spectra for all PCs at once.
For special interest with the Cluster method.

Method PCR / PLS / Cluster (CLU) / SIMCA

Matrices ID 40

Tip Look at it in a 2D-Plot in top view to see hidden effects.

Details Secondary PCs take an effect.

Related Topic

Scores, Leverage

3.18.77 SEP Generalized Cross Validation

Description The determination of the SEP (Standard Error of Prediction) with a Cross
Validation (CV) is very time consuming.
The SEP value determined with the GCV (Generalized Cross Validation)
process is from theoretically side at least equally good as the SEP of a
conventional CV process.

Use Select the number of PC, where the SEP Generalized Cross Validation has
a minimum.

Method MLR/PCR/PLS

Matrices 1D 39

Tip While SEP Generalized Cross Validation does not always have a minimum, it
is not always optimal to use this for the secondary PCs selection.

Details See also: Gene H. Golub, Michael Heath, and grace Wahba. Generalized
crossvalidation as a method for choosing a good ridge parameter.
Technometrics, 21(2):215-223,1979.

Related Topic V-Set SEE (SEP)

Formula:

*CSef PRESS
SEP,., = GG @
n-a
where:

[1 n : number of calibration spectra
[1 a: number of secondary PCs

3.18.78 Spectra

Description Contains the spectra index number.

Use For 1D-scatter plots.

Method PCR / PLS/ Cluster (CLU) / SIMCA / MLR
Matrices ID 80

Tip

Details Spectra is a column vector.

Related Topic

Description Contains the spectra index number.

Use For 1D-scatter plots.

Method PCR /PLS / Cluster (CLU) / SIMCA / MLR
Matrices ID 81

Tip

Details Spectra is a row vector.

Related Topic
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3.18.79 Spectra Property Index

Description Each spectra is assigned to exactly that property index with the 1 (one) in the
Original Property matrix.
The property index value is in the range from 0 to the number of properties

minus 1.
Use Use it to select all spectra with the same property (see Tip).
Method Cluster (CLU) / SIMCA / PCR / PLS / MLR
Matrices 1D 48
Tip Open it as 2D-plot,

(1 PopUp Menu -> Options -> Show All Values,

[J Setin PopUp Menu -> Transpose Data.

[l Setin PopUp Menu -> Option -> Mouse Window Select. [

Select with the mouse the number 0.
Then all spectra with the first property are selected. Save this configurated plot
in a workspace i.e. as "Select spectra by property Plot".

Details The following special cases are defined by codes (negative numbers)
-1 : the spectrum is assigned to more than one property

-2 : the spectrum is not assigned to a property (unknown identity)
-3 : the property values of the spectrum seem to be for quantitative use and not
for qualitative (cluster).

Related Topic Original Property

3.18.80 Spectra Radii

Description Each C-Set spectra is covered by a sphere. Its center, the spectra scores
and one radius for all secondary PCs dimensions define the sphere.

Use The spheres define the space where the well known spectra with the defined
property can be.

Method Cluster (CLU) / SIMCA

Matrices 1D 50

Tip Good views are:

[1 Graphics -> Scores -> 3D-Scatter
[1  Graphics -> Scores -> Multi 2D-Scatter
The spectra Radii depend on the secondary PCs selection.

Details There are 3 Radii calculation formula and the Radii Blow Up limit can be also
changed by the user.
Related Topic Property Box Radii, Property Box Center

The Radii Blow Up limit and the Radius calculation formula (1 and 2: for Cluster, 3: only for SIMCA) can
be changed under:

Calibration -> Parameter -> Blow Up Limit -> Radii and Radius formula.

All radii can be blowed up by a constant scale. The scale can be in the range from near zero to 1000 (zero
makes no sense!).

See: Cluster (CLU)

NOTE
Changing the calculation formula and blow up parameter can modify the calibration in a dramatic way. An
optimum between robustness and selectivity of the calibration should be found.
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3.18.81 Spectra Residuals

Description The RMSD (Root Mean Squared Deviation) of the spectra residuum.
Use To look at residual outlier.

Method PCR / PLS / Cluster (CLU) / SIMCA

Matrices ID 41

Tip Special tip to optimize the calibration

Details The secondary PCs take no effect.

Formula In(k) = <I{k)=> + Zvin « Ui (k) + Rn

Related Topic X-PRESS, Spectra Residuum

Indicates the difference of the pretreated spectra and the reconstructed spectra with the number of

primary PCs.

For the application the allowed residual is in most cases: 2x C-Set maximum residual. The default
blow up limit of 2 can be adjusted by the user.

3.18.82 Spectra Residuals too big

Description Number of spectra with too big residual.

Use Additional information for primary PCs selection or for outlier search.

Method PCR / PLS / Cluster (CLU) / SIMCA

Matrices 1D 54

Tip The number of spectra with residual too big should be 0.

Details The allowed residual is = 2* max. C-Set residual. Using this calculation only
V-Set spectra can be out of the limit.
2 is the default of residual blow up, can be edited by the user.

Related Topic Residuals, Primary PCs

Spectra Residuals too big

AllQne

........

Reddual Too big

v

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

aane

R By e S s s JP

Arir

Fructru

In a good calibration all spectra should fall within the allowed residual limits, so it should be zero in this

window.

3.18.83 Spectra Residuum

Description Difference spectra between the pretreated spectra and the reconstructed
spectra.

Use See where (wavelength, spectra) the major differences are.

Method PCR / PLS / Cluster (CLU) / SIMCA

Matrices 1D 9

Tip To see that the C-Set spectra are not overfitted open this plot twice. In the
first set the visibility to the C-Set spectra, in the other set the visibility to the
V-Set spectra. The two sets should be similar.

Details

Related Topic Loadings, Pretreated Spectra, X-PRESS, Reconstructed Spectra

The spectra residuum shows the difference spectrum for all pretreated spectra and the corresponding

reconstructed

spectra calculated with the number of primary principal components. The size of these

difference spectra should be roughly the same for C- and V-Set, when the correct number of primary
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principal components has been selected. These difference spectra should have only noisy signal, but no

unfitted peaks.

Spectra Residuum
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3.18.84 Spectrum Nearest Neighbor
Description Spectrum Nearest Neighbor is the smallest distance in the score plots
between two spectra.
Use Check, which spectra have big deviation. Similar small distances indicate
good repeatability and reproducibility.
Method PCR / PLS/ Cluster (CLU) / SIMCA
Matrices ID 63
Tip The Spectrum Nearest Neighbor vs. Spectra scatter plot can help to reduce
redundancy with deleting some spectra with very small distance or to find
outliers with selecting spectra with high distance.
Details The distance is calculated according the selected secondary PCs.
Related Topic Scores
Description Spectrum Nearest Neighbor is the smallest distance in the score plots
between two spectra (distance vs. PC).
Use Check, which spectra have big deviation. Similar small distances indicate
good repeatability and reproducibility.
Method PCR /PLS/ Cluster (CLU) / SIMCA
Matrices ID 126
Tip
Details The distance is calculated according the selected secondary PCs.
Related Topic Scores
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3.18.85 Spectrum Nearest Neighbor Index

Description Spectrum Nearest Neighbor Index contains the spectrum index of the
nearest spectrum in the calibration. Best shown as 1D-Scatter-Plot for
selected spectra. This matrix is related to "Spectrum Nearest Neighbor"
which contains the Mahalanobis Distance between nearest spectra pairs.

Use Check, which spectra have big deviation. Similar small distances indicate
good repeatability and reproducibility.

Method PCR /PLS/ Cluster (CLU) / SIMCA

Matrices ID 124

Tip The Spectrum Nearest Neighbor Index vs. Spectra scatter plot can help to
reduce redundancy with deleting some spectra with very small distance or to
find outliers with selecting spectra with high distance.

Details The distance is calculated according the selected secondary PCs.

Related Topic Scores

Description Spectrum Nearest Neighbor Index contains the spectrum index of the
nearest spectrum in the calibration. Best shown as 1D-Scatter-Plot for
selected spectra. This matrix is related to "Spectrum Nearest Neighbor"
which contains the Mahalanobis Distance between nearest spectra pairs
(spectravs. PC).

Use Check, which spectra have big deviation. Similar small distances indicate
good repeatability and reproducibility.

Method PCR / PLS / Cluster (CLU) / SIMCA

Matrices 1D 125

Tip

Details The distance is calculated according the selected secondary PCs.

Related Topic

Scores

3.18.86 Time

Description Contains the spectra creation time as an increasing index

Use Dependency plots, 1D scatter plots

Method PCR / PLS / Cluster (CLU) / SIMCA / MLR

Matrices ID 100

Tip

Details

Related Topic Residuals, Primary PCs, Blow Up Limits

Description Contains the spectra creation time as an increasing index

Use Dependency plots, 1D scatter plots

Method PCR /PLS/ Cluster (CLU) / SIMCA / MLR

Matrices 1D 101

Tip

Details

Related Topic Residuals, Primary PCs, Blow Up Limits

3.18.87 V-Set BCAP-PRES

Description PRES function of Validation Set comparable with the BCAP software.

Use To estimate the number of PCs.

Method PCR/PLS

Matrices ID 30

Tip

Details Shows the V-Set PRES (Predicted Error Sum) in function of the number of
PCs.

Related Topic C-Set BCAP PRES
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3.18.88 V-Set BIAS

Description BIAS of the validation set spectra.

Use Judge the V-Set results.

Method PCR/PLS

Matrices ID 26

Tip Should be as close to zero as possible.

Details This is a value for accuracy. Available in the calibration protocol.
Formula Bias = 1/N® 2 ( Xn- ¥a)

Related Topic C-Set BIAS

The V-Set Bias provides information on the average deviation of the predicted values from the true
values. This value gives information on a systematic deviation of the calibration and therefore should be
as close to zero as possible.

The C-Set Bias is zero by definition.

Precision & Accuracy

Example: 10 shots on a target

=Y LY

L 4
ol %
. o
Precise, but Accurate, but Accurate and
not accurate not precise precise
SEE/SEP: small SEE/SEP: big SEE/SEP: small
Bias: big Bias: small Bias: small

3.18.89 V-Set PRESS

Description Validation Set: Predicted Residual Error Sum Square
Use To estimate the number of PCs. Compare it with the C-Set PRESS.
Method PCR/PLS
Matrices ID 22
Tip Graphics / V-Set Statistics / PRESS
Details Shows the validation set PRESS in function of the number of PCs.
N
2
Formula PRESS =>(x, - y,)
n=l1
Related Topic C-Set PRESS

This function calculates the error sum square as a function of the number of PCs. The term
sresidual“ here refers to the difference between the predicted values and the reference values.

The optimum number of PC is always given by the smallest number of PC where the PRESS function for
the calibration and for the validation set is approximately equal and minimal.

If the error of the prediction diminishes only very slightly by the addition of another PC, it is not worth while
to add that PC. This is because higher PCs with little influence will often result in a poorer
reproducibility or stability of the calibration.
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3.18.90 V-Set Regression Coefficient

Description Validation Set Regression Coefficient of Original Property and Predicted
Property (also known as correlation coefficient or Pearson's correlation
coefficient)

Use To compare with the C-Set regression Coefficient

Method PCR/PLS

Matrices 1D 27

Tip Should be as close to 1 as possible.

Details Visible on the calibration curve and in the calibration protocol.

— Shabi)
12 G- 26,-5)

Formula

Related Topic C-Set Regression Coefficient, Original Property, Predicted Property

The regression coefficient "r" shows, how well the predicted values match with the reference values
(original property values) on average.

The correlation is rated as acceptable when r > 0.9 is achieved (the error of the conventional reference
method goes into the NIR-calibration via the reference values).
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The regression curve can be described better with the slope (a) and intercept (b): f(X)=ax+Db
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3.18.91 V-Set Regression Intercept

Description Validation Set Regression Intercept of Original Property and Predicted
Property

Use To compare with the C-Set Regression Intercept

Method PCR/PLS

Matrices ID 28

Tip A value around zero is expected for a good calibration.

Details A better description of the V-Set regression coefficient.

Related Topic

V-Set Regression Coefficient, V-Set Regression Slope

3.18.92 V-Set Regression Slope

Description Slope of the regression line equation of the validation set.
Use To compare with the C-Set Regression Slope

Method PCR/PLS

Matrices 1D 29

Tip A value around one is expected for a good calibration.
Details A better description of the V-Set regression coefficient.

Related Topic

V-Set Regression Coefficient, V-Set Regression Intercept

3.18.93 V-Set SEE (SEP)

Description Standard Error of Prediction: Standard Deviation of the Property Residuum of
the V-Set Spectra.

Use To compare with the C-Set SEE (SEC)

Method PCR / PLS (only with VS mode)

Matrices ID 25

Tip It should be as small as possible, but comparable with the standard deviation
of the lab method.

Details Precision. Available in the calibration protocol.

Formula SEP=(fN -1 (x, - y, - BIAS) )

Related Topic C-Set SEE (SEP)

The SEE and SEP provide the magnitude of the standard deviation for the calibration set and the
independent validation set. The two values should be as small as possible, but they are likely to be
comparable with the standard deviation of the conventional laboratory method. With an acceptable

calibration, the two values are also roughly equal (Consistency: around 100).

Statistically the expected error is with a probability of 68 % within an interval of £+ SEP and with a
probability of 95 % within an interval of + 2 SEP.

If the SEP is significantly higher than the SEE, the calibration is overfitted (too many secondary PCs are

selected).
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Statistical Results: Precision & Accuracy

normal di;tr'ih.ntion 68 % of all
Accuracy results can be
A, expected
L% within a range
g of +/- SEP

& 5 ]
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52 x SEP (95%) %,
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95 % of all results within a range of +/- 2xSEP

3.18.94 V-Set Spectra Residuum Max

Description Shows the maximum residuum of the V-Set spectra using different number of
PCs in the selected wavelength range.

Use To find the optimum number of primary PCs.

Method PCR / PLS / Cluster (CLU) / SIMCA

Matrices ID 77

Tip Small residuum indicates a good reconstruction, but avoid overfitting.

Details The residuum with e.g. PCs 3 shows the residuum spectra using 1-3 PCs for
the reconstruction.

Related Topic Spectra Residuum, Primary PCs

3.18.95 V-Set Spectra Residuum Min

Description Shows the minimum residuum of the V-Set spectra using different number of
PCs in the selected wavelength range.

Use To find the optimum number of primary PCs.

Method PCR / PLS / Cluster (CLU) / SIMCA

Matrices ID 78

Tip Small residuum indicates a good reconstruction, but avoid overfitting.

Details The residuum with e.g. PCs 3 shows the residuum spectra using 1-3 PCs for
the reconstruction.

Related Topic Spectra Residuum, Primary PCs

3.18.96 V-Set Std Orig Property

Description Standard deviation of the original property values of the validation set spectra
(standard deviation of the whole validation range, X-axis)

Use To compare with the V-Set Std Pred Property

Method PCR/PLS

Matrices ID 23

Tip Gives information about the size of the original validation range.

Details It is available in the calibration protocol (V-Set Orig.sdev).

Related Topic V-Set Std Pred Property
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3.18.97 V-Set Std Pred Property

Description Standard deviation of the predicted property values of the validation set
spectra (standard deviation of the whole predicted validation range, Y-axis).

Use To compare with the V-Set Std Orig Property

Method PCR/PLS

Matrices ID 24

Tip Gives information about the size of the predicted validation range.

Details It is available in the calibration protocol (V-Set Pred.sdev).

Related Topic

V-Set Std Orig Property

3.18.98 V-Set X-PRESS

Description Predicted Residual Sum Squares of the V-Set spectra.

Use See the effect of the number of PCs for reconstructing the V-Set spectra.
Method PCR / PLS/ Cluster (CLU) / SIMCA

Matrices 1D 74

Tip Help for selection of the number of primary PCs.

Details The smallest number of PC, that is still showing changes, should be

selected. Compare it with C-Set PRESS.

Related Topic

X-PRESS, C-Set X-PRESS

3.18.99 Wavenumber

Description Contains the wavenumber index.

Use For 1D-scatter plots.

Method PCR / PLS / Cluster (CLU) / SIMCA / MLR
Matrices 1D 82

Tip

Details Wavenumber is a column vector.

Related Topic

Description Contains the wavenumber index.

Use For 1D-scatter plots.

Method PCR / PLS/ Cluster (CLU) / SIMCA / MLR
Matrices 1D 83

Tip

Details Wavenumber is a row vector.

Related Topic

3.18.100 X-PRESS

Description Predicted Residual Sum Squared of all Spectra over all PCs.

Use See the effect of the numbers of PCs for reconstructing the spectra.

Method PCR /PLS/ Cluster (CLU) / SIMCA

Matrices 1D 12

Tip Help for selection of the number of primary PCs.

Details The smallest number of PC, that is still showing changes, should be
selected.

Related Topic Spectra Residuals,Spectra Residuum,Loadings

The X-PRESS function shows from which PC on an additional PC does not improve the spectra

reconstruction.

The X-PRESS function sums up the intensity values that are left after reconstruction with each PC.
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Interpretation: difference between pretreated spectrum and reconstructed spectrum will be summed up
and squared. It is with the:

1. PC: X-PRESS 1= [pretreated spectrum-(mean spectrum + score 1 x PC 1)]2
2. PC: X-PRESS 2= [pretreated spectrum-(m.s. + score 1 x PC 1+ score 2 x PC 2)]2
3. PC: X-PRESS 3= [pretreated spectrum-(m.s. + score 1 x PC 1+ score 2 x PC 2 + score 3

x PC 3)]

The primary principal components should be set at the point where no significant changes in the X-
PRESS value can be determined. The PC, which has no effect on the X-PRESS, normally has very
small or only noisy information (see: Loadings).
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Here: 1-3 PCs are important.

3.18.101 Y-Scores

Description Each spectra is placed in the n-dimensional y-score space. The position of
the spectra is given by the n-dimensional coordinate of the y-scores.

Use For PLS2 (multi property calibration).

Method PLS

Matrices 1D 111

Tip Compare with the Scores.

Details Calculated for the C-Set (V-Set Y-Scores are 0).

Related Topic Scores, Y-Loadings

Matrices of the final PLS calculation:

[1 Spectra are decomposed to Scores and Loadings.
[l Properties are decomposed to Y-Scores and Y-Loadings.

[1 Y-Scores are predicted from the Scores and Properties are predicted from the Y-Scores.

3.18.102 y-loadings

Description Y-Loadings build up the base for reconstructing the property together with
the Y-Scores.

Use For PLS2 (multi property calibration).

Method PLS

Matrices 1D 112

Tip

Details For one C-Set property (PLS1) the Y-Loadings are constant 1.
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| Related Topic Loadings, Y-Scores

Matrices of the final PLS calculation:
[1 Spectra are decomposed to Scores and Loadings.

[1  Properties are decomposed to Y-Scores and Y-Loadings.
[1 Y-Scores are predicted from the Scores and Properties are predicted from the Y-Scores.

3.19 NIRCal Configuration Options

3.19.1 Configuration Dialog
Menu: Edit / Options

Icon:

Different NIRCal functions can be configured here individually for each NIRCal Windows user account.

Configuration Dialog Tabs:

[l  General

[l Journal

[1 Calibration Defaults [
Tables

[1 2D-Plots

[1  3D-Plots

[l System Modules

[1 Calibration Protocols [']
Directories

[l Cluster Prediction Protocol

3.19.2 General
Nircal Configuration C *_ §7

Directories l Cluster Prediction Protocol
System Modules I Calibration Protocol
General | Joumal | Calibration Defaults | Tables | 2D-Plot | 3D-Piot

Settings
[] Short Popup Menus

[] Sound Events

Backup Files before Save

plot wave axis in descending order

[ ] flip Original vs Predicted in Property plot

Database
[ read Spectrum Batch information (off for faster)

Teminology
| NIRCal5 v
Restart NIRCal to activate another terminology.

NIRCal Default Settings

Reset all NIRCal Settings Default Settings...

[ ok ][ cancel || Aoy Help
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Settings

Short Popup Menus

Sound Events

Backup Files before
Safe

plot wave axis in
descending order

flip Original vs Predicted

in Property plot
Database

Terminology

NIRCal Default Settings

Reset all NIRCal
Settings

3.19.3 Journal

Displays short pop-up menus (right mouse button).

It is recommended to deactivate so that the long, extended pop-up
menu is available.

Activates acoustic messages/sounds about the actual status of NIRCal
(e.g. loading spectra, calculating PLS, .....)

Create a backup copy before a file is saved.

It is recommended to activate backup, which guarantees that a copy of
each project is available. The backup file has the extension *.ni_.
Rename the file extension to *.nir to be able to use it as a project.

If it is activated, the plots show the wavenumber from 10'000 to 4'000
cm-1, if it is deactivated the plots show the wavenumber from

4'000 t010'000 cm-1 (like NIRCal 4).

Exchanges the axis in the plot "Predicted Property versus Original
Property"

If the batch information is not read, the spectra are loaded quicker
from the database.

Select NIRCal4 or NIRCal5 from the drop down list.
NIRCal5 uses the Marten-Naes terminology (scores, loadings/PC),
NIRCal4 uses the Malinowski terminology (loadings, factors)

Resets all NIRCal settings to the default values or settings.

Defines the Logging Filters for the journal.

210

NIRCal 5.6 Manual, Version B



Chemometrics

' ™Y
Nircal Configuration - @

Directories I Cluster Prediction Protocol I
System Modules I Calibration Protocol |
General Joumal | Calibration Defauts | Tables | 2D-Plot | 3D-Piot |
i~ Logaing Filter for Joumal 22l o
v Emor [V Name changing [V Table
¥ Waming [V Graphic vV Import
Vv Method [~ DEBUG IV Export
I~ X Statistic [V Data Base [~ Matrix
q [ Y Statistic [V Pretreatment v Calibration
[V Selection /Set ¥ Wizard [V Measure
[V Value changing ¥ Comment v Module
Set all Reset all

0K I Cancel Spply Help

The selected topics will be documented in the project journal. It is an important feature for the audit trail
therefore the selection should be done carefully.

A

NOTE
The small buttons on the top right of a frame resets all values of the frame to the default setting.

NOTE
This feature was used in the file-mode. In database mode there is as System Logger in the

Administrative Tools of the NIRWare Management Console.

NOTE
At the beginning of the calibration phase, it is suggested to deactivate all entries using the “Reset all”
button, then activate Error and Warning. After the validation, activate all filters by clicking on the small

box on the top right corner.
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3.19.4 Calibration Defaults
Edits the default parameters for calibrations.

-
Nircal Configuration | = ‘
Directories ] Cluster Prediction Protocol ]
System Modules | Calibration Protocol ]

General | Joumal ~Calibration Defaults | Tables | 2D-Plot | 3D-Plot

— Settings
Method : [PLS |
Spectra Selection Method : |Sequence 3

Percent Spectra in Calibration-Set : IBS.SBSGB vl

i~ Calculation

I~ Calculate all Outliers

[V Create Spectra V-Set if empty

[~ show Cross Validation reminder dialogs

OK Abbrechen Ibern » Hilfe

A
Settings
Method CLU or MLR, PCR, PLS. Default: PCR
Spectra Selection Monte Carlo or Sequence. Default: Sequence
Method
Percent Spectra in between 0% and 100%. Default: 66.66% (2/3)

Calibration Set

Calculation
Calculate all Outliers Directs to calculate all outliers. Default: off
The parameters for the Outlier detection can be defined in menu
Project/Outlier detection.
Create Spectra V-Set if In case the V-Set is empty, the system create it with the chosen
empty Spectra Selection Method. Default: on.
show Cross Validation The reminder dialog is visible before the cross validation, warning the
reminder dialogs. user that the calculation with a high number of spectra takes too
much time. Default: on
See : Cross Validation
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3.19.5 Tables

Sets/changes the parameters for the Table window.

|~ e ~N
Nircal Configuration — @

Directories l Cluster Prediction Protocol
System Modules ] Calibration Protocol
General | Joumal | Calibration Defauts ~ Tables IZD-PIot | 3D-Plot
i~ General - =3
Initial Zoom : 80} v ™ Show Gridlines
v Audit

Default Column Width: |85 _%I ™ Column Heading

- Font R

' Name : |Adal _’_v_l §_ize:|14 vl

I
|
I

0K | Cancel Spply Help

Chemometrics

NOTE

The small buttons on the top right of a frame resets all values of the frame to the default setting.
General

Initial Zoom default 80%

default Column default 3250

Width

Show Gridlines Enable / Disable, default OFF

Audit Enable / Disable, default ON

Column Heading Fixes the column heading, default OFF
Font

Name default Arial

Size default 10

3.19.6 2D-Plots
Sets/changes the parameters for a 2D graphic window.
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Directories

I Cluster Prediction Protocol

System Modules |

Calibration Protocol

General | Joumal | Calibration Defaults | Tables | 2D-Plot | 3D-Plot |

General = Colors =
L; Snap X Turbo Points : 5 = Ezm 4
[]Snap Y = G':cTe
[7] Anti-Aliasing  Linewidth : 0 = Highiight =|
Default Linecolors: golrmal
@ N 1 Sets (I Cycle ()P / election
@ None ( s () Cycle () Property Text
Font Sizes = 01. Line Color
- 02. Line Color
[Anal "J 03. Line Color
L lor ~
nesos 5] e o | (LA EECoke
Subtitle : 0.3 « Ads: 03 « D
Description 0.15 + D

OK

[

Help

J

NOTE

The small buttons on the top right of a frame resets the all values of the frame to default setting.

General
Snap X
Snap Y

Anti-Aliasing
Turbo Points

Linewidth

Default Linecolors
None

Default Linecolors
Sets

Default Linecolors
Cycle

Default Linecolors
Property

Snaps the zooming so that there is always a value at the beginning and at
the end of the x-axis, default OFF.

Snaps the zooming so that there is always a value at the beginning and at
the end of the y-axis, default OFF.

The new graphic feature for plots, default: off.

Defines the step width of point for displaying a spectrum in an 2D-Plot. Use
this to speed up the display operation for your 2D-Plots, default 5. To switch a
Graphic into Turbo Mode choose Options / Turbo Mode.

Defines the width of the lines use for displaying or printing spectra/vectors in
the 2D-Line-Plot.

Recommendation: Change the value only for printing spectra (e.g. to 5) with
thicker lines. Afterwards reset the values to 0 (zero). Otherwise the display of
graphs slows down considerably.

Disables displaying 2D-Line-Plots using different colors.
Enables displaying 2D-plots using different colors for C- and V-Set selection.
Enables displaying 2D-plots using all possible different line colors cycling

around the spectra.
Enables displaying 2D-plots using different colors for different properties.

Suggested default Line Colors:

[1 Select Property for qualitative calibrations or
[1 Select Sets for quantitative calibrations. (02 Line: C-Set, 03 Line: V-Set)
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Line Colors: 02 Line Color = 1st color; 03 Line Color = 2nd color.

Font Sizes

Font Drop Down Defines the Font used in any 2D-Plot, default Arial

List

Title Defines the size of the font used for titles, default 0,6.

Subtitle Defines the size of the font used for subtitles, default 0,3.

Description Defines the size of the font used for descriptions, default 0,15.

Label Defines the size of the font used for labels, default 0,15.

Axis Defines the size of the font used for axis description, default 0,3.

Colors

Screen Defines the screen color for the selected entry in the list above. The selected
color is displayed in the box on the left of the button.

Print Defines the printing color for the selected entry in the list above. The selected

color is displayed in the box on the left of the button.

3.19.7 3D-Plots

Sets/changes the parameters for 3D graphical windows.

Nircal Configuration v x|
Directories I Cluster Prediction Protocol I
System Modules l Calibration Protocol I

General | Joumal | Calibration Defaults | Tables | 20-Plot  3D-Plat

— Display Precision 4+ —Colors E
. o 2 Backaround
Data Point Radius x| Highlight
G e - 1 - Max. Concentratic
Data Point Slices : = Min. Concentratio
Data Point Stacks: |7 =
— Data Point Display =
v Semisolid (0-1): |05 e
[~ Grid
¥ Pins . Screen I

| DK I Cancel

Apply I Help l

Note: the small buttons on the top right of a frame resets the all values of the frame to default setting.
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Display Precision

Data Point Defines the radius in generalized units for displaying data points in the 3D-
Radius Plot, default 2.

Data Point Slices Defines the number of slices in generalized units for displaying data points in
the 3D-Plot, default 11

Data Point Stacks Defines the number of stacks in generalized units for displaying data points in
the 3D-Plot, default 7

Data Point Display
Semisolid (0-1) Displays the "spheres" semisolid (transparent), default: off.
It is suggested to switch to on with 0.5.
Grid Displays the "spheres" in a grid, default: off.
Pins Displays a pin for each spectra, default: on.
Colors
Screen Defines the screen color for the selected entry in the list above. The selected

color is displayed in the box on the left of the button.

Displays the "spheres" as a grid.
Boxes can be toggled by tipping B on the keyboard

3D with boxes

s Scores (3D) Sugarsnir

ecs [l <] [E<] (M <] Provertes [ - |
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3D without boxes

s Scores (3D) Sugarsnir J,J_EI&

e[l <] (A=) M =] Provee: [ - |

4

000005 Sucrose
000003 Mannitol

000002 D(+)-Glucose monohydrate
000001 D(+)-Glucose anhydrous

3.19.8 System Modules
Sets the path for the system modules.

General | Joumal | Calibration Defautts | Tables | 2D-Plot | 3D-Plot
Directories [ Cluster Prediction Protocol
System Modules l Calibration Protocol

Insert System Modules
Module |CALIBRATE -

Path  C:\Program Files\Buchi\NIRSolutions\1.4\NIRCz [...]

ok J[ Concsl ][ somy

NOTE
The path should be changed only for your own created or modified modules: it is not

recommended to use it.

3.19.9 Calibration Protocols
The content of the full calibration protocol can not be defined, this field has no function anymore.

NIRCal 5.6 Manual, Version B 217



NIRCal 5.6 Software Manual

3.19.10 Directories
The default paths for various files can be set individually.

-
Nircal Configuration . .

oS

System Modules

Directories

Calibration Protocol

Cluster Prediction Protocol

— Default Path for Files

Project

Spectra |C:\Buchi\DX—Import

I . O

Calibration |

| Modules |

Ll L

General | Joumal | Calibration Defautts | Tables | 2D-Plot | 3D-Plot |

o |

Cancel

Apply

Help

L

NOTE

It is NOT suggested to change the path for Modules and Data Exchange Filters!

218

NIRCal 5.6 Manual, Version B



Chemometrics

3.19.11 Cluster Prediction Protocol
Sets/changes the filter for the Prediction Protocol of Cluster and SIMCA calibrations.
r B
Nircal Configuration ‘_ x|
System Modules I Calibration Protocol
General | Joumal ] Calibration Defaults I Tables | 2D-Plot I 3D-Plot I
Directories Cluster Prediction Protocol
Filter Settings
[V notin a cluster () [V not identified Clu OK {%)
[v false identified (?) IV not identified Clu BAD (&)
[V identified (%) IV not identified known {9

[V not identified unknown (=)

Selection
| auto select protocoled project spectra

0K Abbrechen ernel ] Hilfe

A

Filter Settings

not in a cluster (1) residual is within limits, but the distance is higher than allowed (spectrum is
not in a cluster), default: on.

false identified (?) residual is within limits, distance is smaller than allowed (spectrum is in a
cluster), the predicted and original property name are different: this spectrum
is identified as false, default: on.

identified (*) residual is within limits, distance is smaller than allowed, the predicted and
original property names are the same: this spectrum is identified correctly,
default: off.

not identified CLU residual is not within limits, distance is smaller than allowed, the predicted

OK (%) and original property names do not match: this known spectrum is not

identified, default: on.
not identified CLU residual is not within limits, distance is smaller than allowed, the predicted

BAD (&) and original property names are not the same: this spectrum is not identified,
but it is in a known cluster, default: on.

not identified residual is not within limits, the distance is not fulfilled, but the property is

known (-) known in the calibration, default: on.

not identified residual and distance is not fulfilled, the property is not available in the

unknown (=) calibration, default: on.

With the shown settings, only correct identified spectra are not listed in the prediction protocol.
By deactivating further categories, the list of spectra in the prediction protocol are reduced.
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Case | Group Symbol | Residual | Distance | Name/Property
1 not in a cluster ! OK not OK not OK
2 false identified ? OK OK not OK
3 identified * OK OK OK
4 not identified CLU OK % not OK OK OK
5 not identified CLU BAD & not OK OK not OK
6 not identified known - not OK not OK OK
7 not identified unknown = not OK not OK not OK

Especially cases 1 and 5 are critical. By case 5 the residual relationship (actual against allowed)
should be controlled. Case 2 is inacceptable.
Correct identifications -case 3- and not identified unknown -case 7- are less important.

Selection

auto select Default OFF. With ON the protocoled spectra are automatically selected, can
protocoled project help to identify outliers in the project (with "Predict Project” and "Multi Predict
spectra Project".

It is suggested to switch on by "predict projects" and "multi predict projects"

3.20 Menu commands

3.20.1 File menu

New Project

O

Creates a new NIRCal Project.

i NIR-Explorer: project2 o @] =]
{23 Project Name Value
Q0 Instruments (& Globally Unique ID {132F6D98-C282-4D2C-AC1E-01F2BBASD6SA}
‘] Spectra 7
.1 Properties b
AR @ Creator Administrator
-] Calibrations : 5
: 3 (@ Creator Login Administrator
-] Matrices
@ Created 05.08.2010 15:32:57
(8 Creator Software NIRCal
() Creator Software Version 54
(® Creator Software Build 2000
@ Modified by Administrator
(® Modifier Login Administrator
& Modified 05.08.2010 15:32:57
& Current Software Timestamp 10.03.2009 08:53:53
® Current Software Name NIRCal
(@ Current Software Version 54
@ Current Software Build 2000
(® Current Software Path C:\Program Files\Buchi\NIRSclutions\1.4\NIRCal\nircal.exe
(& Project Path
(3 Last imported file
< IT] »
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Close Project
Closes the project.

The following message appears:

: ! > Project has changed, save it to the Database before close?

Yes | Mo | Cancel ]

It is recommended to press ,Yes”.
Database

Open Project
Menu: File / Database / Open Project...

Icon:
73

Opens a NIRCal Project from the NIRWare Database.

Chemometrics

M select Project x|
Froject | LastA d v] Project C: | Calibration Version]  OValue | GUID [ hron
E3] =l 5] == 5] =l [E3] £
» |Sucar-ONT _D1/11/2006 13:29 _Sugar-Quanti 0 . 0.508306460806123  49239220-2d14-43ec-8bcb-140e5 Properties | = |
Suasr-ONT 01/11/2006 1329 Suasr-Quant 1 0.036574432292761 49239228-2d1+43ec-Bbcb-140e5 Properties x|
Sugar-ONT _01/11/2006 1323 SugarQuant. 2 | D555520646298097 4923922a-2d1$43ec-Bbch-f40e5 | Properties [+
SuasrsD 0171172006 11 36 Suaars, mtdb1. 4297 F3 0 | D 968668496644456  56230363-031 b-daca-9cc2-10se Propertes L=}
SugersiD _01/11/2006 11:36 _SugariD, midbl, 42-97 F3 1 | D.958868496644456 56232363831 b-4eda-9cc?-108e | Propeies [+
Suaers0 .0111/200611:36 copy of Sugar-D. mi-dbl, 42- 2 0 5623e353-831b-deda-9cc2-108e Properties =]
Test1-0L _01/10/2005 17:54 _unnamed 0 0 85ci421a-7890-4ad4-a75a-fa125 | Propeties [+ |
TesH1-OL 0171072006 1754 Gvalue, secondanvionmean P | 0 0 adad4a86-29d5-4340-82c6-782d Properies L= |
Test1-0L 0171072006 17:54 _Fructose, Lactose, Sucrose, F 0 | 0 c4130a58-7078-4b8d-8cd9-al7c Properies [+ |
SolventD-8P-Tube 01/05/2006 16.05 Sobvents 0 | 0.920048307766119 18161 bbB-27c4-424a-8011-cbb26 Properes L=}
SolventD-BP-Tube - 01/05/2005 16:05 _Soivents-D 1 | 0.920001470351398 18161 bb8-27c4-424a-8011c6b2E Propedies [=|
[~ |SolvenHO-BF-Tube 01/05/2006 16.05. copy of Solvents 3 0.920048307766119 {6161 bbE-27c4-424a-801+chb26  Propetes =]
< | »
W e Wl
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Save Project
Menu: File \ Database \ Save Project As...

Icon:
1=

Saves the active project to the NIRWare Database.

Save Project to Database i - )'_Sl

Projectname F’rolin in Honey

Projectname is unigue

v save Specha [incl. properties and concentrations)

Save As

Cancel

[v save Calibrations [the spectra are linked to the calibrations)

This function is needed to save a NIRCal-Project (opened from file *.nir) to the NIRWare Database.

Saving the spectra with the setting : [x] save Spectra (incl. properties and concentrations) will
force a duplicate spectra check. (Note: This works because all NIRCal written files include the
spectrum GUID’s (also in JCAMPDX) and this GUID is also used in the NIRWare database.)

After saving the project to the database, the dialog to assign the Project to an application automatically

appears.

Duplicate spectrum GUID

p
NIRWareFilter

===

' 618 duplicate of total 618 spectra have been detected.

Press Cancel if nothing shall be saved to the database

oK

Press OK to write all non-duplicates and ignore the duplicate entries

Abbrechen

[
Duplicate spectra have been detected. Press OK to write all non-duplicates and ignore the duplicate

entries. Press Cancel if nothing shall be saved to the database.
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Save Project As...
Saves the active project to the NIRWare Database with a new Name

Projecthame

Cancel I

This function is needed:
[l To save a project if the spectra are loaded from the database;

[l  To create a copy of a NIRCal-Project (opened from database) with another name. Not
recommended to use.

Note: the calibrations are not copied; they are linked to the project. To copy the calibration use
Lifecycle/Copy.

NOTE
Use a unique project name with Latin letters (a-z) only.

Import latest Application spectra
Menu: File / Database / Import latest Application spectra...

Icon:
f

Automatically imports all spectra from the database to NIRCal which are assigned to the Application.
See Manage Application...

Manage Application...
Menu: File / Database / Manage Application...
Icon: @0

An existing application in the database can be assigned to a project. New measured spectra
(NIRWare Operator) from an application assigned to a NIRCal project can automatically be imported to
this project. This is useful for recalibration.

See Import Spectra to assigned NIRCal Project
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r R’
Manage Application !__ngl
Existing Applications can be assigned to this Project. That's for importing the

Application measured spectra into the Project. The assignment can be changed
dynamically; it's a helpful tool to import the latest Application spectra.
Available Applications Applications assigned to this Project
V0: 1000_Quality
W0: Test ext. Reference 1
W0: Test ext. Reference 2
W0: Test Solids TM int. Ref. =
2 |
17
[««]
\ A

This Dialog also appears when a NIRCal Project is saved to DB.

Search and Import Spectra...

(3

Opens the dialog to search and import spectra from the NIRWare Database to NIRCal.

The list displays per default only spectra from last 30 days [Time = e.g. from 05.01.2005 to 4.02.2005] and
with an assigned reference value [Reference Values >0].

M select Spectra = Iﬂlxl
Sample v[ Application | Time o] faapdn R e T e S
| 12/13/2005-01/12/200

| b |MetOH- | Solvent-ID-REF  01/05/2006 14:24 NIRFlex NS00 Solids XL 3 Reflectan  Sample B 4 0400000 C__|
| |MetOH-2 SolventlD-REF 01/05/2006 14.24 NIRFlex NS00 Solids XL 3 Reflectan Sampla 8 4 0400000 C
| |MetOH-2 Solvent-ID-REF 01/05/2006 14:24 _NIRFlex N500 Solids XL 3 Reflectan  Sample | 8 4 0400000 C
| MetOH-2 SolventID-REF 01/05/2006 14:25 NIRFlax N500 Solids L 3 Reflectan | Sample -] 4 0400000 C
| IMetOH-2 Solvent-ID-REF 01/05/2006 14:25 -NIRFlax N500 Solids XL 3 ‘Reflectan Sample | 8 4 0400000 C
| |MetOH-2 Solvent-ID-REF 01/05/2006 1425 NIRFlex NS00 Solids A 3 Reflectan Sample B 4 0400000 C
| |MetOH-1 SolventID-REF 01/05/2006 14:21 NIRFlax NS00 Solids XL 3 Beflectan Sample 8 40400000 €
| |MetOH-1 SolventID-REF 01/05/2006 14:21 NIRFlex NS00 Solids pol 3 Reflectan Sample | 8 4 0400000 C
| |MetOH-1 Solvent|D-REF 01/05/20086 14:22 MNIRFlex NSOD Solids XL 3 Reflectan Sampla B8 4 0400000 C
| |MetOH-1 SolventID-REF 01/05/2006 14:22 NIRFlex N500 Solids XL 3 Reflectan  Sample 8 4 0400000 C
| |MetOH-1 Solvent-ID-REF 01/05/2006 1423 NIRFlex NS00 Solids XL 3 Reflectan  Sampla ] 4 0400000 C
| |MetOH-1 Solvent-ID-REF 01/05/2006 14:23 NIRFlex NS00 Solids XL 3 Reflectan Sample 8 4 0400000 C
| |Lec90FSucil 4 12/20/200511:35 - NIRFlex NS00 Solids Vi . 2 Reflectan Sample 16 4 4000000 C
| |Lec90FSuc10 4 12/20/2005 11:36 NIRFlax NS00 Solids, Vi 2 Feflectan  Sampls 16 4 4000000 C
| |Lac90FSuci0 4 | _12/20/200511:39 _NIRFlex N500 Solids. Vi 2 Reflectan Sample 16 4 4000000 C
| |Lec90FSuc10 3 12/20/2005 10:48 NIRFlex NS00 Solids Vi 2 Reflectan Sample 16 44000000 C
| |Lec90FSuci0 3 | _12/20/2005 1053 - NIRFlex NS00 Solids, Vi 2 Reflectan Sample | 16 44000000 C
| |Lec90FSuc10 3 12/20/2005 10:56 NIRFlex NS00 Solids, Vi 2 Reflectan Sample 16 4 4000000 C
| |Lac90FSuci0 2 | 12/20/2005 10:20 NIRFlax NS00 Solids, Vi 2 Feflectan Sample 16 4 4000000 C
| |Lec90FSucil 2 12/20/2005 10:36 NIRFlex NS00 Solids. Vi 2 Beflectan Sample 16 4 4000000 C
| |Lec90FSuc10 2 1242042005 10:46 NIRFlex NS00 Solids, Vi 2 Reflectan Sample 16 4 4000000 C

> l | Ar 90 FSue 10 122002005 1015 NIRFlax N5n Snlids Vi ? Baflartan  Samnla 1R I 4 4ﬂﬂnﬂﬂﬂ£‘L‘

S . -~ 2 N 3 - " = : - e 3 —=3

T T T T R et

To remove the default filter and display all spectra within the database :
[1 click on the grey cell below [Time] and following dialog appears
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rter x|

Specific Date and Time

o on: |-05-2005 |
— Period

® from: |23-05-2005 >l to: |25052005 ~|
—Last n days

® ] =

IV Ignore Time

| x| |

[1 change the filter settings and click ok.
Clicking Cancel disables the time filter completely. Same effect when clicking the grey cell
below [Time] with the right mouse.

[1  click in the cell below [Reference Values] , delete >0 and press ENTER
Filtering options:

[ Time Filter, see above

[1  Drop Down list for [Instrument], [Measurement Cell], [Measurement Cell Option], [Spectrum
Type], [Characteristic]

\ Text for [Sample], [Application]; e.g. edit "sug" in the cell below [Application] will display all
spectra measured with applications, e.g. "sugar” or "sugars" etc.

[1  Digit for [all others]; e.g. edit "<10" in the cell below [Scans] will display all spectra scanned
with less then 10 scans (<,>,<>,=,>=,<=)

Database Options
Delete Project

Not used projects can be deleted. Delete the existing calibrations inside the project first with
“Lifecycle/Delete”, otherwise the calibrations are still existing in the database.
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Import

Import Project
Imports NIRCal Project Files (*.nir)

Look in: I (2} Desktop

kj‘

My Recent
Documents

Il —
,

Desktop

4

a My Documents
4 My Computer
My Metwork Places

My Documents

-
"
My Computer
-
My Network IR Open

Files of type: NircalProject (% nir) Cancel |

NOTE

BCAP Series can be loaded adjusting "Files of type" to "all files" (*.*) and selecting the spectra file

..SXX
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Imports Spectra from a File.

Chemometrics

e
& Open

() [5 > TRee » DRC-2010 » ref

Sl seaiehier £

Organize v

P

¢ Favorites =
M Desktop
& Downloads

5
1= Recent Places

New folder

e IDRC2010XcalRefl
4 Libraries ect CalibWiz
@ Documents BOSR
J’ Music L
[&5] Pictures
i Videos

m

=

IDRC2010XcalRefl
ect CalibWiz

=

IDRC2010XcalRefl  IDRC2010XcalRefl
ectJDX ect

=

IDRC2010XcalRefl
ect-Cholesterol

[

IDRC2010XcalRefl
ect-Glucose

LN

1% Computer IDRC2010XstdRefl
&, Local Disk (C:) ect.JDX

s Local Disk (D:)

f' Network -~

IDRC2010XtestRef  IDRC2010XvalRefl
lectJDX

ect.JDX

File name:

v | NIRCal Files (*.nsf;*.bmp;*.dat;*.csv;* spe;*.dx* jdx* jem; *.nir;)

NIRCal Files (*.nsf;*.bmp;*.dat* . csv;*.spc;*.dhe* jdx* jem; *.nic )
NIRCAL Spectra File (*.nsf)
Bitmap Files (*.bmp)

Several data formats can be imported.
Export

Export Project

00— Chart Files ( *.dat;*.csv)

Grams Spectra ( *.spc)
JCAMP-DX ( *.dx*jdx*jem )
NIRCAL Project File (*.nir)
NIRWare Project File ()

Save a NIRCal Project as *nir File. The question: “Store the project into the database before?”
appears. It is better to export without storing (the calibration will be closed and will not be editable).

;5 | <« Programme » Buchi » NIRSolutions » Quickguide » Data ” D

Organisieren v Neuer Ordner

1. Buchi
. Buchi Database Manager
1. NIRSclutions
. AutomationHelp
. Embedded
. Filters
. Modules
. Plugins
» Quickguide
.. Data
1/ Report
Common Files
. Dell
. DellTPad

Ay

R R &
H Quantitative.nir

Quantitative-Outl
iers.nir

Sugar.nir

Dateiname: Quantitative-Outliers.nir

Dateityp: | NIRCalProject (*.nir)

-]

‘4 Ordner ausblenden

[ Speichern ] [ Abbrechen ]
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Export Spectra

Save in: I—@ Desktop

20

My Documents
9 My Computer
My Network Places

e

My Recent
Documents

Desktop

L

My Documents

-
My Computer

-

My Network File name:
Places

Save as type: |NIHCAL Spectra File [ *.nsf )

_v_I | Save I
-vJ Cancel I

Print

=

Prints the current view.

Print Preview
Print Preview of the current view.

¥ Original Spectra (2D) FromDB_3 acids

Redectance

A

® -t

R e L R R R
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Print Setup
Opens dialog to setup the default printer.
r I"
Druckeinrichtung Ii
- Drucker -
Name: |Microsoft XPS Document Wirter ~] Egenschafien.. |
Status: Bereit
Typ: Microsoft XPS Document Writer
Standort: XPSPort:
Kommentar:
- Papier- | Ausrichtung
GroBe:  |Ad | " Hochformat
Quelle: IAutomatisch auswahlen _'_I * Querformat
Hiffe l Netzwerk ... l 0K I Abbrechen
\ T T ™7 -

Exit
Closes NIRCal incl. all opened NIRCal-Projects.

3.20.2 Edit menu

Undo
Undos text editing

Cut
Ctrl+X

Copy

Copies the active object to the clipboard

View Type Clipboard Object
2D-Plots Metafile

3D-Plots Bitmap
Tables ASCII-Text cells separated by TAB

Paste

Pastes text from the clipboard into the actual document.

Options

Opens the Dialog Box to change NIRCal Configuration Settings.
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3.20.3 View menu

Overview

L Recalculates the calibration and opens several graphics for an overview of the
calibration. Depending on the selected calibration method the most useful graphics are opened.

Example: Overview of a Cluster calibration

e[+ v | Pesin3 ~

Soores vs. Soores
Sgeins

1PRERA aler

Fetrotinos (09 1rie)

D) 7 NIR-Explorer: Sugarsair s =] P14 |
Property Box Radii Clusters per Property 3 Project Name .
: ] = I : O Instruments & Globaly U
i #-(3 Spectra # Comment
g @ 1 Properties (5 Creator
i g @2 Calbratioss ggztgd Le
@ () Matrices & et
: : : & Creator Sy
o 15 0 -:‘:101 o as «0 ‘ l I . A

For detailed information see the description of the corresponding matrices:
X-PRESS, Scores, Property Box Radii, Property Residuum, Spectra Residuals too big, Cluster per
Property, Pretreated Spectra
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Example: Overview of a Quantitative calibration

W Pretreated Spectra (2D) Sugar-ONT, w & |ﬂ| X'

Pretreated Spectra Consistency Popsteei [ Swccnwoss % 2]
A1 Spectra PR Y. Predicted Property vs. Original Property
—_——_——

o _/// \ 1 .’c-h-\am;u»-mx:lum TG e 650 0 S0
L \ i s0f ./
§.nnz E 80 . \‘\ . g ' >
E o g 5 Cof
9 0.00; o 50 »

g 8 : s
g.o 02 & it § g A
: i
® 004 g e e el ir e L G oy
20%---- b R ‘
10000 9000 8000 7000 6000 50‘00 4000 1 2 3 4 5 ] = 0 o 40 60 @0 100
Wavelengths

% Regression Coefficients (201) SUGAE NN (=] F| _»
= - I3 Project Name
Regression Coefficients V-Set PRESS 8 Cobety e 1)

All Properties All Propertias B )

22 f s ey . - ¥ S;&r.)ecva gcggam

B operties

s (3 Calbrations @ Creator Logn
@ Created
® Creator Software
@ Creator Software Ver
& Creator Software Bul
®Modfied by
®Modfier Logn
®modfied
® Current Software Tir
& Current Software Nai
® Current Software Ver__
& Current Software Bui

® Current Software Pat
@ project Path x
bl P

oy

o 3
PRESS Value

Reflectance (mf,db1)
in
o

=3
=3

10000 9000 8000 7000 6000 5000 4000
Wavelengths

For detailed information see the description of the corresponding matrices:
Pretreated Spectra, Regression Coefficients / Property Spectra (CLU), Consistency, V-Set PRESS, C-
Set Regression Coefficient
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Spectra Selection

152

Opens a few windows for spectra selection:

You can select spectra in the plot by double clicking on the displayed spectra or changing the
selection mode to "Mouse Window Select" using the popup menu of the window.

Example of a Spectra Selection Plot

% NIRCal - FromDB_Acids

File Edit View Workspace Project Calibration Wizard Tables Graphics Modules Window Help

|DBHE 2R 2? BRI G

[oudra || @

be b || R R6 %8 1w ik |1t B D © | bE G B |

|l e b b b | RS 53 | Rs K R | R RS RS RE | RE L | owovs | gk kSOl st 16"\09’

S WIR R LR R RER

Pcs [l v]

E0-] [80.-] prvones

4

A

-

& = &_

Citric agid mg
C;ilr c

D

S ElEEl E

ynoh

=

rate

s S EWEE

BX]

Reflectance (db1,ncl)

Reflectance

Spectra Residuum

Allgpecta

I

10000 9000 8000 000 G000 S0 4000
Wavelengths

Orig pe D O

Original Spectra

0

o wm  ewe  Too e
‘Wavelength:

H [2) | me per pLs oo T | s oy |18 |eg | 8,

ore ore D
pesid 2 | Pesi 3 ~|

W P E

oo ooo oon

ore ore D
Pesixl[1 ~| Pestyl[2 |

Scores vs. Scores
AllSpectia

Scores vs.

Scores

D05 000 005 000 085 040 045

PC2

ore ore D
Pesfx] [1 v] PCsly] | 3 v]

Scores vs. Scores
AllSpecta

£40 005 000 025 040 045
PCH

£.10 005 000

(=3 ]

R plore DB L]
Project Mame ad
(2 Instruments (3 Globally Unique

(] Spectra . Comment
[+ (1 Properties & Creator
=142 Calibrations @ Creator Login
g il Acids | @ created ~
o % ;gﬂrﬂ: Aae (5 Creator Softwal
=& M;trices () Creator Softwal
N (5 Creator Softwal
(8 Modified by
(3 Modifier Login
(& Modified
(8 Current Softwai

< i}

| )&

005 010 0.5

(4 Current Softwal ¥

all Spectra

PPlane ------  Rotate
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i

Opens a few windows for wavelength selection:

Chemometrics

You can select wavelengths in the plots by changing the selection mode to x axis selection and then
marking a region in the plot keeping the left mouse button pressed.

Example of a Wavelength Selection Plot

i NIRCal - FromDB_3 acids ] =&l x|

File Edk Wiew Workspace Projct Callbvation Wizard Tables Graphics Moddes Window Help

% Pretreated Spectra (2D) FromDB_3 acids

T Property Spectra {2D) FromD&_3 acids

Prtoatnas (rel 1)

ProM s
At

................................................................

Propeety Wavelsngth Regression

T : 2 s |
wfl g (R -1 }
i | : \\l ™ 4 .‘

3,8,11,14,17.

o Residual Outier Spactra 0 17 nothing selected. _
T 2 Y -~ - SRS e
| ;FZ'

Wavabrgie 7240 Raflecaes Gd,B) [O0S176% oo G- T
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Property Selection

HE

Opens a few windows for property selection:

You can select property in the plot by double clicking on the displayed property or changing the
selection mode to "Mouse Window Select" using the popup menu of the window.

Example of a Property Selection Plot

"8 NIRCal - FromDB_3 aclds -

1 ’,{‘L; Graphics  Modue

File Edi Ve

#orkspace  Project

brabion

Wizard

ddes ‘Yndow Helo

= Spectra Property Index vs I (=] B3] | = property Residuum (20) § PR (=B | 7 Property missing Values {;
Property Residuum
|Spectra Property Index vs. Spectra an £ Properties
Al Spactra
20 e - v
S i
25 i
14
X g
i § 20
- 10 $ee-b- 13 ?
5 c
£
o 15 "B Property missing Values v =10 x|
Properiesfy] | stearic scid w
0o . . 10 i Property missing Values vs. Spectra
2 4 8 8 10 12 14 16 2 a4 6 8 10 12 14 16 Y-
Spectra Spectra g by e gy S i i S
.
T Original Property (Table) B [=]B31 | = Original Property (20) Fral -10f x| o
32?;:‘:: Property Original Property i
S < 3
All Spectra All Properties
1 2 3 R — T S w—
Spectra__| stearic acid | salicylic acid | tartaric acid R
1 [stearic acid 1.0000 0.0000 0.0000
. X
2 [stearic acid 10000 0.0000 0.0000 _ =101
3 |stearic acid 1.0000 0.0000 10,0000 S Project [ame [
4 |stearic acid 1.0000 0.0000 0.0000 (] Instruments & Al Spactra 17
5 [stearic acid 1.0000 00000 0.0000 <) Spectra o7 User Spectra 0
6 |saliylic acid 00000 1.0000 00000 +1- (L Properties 7 Calbration Spectra 12
7 |saliylic acid 00000} 1.0000 0.0000 =4 Calbrations o walidation Spectra s
8 |saliyic acid 0.0000 1.0000 0.0000 i 3 acids | Residua ]
= Residual Outler Spectra 0
9 [saliyfic acid 00000[ T 1,0000 00000 & ig copy of 3 acds P s T( o
10 [saliytic acid 00000 1.0000 0.0000 ™ Journal T e
11 [saliylic acid 0.0000 1.0000 0.0000 31.(53 Matrices o Property Outfier Spectra 0
12 |tartaric acid 00000 0.0000 1.0000 2 a ® 3 0 12 @ 16 /I.evevagc- Outler Spactra 0
13 |tartaric acid 00000 0.0000 1.0000 Spacira
14 Hartarie arid n N nonn 1 Nnon _‘J—! Lj
Rosdy s
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Primary PCs (Factor) Selection

1

Example of a Primary PCs Selection Plot

W NIRCal - FromDB_3 acids 4 X

fFile EdR View Workspace Propct Calbeation Wizard Tables Graphics Moddes Window Help

‘-lnlﬂ 7= (-Set Spectra eril,u_m l!u_u_h_('_zo)! e v_::.- M
C-Set Spectra Residuum Limits
A ok

= Residuals (20) FromDB_3 acids

T (-Set Spectra Residuum Max va. Wave

b3 Project

(20 Instruments @ Al spactra 17
(2 spectra . User Spectra 0
@) ([ Properties o Calibration Spectra 12
=43 Calbrations 7 valldation Spectra 5

3 ecids 7 Residual Outler Spectra 0

& oopy ok W Score Outier Spectra 0

A5 Journal W Pr
[ /7 Proparty Outlier Spectra 0
- Matrices . Leverage Outler Spactra 0
K — 2
Ready pes | Residual  [-0.000161051  Zoom Snap— puum
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Secondary PCs (Factor) Selection

8

Example of a Secondary PCs Selection Plot

% NIRCal - FromDB_Acids
File Edit View Workspace Project Calibration Wizard Tables Graphics Modules Window Help

|DEE ¢ BE

=,

2 BRG] e e | |[B B Rk s FO0[
QIS IR R R LR R REE

I SWLE 3Lk QR FE o d &

X

S8

v

| [ me per pis i G| vs cu

<
oo oo

| B [t o | B | B2 05 | IS |

% Scores (2D) FromDB_Acids

[- |[B][X] = Property Box Radii (2D) FromDB_Acids
Property Box Radii

Al Spectra

Citric acid monohydrate '~ ' | i
Citric acid anhydrous 1 v
Asrarhie arid Y .

pesid[1 | pesiv[2 -]

Scores vs. Scores

Alspecta
7 NIR-Explorer: FromDB_Acids =13
3 Project Name Value A

(3 Instruments (& Glabally Unique 1D {B1F82810-4F23-4486-BS6E-14BF335
# (1 Spectra . Comment =
E @ Pro.perti-es (3 Creator Hanspeter Kellerhals E—
=28 Callbrétlons (& Creator Login hpk
&l d’{ fod £ Acid (5 Created 21.12.2006 20:11:06
= {% copy of dclds (5 Creator Software NIRCal
7 Journal :
518 Matrices () Creator Software Version 5.2
% Creator Saftware Raild 4nn |
o ) 3 | & | @
— e
lallspectra Plane ------ Rotate i
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Outlier Detection

Fi

Example of an Outlier Selection Plot

% NIRCal - FromDB_3 aclds

File Edet Wew Workspace Prowct Caibesbion VWizard Tables Graphics Moddes YWndow Help

Chemometrics

% Residuols vs, Leverages (20) FromDIL S penless (= B.|
o[ =]

Residuals vs. Leverages
Al Spactra

00000 FEmratesn
000028 -+ -

000020
§ocoas} --
imm
B ocon
000018] - -

Leveragae 2

X-PRESS

All Spectia

= C-Set Spectra R

Fetertane ol d31)

T Spectrum Nearest Nelghbor vi Specte

Bpectrum Nearest Neighbor vs. Spectra

Scores

Al Spectra

Al Spactra
(70 -7 A
0018)--;---i-
0018} ----
» 0012 (22 Instruments @ Al Spactra 17
Lidn ggm:ﬁ o User Spectra 0
u T T W/ Calbration Spectra 12
. O S O - = 3 Calbratns Z vactinspecta 5
RO jrepred & i3 ecids | Residual Outler Spectra 0
0008 -8 @it 8o ediigend : v.‘;‘;’;“""‘ /. Scoee Outier Spectra 0
P! 25 OO T i b Byt o/ Progerty Outlier Spectra 0
F SRICH MA0C TR 2R0R" TR0 108 ERK . Leverage Outler Spactra 0
Spectrs PCs " l _’l
Hoay “ouum
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Time Dependency

Example of a Time Dependency Plot

3 s

File Edt Viw Workspace Projct Caibestion Wizard Tables Graphics Mo

Time (20) FromDE 3 acids

Property Residuum vs. Time Time vs. real time
© ' Al Spectra i Al Spectra
R | T o e e T 1 e e
0 ol Tosmmasdeseorasgaacansitseonncs foespre franenss panszesd :
£ - ' : - - : :
g b P
T B - s = et
i '
0 [ S . T T o

G Fropetios W/ Calbration Spectra 12 17 1-2,47,9-10, 121
3 =3 Calbrakions o/ vaiidation Spectra s 173,811, 14,17,
g !"“"‘ | Residual Outler Spactra 0 17 nothing selected.
2 @ HLW”‘:%W‘S o Score Outlier Spectra 0 17 nothing selected.
z c@ Mebhes . Property Outlier Spectra 0 17 nothing selected,
é o Leverage Outier Spectra 0 17 nothing selected,
R et SR
-]
5 ol Rt
00 .
2 4 L] 2 0 2 1“4 0
| Time < J ﬂ
Ready T

Creator Dependency

Instrument Dependency
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Property Dependency

Example of a Property Dependency Plot

i wdex vs. Propesty (20) FrambD_3 acils R =10 (2D) FrombDl 3 acudx
Spectra Property Index vs. Property Spectra vs. Original Property
Al Spectra Al Spectra

Y| T SR S e P (R s oS 10 TR TR T . FeosoeTan 5

uum vs. Origin tly (20) FrombDi 3 acils
Property Residuum vs. Original Property ;
2 10 M Ppeta ; [ Properties 7. Calbration Spectrs 12 17 1-2,47,9-10, 12-1:
] S S R B = /23 Calbrations |/ Validation Spectra s 73,810, 14, 17,
3 : H : : : i3 acids | Residual Outler Spactra 0 17 nothing selected.
[ S @ Lwnia”d’ 7 Score Outler Spectra 0 17 nothing selected.
§ B i o Property Outlier Spectra 0 17 nothing selected,
3 o o Leverags Outler Spectra 0 17 nothing selected,
=3
PR U N SV R -
.'.h < 3
00 0z 04 0s 0s 10
Original Property stearic scid < | _’l
Ready T
Custom

For customizing workspaces with the plugin System Module "WIZARD PLOTS". If no plugin is installed the
menu item is gray.
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Toolbars
Toggles the display of each toolbar. Same can be done using the right mouse in the toolbar region.

Calibration

Database

File & Edit

Lifecycle

Modules

Options
Pretreatments
Pretreatments Advanced
Pretreatments Gap2
Pretreatments MiniBar
Project

Search Import Export
Window

Wizard

\Wizard Workspace

€ € £ € £ £ € € £ £ € £ £ £ <« <«

Zoom & Select

Show all Toolbars

Hide all Toolbars

Toolbars save positions

Toolbars load positions

v Status Bar

Show all Toolbars
Displays all toolbars.

Hide all Toolbars
Hides all toolbars.

Status Bar
Displays/hides the status bar at the bottom of the NIRCal window.

Depending on the active window or the called function the status bar contains different information.

Toolbars save positions
Saves the actual set of displayed toolbars and their position.

vrcal x|

! 5 Are you sure to overwrite user toolbar positions?
L

oK || Cancel I
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Toolbars load positions
Displays and repositions all toolbars saved as user toolbar positions.

See Toolbars save positions

3.20.4 Workspace

Workspace

It is possible to create ones own workspace. Open a set of graphics and/or protocols and arrange
them as wished. Then Save the workspace.

It is also possible to save and load workspaces (1-3) with Icons in the Toolbar
"Wizard Window"

Save Workspace

New
Creates a new workspace based on the actual opened windows.

x|

Name: oK I

My new view 1 | Cancel I
=

Delete Workspace

List Workspace
To delete a workspace select it from the list

Workspace Project Calibration ‘Wizard Tables Grapk
Save Workspace >

Delete Workspace My new view 1

; My other view 2
My new view 1

G S

L X5 >E<“4 Xa Xa Ko >T<

My other view 2

List Workspace
Select a workspace from the list:

I Workspace Project Calibrati
Save Workspace >
Delete Workspace >

My new view 1

My other view 2
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3.20.5 Project

Edit Selections

e

Opens the Dialog Box to edit selections.

Edit Selection

X

—MName

M Spectra Selection

Wavelength Selection

0K
ISpectla Selection EIJ I—I
Cancel |

Property Selection
PC Selection

{" Sequence
" Blockwise
% Custom [Spectra]

nothing selected.

Parameter

Range from |1 to Iyg Clear
Block select |2 leave |1 Er

Amount

N

1]/ -

Apply

Load Selection from

Spectra C-Set

S
E;J Load selection from the Spectra C-Set.

Spectra V-Set

S
=5 Load selection from the Spectra V-Set.

Wavelengths C-Set

We
== Load selection from the Wavelength C-Set.

Properties C-Set

Pec
= Load selection from the Properties C-Set.

PCs C-Set

F
=5 Load selection from the PCs C-Set.
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Change X-Unit to

Wavenumbers

cmt

cm-1

Wavelength

nm
nm

Spectra
Add empty spectra
Only possible in NIRCal file-mode.

Delete selected spectra

= Deletes the red selected spectra from the project. To remove spectra from the calibration, they can
be deleted in the calibration data set selection C-Set and V-Set.

Property
Add property

& Only possible in NIRCal file-mode.

Delete selected property
& Only possible in NIRCal file-mode.
Journal

Show

L
Displays the project journal.

Logging Filter
Opens Dialog to change the filter.
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Custom defined size

It is possible to use NIRCal as a tool for multivariate analysis of any type of data. For this purpose the

dimensions of the data matrices have to be defined and prepared for input.
Open a new project (Menu File / New) and select “Custom defined Size” in the Menu Project:

File Edit VYiew Workspace Project Calibration ‘Wizard Tables grap!'nics Modules

%% NIRCal - Project5
i
i

Window Help j‘ Edit Selections Shift+F2 1

— b

Load Selection from

Change X-Unit to

Spectra

Property

Journal » Inique 1D

Custom defined size...

(53 Creator Loagin

(3 Created

(33 Creator Software

(33 Creator Software Yer
(53 Creator Software Buil ¥

(L1 Matrices

Define the size of your data in the appearing window:

Customize Project E]

- Data Size

= —
Number of Spectra : IS I_ I
Number of Properties : |1 Cancel I

Number of Wavelengths : I

NOTE
Since NIRCal normally is used for the analysis of spectra, the terminology might be unusual for the
statistician. The following terms are equivalent:

Number of spectra = Number of samples

Number of Properties = Number of dependent variables (y-values)

Number of Wavelengths = Number of independent variables (x-values)

Once the dimensions of the data matrices have been entered, corresponding tables are opened and are
available for edition:
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r a
\um Original Property (Table) proje... L&]@Jl&]
Original Property |
All Properties
All Spectra
Spectra <<undef>>
00000
00000
00000
00000
00000
> 5
@ Original Spectra (Table) project2 |EHEHE|
Original Spectra
All Wavelengths
All Spectra
Spectra 0 1 2 3
0.000000 0000000 0.000000 0.00000¢
0.000000 0000000 0000000 0.00000¢
0.000000 0000000 0.000000 0.00000¢
0000000 0000000 0000000 0.00000¢
0.000000 0000000 0.000000 0.00000¢
< | i

The easiest way to enter data is via copy and paste (e.g. from EXCEL files).
Custom defined size: NIRCal works in file-mode which allows to resize the spectra and property
afterwards as well. The given waves or variables are constant after Custom defined size.

NOTE

X-variables have to be entered in transposed format if the number of variables is smaller than the
number of samples.

Under Modules / Settings Advanced.../ Custom Data, the transpose (tilt) of the property and spectra
grid can be adjusted.

3.20.6 Calibration

New
Creates a new calibration.

Calibration Wizard

Starts the Calibration Wizard.

For further details see: Calibration Wizard
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Default Parameter
] Opens the dialog to edit the calibration default settings.

For further details see: Calibration Defaults

Method

Principal Component Regression

e Changes Calibration Method to Principal Components Regression

Partial Least Squares Regression

PLs Changes Calibration Method to Partial Least Squares

Multiple Linear Regression
"& Changes Calibration Method to Multiple Linear Regression

Cluster
cv Changes Calibration Method to Cluster

SIMCA
ZX' Changes Calibration Method to SIMCA

Validation Method

Validation Set
¥S Changes Validation Method to Validation Set

Cross Validation
<¥ Changes Validation Method to Cross Validation

Parameter

Calculation
*+ Opens Dialog to Edit Calculation Parameters

Blow Up Limits
L Opens Dialog to Edit Blow Up Parameter
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Lifecycle
Edit

o Switches the lifecycle state of the calibration to Editing.
The Calibration-lcon changes £ s0 that the calibration settings can be changed.

See Calibration Handling for details regarding the use of the lifecycle model on calibrations. More
detailed general information regarding the NIRWare Lifecycle can be found in the NIRWare Software
Manual.

Save

=l

“Hlswitches the lifecycle state of the calibration to Saved.
The Calibration-lcon changes to &1 so that the calibration settings are locked.

See Calibration Handling for details regarding the use of the lifecycle model on calibrations.

Copy

3 Creates a copy of the calibration in the NIRWare Database. This enables the possibility to edit the
copy of an approved Calibration.

See Calibration Handling for details regarding the use of the lifecycle model on calibrations.
Next

E Sets the calibration into the next lifecycle state. e.g. from created to approved.
See Calibration Handling for details regarding the use of the lifecycle model on calibrations. More

detailed general information regarding the NIRWare Lifecycle can be found in the NIRWare Software
Manual.

Delete

x3 Deletes a calibration from the lifecycle.

3.20.7 Wizard

Calibration Wizard

Starts the Calibration Wizard.

For further details see: Calibration Wizard

Toolbox

7 Starts the Toolbox.
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3.20.8 Modules

Edit Module
Opens the macro-editor for entering BASIC macro code.

“ # | Macrol (macro) - NIRCal Module [desvgn] Quantitative
BHE@ES > 18| === Ew
Object: I[Genetal] LI Proc:IMain L]
|Macrol < 1| '#Language "WWEB-COM" A
g Option Explicit
g Sub Main
6
70 EndSub
< [l »
| 6

Click F1 for the Help File.

Run Module
Opens the dialog to select NIRCal Module (*.bas) to be executed.

Organize Menu

Add

Opens a dialog to select a module which will be added to the modules list. The modules are saved in the
following folder: C:\Program Files\Buchi\NIRSolutions\Modules

A Open L= ]
@Qv1 ) « Program Files » Buchi » NIRSolutions » 14 » NIRCal » Modules + [ 49| [ searcn 2|
Organize v New folder 0 @
¥ Favorites Name ’ Date modified Type Size P
B Desktop |_| Advanced Settings.BAS 29.07.201011:12 BAS File 5KB
& Downloads |_| AverageSpectrum.bas 29.07.201011:12 BAS File 19KB
| Recent Places |_| Calibration Wizard.BAS 29.07.2010 11:12 BAS File 86 KB
|_| CheckMacroModuleSign.BAS 29.07.201011:12 BAS File 4KB
- Libraries || Export JCAMP-DX.bas 29.07.201011:12 BAS File 4 KB
[ Documents | Export Single Jcamp.bas 29.07.201011:12 BAS File 2KB
J‘ Music || FactorSelectionWizard.BAS 29,07.2010 11:12 BAS File 1KB
[&=] Pictures || FactorSelectorCluster.BAS 29,07.201011:12 BAS File 5KB
B videos || GetSelectedSpectraGuids.BAS 29.07.201011:12 BAS File 2KB
|_| GetSpectruminfoTable.BAS 29.07.201011:12 BAS File 4KB
% Computer || Group Selector.bas 29.07.201011:12 BAS File 18 KB
.‘13 Local Disk (C:) || JCAMP-DX Settings.BAS 29.07.2010 11:12 BAS File 4KB
10 NIRFlexN500 Tem | | langchange.bas 29.07.201011:12 BAS File 1KB 3
I, Perflogs |_| LangConsts.BAS 29.07.201011:12 BAS File 6 KB
.. Program Files || LoadSpectraByGUID.BAS 29,07.2010 11:12 BAS File 1KB
1) ProgramData || ProjectUnlocker.bas 29,07.201011:12 BAS File 3KB
| temp || Property Type (quant or ident) auto dete...  29.07.2010 11:12 BAS File 3KB
|| Users || SearchDuplicateSpectra.BAS 20.07.201011:12 BAS File 23KB
. Windows |_| Select Project Property.BAS 29.07.2010 11:12 BAS File 1KB
a Local Disk (D:) |_| Select Spectrum Nearest Neighbor.bas 29.07.2010 11:12 BAS File 2KB
|| Spectra Converter 5.bas 29.07.201011:12 BAS File 23KB
“! Network |_| Spectra Group Wizard.BAS 29.07.201011:12 BAS File 3KB
|| Spectra Name find and replace.BAS 29.07.2010 11:12 BAS File 4KB
|_| Spectrum Search GUID.bas 29,07.201011:12 BAS File 2KB
|_| Spectrum Search Name.bas 29.07.201011:12 BAS File 1KB i
|| Wavelengths to chemical bonding.BAS 29.07.2010 11:12 BAS File 22KB -
File name: *bas;"bax ~ [ Nircal Module (“bas;"bax) ]
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Edit
Select a module from the module list to be opened with the Module Editor.

Remove
Select a module that shall be removed from the module list.

Modules List
Default list of modules. The list can be adapted by Organize Menu.

Chemical Bonding
Translates the wavelengths to chemical bondings. See mouse cursor position in the status bar.

Settings Advanced
Opens the dialog to change advanced NIRCal settings.

|
8 e st s A

i~ Calibrate i~ Custom Data ]
v *Waming different Y-units in C-Sel [ tllt Property Gnd 0K

v *Warming different Y-units in V-Sel Cancel
- Cluster Calibration Pratocol — Dverview Plots - 4 checked
|~ C-Set Spectra Total Statistics " B defil
v *show spectra plots iy default

[ W-Set Spectra Total Statistics

[ Property Radii Total Statistics - Progress Bar
™ Property Residual Total Statistics v *visible

If there are spectra with different Y-units (BCAP and NIRCal spectra in the same project), the
warning should be activated (remove check).
The spectra plot can be switched off in the Overview plot (calculation is quicker for huge data set).

Setting JCAMP-DX Export
r b
NIRCal JCAMP-DX Export Settings V1.0 %= |
~ Spectra 1 Special o
fomst Ix Fixed Format LI [V *space after equal sign = :
i * fi [T ancel
| scaling I fix scale = 1'000'000 LI [~ anonymize data
~ Properties = *] checked
v *write NCU round brackets [ by default
[~ wirite NCU angle brackets < >

Spectra Converter

Converts spectra to the format of the NIRFlex N-500, e.g. spectra of NIRFlex-400 or NIRLab N-200.
See detailed information under Convert and Import spectra from other instruments to a database.

Spectra Duplicate Search
Spectra removal steps:

1. delete identicals: spectra pairs with a Mahalanobis distance of zero in secondary PCs space.
2. delete most different: from the spectra pair that has the highest distance, that spectrum with
the higher leverage will be removed. Used for outlier removal.
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3. keep x% of the spectra: an iterative similar search is used to find as much spectra to thin out
the amount of spectra.

-
Search duplicate spectra V2.7

- Spectra removal steps-

Advanced...

| =
[ ok
1. [v delete identicals
2. | delete most different Cancel |
3 [ keep Is[] % of the spectra Help l
~Info !
Spectra in Project 618

A

When you click Advanced, the following dialog opens:

-
Search duplicate spectra V2.7 | 8|

~Search type— [~ Search -

f* duplicates | | « p-Distance Limit |U-01 | Distance Searchl 0K l

" similar* ‘

" dissimilar* Keep at Ieastl Spectra  |terativ Search | ‘ Help |

" different ‘
: — ' Select found
Duplicate Spectra x| SO
Max Mahalanobis Distance = 0.56457181 Smart |
Min Mahalanobis Distance = 0.00823020 Al
MD = Mahalanobis Distance Keep
PD = Property Differences of spectra » and v [x-y] [

. ~ Selection
Spectra pairs [x.);
% y MD PD Clear
Al selection: Invert
nathing selected. [total 0) = B
Smart selection: Delete
nothing selected. (total 0] T
raphics
Keep selection: :
nathing selected. [total 0] - Project-
Total Spectra in project; 618 Update |
Data Sets...
- o

The following fields, areas and buttons are available:

Search type: defines the search logic.

Search: defines the search criteria and method.

Distance Search: The Mahalanobis Distance -MD- Limit depends on the data and the calibration
settings. Each search trial shows the Min and Max Mahalanobis Distance to get an idea about the limit to
choose.

Iterative Search: Often it is easier to define the number of spectra that should be found instead of an
M-Distance Limit.

Select found (Smart, All, Keep): Selects the found spectra in NIRCal (red selection).

Selection (Clear, Invert): Helpful tool to manipulate the red selection.

Clear: Clears the selection.
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Invert: Inverts the selection.

Spectra (Delete, Graphics)

Delete: Deletes selected spectra from the project. Typically the smart selection can be deleted to
shrink the amount of calibration spectra.

Graphics: Opens a pretreated spectra plot to visualize the selection.

Project (Update, Data Sets...)

Update: Updates the calibration calculation. Used when data sets are edited or spectra are deleted.
Data Sets: Opens the Edit Data Sets dialog to change the calibration selections. Used to copy and
paste textual selections from the search results.

Spectra Group

Collects information from the spectra hames and
compares it with the corresponding spectra property

Jseful to check the properties and spectra name

syntax. The number of characters of the spectra name

can be defined.

Num characters to compare [from left) OF5

Groupname A-S5 C-S V-5 U-S Prop

Val 1 2010-07-07 14-12-505 S ) S | R ¢ -

[

2 Val_2 2010-07-07_14-16-395 5 0 0 1
3 Vel _3_2010-07-07_14-21-155 5 0 0 1
4 Val_ 4 2010-07-07_14-33-015 5 0 0 1
S Val_5_2010-07-07_14-37-045 g 0 0 1
6 Val_6_2010-07-07_14-41-185 5 0 0 1 =
7 Val_7_2010-07-07_14-45-495 5 0 0 1
8 Val_8_2010-07-07_14-50-055 5 0 0 1
9 Val_9_2010-07-07_14-54-245 5 0 0 1
10 al_10_2010-07-07_14-59-085 5 0 0 1
11 =al_11 2010-07-07_15-03-055 5 0 0 1 |
12 =al_12_2010-07-07_15-08-005 5 0 0 1
13 al_13 2010-07-07_15-17-575 5 0 0 1 S

All Properties in all Groups are identical
All Groups has the same size.

Spectra: 75 Properties: 1 Groups: 15

Help ] [Copy Group to Selection] L Show Group PIot»J [ 0K

Spectra Info Table to clipboard

All the Spectra info is copied to the clipbeoard.
Paste the clipboard content with CTRL-V
into a other application, i.e. EXCEL

The spectra information can be copied into Excel.
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Spectra Nearest Neighbor Select

The Matrix "Spectrum Nearest Neighbor Index": (NIRExplorer / Matrices / "Spectrum Nearest Neighbor
Index") contains the spectrum index of the nearest spectrum to each spectrum in the project. The best is to
show it as 1D-Scatter-Plot for selected spectra. This matrix is related to "Spectrum Nearest

Neighbor" which contains the Mahalanobis Distance between nearest spectra pairs. As referred in the
ASTM E1655-05 "16.4.8 Nearest Neighbor Distance". Note: "Spectrum Nearest Neighbor Index" and
"Spectrum Nearest Neighbor" depends on the secondary PC-selection.

Note: In most cases, the project has multiple repetitive measurements. Then the picture shows a

nearly upward diagonal with some spikes. The reason is that repetitive measurements are the most
similar and successively stay together.

Note: pair-wise distances are not always symmetric. A can be nearest to B and B can be nearestto C
(and to A).

Spectra Select by QL Property
All spectra belonging to the marked qualitative property will be selected.

NOTE
These modules are installed but not added to the Modules menu.

Average spectrum

Group by
C |
@ Sequence select I'g— leave I'U_ IE

") Spectra Name from 1 len ’1‘55 Help
) Property Values all Properties identical S —
I Build Groups

Average Spectra Dutput
(| use first Group Spectrum name as Average Spectrum name Save As..

Average Spectra can be calculated and saved to file (nsf). The project is not affected, it is only the

data source.
To define which spectra will be averaged they can be defined as so called Groups:

[1 Sequence block wise sequences
[1 Spectra Name same spectra name
[1  Property Values same property values

The stored Average Spectra contains the following additional information:
[1  Commenti.e. Average of 12 Spectra

[1 Description contains all the spectra GUID's of the averaged Spectra [
Instrument Serial -1 as marking of a Average Spectrum
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Check Module Signature
Choose the folder: C:\Program Files\Buchi\NIRSolutions\Modules

Check BRAS and CLS Modules =

BAS files with a bad siagnature

Date and time the file was last changed.

Dtrectory g

C:“Program Files\BuchisNIRSolutions™1.45\NIRCal“Modules

Total signed ok Cher
Total wrong or not signed : @

CLS files with a bad signature

Date and time the file was last changed.

Dtrectory g

C:“Program Files\BuchisNIRSolutions™1.45NIRCal“Modules

Total signed ok (I
Total wrong or not signed : @

Can be used to check the software for original content.

Chemometrics

Checks the Digital Signature in NIRCal Macro Modules. A detailed log lists all Modules that are not

correctly signed or modified. The modification date/time is also listed.

Spectra Name find and replace

NOTE
This module is installed but not added to the Modules menu.

To replace the name is only possible in File mode, not allowed in projects stored already in the

database.

| @
Find & Replace | =

Find 1

Replace 1

Spectra | Calibration | Property
[~ Name [~ Name [~ Name
[~ Comment [~ Comment

[ Description

0K | Cancel

3.20.9 Windows

Cascade
All windows will be opened in a cascade.

Tile Horizontally
All windows will be opened tiled horizontally.

Tile Vertically
All windows will be opened tiled vertically.

NIRCal 5.6 Manual, Version B

253



NIRCal 5.6 Software Manual

Close All
Closes all opened windows except the NIR-Explorer.

Fit All Windows
Fits the content of every window to default. E.g. the zooming factor.

Related to View Fit which fits only the content of the active window.

Toggle Plot Size
Toggles the plot size of every window.

Related to Large Plots which changes the plot size of only the active window.
Arrange Icons

Windows List
List of all opened window. The active window is marked with a checkmark.

3.20.10 Help

Index
Opens this Online Help.

Software Registration
The registration file is created here. Please fill in all necessary input.

-
Software Registration

Buchi software is license protected. The software will only be available on the computer where
you fill out this registration form, because the license will be bound to the HostID of this
computer. The HostlD is a unique machine identifier that will be used by the software to
ensure the license agreement. Please fill out the registration form below and send the
registration to your buchi sales representative. Thank you for using buchi software!

Software: |NIRCal 5.5
AN: I AN and SN numbers are

mandatory if the sticker is in 2 )
SN: | the DVD-Box! “33)

HostlD of this computer: I D4BED94988EA
Hostname of this computer: ICHNBO206

Company: l

Name and sumame:
Title:

eMail:

Phone:

Address:

|

|

|

|

l

Postal code: |
l

|

Remark: ‘

OK I Cancel
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Import License
Import the licence file: “BuchiLic-550021-...” for NIRCal and “BuchiLic-550041-...” for NIRCal toolbox.

About NIRCal BASIC

About NIRCal
g About NIRCal 5.5.

NIRCal 5.5.

Visual Tool for Chemometrics and Multivanate Data Analysis

NIRCal

R [ a— This software is licensed to BUCHI
ouem License Number is
‘ ' License issued by
&

e

3.21 Context menu (right mouse)

Licensed features Expiration
NIRCal.Toolbox permanent
NIRCal permanent

HostiD: 00219B4E5A4F

[

3.21.1 Add Selection to Set

Add the objects currently selected in the plot to the chosen set.
CAUTION: This action will change the contents of your validation or calibration set if you add data to
these sets.

3.21.2 Alpha-Blending
2D-Plots support Alpha-Blending for better visualization and review of a huge amount of data.

3.21.3 Anti-Aliasing
2D-Plots support Anti-Aliasing for better graphic quality.

3.21.4 Autorotate

Menu: right mouse / Autorotate
Keyboard A
shortcut

Toggles the autorotation status of the plot On/Off. The plot will slowly rotate around the yellow axis.

This menu point is active in the 3D-Scatter or 3D-Surface plot.

Make sure this feature is turned off while working with a calibration, because the rotation needs a lot of
processor time.

Tip: Zoom or rotate the coordinate system around its center while the left mouse button is pressed.

Keyboard:

left / right rotation around the y-axis
up / down rotation around the x-axis
+/- zoom in / zoom out
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3.21.5 Choose [x][y] Independent

Applies to 2D scatter plots only. This means that the value of each cell in one column or row of matrix
1 is plotted against the value of the same cell in any column or row of matrix 2. If you open the
"Original Property" plot and transpose it you will be able to plot one property against another and
check for dependencies.

Related Topic: Choose [xy] Independent

3.21.6 Choose [xy] Independent

Applies to 2D scatter plots only. This means that the value of each cell in one column or row of matrix
1 is plotted against the value of the same cell in the same column or row of matrix 2. In the "True
against Predicted" plot this means that the same property is displayed on x and y axis.

Related Topic: Choose [x][y] Independent

3.21.7 Clear Selection

Removes all objects from the current selection.
Changes to the current selection do not affect your calibration or validation set.

3.21.8 Colors

The following color models can be used with the top view plot and in 3D surface plot.

nirBone Grayscale with a light touch of
blue.

nirHot Low values are black,
intermediate red and high values
are yellow

nirJet Contrast enhancing color model.

nirCool Low values are ice blue,

intermediate blue and high
values are pink.

nirCopper | Monochrome graduation with a

coppertone.

nirFlag Extremely contrast enhancing
color model.

nirGray Gray scale palette.

nirHSV Contrast enhancing color model.

St.palette

3.21.9 Copy Plot to Clipboard
Copies the plot to the clipboard.

3.21.10 Copy Selection To

Delete the contents of the chosen set and replace it with the objects currently selected in the plot.
CAUTION: This action will change the contents of your validation or calibration set if you copy data to
these sets.

Add Selection to Set, Load Selection from Set, Remove Selection from
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3.21.11 Edit Selection

Opens the Edit Selection Dialog.
Note: Changes to the current selection do not effect your calibration or validation set.

3.21.12 Export Table
Export the table as Excel sheet.

3.21.13 Fix Table Titles
Fixes the row and table titles for better scrolling.

3.21.14 Flip X-Axis
Flips the plot x-axis. Draws the x-axis from lower to upper or vice versa.

3.21.15 Flip Y-Axis
Flips the y-axis. Draws the y-axis from lower to upper or vice versa.

3.21.16 Invert Selection

Toggles the selected objects to be unselected and vice versa. Use this feature if you have copied the
selected objects into the calibration set and want to copy the now unselected objects into the

validation set.
Changes to the current selection do not affect your calibration or validation set.

3.21.17 Load Selection from Set

The current selection will be replaced by the objects contained in the chosen set.
Changes to the current selection do not affect your calibration or validation set.

3.21.18 Large Plots

Menu: Options > Large Plots
Keyboard Shortcut L and Ctrl+L for all plots

The axis labels are not displayed and the graphic area of the plot is expanded.
To change this parameter for all plots at the same time use the "Toggle Plot Size" command from the
"Window" menu.

3.21.19 Mouse Select

Handling the selection status of objects using the mouse.

Select one corner of the region containing the objects or part of the objects that you want to change the
selection status and open a rubber banded rectangle keeping the left mouse button pressed.

When you release the mouse button the objects contained will change there status depending on the
keyboard keys pressed:

Button status:

[1  no button: copy the object(s) to the selection the current selection is deleted 1
shift: add the object(s) to the current selection

[1 control: toggle the selection status of the object(s)

[] shift + control: remove the object(s) from the current selection

3.21.20 Mouse Select Lasso
2D-Scatter plots allow with Lasso to create free shape selection of the data. Keyboard: S.
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3.21.21 Mouse X-Axis Select

Menu: Options > Mouse X-Axis Select
Keyboard : Q

Edit the selection displayed in the small window above the x-Axis.

The selection displayed in this window applies to the other side of the matrix (see Transpose). In a
spectra plot the wavelength selection will be displayed in that window by default.

Select one corner of the region that corresponds to your x value and open a rubber banded rectangle
keeping the left mouse button pressed. When you release the mouse button the x axis region
contained will change its selection status depending on the keyboard keys pressed:

Button status:

no button: copy the object(s) to the selection the current selection is
deleted shift: add the object(s) to the current selection

control: toggle the selection status of the object(s)

shift + control: remove the object(s) from the current selection

O0OuQpd

3.21.22 Mouse Zoom

Zoom into a plot using the mouse. Keyboard: Z

Select one corner of the detail that you want to enlarge and open a rubber banded rectangle keeping the
left mouse button pressed. When you release the mouse button the plot will be updated with the new
view rectangle.

3.21.23 Number format

Adjust number of decimal places.
Default depends on the matrix shown.

3.21.24 Open data as
Whilst display of a plot it is possible to switch to another visualization type:

@ Original Spectra (2D) FromDB_Sugar_Ident_¥ial 3 -0l x|
. Clear Selection

e Al Spectra

[ Edit Selection... B o R R SR R |

Invert Selection I
Load Selection from » |
Copy Selection ko 3=
Add Selection to »

Remoyve Selection from bob

d

<

g Visibility » [
"a [ view Fit

& [[# Transpose Data

q

o Top View Y

Options »

Plot Settings...

Lﬁ; Delete % 2D-Line

H
M
(% 2D-Scatter 3
K
B

Selected Spectra

10000 9000 8 ;A 3p-scatter
4 3D-Surface

@ Table G = = T

an 25 3‘0 I I

258 NIRCal 5.6 Manual, Version B



Chemometrics

3.21.25 Plot Defaults

The Nircal Configuration dialog will be opened. The default parameters for all views can be edited in
that dialog. See also 2D-Plots.

3.21.26 Plot Settings

The titles and zoom of a plot can be edited before printing.

Title

Subhtitle
2 044
E |
)
Qs e cal sonsancan S - . VA— g
0.0+ ‘ ‘ » : !
10000 5000 8000 7000 5000 5000 4000
x-Title
Copigit

3.21.27 Regression Draw Line

A regression line will be drawn for each set that you activate here. The corresponding regression
formula will be displayed as a legend.

3.21.28 Regression Copy Equation

The regression formula will be copied to the clipboard and can be pasted to any text or spreadsheet
application.

3.21.29 Remove Selection from
Add the objects currently selected in the plot to the chosen set.

NOTE
This action will change the contents of your validation or calibration set if you copy data to these sets.

3.21.30 Snap to Y-Grid

The scale of the y axis is adjusted in such a way, that the upper and lower corners are labeled.
The default for this value can be set in the 2D-plot Tab of the Nircal Configuration Dialog.

3.21.31 Snap to X-Grid

The scale of the x axis is adjusted in such a way, that the left and right corners are labeled.
The default for this value can be set in the 2D-plot Tab of the Nircal Configuration Dialog.
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3.21.32 Show Plane

Menu: Options > Show Plane
Available in Plot : 3D-Scatter

Planes for all 3 dimension can be displayed:
[1 Blue and Yellow Axis, X-Plane
[l Red and Blue Axis, Y-Plane
[l Red and Yellow Axis, Z-Plane

3.21.33 Show Labels

Show numbers at all points of the plot.

3.21.34 Show Line
Show Scatter as Line.

3.21.35 Show Selection Colors
Line Coloring by Set.

3.21.36 Show Cycle Colors

The color table is used to color each object. When the color table ends, the colors cycle start from the start
of the color table again.

3.21.37 Show Property Colors
If the spectra have qualitative properties the coloring shows the property relation.

3.21.38 Transpose Data

Toggles between the two possibilities of connecting the values of a matrix with lines. If you look at a
spectra plot this would mean that NirCal either connects all wavelengths for each spectrum or all spectra
for each wavelength.

This powerful feature allows you to select certain wavelengths, just as you would select spectra.

3.21.39 Turbo Mode

Menu: Options > Turbo Mode
Keyboard : M

Speeding up the display.
When large quantities of spectra are displayed, it is advisable to change the display mode of the view to

"turbo”. A defined number of wavelengths will be skipped.
To edit the number of wavelengths to be skipped use the 2D-Plot parameter dialog.

3.21.40 Undo Last Pretreatment
Q)

Menu: Undo Last

Use
Remove the last pretreatment from the list of pretreatments attached to the active calibration.

3.21.41 Undo Sequence of Pretreatments

[

Menu: Undo Sequence

Use
Remove all pretreatments from the list of pretreatments attached to the active calibration.
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3.21.42 View Fit
The current plot is resized in such a way, that all objects are inside the visible region.

If you have applied a visibility (e.g. calibration set) to the view, it is possible that certain objects not
contained in that set (e.g. validation spectra) will not be visible.

3.21.43 Visibility

Restrict the visibility of the objects displayed in the plot to the chosen set.
REMARK: no data will be changed or deleted by this action.

NOTE

Use the shortkeys Ctrl+0,Ctrl+1,...,Ctrl+7 to change between the sets. The visibility set is shown as
subtitle in the plot.

3.22 Toolbar

3.22.1 Calibration Toolbar

Updates opened views and recalculates,

MLR Changes Calibration Method to Multiple Linear Regression

PCR Changes Calibration Method to Principal Components Regression

PLS Changes Calibration Method to Partial Least Squares

oLy Changes Calibration Method to Cluster

ZM  Changes Calibration Method to SIMCA

VS Changes Validation Method to Validation Set

o Changes Validation Method to Cross Validation

i Opens Dialog Box to Edit Data Sets

@] Opens Dialog Box to Edit Cross Validation Groups

S Creates a spectra selection
W, Creates a wavelength selection
P Creates a property selection

F Opens Dialog PCs Selection Wizard (Factor)

¥ Opens Dialog to edit Calculation Parameters

Opens Dialog to edit Blow Up Parameter

Opens Dialog for QOutlier Detection

Calculates Q-Value and shows Protocol

L
uifia
Q
o] Opens Dialog Box for the Calibration Wizard

Shows the saved Calibration Protocol
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e

@ ® @

Calculates the active calibration and shows the Full Calibration Protocol

Predict Project

Application Predict Project

Multipredict Project

Predict external

Application predict external

Multi Predict external

Predict external GUID file
Multi Predict external GUID file

Application Predict external GUID file

3.22.2 Database Toolbar

P I RPE

il

Open NIRCal Project from Database

Save NIRCal Project to Database

Import all Spectra belonging to this Projects Applications
Assign Applications to the Project

Search and Import Spectra from Database

Delete a project from the database

3.22.3 File & Edit Toolbar

@@@g%‘nﬂlﬂ

Creates a new NIRCal Project

Loads a project from the database
Saves NIRCal Project

Cut selected data

Copy selected data

Paste selected data

Print

Info / About NIRCal
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3.22.4

Lifecycle

Chemometrics

See Calibration Handling for details regarding the use of the lifecycle model on calibrations. More

detailed general information regarding the NIRWare Lifecycle can be found in the NIRWare Software

Manual.
3

|

s

“

)
3.22.5

=
>

3.22.6

3.22.7

BB ERERREE

Edit calibration
Save calibration
Copy calibration

Next state
Delete calibration

Modules

Edit module

Run module

Options Toolbar

Opens Dialog to change NIRCal Configuration

Pretreatments Toolbar

Normalization by Closure
Normalization by Maxima

Normalization between 0 and 1

Normalization to Unit Length
Normalization by Sdev

Smoothing Average 3 points

Smoothing Average 9 points

Smoothing Savitzky-Golay 9 points

1s'derivative BCAP 5 points

1%t derivative Taylor 3 points

1t derivative Savitzky-Golay 9 points

2" derivative BCAP 3 points

2" derivative Taylor 3 points

2" derivative Savitzky-Golay 9 points

2" derivative Taylor 3 points Segment5 Gap5 3™

derivative Taylor 5 points
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[*  Normalization Multiplicative Scatter Correction Full
s Normalization Multiplicative Scatter Correction Amplification
D

Offset Multiplicative Scatter Correction

SNU Normalization Standard Normal Variate

VS Normalization Variance Scaling

;gi Offset Mean Centering

KM Transformation Kubelka Munk
SDL Second Derivative / Logarithm

log} Transformation Absorbance

& Transformation Absorbance inverse

o Undo Last

&)  Undo Sequence

3.22.8 Pretreatments Advanced Toolbar
Squares each data point in the spectra

! Divides one through each data point: Reciprocal 1/s

b Subtract DC. Uses C-Set Selection

fos Shifts neqgative offset of each spectra to zero. Uses C-Set Selection
+C Add a Constant to each datapoint

|5~ Subtract Spectrum

|Z~  Divide by Spectrum

¥  Linear Filter

3.22.9 Pretreatments Minibar Toolbar

b Normalization to Unit Length
lﬁ Normalization between 0 and 1

&z Smoothing Average 3 points

>B<.5 1stderivative BCAP 5 points

24 1% derivative Savitzky-Golay 9 points
24 2" derivative Savitzky-Golay 9 points
s Multiplicative Scatter Correction Full
SHu Normalization Standard Normal Variate
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Offset Mean Centering

Transformation Absorbance

Linear Filter

Undo Last
Undo Sequence

Fits the hole plot to the window

Opens Pretreated Spectra Graphic in new window
Opens Original Spectra Graphic in a new window

Opens Original Property Table in a new window

.22.10 Pretreatments Gap2

Smoothing Average 3 Points Gap?2

Smoothing Average 9 Points Gap?2

Smoothing Savitzky-Golay 9 Points Gap?2

1st Derivative BCAP 5 Points Gap2

1st Derivative Taylor 3 Points Gap2

1st Derivative Savitzky-Golay 9 Points Gap2

2nd Derivative BCAP 3 Points Gap2

2nd Derivative Taylor 3 Points Gap?2

2nd Derivative Savitzky-Golay 9 Points Gap2

2nd Derivative Taylor 3 Points (Segment5 Gap5) Gap2

3rd Derivative Taylor 5 Points Gap2
Undo Last

Undo Sequence

3.22.11 Project Toolbar

L

em!

P& & B s

Opens Project Journal
Change X-Unit to [cm?]

Change X-Unit to [nm]

Add spectra to Project
Delete selected spectra
Add property to project
Delete selected property

Opens Edit Selection Dialog

Chemometrics

NIRCal 5.6 Manual, Version B

265



NIRCal 5.6 Software Manual

Sc Load selection from C-Set spectra

o=
Sy Load selection from V-Set spectra

W Load selection from C-Set wavelengths
P Load selection from C-Set properties
Fe Load selection from C-Set factors

3.22.12 Search Import Export Toolbar

S Import spectra file to project.

‘@ Export spectra from project to file.

Sy Search spectra in file and import to project.

3.22.13 Window Toolbar

2]

Fit all windows

\eN)

&  Cascade all windows

= Tile all windows horizontally

] Tile all windows vertically

E Close all windows, except NIRCal-Explorer

3.22.14 Wizard Toolbar
g}  Starts the Calibration Wizard.

¥ Opens Dialog to Edit Calculation Parameters

Lar
s Toolbox

3.22.15 Wizard Workspace

Shows plots for spectra selection

Shows plots for wavelength selection

Shows plots for property selection

Shows plots for primary PCs (factor) selection

Shows an overview of the most significant plots

Shows plots for secondary PCs (factor) selection

Shows plots for outlier detection

Shows time dependency plots

PEFEFERREREREIBIB

Shows creator dependency plots

N
[e2]
»
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Shows instrument dependency plots

Shows property dependency plots

Loads all plots saved as workspace 1
Loads all plots saved as workspace 2
Loads all plots saved as workspace 3
Saves all opened plots as workspace 1
Saves all opened plots as workspace 2

Saves all opened plots as workspace 3

3.22.16 Zoom & Select Toolbar

Q

r@E & 0O R B

o
S

EREBE* >PFENBDESTDA

Zoom window (2)
Data selection (S)
Data selection (S), Lasso selection in 2D-Scatter plots
x-Axis selection (Q)
View Fit (F)

Large plot (L)

Snap x-Axis (X)
Snap y-Axis (Y)
Flip x-Axis

Flip y-Axis
Transpose data (T)
Top view (V)

Front view (V)

2-D Line plot (N)

1-D Scatter plot (H)
2-D Scatter plot (J)
3-D Scatter plot (K)
3-D Surface plot (B)
Table grid (G)

Clear selection (C)

Invert selection (1)

Chemometrics
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[ Edit selection (E)

28 Line coloring by set (1)

6 Line coloring by cycle (2)

fef Line coloring by property (3)

U} Copy selection to User set

All Visibility to all sets (Ctrl+0)

Us Visibility to user set (Ctrl+1)

Cal Visibility to calibration set (Ctrl+2)

Val Visibility to validation set (Ctrl+3)

Re Visibility to residual outlier set (Ctrl+4)
Lo Visibility to loading outlier set (Ctrl+5)
Pr Visibility to property outlier set (Ctrl+6)
Le Visibility to leverage outlier set (Ctrl+7)
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4 Appendix
4.1 Keyboard Shortcuts

To following keys are used together with the NIRCal selections:

Button Status

no button copy the object(s) to the selection the current selection is deleted
shift add the object(s) to the current selection

control toggle the selection status of the object(s)

shift + control remove the object(s) from the current selection

2D: Anti-Aliasing (a), 3D: Autorotate

2D: Alpha-Blending (b), 3D: Show Box

Clear Selection

Edit Selection

View Fit

View Data as table

View Data as 1D-Scatter plot

Invert Selection

View Data as 2D-Scatter plot

View Data as 3D-Scatter plot

Large Plot

View Data as 2D-Line plot

Plot Settings

Mouse X-Axis Select

2D: Show Labels (r), 3D: Mouse Rotate

Mouse Select, Mouse Select Lasso

Transpose data

Toggle between Top View and Front View

Show Line

Snap to Y-Grid

Snap to X-Grid

Mouse Zoom

Show Legend

Show selection Colors

Show Cycle Colors

W™ RO N[ X| <] | <[ | 0| B[O B] Z| | ®| <] —| T| ®| T M| Of =] >

Show Property Colors

Alt+M+N Start "Spectra &Nearest Neighbor Select" module
Ctrl+0 Visibility All-Set

Ctrl+1 Visibility User-Set

Ctrl+2 Visibility Calibration-Set

Ctrl+3 Visibility Validation-Set

Ctrl+4 Visibility Residual Outlier Spectra
Ctrl+5 Visibility Score Outlier Spectra
Ctrl+6 Visibility Property Outlier Spectra
Ctrl+7 Visibility Leverage Outlier Spectra
Ctrl+A Select all

Ctrl+C Copy selection to clipboard
Ctri+E Edit module

Ctrl+F Fit all windows

Ctrl+L Toggle Plot Size

Ctrl+N New Project

Ctrl+O Open Project from file
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Button Status

Ctri+r Show full labels

Ctrl+S Save Project

Ctrl+T Fix Table titles during scrolling
Ctrl+V Paste selection

Ctrl+X Cut selection

Ctrl+Z Undo

Ctrl+Shift+M Import latest Application spectra from DB
Ctrl+Shift+S Save Project

Ctrl+Alt+R Run module

F5 Update

F8 Show Calibration Protocol
Ctrl+F5 Overview Plot

Shift+F5 Calculate all

4.2 Tips and Tricks

Fixing table titles

Plot / Graphic zooming

Zooming in and out

NIR-Explorer show all entries

Workspaces

working with Selections and Visibility (Part 1)
working with Selections and Visibility (Part 2)
working with Selections - Merge, Intersect, Exclusive (Part 3)
. working with Selections (Part 4)

10. working with Selections (Part 5)

11. customize derivatives and smooting pretreatments
12. working with Selections - "Undo" (Part 6)

CoNoOO~®WDNE

Fixing table titles
Open a table, i.e. Property Table, press Citrl-T.
This will fix the table titles and header while scrolling down a large table.

Plot / Graphic zooming

After a zoom-in or a pretreatment change, the plot can be zoomed to fit all the data in the view with the
keyboard quick key F (View Fit).

If more than one plot has to be fitted, then use Ctrl+F which fits all plot views. It can be found in the
menu Window->Fit All Windows.

Also there is the Toggle Plot Size. If many Views are open the Ctrl+L can also be helpful to get more
place on the screen for the data.

Zooming in and out

You can zoom plots and tables in/out by holding the Ctrl key down and scroll up/down on the mouse.
By the way this trick also works in other applications in a similar way! (Word, Excel, Internet
Explorer...)

NIR-Explorer show all entries
To open all collapsed entries in the NIR-Explorer tree, click on the tree's root on "Project" and press the
* (asterisk) key on the numberpad.

Workspaces

When you want to see a set of other interesting plots, you can customize it. Simply open as many
plots and tables as you like and arrange them in your favourite position on the screen. Try out and
explore new plots by viewing Matrices from the NIR-Explorer.

Save your customizing with View->Save Workspace Save->New... enter i.e. "quantitative overview".
Load it (project independent) with View->Load Workspace-> ...
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To have faster access to your workspaces, there are 3 custom workspace icons on the toolbar
"Wizard Workspace". L1,L2,L3 for loading it and S1,S2,S3 for saving it before.

Working with Selections and Visibility (Part 1)
In the NIR-Explorer -> Calibrations -> (any non-persistent calibration) -> Data Sets there are 4
selection set types:

[l Spectra

[l  Wavelengths
[1  Properties

[ PC

In each NIRCal plot, below the plot title, the selection name that defines the visibility of the data
displayed is visible. Typically the "All"-Set is used as default, i.e. "All Spectra” in the "Original Spectra"
plot.

In the plot context menu, choose Visibility->"Calibration Spectra” to change the visibility for that plot to the
C-Set spectra only. The plot subtitle changes immediately to "Calibration Spectra” and all non C-
Set spectra disappear from in the plot.

You can open the same plot multiple times and change the visibility individually for each plot to any
selection.

As mentioned in Hint#5, you can save them to your own workspaces.

Working with Selections and Visibility (Part 2)
(please read Part 1 first)
Now we want to get a visibility, for example the first 10 spectra in the project. How do we do that ?

Have a look at the available Spectra Selections in the NIR-Explorer:

All Spectra : a selection for ALL the spectra

User Spectra : that is the users notepad for spectra selections
Calibration Spectra : C-Set Spectra (Calibration Input)
Validation Spectra : V-Set Spectra (Calibration Input)
Residual Outlier Spectra : (Calibration Output)

Loading Outlier Spectra : (Calibration Output)

Property Outlier Spectra : (Calibration Output)

Leverage Outlier Spectra : (Calibration Output)

Oooodg

Ooooo

To create a selection that contains the first 10 spectra, we can edit the "User Spectra” by double
clicking on "User Spectra"

Note: Only the actual active calibration can be edited.

In the "Edit Selection" dialog choose "Custom", press "Clear" and overwrite "nothing selected" with "1-
10", then press "apply" to see if your input is accepted. Press OK, go to the "Original Spectra" plot and set
Visibility->User Spectra.

That's it. You will see only the first ten spectra from our project.

By the way, Visibility settings are also possible in Table views!

Working with Selections - Merge, Intersect, Exclusive (Part 3)
(please read Part 1 and 2 first)
How to create complex selections by merging, inverting and intersections.

NIR-Explorer -> Calibrations -> (any non-persistent calibration) -> Data Sets -> Spectra

On the right side of the NIR-Explorer several items can be selected, i.e. selection of "User Spectra”
and "Calibration Spectra". Hold down the Ctrl key while selecting or deselecting with the right mouse
button. Then the context menu will have more options to copy the selection i.e. under the menu "Copy
to Selection".

There are three set calculation methods available (if more than one set is selected):
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[7  Merge : combines sets
[ Intersect : keeps only the overlapping of the sets
[1 Exclusive : keeps only the non overlapping of the sets

Merge

combine selections - OR

(e.g. combine C-Set and V-Set to User-Set
as visibility filter, as the Toolbox can do auto.)

Intersect
find selection overlaps - AND
(e.g. select Leverage- and Residual-outliers)

Exclusive
only in one selection - XOR
(e.g. select unique outliers)

"Copy to Selection” means that the result of the set calculation is copied or added by "Add to
Selection” or removed by "Remove from Selection” to the selection.

The "Selection” is the temporarily visualised red selection in the plots and tables.
This selection is not available in the NIR-Explorer, it is only temporarily visualised and can be used for
calculations with selection sets. In the plot context menu there are functions to work with that
selection:
[1 "Clear Selection C"
"Invert Selection I"
"Edit Selection E"
"Load Selection from->"

OOo

Working with Selections (Part 4)
Each matrix has two selection types, i.e. "Original Spectra" owns the "Spectra Selection" and the
"Wavelength Selection”. The selection currently used in a plot is defined by Option->Mouse "Mode":
[1 "Mouse Select S" -> i.e. "Original Spectra"
[1 "Mouse X-Axis Select Q" -> i.e. "Wavelength Selection”

Let's try this key sequence slowly to see the effects on the selection. Watch what happens when you invert
a selection.

Starting on "Original Spectra” plot and press the quick keys:
| : to invert the selection

| : to invert the selection

Q : to work on the X-Axis

| : to invert the (other) selection

| : to invert the (other) selection

S: to work on the "lined"-data

| : to invert the selection

| : to invert the selection

ONOGALWNE

Note: You can freely use "Selection" and "User Selection" for working with the selection sets with no
impact to the calibration results. This works with all selection types, also for the Wavelength
selections.

Working with Selections (Part 5)

To edit all the selections in one dialog, go to main menu Calibration->Change Data Sets->Edit Data
Sets... or get the same thing via the Calibration Toolbar "Edit Data Sets".

This is the same dialog as in the Calibration Wizard "Data Sets..." In that dialog the selection can be
chosen from the name drop down list. So it's easy to copy and paste selection text in the custom mode
(default for that dialog) between the selections.
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Customize derivatives and smoothing pretreatments
The pretreatment "Savitzky Golay 2nd derivative (15 pt. 2nd order)", as we can see in [1] that the
coefficients for 2nd derivative 15 points are:

91,52,19,-8,-29,-48,-53,-56,-53,-48,-29,-8,19,52,91and the norm scale is: 6188

NOTE
Due to errors in that [1] paper, use this coefficients:
91,52,19,-8,-29,-44,-53,-56,-53,-44,-29,-8,19,52,91

-44 instead of -48
and the norm scale is: 6188

To use this in the Linear Filter pretreatment enter this :
91,52,19,-8,-29,-44,-53,-56,-53,-44,-29,-8,19,52,91,6188
that is in the form

oefficientl, coefficient2, ..., coefficient n , norm scale

In the Calibration Protocol the customized coefficients for Linear Filter pretreatment are listed.
To edit and change the coefficients, simply remove the pretreatment and add Linear Filter again.

References:
[1] A. Savitzky and M.J.E. Golay "Smoothing and differentiation of data by simplified least squares
procedures” Anal. Chem., 36, 1627-1639 (1964)

Working with Selections - "Undo" (Part 6)

Losing a well executed selection by making a mistake is very frustrating. To undo a selection change
open the project journal via main menu Project->Journal->Show. Scroll to the end of the journal by
using the mouse or press Ctrl+End.

All recent changes are logged.

The old overwritten selection can be found and can be copied as text and pasted in the custom edit
mode of the selection.

NOTE
Logging depends on the Logging Filter settings Edit->Options->Journal.

4.3 Conventions / Terminology

NIRCal uses the name conventions for chemometrics terms according to Malinowski. This notation has
been used since the first chemometrics package BCAP for the NIRVis spectrometers. In order to be
consistent and to guarantee a smooth transfer from BCAP to NIRCal this notation has been kept for
NIRCal as well (see NIRCal 4.21 user manual, Appendix 2).

Malinowski Martens / Naes Notation
Notation
Factors Loadings / PC's (Principal Components)
Loadings Scores

Matrices Matrix Dimensions
NIREE Spectrum | Property | Factor | Loading | Factors Dg%‘{ﬁ; Spectra | Properties
NIREE S Spectrum [Property | Loading Score PC's ?/e\zlr?g\;ti_s Spectra | Properties
Unscram- . . X- Samples y-
bler X y Loading Score PC's variables P variables
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4.3.1 Temporary Settings

Open the folder Matrices in the NIR-Explorer. Right clicking the mouse on the appropriate matrix name
opens a pop-up menu. Clicking on Rename enables the user to change the name of the matrix.

| ==y s
3 Project: Al | Name_
(-] Instruments (&4 Glok
[#-(Z) Spectra & Com
[#-(Z0 Properties & Crez
-] Calibrations & Logi
1423 Matrices & Cree
£ H Original Spectra & Soft
-3¥ Original Property &y
.3} Pretreated Spectra w3
i3t Pretreated Property &3 Buile
L3} Factors ﬁ’“?’
.3t Eigenvalue @ Logi
- (23 Mod
.3 PCRB. 2D-Blot irn
.. 3% Recon: 2D-Scatter i
i3t Spectrs. ZD-CombinedScatter rn
3t Predicth  3D-Cluster i
.3t Propet 3D-Sutface M
-3 X-PRES Table yojt
4t CSetF &%
3} Csets Expot.
------ H CSets
-3¢ C-Set SEE

4.3.2 Permanent Settings

In order to change the names permanently it is necessary to perform the changes in the registry
settings.

HKEY_CURRENT_USER\Software\Buchi\NIRCAL\Terminology

When performing the changes (including All Factors, etc.) the name convention will be changed
permanently and will be used for the NIR-Explorer, tables and graphics.

4.4 Characteristic absorbance table

This absorbance table is published for food. It can be used also for chemicals. Because the matrix is
different the absorptions can be slightly different.

Wavelength Wavenumber Chemical bonds Product Example
[nm] [em]
1000 10000 O-H str.second overtone | ArOH
1015 9852 2x C-H str.+3x C-H def. | CH3
1020 9804 2x N-H str.+2x amide | irrtl)\ltﬂg
1030 9709 N-H str.second overtone RNED
1037 9643 2x C-H str.+2x C-H oil
1053 9497 def.+(CH2)n CH2
1060 9434 N-H str.second overtone | RNH2
1080 9259 2X C-H str.+2x C-C str. benzene
1097 9116 cyclopropane
1143 8749 aromatic
1152 8681 CH3
1170 8547 C-H str.second overtone HC=CH
1195 8368 CH3
1215 8230 CH2
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Wavelength Wavenumber | Chemical bonds Product Example
[nm] [em]
1360 7353 2x C-H str.+ C-H def. CH3
1395 7168 CH2
1410 7092 O-H str.first overtone ROH
1415 7067 2x C-H str.+ C-H def. CH2 :
1417 7057 aromatic
1420 7042 ) ArOH
1430 6993 O-H strfirst overtone sucrose,starch
1440 6944 2x C-H str+ C-H def. cH__
1446 6916 aromatic
1450 6897 O-H str.first overtone starch,H20
1460 6849 N-H str.first overtone CONH2
1471 6798 CONHR
1480 6757 O-H str.first overtone glucose
(intramol.H-bond)
1483 6743 i CONH2
N-H str.first overtone CONAR
N-H str.first overtone CONH2
1490 6711 (intramol.H-bond)
O-H str.first overtone cellulose
(intramol.H-bond)
1492 6702 ArNH2
1500 6667 N-H str.first overtone NH
1510 6623 protein
O-H str.first overtone CONH2
1520 6579 N-H str.first overtone ROH
(intramol.H-bond)
1528 6545 O-H str.first overtone starch
(intramol.H-bond)
1530 6536 N-H str.first overtone RNH2
1533 6523 C-H str.first overtone CH
1540 6494 O-H str.first overtone starch
(intramol.H-bond)
1570 6369 N-H str.first overtone CONH-
1580 6329 O-H str.first overtone starch,glucose
intermol.H-bond)
1620 6173 CH2
1645 6079 R-CH-CH
1660 6024 cis-RCH=CHR
1685 5935 aromatic
ﬁgg gggg C-H str.first overtone ggg
1725 5797 CH2
1740 5747 SH
1765 5666 CH2
1780 5618 cellulose
1820 5495 O-H srt.+2x C-O str. cellulose
O-H str.+2x C-O str. starch
1900 5263 C=0 str.second overtone | -CO2H
1908 5241 O-H str.first overtone POH
1920 5208 C=0 str.second overtone CONH
1940 5155 O-H str.+ O-H def. H20
1950 5128 C=0 str.second overtone | -CO2R
1960 5102 N-H asym.str.+ amide I CONH2
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Wavelength Wavenumber | Chemical bonds Product Example
[nm] [em]
1980 5051 protein
2x O-H def.+ C-O def. starch
2000 5000 N-H sym.str.+amide Il CONH2,CONHR
2030 4926 C=0 str.second overtone | CONH2
N-H sym.str.+ amide Il N-H | protein
2050 4878 asym.str.+ amide I O-H [ CONH2
2080 4808 str.+ O-H def. ROH,sucrose,starch
2100 4762 2x O-H def.+ 2x C-O str starch
2110 4739 N-H sym.str.+ amide Il CONH2,CONHR
2132 4690 N-H str.+ C=0 str. amino acid
2140 4673 =C-H str.+ C=C str. HC=CH
2150 4651 CONH2
2160 4630 2x amide |+ amide Il CONHR
2180 4587 protein
2190 4566 CH2 asym.str.+ C= str. HC=CH
2200 4545 C-H str.+ C=0 str. -CHO
2242 4460 N-H str.+ NH3+ def. amino acid
2252 4440 O-H str.+ O-H def. starch
2276 4394 O-H str.+ C-C str. starch
2280 4383 C-H str.+ C-H def. CH3
2294 4359 N-H str.+ C=0 str. amino acid
2310 4329 N-H str.+ C-H def. CH2
2323 4305 CH2
2336 4281 C-Hstr+ C-H gef. cellulose
2347 4261 CH2 sym.str.+ =CH2 def. [ HC=CHCH2
2352 4252 C-H def.second overtone | cellulose
2380 4202 O-H def.second overtone | ROH
2461 4063 C-H str.+ C-C str. starch
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5 Software installation

5.1 Software installation

5.1.1 Important Notes

The latest NIRWare and NIRCal cannot be installed together with previous versions. Should there be an
existing installation of NIRWare and NIRCal it will be removed during installation. An existing
NIRWare Database from a prior installation will be upgraded.

-> Backup before installation!

A user with administrator rights on the operating system is required to install the software and then as
well to change following settings within the NIRWare Suite after installation of the SW:

0
U
U
0

5.1.2

5.1.3

514

changing the IP-address of NIRFlex N-500

change of the SQL Server path

backup and restore the database to the default folder in ...\\program files\...
import of the licenses

System requirements

Hardware:

Processor: Intel Core i3 or higher and 1.4 GHz or faster

RAM: 4GB or higher

HDD: 20GB free hard disk space

DRIVE: DVD-ROM drive

Network Adapter: 1 x 100 Mbit/s LAN (2x 100 Mbit/s LAN recommend)
Display Resolution: 1280x1024

Operating System:

- Windows 7 Professional / Enterprise / Ultimate (64-bit) or

- Windows 10 Pro / Enterprise 2016 LTSB (64-bit)

Firewalls need to be stopped during installation (Note: We recommend not to connect to
the internet without protection from a fire wall.)

Other requirements
Administrator rights (on the OS) required for installation

Installation procedure
Insert the Installation CD. In the opening window, click on "Install NIRWare..."
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\BJ Installation

NIR Software Suite
(> Operation Manual
(> License Agreement

(> Install NIR Software Suite
>* Product Website

(2 Exit
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The InstallShield Wizard is opened.

%! Buchi NIRSolutions - InstaliShield Wizard 1 )

Welcome to the InstaliShield Wizard for Buchi
NIRSolutions

The InstallShield(R) Wizard will install Buchi NIRSolutions on
your computer. To continue, click Next.

WARNING: This program is protected by copyright law and
international treaties.

[ Click OK

BuchilicenseManager - InstallShield Wizard

License Agreement
Please read the following license aareement carefully.

Important - Please Read Carefully

I [

This licence agreement is a legal agreement between you [the licensee) and Buchi
Labortechnik 4G (Buchi) and the agent you bought the software from. The software
covered by this agreement is the BuchilicensetManager software package. By installing,
copying, or otherwise using the software, you agree to be bound by the terms of this
licence agreement.

1. The Product

1.1 This agreement gives licence to the licensee to use the software which is owned by~ &

(®) | accept the terms of the license agreement
(O | do not accept the terms of the license agreement

|nstallShield

[ < Back ]L Next > ][ Cancel ]

[ Accept the license agreement to continue the installation and click Next to continue.

NIRCal 5.6 Manual, Version B 279



NIRCal 5.6 Software Manual

BuchilLicenseManager - InstallShield Wizard

Setup Type
Select the setup type to install.

Please select a setup type.

(&) Complete

All program features will be installed. [Requires the most disk space.]

Select which program features you want installed. Recommended for
advanced users.

[ < Back ][ Next > ] [ Cancel ]

[1  We recommend to select the Complete installation. Then click Next to continue.

ﬁ Buchi NIRSolutions - InstallShield Wizard
[ e—

Ready to Install the Program

The wizard is ready to begin installation.

Click Install to begin the installation.

If you want to review or change any of your installation settings, dick Back. Click Cancel to
exit the wizard.

InstaliShield

| <Bak | Instal || cancel |

[ Click Install to Install to start the installation process.
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" "
) Buchi NIRSolutions - InstaliShield Wizard ! o

InstallShield Wizard Completed

The InstallShield Wizard has successfully installed Buchi
NIRSolutions. Click Finish to exit the wizard.

[1  Click Finish to exit the Wizard.

The applications are stored by default under C:\Program Files\Buchi\NIRSolutions\ and can be opened with
Start > Programs > Buchi > NIRSolutions.

The following modules are available:

Management Console
Operator
Buchi Service Manager

NIRCal

5.2 Software update

Software update over internet is discontinued since NIRWare 1.4.

[H I B R

5.3 Software licenses

After Installation of NIRWare or NIRCal the software can be used in DEMO mode for 60 days. Within
these 60 days it is recommended to register the software (NIRCal and NIRCal Toolbox) and apply for
a license.

5.3.1 Software Registration

The registration form for NIRCal and Toolbox can be saved as an *.xml file and needs to be sent to your
Buchi contact person, e.g. as an email attachment.

The form can be opened using the "NIRCal" --> Menu: Help > Software Registration...” or clicking the
button "Register..." on the startup of a trial version.
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Bichi Software Evaluation Information

NIRCal
v

NIRCal 5.6.2000

This is a trial version of NIRWare/NIRCal. If you encounter
any kind of problems during your evaluation, please feel free
to contact a buchi sales representative.

60 days left for evaluating NIRCal

The Software Registration dialog opens.

Import... Register... | 0K I
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Buchi software is license protected. The software will only be available on the computer where
vou fill out this registration form, because the license will be bound to the HostlD of this
computer. The HostlD is a unique machine identifier that will be used by the software to
ensure the license agreement. Please fill out the registration form below and send the

registration to your buchi sales representative. Thank you for using buchi software!

Software: |NIRCal

AN: I AN and SN numbers are

mandatory if the sticker is in )
SN: | the DVD-Box! Q)

HostlD of this computer: IDD'67E5244535

Hostname of this computer: IDESKTOP—BQWGLG

Company: |BUCHI Labortechnik AG

Name and sumame: |Jon Doe

Title: I

eMail: |j doe@buchi.com

Phone: I

Address: |

Postal code: I

City: |

County: |Switzerland

Remark:

OK

Cancel

Fill it out and send it to your Buchi sales representative.

5.3.2 Activating the License

The license are generated based on the information provided in the registration form. To activate the

license in NIRCal select Help > Import License.

NOTE

[1 The user needs administrator rights on the OS to import the license file.
NIRCal5, NIRWare Operator and also licenses for pre-calibrated applications are node locked.
This means that these SW Licenses are bound to the PC (Host-ID) from where the registration

file was filled out.
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BUCHI Labortechnik AG BUCHI Labortechnik GmbH BUCHI Sarl BUCHI Labortechnik GmbH

CH - 9230 Flawil

T +41 71 394 63 63
F +41 71 394 64 64
buchi@buchi.com
www.buchi.com

Italy

BUCHI ltalia s.r.l.

IT — 20010 Cornaredo (M)
T+39 02824 50 11

F +39 02 575 12 855
italia@buchi.com
www.buchi.com/it-it

America

Branch Office Benelux

NL — 3342 GT Hendrik-ldo-Ambacht
T +3178684 94 29

F +31 78 684 94 30
benelux@buchi.com
www.buchi.com/bx-en

Russia

BUCHI Russia/CIS
Russia 127287 Moscow
T +7 495 36 36 495
russia@buchi.com
www.buchi.com/ru-ru

FR - 94656 Rungis Cedex
T+33 156706250

F +331 4686 00 31
france@buchi.com
www.buchi.com/fr-fr

United Kingdom

BUCHI UK Ltd.

GB - Oldham OL9 9QL
T +44 161 633 1000

F +44 161 633 1007
uk@buchi.com
www.buchi.com/gb-en

DE - 45127 Essen

T +800 414 0 414 O (Toll Free)
T +49 201 747 49 0

F +49 201 747 49 20
deutschland@buchi.com
www.buchi.com/de-de

Germany

BUCHI NIR-Online
DE - 69190 Walldorf

T +49 6227 73 26 60
F +49 6227 73 26 70

nir-online@buchi.com
www.nir-online.de

Brazil

BUCHI Brasil Ltda.

BR - Valinhos SP 13271-200
T +55 19 3849 1201

F +55 19 3849 2907
brasil@buchi.com
www.buchi.com/br-pt

USA/Canada

BUCH,I Corporation

US - New Castle, DE 19720
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F +1 302 652 8777
us-sales@buchi.com
www.buchi.com/us-en

Asia
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BUCHI China BUCHI India Private Ltd. PT. BUCHI Indonesia Nihon BUCHI K.K.

CN - 200052 Shanghai
T +86 21 6280 3366

F +86 21 5230 8821
china@buchi.com
www.buchi.com/cn-zh
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BUCHI Korea Inc.
KR - Seoul 1563-782

T +82 26718 7500

F +82 2 6718 7599
korea@buchi.com
www.buchi.com/kr-ko
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T +91 22 667 75400
F +91 22 667 18986
india@buchi.com
www.buchi.com/in-en

Malaysia

BUCHI Malaysia Sdn. Bhd.
MY — 47301 Petaling Jaya,
Selangor

T +60 3 7832 0310

F +60 3 7832 0309
malaysia@buchi.com
www.buchi.com/my-en

BUCHI Support Centers:

ID — Tangerang 15321
T+62 2153762 16
F +62 21 537 62 17
indonesia@buchi.com
www.buchi.com/id-in
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BUCHI Singapore Pte. Ltd.
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T +65 6565 1175

F +65 6566 7047
singapore@buchi.com
www.buchi.com/sg-en

JP - Tokyo 110-0008
T +8133821 4777

F +81 33821 4555
nihon@buchi.com
www.buchi.com/jp-ja

Thailand

BUCHI (Thailand) Ltd.
TH - Bangkok 10600

T +66 2 862 08 51

F +66 2 862 08 54
thailand@buchi.com
www.buchi.com/th-th

South East Asia

BUCHI (Thailand) Ltd.
TH-Bangkok 10600

T +66 2 862 08 51

F +66 2 862 08 54
bacc@buchi.com
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Middle East

BUCHI Labortechnik AG
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T +971 4 313 2860

F +971 4 313 2861
middleeast@buchi.com
www.buchi.com
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We are represented by more than 100 distribution partners worldwide.
Find your local representative at: www.buchi.com
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