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About this Manual

This manual is divided into four parts. The first part (chapter 1 to 3) explains the
theory of the OPUS/QUANT software. Moreover, it contains information about
multivariate calibration, the different kinds of validation and data preprocessing
methods.

The second part (chapter 4 to 9) is a tutorial, that provides a step by step intro-
duction to the QUANT analysis using the example data provided on the OPUS
CD. (You will find these data under ...\ENHANCED DEMODATA\Quanttuto-
rial.) In this way, you can reproduce the examples on your own computer while
working through the corresponding chapters of the manual.

The third part (chapter 10 to 11) servers primarily as a reference you can consult
if you have questions about a function or a particular problem with operating
the OPUS/QUANT software. Chapter 10 describes all QUANT functions in a
systematic manner. Chapter 11 provides definitions and mathematical formulae
of the statistical parameters that are relevant to the assessment of a QUANT
method.

The fourth part of the manual describes how to sign spectra and methods in
order to fulfill the 21 CFR part 11 requirements (chapter 12), how to protect a
method (chapter 13) and how to transfer spectra that have been acquired with a
different spectrometer system (chapter 14).

Bruker Optik GmbH OPUS/QUANT 1
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Introduction to multivariate
Calibration

This introduction is intended to familiarize you with the concept of the multi-
variate calibration analysis, on which the QUANT software is based. The
OPUS/QUANT software package is designed for the quantitative analysis of
spectra consisting of bands showing considerable overlap. Usually, they origi-
nate from samples containing one or several components in a matrix. The soft-
ware allows to determine the concentration of more than one component in each
sample simultaneously. For this purpose, QUANT uses a partial least square
(PLS) fit method.

The purpose of calibration techniques is to correlate measured quantities like
the absorption of infrared radiation with properties of the system, for example,
the concentration of one component in a multicomponent system. Usually, two
steps are required: the calibration of the method and the analysis to determine a
value of an unknown sample.

Let us first take a look at the univariate calibration analysis, a method well
known in analytical laboratory work. For calibrating the system, a set of calibra-
tion samples needs to be measured. The concentration of the substance in ques-
tion contained in the calibration samples has to be known, e.g. it has to be
determined by a different analytical technique. Then, the height of a peak char-
acteristic for the substance is determined from the spectra and plotted versus the
known concentrations. The resulting graph will be used to evaluate the concen-
tration of an unknown sample by measuring the peak height and reading the
corresponding concentration from the graph. In order to analyze multicompo-
nent samples, a signal characteristic for each component must be used for the
calibration and analysis. These signals must be well separated to be indicative.

Univariate calibrations suffer from the following disadvantages:

* Outliers or perturbations caused by additional unknown components
are not recognized because the concentration of the analyte is deter-
mined in one spectral point only.

+ Statistical fluctuations caused by detector noise are directly reflected
by the concentration values. Therefore, measurements have to be
repeated several times.

» Peaks used for the analysis of multicomponent systems must be well
separated, which is a severe drawback in NIR spectroscopy.

* The analysis of multicomponent systems assumes the validity of the
Lambert Beers law, i.e. a linear correlation between the concentra-
tion and the spectral response. This does not account for temperature
fluctuations or intermolecular interactions.
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Introduction to multivariate Calibration

Multivariate calibrations make use of not only a single spectral point but take
into account spectral features over a wide range. Therefore, the analysis of over-
lapping spectral bands or broad peaks becomes feasible. The information con-
tained in the spectra of the calibration samples will be compared to the
information of the concentration values using a PLS regression. The method
assumes that systematic variations observed in the spectra are a consequence of
the concentration change of the components. However, the correlation between
the components concentration and the change in the infrared signal does not
have to be a linear one.

Multivariate calibrations require a large number of calibration samples and
yield a large amount of data (several spectra with hundreds or thousands of rel-
evant data points). In order to conveniently handle the data, the spectral data
and the concentration data are written in the form of matrices, where each row
in the spectral data matrix represents a sample spectrum. The concentration data
matrix contains the corresponding concentration values of the samples. The
matrices will be broken down into their Eigenvectors which are called factors or
principal components. The advantage of this approach is, that not all of the prin-
cipal components are necessary to describe the relevant spectral features; for
example some of these vectors simply represent the spectral noise of the mea-
surement. Only the relevant principal components will then be used instead of
the original spectral data, thus leading to a considerable reduction of the amount
of data. A PLS regression algorithm will be deployed to find the best correlation
function between spectral and concentration data matrix.

The determination of the number of principal components is a crucial point for
the quality of the calibration model. Using an insufficient number of principal
components leads to a poor reproduction of the spectral data and therefore the
model will not be able to recognize changes in the spectral features. This is
called “underfitting”. On the other hand, including too many principal compo-
nents just adds spectral noise to the regression and does not increase the amount
of valuable information (“overfitting”).

Multicomponent systems can be analyzed either for each component separately
(PLS 1 algorithm) or simultaneously for all components (PLS 2 algorithm).
However, the PLS 1 analysis usually yields better results, and therefore is
mainly used for multivariate calibrations. QUANT exclusively uses the PLS 1
algorithm. Details about the theory behind the multivariate calibration and its
implementation in QUANT are described in chapter 2.

4 OPUS/QUANT Bruker Optik GmbH



Theoretical Background

In general, the aim of a quantitative analytical method is to determine the prop-
erty Y of a system from an experimentally observable X, whereby X and Y are
correlated by a calibration function b.

Y=Xx-b (2-1)

Y, Spectrum 1
Y;| — |Spectrum 2| . 3 (2-2)

Y; Spectrum 3

The vector Y consists of the component values (of a single component) as deter-
mined by the reference measurements. The row vectors of the matrix X are
formed from the calibration spectra. The aim is to determine the vector b. When
b is known, the prediction of unknown values for Y, can be done.

The solution of the above system of equations is given by:

b= Xy (2-3)

The PLS Method

During PLS regression, the matrices X are reduced to only a few factors. The
difficulty is the inversion of the matrix X'X. The PLS method involves the cal-
culation of a restricted inverse instead of the complete. PLS requires the matrix
X is bi-diagonalized:

X = UBV' (2-4)

The matrices U and V are orthonormal, and B is of bi-diagonal form. This can
also be expressed as:

x=r1v" (2-5)

The elements of the matrix T are known as “scores” and the PLS vectors are
sometimes called “loadings.”

A starting vector vy for the PLS analysis is chosen:

X'y

-
'
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Theoretical Background

The first PLS vector shows the correlations between the component values and
the spectral intensities of the calibration spectra. The PLS analysis can be termi-
nated if the component values Y are reproduced in a consistent way with the
help of the vector b (regression).

The number of PLS vectors used is defined in the QUANT program by the size
of the “rank”. Optimum PLS rank can be calculated only if the number of cal-
ibration spectra is sufficiently high (e.g. one component and 20 calibration
spectra). The PLS regression has the advantage that the PLS factors are
arranged in correct sequence, according to their relevance to predict the com-
ponent values. The first factor explains the most drastic changes of the spec-
trum.

The residual (Res) is the difference between the true and the fitted value. Thus
the sum of squared errors (SSE) is the quadratic summation of these values.

SSE = Z‘[Resi]2 (2-7)
The root mean square error of estimation RMSEE is calculated from this sum,
with M being the number of standards and R the rank:

~ 1
RMSEE = | |-————SSE (2-8)

The coefficient of determination (R?) gives the percentage of variance present in
the true component values, which is reproduced in the regression. R? approaches
100% as the fitted concentration values approach the true values:

R* = [1 —iﬁg__z] x 100 (2-9)
(yi_ym)

R? can be negative. This is true (in some cases) for low ranks, when the residu-
als are larger than the variance in the true values (y;):

The sum of residuals (SSE) decreases with increasing rank, so R? approaches a
limiting value of 100%.

An important measure is the Leverage value (4,):

h, = diag(UU") (2-10)

The h; values are a measure of the influence a spectrum has on the PLS model
for a particular component. A large value can arise if a spectrum has been mea-
sured under irregular conditions.
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The h; values are always smaller than 1 and the total sum of all 4, is equal to the
rank (R):

dh =R (2-11)

R/M is the mean leverage value. 5 R/M is generally a suitable limit for detecting
outliers.

If the A, value is bigger than the indicated limit:

Factor - Rank (2-12)
M

Limit =

the spectrum should possibly be removed from the list of standards. Factor can
range between 2 and 10. Figure 1 is an example of the distribution of the lever-
age values for the calibration spectra.
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Figure 1: Leverage Values Plotted against the Sample Number

The sequence of the leverage values as a function of the concentration is fre-
quently parabolic for a one component system (see Figure 2). The lowest and
the highest concentration values have the largest leverage values. The leverage
values which are above the limit are not outliers as it might be suspected. The
user must be very careful in removing spectra from the calibration list for a one
component system.
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Theoretical Background

The expression:

Factor - Rank
_ 2-13

v (2-13)
is also used as a limit for the Mahalanobis distance “MahDist” which is calcu-
lated in the analysis of unknown samples.

A Factor of 2 has been found to be too conservative for analysis. Too many
spectra are marked as outliers, although the predicted component values are
OK. The variable Factor was introduced for setting a more realistic limit for the
outlier detection during analysis.

1+ +
0.40 5
0.35

0.30 5

Lever.

|
4 6 8 10 12 14 16
True

Figure 2: Leverage Values Plotted against the True Values

The measured calibration spectrum after the data preprocessing is represented
by x; and the spectrum reconstructed from the PLS vectors v, as s;. ¢;,. are the
score coefficients:

5;= 20V (2-14)

The spectral residual (“SpecRes”™) is calculated by a summation of all selected
frequency points of the difference spectrum:

SpecRes = /Z(xl.—si)2 (2-15)
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The better the reproduction of a spectrum is, the smaller is the spectral residual.
To recognize outliers, the squared spectral residual is compared with the mean
value of all others (by calculating the F'Value using the following formula):

2
FValue. = (M —1)(SpecRes,)
l Z(SpecResj)2

VE:

(2-16)

Spectra poorly represented by the PLS vectors have a high FValue. From the
FValue and the number of degrees of freedom a probability F'Prob can be calcu-
lated. F'Prob indicates the probability that a standard is a spectral outlier. The
limit for the automatic outlier detection is 99%. If the FProb value lies above
the limit, the corresponding spectrum is indicated in the report by a grayed line:

FProb(FValue, 1, M-1) > 0.99 (2-17)

Mah. Dist. vs Spec. Residual / Test Set Validation
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Figure 3: Mahalanobis Distance Plotted against the Spectral Residual

Do not be deceived by good results from a calibration, particularly at high
ranks. Since the spectra and the component values are present as input, it is not
difficult to reproduce the component values (Fit = True) using enough PLS vec-
tors. This fact is completely different than the prediction of a sample which is
not contained in the calibration set, as it is done in the validations.

In case of a cross validation the root mean square error of cross validation
(RMSECYV) can be taken as a criterion to judge the quality of the method:

1 M 2 1
RMSECV = /\/j—w-;l(leferi) = JM-PRESS (2-18)
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Theoretical Background

In case of a test set validation this value is called the root mean square error of
prediction (RMSEP).

M
PRESS = Y. (Differ,)’ (2-19)
i=1

A recommendation for the optimal PLS rank is given, using these values, to pre-
vent overfitting.

1) The rank with the smallest PRESS value is searched. (This presumes that
enough PLS ranks are calculated.)

2) For all lower ranks, the quotient of their PRESS values and the minimum
is calculated (= Flalue).
3) From this FlValue a probability is calculated: FProb (FValue, M, M).

4) The rank, having a probability smaller than 0.75 for the first time, is
marked as the optimum rank.

The PRESS calculation is meaningful only if there is a large number of calibra-
tion standards, because the set should not change significantly when reduced by
one or more standards.

The size of the prediction error is another important number. This value can be
judged only if the distribution of the component values is known. This is taken
into consideration in the calculation of R? and therefore is a direct measure for
the quality of the prediction. The relation between R?and RMSECV is not linear,
as figure 4 shows.

2 _ 1_Z:(Diﬁ‘eri)2 y
Y-

R 100 (2-20)

10
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Figure 4: R? Plotted against RMSECV

“Bad” calibration standards can be recognized by their true values not being
predicted using the remaining spectra. Using the difference values, an automatic
outlier detection is performed to mark the samples whose deviation from the
true concentration value is particularly large and statistically significant. In
these cases an FValue is calculated.

_ (M- D)(Differ;)’
D (Differ,)’

J#1

FValue, (2-21)

If the standards are divided up into a set of calibration spectra and a set of test
(or validation) spectra an external validation (test set validation) can be per-
formed.

The calibration is done with the original set of calibration spectra and the test
spectra are predicted. The mean prediction error is called root mean square
error of prediction RMSEP:

RMSEP = /\/ALIZ(szferi)z (2-22)
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Theoretical Background

To summarize, the setup of a reliable PLS model is an iterative process:

1) Look at the validation report to select a suitable rank.
2) For this rank remove possible outliers.
3) A new determination of the optimum rank is then necessary.

4) Several data preprocessing options should be tested and the selected fre-
quency regions should be changed.

12 OPUS/QUANT Bruker Optik GmbH



Chemometric Models and
their Validation

The purpose of QUANT is the quantitative analysis of an unknown multicom-
ponent sample. However, in order to perform an analysis, QUANT first has to
“learn” about your system. This means you have to develop a chemometric
model, using a number of calibration samples of known composition that are
representative for your system. The IR spectra of these samples will be used by
QUANT to calculate a calibration function, which essentially is the model used
for the analysis of unknown samples later. However, the model has to be evalu-
ated to test its reliability of prediction (validation).

There are two validation types: “Cross Validation” and “Test Set Validation”.
While in the latter case two different sets of samples are used, the
Cross Validation uses the same set of samples for calibration and validation.

Cross Validation

Only one set of samples representative for your multicomponent system is used
to calibrate and validate your system. Before starting the calibration, one sam-
ple is excluded from the entity of samples. This sample is used for the valida-
tion. The remaining samples are used to calibrate the system. The sample used
for validating the system must not be part of the calibration set. Here is an
example to illustrate this point: let’s say you choose 100 samples of a known
composition. From these samples you take sample number 67 and set it aside.
The remaining 99 samples now make up your calibration set and you will use
them to create a chemometric model. After doing this you will test this model
against sample 67. Then you repeat this cycle, this time separating a different
sample (e.g. #17) and so on, until all samples have been used for validation
once. QUANT reiterates this cycle, starting with the first sample, until all sam-
ples have been used for validation.

The advantage of cross validation is the smaller number of samples required.
Especially, if the number of samples available is limited this method should be
preferred upon the test set validation.

Bruker Optik GmbH OPUS/QUANT 13



Chemometric Models and their Validation

Calibration Set: Test Sample:
Developing a Method Validating the Method

Figure 5: Cross Validation

Test Set Validation

The test set validation uses two independent sets of samples, one for calibrating
the system and the other for validating the model. Both sets should consist of
about the same number of samples and each set should cover the whole concen-
tration range of your system. Needless to say that a sample must not be included
in both sets.

The advantage of the test set method is the speed of calculation when dealing
with a very large number of samples. Sometimes this method is even required,
e.g. for governmental regulations.

Calibration Set: Test Sample:
Developing a Method Validating the Method

Figure 6: Test Set Validation

3.1 Choosing Calibration Samples

The first step of building a chemometric model is to pick a sufficiently large
number of samples to represent your system. These samples have to be quantita-
tively analyzed by a reliable method to determine their components. Then the
IR spectra of all samples are taken and, depending on the type of validation
method used, a calibration set and a test set is formed of these spectra.

14
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Choosing Calibration Samples

The following rules should be observed when forming a calibration set:

Note: For setting up a calibration model using OPUS/QUANT you can use up to

No general recommendation can be given concerning the number of
samples in a calibration set. As a rule of thumb, for a one component
system a minimum of 20 samples should be measured. Multicompo-
nent systems require a larger number of calibration samples.

60000 spectra maximum.

Choose your calibration samples in a way they cover a wider concen-
tration range than you intend to analyze later. This helps to create a
more stable model for analysis.

This becomes increasingly important if you expect outliers, with con-
centrations that largely deviate from your desired values, as this may
be the case in quality control.

The calibration samples should be spaced homogeneously across the
concentration range. Do not include samples with concentrations
well apart from the concentration field the majority of your samples
span. In case you need to extend the concentration range, include a
larger number of samples, so that the resulting range still retains the
sample density.

Do not try to correct external fluctuations, as this will be mirrored as
concentration fluctuations in your samples. These fluctuations will
be recognized as such by QUANT and accounted for in the calibra-
tion function. This will yield a more robust model. Keep in mind that
an extensive sample preconditioning of the calibration samples will
have to be repeated later for every sample to be analyzed. Never try
to account for deviations in the calibration set you can not correct for
the samples you want to analyze. Rather increase the number of sam-
ples included in your calibration set.

If your process conditions change later, there is no need to repeat the
calibration, because the perturbations will be “filtered” by the PLS 1
algorithm. If your concentration range expands in the future, simply
add a sufficient number of samples to the calibration set, covering the
new wider range.

In case you prepare the samples for your calibration set in the lab,
make sure that these samples show no collinearity, which means that
they do not show a linear de- or increase in concentration of the com-
ponents. Especially dilution series are not suited as calibration sam-
ples.

Bruker Optik GmbH
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Chemometric Models and their Validation

1%A 2%A 3%A
2%B 4%B 6% B
3%C 6% C 9%C

1% A 5% A 13% A
2%B 12% B 7% B
3%C 1% C 24%C

Figure 7: Example of collinear Samples and Samples showing no Collinearity

*  When acquiring spectra from the calibration set, never measure the
samples in increasing or decreasing order of their concentration. Oth-
erwise, linear fluctuations in temperature (heating up or cooling of
the samples) or concentration (evaporation of solvent) will not be
recognized by the PLS 1 algorithm. If possible, repeat the measure-
ments at a later point in time.

* Ensure that the reference method you use for the determination of the
components concentration yields reliable results. Repeat these mea-
surements to obtain statistical significance. Be sure to know the sta-
tistical error of your reference method.

3.2 Acquiring Spectra and Data Preprocessing

After you have chosen a set of samples you need to acquire their IR spectra.
Check the reproducibility of the measurements, for short and long time inter-
vals, using a few test samples first. Make sure to use the same parameter set
during the measurements of the calibration set that you later want to use
for the analysis.

Now that you have all spectra at your hand, you should decide on whether you
want to use the whole frequency region of the data and whether you want to per-
form some data preprocessing before starting the QUANT software.

Frequency Region

The PLS regression method is a “full spectrum method”; the chemometric
model should improve with an increasing number of data points. However, in
some cases spectral noise or additional components in the samples may cause
the PLS algorithm to interpret these features, which can degrade the model. In
these cases it is advisable to limit the frequency region used for the PLS regres-
sion. Usually this step is taken to improve a regression that did not yield a satis-

16
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Acquiring Spectra and Data Preprocessing

factory model. When narrowing down a spectrum to a few absorption bands it is
found, that in general bands between 0.7 and 1.0 absorbance units (AU) gener-
ate the best results. Values greater than 2.5 should not be used. Also, it is not
necessary to identify substance specific peaks, but rather to include the com-
plete frequency region of the functional groups (e.g. alcohols) from a spectrum.
Nevertheless, in case of a minor component, it can be helpful to know the
absorptions in the spectrum to find relevant frequency regions.

Data Preprocessing

Data preprocessing is an important stage in performing a calibration. To ensure
the reproducibility of the calibration samples, several spectra of each sample
have to be acquired. If the spectra of the same sample are not identical, a data
preprocessing procedure must be chosen to bring them into line with each other.
Data preprocessing can eliminate variations in offset or different linear base-
lines.

In quantitative analysis, it is assumed that the layer thickness (i.e. the effective
pathlength of the infrared light in the sample) is identical in all measurements.
A lack of reproducibility in sample preparation can easily cause variations in
sample thickness. If the thicknesses are different or unknown, this effect can be
eliminated by a normalization of the spectra. The purpose of data preprocessing
is to ensure a good correlation between the spectral data and the concentration
values. The following methods can be applied:

» Linear Offset Subtraction: shifts the spectra in order to set the y-min-
imum to zero.

» Straight Line Subtraction: fits a straight line to the spectrum and sub-
tracts it. This accounts for a tilt in the recorded spectrum.

* Vector Normalization: normalizes a spectrum by first calculating the
average intensity value and subsequent subtraction of this value from
the spectrum. Then the sum of the squared intensities is calculated
and the spectrum is divided by the square root of this sum. This
method is used to account for different samples thickness, for exam-
ple.

*  Min-max Normalization: first subtracts a linear offset and then sets
the y-maximum to a value of 2 by multiplication with a constant.
Used similar to the vector normalization.

* Multiplicative Scatter Correction: performs a linear transformation
of each spectrum for it to best match the mean spectrum of the whole
set. This method is often used for spectra measured in diffuse reflec-
tion.

» First Derivative: calculates the first derivative of the spectrum. This
method emphasizes steep edges of a peak. It is used to emphasize
pronounced, but small features over a broad background. Spectral
noise is also enhanced.

e Second Derivative: similar to the first derivative, but with a more
drastic result.

Bruker Optik GmbH OPUS/QUANT 17



Chemometric Models and their Validation

No general recommendation can be given whether a given data set should be
preprocessed or which method is suited best for it. Therefore, the optimal data
preprocessing method can only be found empirically by applying several meth-
ods to your spectral data and comparing the results.

3.3 Validating the Model

At this point the model needs to be validated. If a sufficient number of samples
have been measured, it is possible to divide the samples into two sets of about
equal number, a calibration set and a test set. The calibration set is used to build
up a model which is then tested with the test set. This procedure is called test set
validation. The distribution of the concentration values should be similar for
both sets. A test set validation requires less computational time than a cross val-
idation.

If only a limited number of samples is available, use a cross validation (see
above). To perform a good cross validation the number of spectra per sample
should be equal for all calibration standards.

Important: Repetitive spectra of one sample must be assigned as “one sample”!

A matrix is formed from the spectral data of the calibration set. The matrix will
be transformed by the PLS 1 algorithm into a result matrix consisting of eigen-
vectors (factors) only, as mentioned above. These factors are sorted in decreas-
ing order according to their contribution to the spectral features. Factors which
present a large contribution to the spectrum are found in the top rows of the
matrix, while factors listed towards the bottom rows mainly reflect spectral
noise and fluctuations. Thus not all factors are needed to explain the spectral
features of the components (the contributions representing noise can be omit-
ted). The quality of the chemometric model now depends on the choice of the
correct number of factors needed; this is also called the rank of the model.
Choosing a too small rank results in underfitting so that not all features can be
explained by the model. On the other hand, including too many factors (rank too
high) leads to overfitting and only adds noise, in fact degrades the model.

As a consequence there is an optimum number of factors for every system, i.e.
an optimum rank. A criteria for determining the optimum rank is to look at the
root mean square error of prediction (RMSEP, see chapter 2 for details) result-
ing from an analysis of the test set (or the cross validation). If the RMSEP is
depicted against the rank used in each model, a minimum can be observed in
this graph, indicating the optimum rank.
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Setting up a Calibration
Method

This chapter shows you how to set up a QUANT model using the data provided
on the OPUS CD under the path \ENHANCED DEMODATA\Quanttutorial.
The demo data consist of spectra taken from a mixture of methanol, ethanol and
propanol. Spectra of the pure components as well as a spectrum of a mixture
containing equal parts of all alcohols are shown in figure 8.

As you can see, the spectra of these alcohols show considerable overlap of the
peaks. Four functional groups are distinguishable in the spectra: COH combina-
tion vibrations (around 4800 cm!), the first overtones of the CH, and CHj
groups (6000 em! - 5500 cm'l), the first overtone of the COH groups
(8300 cm! - 6000 cm™) and the second overtones of the CH, and CH; groups
(8800 cm! - 7800 cm'l). Above 9000 cm’!, there are no relevant signals.
Below 4000 cm™!, the spectra show a large amount of noise and the COH vibra-
tions show a very strong absorption.

3.?0

Methanol

2.?0

Propanol

2.?0
2.§0

1 .90 1.?0
1.?0 2.?0

1.00
I

U.?D
U.?D

U.QD
D.QU

T T T T T T T T T T T T T T T T T T T T
Q000 500 S000 FE00 F0ooo G500 G000 5500 S000 4500 Q000 500 000 FE00 Fooo G500 G000 5500 5000 4500

Ethanol Mixture
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1.?0 2.?0

1.00
I

0.a0
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o.00
D.QU
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2000 S000 Fooo G000 5000 4000 Q000 S000 Fooo 6000 5000 4000

Figure 8: NIR Spectra of Pure Ethanol, Methanol and Propanol as well as a Mixture of these Alcohols
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Setting up a Calibration Method

Setup Quant 2 Method - New x|

Load tethod |I:|:umpnnent$| Spectral F'ararneteml Validatel Graphl Heportl Store Methodl Dptimizel Settingsl

The folder Quanttutorial contains 30 spectra acquired from 15 different sam-
ples. Each sample has been measured twice, for example 05Alk12.1 and
05Alk12.2 are two spectra taken from the same sample. These spectra are to
form the calibration set which will be used to perform a cross validation. Under
real conditions this set would most likely contain much more samples to yield a
more robust model.

1) Select Setup Quant 2 Method from the Evaluate menu. A window with a

number of pages opens and the first page (Load Method) is displayed.
This page allows you to load an existing Quant 2 method. In addition,
statistical information about the method is displayed. To create a new
method click on the Components tab.

| Load Method |

W Load existing walidation results

— General infarmation

Standards [tatal]: 0
Calibration spectra: 0

Test spectra: 0

—

Components: 0

Frequency ranges: 0

Selected datapoints: 0

Preprocessing:

Mo spectral data preprocessing

Figure 9: Setup Quant 2 Method — Load Method Page

2) This page allows you to specify the components of your sample. Click

on the Add Component button to create a new entry in the list. The entry
will be named Comp. 1. You can change its name as well as the unit by
selecting it in the list and editing the Name and Unit fields. You can also
remove entries from the list by selecting them and pressing the Delete
key on your keyboard.

Now add three components, name them methanol, ethanol and propanol
and enter a unit (e.g. mg, %). In addition, you can specify the formatting
of the prediction value in the Quant 2 analysis report. You can choose
between Default Settings (5 Significant Digits) and Digits after the Dec-
imal Point (i.e. you can specify the number of digits after the decimal
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point) by clicking on the corresponding option button. The selected for-
matting option has an effect on the prediction values in Quant report of
the Quantitative Analysis 2 function (figure 90 and the analysis results
of the Quant 2 Analysis/File List function (figure 93). Note that the
selected option applies to all components.

Setup Quant 2 Method - Mew ﬂ

Load Method  Components |S|:uec:tra| Parametersl \-"alidatel Graphl Hepnrtl Store Methndl Dptimizel Settingsl

Add Comporent |

Mame

Uit

IF'eranUI

|°/° — Formnatting in the Quant 2 analysis report

|Methano| [#] . B -
Ethanal [% = Defaulk settings [5 sigrificant digits)

& Digitz after the decimal point

—

Figure 10: Setup Quant 2 Method — Components Page

3) Click on the Spectra tab. As you can see, the table contains three col-

umns labeled with the component names you have entered before. Now
load the spectra by click on the Add Spectra button. The Load File dia-
log box opens. Navigate to the Quanttutorial folder and load all spectra
05Alkx.*.

These spectra will be added to the table. Besides the component name
columns there are columns labeled data set, sample, path and file name.
Note that the first column indicates the spectrum number while in the
Sample column the sample numbers are listed. Except for the path and
file name entries, all other entries can be edited by clicking on the
respective table cell.

You can remove spectra from the table by selecting one or more (press
the Shift or Control key while selecting spectra) and using the Delete
key on your keyboard.

Calibration is the default setting in the column Data Set. Keep this set-
ting because all spectra are intended for the calibration set. However,
you need to adjust the Sample column because every sample has been
measured twice, as mentioned above.

Bruker Optik GmbH
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Setting up a Calibration Method

Setup Quant 2 Method - New

Load Methodl Components  Specha | F'arametersl Validatel Graph I Heporll Store Methodl Dptimizel Settingsl

Add Spectra I Change Path Copy Spectra I Window |
Set Sample Humbers I Set Data Set Comp. Comelationg | Prit |
Data Set Sample Path Filename Methanol Ethanol Propanol =
i Calibration 1 COOPUS .00 05ALKT 1
2 Calibration 2 CADPUS 6.0 05SALKA 2
B Calibration 3 CADPUS 6.0 05ALK2 1
4 Calibration 4 CODPUS B.0L0SALK2 2
3 Calibration 2 CODPUS 6.0 0SALKS
g Calibration B CADOPUS B.0L0SALKS 2
7 Calibration 7 COOPUS 60005 ALKS 1
g Calibration g COOPUS B.0C0SALKY 2
& Calibration 9 COOPUS B.0005SALKS 1
10 Calibration 10 COOPUS 6.0 0SALKS 2
11 Calibration 11 CADPUS 6.0 05 ALKE 1
12 Calibration 12 CAOPUS 60D 0SALKE 2
13 Calibration 13 CODPUS 6.0 0SALKT 1 —
14 Calibration 14 CODPUS B.0L0SALKT 2
15 Calibration 15 CADPUS B.0L0SALKE 1
16 Calibration 16 COOPUS 6.0L0SALKS 2
17 Calibration 17 COOPUS .0C0SALKS 1
18 Calibration 15 COOPUS 6.0 0SALKS 2
19 Calibration 19 CADPUS B.0C0SALKA0 A
20 Calibration 20 CADPUS B.00C0SALKIO 2 LI

Figure 11: Setup Quant 2 Method — Spectra Page

4) Instead of editing each row manually, click on the Set Sample Numbers
button to change the numbering of the samples. The Set Sample Num-
bers window appears. Indicate how many spectra per sample you have
been acquired; in our example enter 2. Click on the Set button and then

on Exit button.

set sample Mumbers

Mumber of spectra per zample;

—

Set

[ Set sample numbers according to file names

E it |

Figure 12: Set Sample Numbers Window
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Setup Quant 2 Method - C:\OPUS 6.0 Data’Extended Demodata’,QuantTutorial'Alk_dZ. EI

Load Methndl Components  Spectra |Parameter$| Validatel Graphl Hepnrtl Store Methndl Dptimizel SEttingsl

As a result, now two spectra are assigned to one sample.

| Add Spectra I Change FPath | Copy Spectra | Window |
Set Sample Mumbers | Set Data Set I Comp. Correlations | Frint |
Data Set Sample Path File Hame Methanol Ethanol Propanol =
1 Calibration 1 CAOPUS 6 0Data \Ext | 054K A
2 Calibration 1 COPUS §.0Dats'Ext | D5A8LKT 2
3 Calibration 2 COOPUS 6.0Data\Ext|05ALK2.1
4 Calibration 2 CAOPUS 6.00ata\Ext[05ALK2 .2
a2 Calibration 3 CAOPUS 6.0Data\Ext|05ALKS
5] Calibration 3 CAOPUS 6.0D0ata\Ext[05ALKS .2
7 Calibration 4 CAOPUS 6.0Data\Ext | 054K 1
a Calibration 4 CAOPUS 6.0Data\Ext[O54LKY 2
3 Calibration 5 COPUS 6 0Data\Ext|054LKS 1
10 Calibration 5 CAOPUS 6 0Data'Ext[05ALKS 2
11 Calibration =] CAOPUS 6 0Data\Ext | 05ALKE 1
12 Calibration =] COOPUS 6.00ata\Ext|05ALKE .2
13 Calibration 7 CAOPUS 6.0Data Ext|05ALKY —
14 Calibration 7 CAOPUS 6.0D0ata\Ext[05ALKY .2
15 Calibration g CAOPUS 6.0Data\Ext|05ALKS 1
16 Calibration g CAOPUS 6.0D0ata\Ext|05ALKE 2
17 Calibration =] CAOPUS 6.0Data\Ext| 054K 1
18 Calibration =] CAOPUS 6.0Data\Ext[05ALKD 2
18 Calibration 10 CAOPUS 6 0Data \Ext|054LKA0 1
20 Calibration 10 CAOPUS 6 0Data'\Ext|05ALKAD .2 ;I

Figure 13: Setup Quant 2 Method — Spectra Page

5) Enter the concentration values for each sample. The alcohol concentra-

tion values for all 15 samples are listed in Table 1. To facilitate this task,
you can duplicate identical entries by clicking on a cell. There will be a
small black square on the lower right corner of the cell. Position the cur-
sor on this square. As a result, the pointer shape changes to a cross. Now
press the left mouse button while expanding the frame to the next cell in
order to copy the content of the cell. In this way, you can also copy a
TOW.

Figure 14: Copying Table Entries
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Setting up a Calibration Method

Table 1: Component Concentrations of Example Files.

6) To print the data you have entered, click on the Print button.

File Name Methanol [%)] Ethanol [%] Propanol [%]
05A1k1.0/1 0 0 100
05A1k2.0/1 100 0 0
05AI1k3.0/1 0 100 0
05A1k4.0/1 33.364 33.278 33.356
05A1k5.0/1 49.666 25435 24.899
05A1k6.0/1 24.942 24.982 50.078
05A1k7.0/1 26.392 48.95 24.658
05AIk8.0/1 50.017 0 49.983
05A1k9.0/1 66.648 33.352 0
05A1k10.0/1 0 33.392 66.606
05A1k11.0/1 75.086 0 24914
05AI1k12.0/1 25.425 0 74.575
05A1k13.0/1 33.394 66.606 0
05A1k14.0/1 0 65.944 34.055
05AIk15.0/1 33.104 33.641 33.254

7) Avoid collinearity, i.e. ensure that the concentrations of the components

do not increase or decrease in the same way over the sample set. Other-
wise, no independent calibration can be established. To check the corre-
lation, click on the Comp. Correlations button. A window appears
showing the concentration distribution of the samples for each compo-

nent pair.
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TR x
[ 02433 Ethanol / Methanal =l
Ethanol vs Methanol  1*=0.2499 Print |
100
Save |
90
a0
70
b +*
]
50 -
40
4
30 * hd
L L
20
10
0
0 5 10 15 20 25 30 35 40 45 50 55 B0 BS 70 75 80 85 50 95 105

Figure 15: Setup Quant 2 Method — Collinearity Check

In our sample set, the concentration values are evenly spread and no col-
linearity can be observed. The R’ value (squared correlation coefficient)
is well below 0.7, the threshold for correlation. If this value is above 0.7,
the following warning will be displayed:

& High Caorrelation

In this case, a review of the prepared samples will be necessary. The
OPUS function Calibration Design helps you to find the optimal con-
centration values for a set of samples beforehand. (See chapter 7).

8) To generate a calibration model using the entered data click on the Vali-
date tab.
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Performing the Validation

Validating the Model

5.1

Performing the Validation

Proceed with the example of chapter 4. Click on the Validate tab.

Setup Quant 2 Method - C:OPUS 6.0%Data’Extended Demodata’ QuantTukorial' g il

Load kethod I Components I Spectra I Parameters  “alidate | Graph I Report I Store Method I Optimize I Settingsl

Y alidation parameters

Component Max. Rank Use Cross Yalidation j
1 Methanol 10 I
2 Ethanol 10 I~ Mo, of zamples leaving out: I‘l
Propanol 10 I

Validate |

— Calculation status

Figure 16: Setup Quant 2 Method — Validate Page

)

2)

The window comprises two group fields: the Validation Parameters and
the Calculation Status. Select the method used for the validation from
the drop-down list. You can choose between Cross Validation and Test
Set Validation, with cross validation being the default setting. For our
example, use this validation type. If you chose Test Set Validation
instead, you have to indicate on the Spectra page which samples form
the calibration set and which the test set.

As explained in chapter 3, a number of spectra has to be excluded from
the calibration set that will serve as internal test samples. Specify the
number of samples to exclude per cycle in the No. of samples leaving
out field. For our example, use the default setting / (a “sample” might
consist of several spectra, see figure 13).

Bruker Optik GmbH
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Validating the Model

3) The table lists the components you have entered on the Components
page. The validation will be performed only for the components selected
with the check box. This may be useful in case you are interested only in
a few components to save processing time. Since our calibration set con-
sists of only 30 spectra, use all components for the validation.

4) You can limit the rank to a maximum number, which is specified in the
Max. Rank column. Enter the value /0 for all components. Although
experience has shown that this rank might be too high for a 3 component
system, we recommend using it to get a feeling for this function.

5) Start the validation by clicking on the Validate button. This will bring up
a dialog box prompting you to enter a name for the validation run, with
Validation No x being the default setting. After clicking on the OK but-
ton the validation starts.

Set ¥alidation Name x|

Fleaze enter a name far the walidation.

[ alidation Mo 1

Cancel |

Figure 17: Setup Quant 2 Method — Set Validation Name

If you are working in a 2/ CFR part 11 validated environment and your
spectra are not signed, an error message will occur. (For detailed infor-
mation about singing spectra and methods refer to chapter 8.)

6) The progress of the calculation is indicated by the status bar. As you can
see, the algorithm runs separately for each component you have indi-
cated before. As soon as the calculation is finished, the result will auto-
matically be displayed by switching to the Graph page.
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Performing the Validation

Setup Quant 2 Method - C:\0PUS 6.04Data’\Extended Demodatat QuantTutorialiAlk x|

Laad Methnd| Camponents I Spectral Parameters  Yalidate |I3ra|:|h| Flepnrtl Store Methndl Dptimizel Settingsl

— Walidation Parameters

Compound Max. Rank Use Cross Yalidation j
1 Methanol 10 Ird
2 Ethanol 10 I Mo. of zamples leaving out: I'I
Propanol 10 =

Walidate |

— Calculation Status

Methanal / Crozs Yalidation I_

Figure 18: Setup Quant 2 Method — Validation in Progress

7)

8)

Figure 19 shows the diagrammatic representation of the validation
result. By default, the predicted concentration values versus the true
concentration values (i.e. the concentration values you have entered on
the Spectra page) are displayed. Outliers are marked in red. The recom-
mended rank Rec. is in our case 6. The results of the predicted concen-
tration values are displayed for this rank, but the display can be changed
by selecting a different rank in the Rank drop-down list. In addition, the
name of the validation, the component for which the result is shown, as
well as the values for RMSECYV (root mean square error of cross valida-
tion) and R? (coefficient of determination) are displayed. (For detailed
information refer to chapter 2).

Select the option RMSECV/Rank from the drop-down list to get a dia-
gram displaying the RMSECYV versus the rank. The value of the recom-
mended rank is indicated in a different color.
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Validating the Model

Setup Quant 2 Method - C:0PUS 6.0 Data’\Extended Demodata' QuantTutorialt Alk_d2.q2

Load Methodl Componentsl Spectlal F'arametersl Validate Graph |F|ep0rt| Store Methodl Dptimizel Settingsl

& Validation
IVaIldahon Mo j € Calibration
IF'redi-:tic-na’True j IMethanoI j Rank: IE; vI Rec:
R Prediction vs True / Methanol [*%:] / Cross Validation MI
99,95 110
100 fj>— Print |
RESECWY: an
0.636 an S ave |
RPD: 0
453 B0
a0
Bias: 40
0.00221 a0 Spectra |
20
13 F/ Loadings |
v Li 10+
e O 6510 20 30 40 61 B0 70 80 90 100 Special.. |
= o Offset: 0122 Slope: 0.936  Corr. Coeff.: 0.9998

Figure 19: Setup Quant 2 Method — Display of the Predicted against the True Concentration Values

Setup Quant 2 Method - C:%OPUS 6.0%Data’Extended Demodata',QuantTutorialt Al dZ.q2

Load Method' Eomponentsl Spe-:tra' Parameters' Walidate Graph |F|e|:-ort| Store Methodl Dptimizel Settingsl

' alidation
Y alidation Mo 1 h
I Featon 1o J " Calibration
RMSECY / Rank | Methanol =l Rark: [6 =] Fec &
=] RMSECV vs Rank / Methanol [%] / Cross Validation MI
93,95 T
12 [ Frint |
RMSECY: M
0,636 10
g Save |
RFD: g
453 7
; B
Bias: 5
000221 4
3
2 [ Loading: |
1 | r-l
0 EESLILILIE NN B
™| Color 005115 2258336844588 6657750885995 105

Figure 20: Setup Quant 2 Method — Display of RMSECV against the Rank
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Taking a closer Look at the Results

5.2 Taking a closer Look at the Results

The validation has yielded a RMSECYV value of 0.636 for the methanol concen-
tration which is reasonable, considering the fact, that the whole frequency
region of the spectra has been used, including the spectral noise as well as the
region showing total absorption. The next chapter shows you how the model
can be improved.

But let us have a closer look at the validation results first. Switch back to the
first graph (Prediction/True). The straight line represents a prediction without
any error, that is, the predicted concentration values equal the concentration val-
ues of the test samples. Now enlarge a part of the graph by left-clicking in the
graph and drawing a frame around the area of interest. As you can see, the pre-
dicted values lie close to the line but not all of them actually match the line.

Prediction vs True / Methanol / Cross Validation

110

100 /L
a0
a0
70
GO
a0
40
30
20
10

DT/
0

o 510 20 30 40 50 B0 Fill g0 50 100

Prediction vs True / Methanol / Cross Validation
40

I
% P

34 ]
2
a0 ]
78
26
24 &
72
20
18

M2 23 M B M N 2 230 3 32 33 34 3% 3/ 3 30

Figure 21: Enlarging a Region of the Graph
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Validating the Model

Select the respective components from the drop-down list to display the results
for the other components. Note that the recommended rank remains the same
although the RMESCYV values are different.

Now display the result for the first rank by selecting / from the Rank drop-down
list. The result for a model using only one factor of the matrix to analyze the
internal test samples is shown. Obviously, the prediction is not very useful and
the model needs to be improved. Select different ranks and notice the improve-
ment of the prediction by either looking at the match between the predicted and
the true concentration values or at the RMSECYV values. Browse between these
ranks by placing the cursor in the Rank drop-down list and using the arrow keys
of keyboard. If you position the cursor on one of the data points, its x and y val-
ues as well as the sample name are displayed.

Prediction vs True / Methanol / Cross Validation
1;3 Rank [I
a0
an
70
1]
iARaRRal BES
40
an
20
10 ¢
0
-10
-20
-30

o 5 10 20 30 40 50 B0 70 80 80 100

Prediction vs True / Methanol / Cross Validation

1o Rank P -

0
80
il
B0
o0 =5
40
a0
20
10
1l

10+
o 5 10 20 30 40 a0 all] 7 80 50 100

Figure 22: Results for Models Employing 1 and 2 Factors
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Taking a closer Look at the Results

Prediction vs True / Methanol / Cross Validation

1od Rank 4 e *

o 5110 20 30 40 a0 BO 70 g0 S0 100

Prediction vs True / Methanol / Cross Validation

110

0 Rank 1D /L
a0
a0
70
B0
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40
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10

a 510 20 30 40 50 &0 70 g0 S0 100

Figure 23: Results for Models Employing 4 and 10 Factors

As the quality of the model improves, it becomes increasingly difficult to distin-
guish the errors of prediction judging from these plots only. A better way of
determining the optimum rank is plotting the RMSECYV values versus the rank.
Switch to the RMSECV/Rank plot. Apparently, the model improves drastically
up to the rank 4, with rank 5 and 6 still giving slightly better predictions. How-
ever, ranks higher than 6 barely improve the model and basically represent the
addition of fluctuations (noise, temperature differences of the samples etc.)
which, in fact, eventually leads to a degradation of the result. It also becomes
clear that a calculation up to rank 10 would have been sufficient to determine
the optimum rank. Restricting the calculation to lower ranks saves processing
time as the calibration set contains more samples.
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Validating the Model

RMSECY vs Rank / Methanol / Cross Validation
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Figure 24: RMSECV Plot and Enlargement of the Plot

In the following chapter we will improve the model by restricting the frequency
region and performing a data preprocessing.
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Improving the Model

The first step in improving a chemometric model is to focus the PLS regression
on groups that contain information significant for the system. From the explana-
tion in chapter 4 you have learned that the region below 4400cm™! does not con-
tain any useful spectral information as noise prevails. The peak around
4800 cm™! shows a very strong absorption and should, therefore, also not be
included. In addition, you should limit the frequency region to 9000cm™!,
because above this value there are not any spectral information.

1) To repeat the validation, you need not set up the entire Quant method
once again. Just switch to the Parameters page and change the fre-
quency range limits.

2) You can specify the frequency range limits by either entering the values

into the table or clicking on Interactive Region Selection button.

Setup Quant 2 Method - CAOPUS 6.0%Data’Extended Demodata' QuantTutorial' alk 5[
Load Methndl Components | Spectra  Parameters |Validate| Graphl Heportl Stare Methndl Dptimizel Settingsl
¥ Preprocessing in individual regions [PS)
Set
— Preprocessing in calibration regions
Mo spectral data preprocessing j
v Mean Centering
r— Calibration regions
from to Spacing TS ———— |
] 3999.3 120017 1 nteractive Region Selection
2 1
Clear Selected Regions |
—Yiew spectra v FCA
Dizplay Preproceszzed Spechra
| Factars: |5 Factorize
Show every « th sample j " |3
Show Scores | Show Loadings |
Sample Statistics |
Figure 25: Setup Quant 2 Method — Choosing Frequency Region Limits
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Improving the Model

3) A separate window opens displaying the spectra. You can add a new fre-
quency region by right-clicking on the window and selecting the Add
Region function. The frequency region marked by a white background
will be used for the calculation. You can move the borders of the
selected frequency region by positioning the cursor on them and sliding
them while pressing the left mouse button.

Select Frequency Range(s)

3.?0

2?0

1.90

U.?U

PESSS

T T T T T T T T
12000 11000 40000 Q000 2000 7000 G000 5000 4000

Cancel |

Select Frequency Range(s)

3.?0

Z.QU

Zoom 3
Scale all Spectra ¥
shift Curve 3
Crosshair 3

Add Annobation

1.00
I

Copy,
Copy All

o ___..'-/}E"&é 4

Properties

D.QD

T T T T T T T T T
12000 11000 10000 [000 s000 7000 G000 5000 4000

Cancel |

Figure 26: Interactive Frequency Range Selection

4) In this example, use only one continuous frequency region. Set the max-
imum wave number to 9000 cm™' and the minimum wave number to
5300 cm™'. After clicking on the OK button the interactively defined fre-
quency region(s) are added to the table.
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5) Select the option No Spectral Data Preprocessing, switch to the Vali-
date page and start the validation.

6)

The second validation run yields a rank similar to the one of the first val-
idation run, but the RMSECV value has improved to 0.197. Further-
more, looking at the RMSECV/Rank plot a prominent minimum can be
observed.

Setup Quant 2 Method - C0PUS 6.0%Data’Extended Demodata’ QuantTutorialyalk_dZ.g2

Load Methodl Eumponentsl Spectral F'alametersl Walidate Graph |F|ep0rt| Store Methudl Dptimizel Settingsl

— J & \alidation
b -
I Sl " Calibration
IF'recIictiona"True j Rank: I.'-" "'I Rec:
R Prediction vs True / Methanol [*%] / Cross Validation M
100
1ad L é_ Frirt |
RMSELCY: =l
0.157 a0
Save
0 _l
RPD: E0
147
i
a0 —
Bias: 40
0os a0 Spectra |
20
10 Loadings |
- 07"
Li
e -10 ,r Special... |
I~ Color 0 510 20 a0 40 a0 B0 70 g0 a0 100

Figure 27: Validation Result after Limiting the Frequency Region
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2.2

2
1.8
1.6
1.4
1.2

1
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a
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1 1
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Figure 28: Result of Validation after Limiting the Frequency Range — RMSECYV vs. Rank

7)

In the next step, apply a preprocessing routine to the data prior to the
validation run. To do this, switch to the Parameter page and select Sec-
ond Derivative (17 smoothing points) from the drop-down list. (Do not
change the frequency region.) Now start another validation run. As you
can see, the RMESCV value (0.139) has further improved, while the
optimum rank is still 7.
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Setup Quant 2 Method - C0PUS 6.0%Data’Extended Demodata’ QuantTutorialy alk_dZ.

Load Methndl Enmponentsl Spectral Parametersl Walidate Graph |Fleport| Store Methndl Dptimizel Setting$|

RTT—TI J * W alidation
k -
I Aeaten e " Calibration
IF'redic:tiu:una‘True j M ethanal Rark: I? 'I Rec:
R Prediction vs True / Methanol [%] / Cross Validation M
100
100 L &_ Frirt |
RMSECY: =0
0139 a0
Save |
RFD 7
’ G0
209 |
a0 e
Bias: 40
0.0191 30 Spectra |
20
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0
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CE -10 ,r Special...l
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Figure 29: Result of the Validation when Using the Second Derivative of the Spectra

No general recommendations can be given as to which data preprocess-
ing method should be used. The best method has to be found empirically
by trial and error. The following table compares the validation results
for different preprocessing methods applied to different frequency

regions.

Table 1: Comparison of Different Data Preprocessing Methods

Validation # Preplr) (f'ct:ssing ngr:(?ﬁ:gl] Rank RMSECV
1 none 9000-5300 7 0.167
2 Straight Line 9000-5300 6 0.155
3 First Derivative 9000-5300 6 0.147
4 Second Derivative 9000-5300 7 0.120
5 none 7600-5300 7 0.164
6 First Derivative 7600-5300 5 0.163
7 Second Derivative 7600-5300 6 0.147
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Improving the Model

8)

9)

The examples in table 1 show that a chemometric model can easily be
improved if reasonable spectroscopic assumptions are included in the
analysis. However, you can also have the QUANT software perform the
optimization for you. On the Optimize page the QUANT software auto-
matically checks common frequency regions in combination with sev-
eral data preprocessing methods. The results of the optimization
procedure together with the used parameters are listed in the window.
Note that the software yields only a list of the used parameters (fre-
quency region and preprocessing method) as well as the resulting
RMSECYV value and the rank; the choice of the best parameters to be
used for the validation is still the responsibility of the user. Depending
on the amount of data, the optimization procedure will take a consider-
able amount of time. In case of a test set validation, it takes several min-
utes to perform an optimization, while in the case of a cross validation
the optimization may take hours.

Go to the Optimize page and click on the Optimize button to start the
optimization procedure. The progress of the optimization is indicated by
a status bar. The data processing methods in combination with the fre-
quency region as well as the RMSECV value and optimum rank are
listed in the window. If you click on the header of one of the first two
columns you get the list sorted according to the values of this column.
As already mentioned, it is the responsibility of the user to choose the
optimal parameter set. Repeat the validation using the selected parame-
ter set. To do this, click on the corresponding row and then on the Use
Parameters button. As a result, these parameters are automatically
pasted into the respective fields on the Parameter page and the software
switches to the Validate page.

On the Settings page you can restrict the maximum frequency region and
select the data preprocessing methods used for the optimization.
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Setup Quant 2 Method - C:ADPUS 6.0%Data’Extended Demodata’ QuantTuktorial’ g

Load Methndl Eompnnents' Spectral Parametersl Validatel Graphl Hepnrtl Store Method — Dptimize |Settings|

Uze Parameters IMethanuI j INIFE j Optimize I

Mumber | RMSECY | Fank. | Reaqions | Preprocessing -
1 01 7 120017 - 7497 2 Mo Spectral Data Preprocessing |
2 0136 10 FRO17 - 6097 3 Mo Spectral Data Preprocessing

3 01 g 12001.7 - 60973 Mo Spectral Data Preprocessing

4 0153 B B101.1-54494 Mo Spectral Data Preprocessing

5 0133 B 12001.7 - 74972 B101.1 -5445.4 Mo Spectral Data Preprocessing

E 0134 ¥ FRO17 -R449.4 Mo Spectral Data Preprocessing

7 0148 7 12001.7 - 54494 Mo Spectral Data Preprocessing

g 0.a0a 4 54532 - 45971 Mo Spectral Data Preprocessing

3 0.803 a 120017 - 7497 2 54532 - 45371 Mo Spectral Data Preprocessing

10 0.236 3 FRO17 -B097.3 B4R3.2 - 455971 Mo Spectral Data Preprocessing

11 011 9 12001.7 - 60973 54532 - 45971 Mo Spectral Data Preprocessing

12 0177 g B101.1 - 45971 Mo Spectral Data Preprocessing

13 0151 a 12001.7 - 7497 2 B101.1 - 45371 Mo Spectral Data Preprocessing

14 019 ¥ FROT.7 - 45971 Mo Spectral Data Preprocessing

15 0.222 B 12001.7 - 4597 1 Mo Spectral Data Preprocessing

16 10.3 1 46009 - 4250 Mo Spectral Data Preprocessing

17 283 7 120017 - 7497 2 46003 - 4250 Mo Spectral Data Preprocessing

18 346 E FRO1.7 -6097.3 46009 - 4250 Mo Spectral Data Preprocessing -
1 144 n 190711 7. ANOT 2 AGON 0. A7EN Ml Cractezl Diabes Pramcneassimnn

] i _>I_I

— Optimize Status
Optimization finizhed I

Figure 30: Result of the Optimization
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Generating a Report and
Saving the Method

After you have created a chemometric model it is expedient to document the
parameters of the method. The QUANT software gives you the opportunity to
generate a report file that contains all important information about the Quant

method.

1) Click on the Report tab. The results of all validation runs you have per-
formed so far are listed. You can display the results of the individual
validation runs by selecting the respective validation name in the drop-

down list.

2) Similar to the Graph page, there are several drop-down lists allowing to
change the rank, the component and the type of result. The recom-
mended rank is also displayed. The results are listed in a table instead of
being represented graphically. Select the result of the last validation
(Validation No 3) in the True-Prediction view.

For each spectrum of the calibration set you find next to the file name
the true concentration value and the predicted one as well as the differ-
ence of both values.

Setup Quant 2 Method - C:%0PUS 6.0%Data’Extended Demodata’ QuantTutorial ﬂ

Load Methodl Eomponentsl Spectral Palametelsl \-"alidatel Graph Report | Store Methodl Dptimizel Settingsl

@ ‘Validation

[ validation Na 3

—

 Calibration

ITrue-F‘redi-:tic-n j b ethancl Rank: I? vi Rec: 7
Filename True Prediction | Difference 1=l Wwiindow |
1 054LKT 1 i} -0.2265 0226
2 0sal k1.2 ] -0.185 0185
3 0saLK21 100 99.53 0168 Frirt |
4 osal k2.2 100 99 69 0.306
g 05a8LK31 1} 006633 -0.0663
5] O5ALKS.2 i} 0.094335 -0.0943
7 0SaLk41  |33.364 3312 0.245 Exclude Outliers |
g OSAaLKS .2 33.364 3342 -0.0554
g osaLks 1 49 BEE 49 65 00169
10 05aLKS 2 49 BB 49 67 -0.00256
11 05ALKS 1 24.942 24897 00313 B
12 0S4 KE.2 24942 24 95 -0.02
13 OsALKT A 26.392 26.46 -0.0653
14 Osal K7 2 26.392 26.41 00216
15 05aLKE1 S0.017 50.01 000948
16 O5ALKS.2 0017 a0 00164
17 0sal kg1 GG 645 BE.79 014
18 OSALKS.2 G6.645 G566 -0.0159 LI

Figure 31: Setup Quant 2 Method — Report Page
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Generating a Report and Saving the Method

3) Now select Validation Report from the drop-down list (figure 32). The
view changes; instead of the table, a print-ready validation report is dis-
played. (See figure 33.)

Setup Quant 2 Method - C:\OPUS 6.0%Data%Extended Demodata’ QuantTutorial’alk

Load Methodl Eumponentsl Spectral F'alametersl \-‘alidatel Graph FRepart | Store Methodl Dptimizel Settingsl

@ \/alidation
" Calibration

True-Frediction j IMethanDI j Fank: IT vl Fec: 7

True-Prediction
RMSECY
Concentration Outlier

[ alidation No 3 =l

Prediction | Difference [ ‘Window |
1 05ALK11 |0 02265 0225
2 05alK12 |0 0185 0185 -
3 05alk21  [100 9933 0166 Prirt |
4 05alk22  [100 99649 0.305
5 05ALK31 |0 0.056353 00663
6 05ALK3Z2 |0 0.09485 00848
7 05alK41  |33.364 3312 0.245 Exclude Outliers |
g 05alK4Z  |33.364 3342 00554
g 05ALK51  |49.666 4985 00168
10 05ALK52  |49.666 4967 000258 |-
11 O5ALKEA  |24.842 2457 00313
12 O5ALHEZ  |24.842 24 55 00221
13 O5ALK71  |26.332 2646 00683
14 O5ALK72  |26.332 26 41 00216
15 05ALKE1  [50.047 5001 0.00845
16 05ALKE2  [50.047 50 0.0164
17 05ALKS1  |BG.645 6679 014
18 05ALKS2  |BG.645 66 66 00158 |

Figure 32: Setup Quant 2 Method — Switching to the Validation Report View

For each component of your multicomponent mixture a separate report
can be generated. These reports contain general and specific information
about the selected component as well as the used frequency region.
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Setup Quant 2 Method - C:0PUS 6.0%Data’Extended Demodata’ QuantTutorial’, x|

Load Methndl Eompnnentsl Spectral Parameter&l Validatel Graph Feport | Store Methu:udl Dptimizel Settingsl

® ' alidation

[ validation Mo 3

Walidation Report

J " Calibration

IMethanoI j R ank: IT-" 'I Rec: 7

| | | | “ i o |

General Information

Method File: Alk_d2.g2
Standards (total): 30
Calibration Spectra: 30

Test Spectra: 0

Data Block: AB
Compounds (total): 3
Frequency Regions 1
Selected Datapoints: 951

Demmrae

. . -
nnnnnnn O mmmmed Dt e _I—I
| »

Validation Report pin |

Exclude Outliers |

Figure 33: Setup Quant 2 Method — Validation Report View

4) To print this report you can click either on the Print or on the Window

button. Clicking on the Window button embeds the QUANT setup assis-
tant in an OPUS window (figure 34). (The same Window button for the
QUANT Setup Assistant is also on the Graph and Spectra page.) Then,
choose the Print... command from the OPUS Print menu.

If you want to copy the whole report to the clipboard, mark the report by
clicking on the upper left tile in the validation report (see figure 33) and
press Ctrl + C on the keyboard. Then, you can paste the content of the
clipboard into any other application (e.g. Microsoft Word).

Notice that upon embedding the QUANT Setup Assistant into OPUS, a
control panel consisting of three buttons becomes active (figure 34).
Clicking on one of these buttons brings you back to the respective page
of the Setup Quant 2 Method dialog window. Click on the Report button
to return to the Report page.
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Generating a Report and Saving the Method

v - [Quant Report full_access.ows:2  Dperator: Default {Administrator)] _|ﬂ ﬂ
FJ File Edit Wiew ‘Window Measure Manipulate Evaluate Display | Print | Macro  Walidation Setup  Help - BX
PESHFTQEB EEES Y el 22 rrresecs (2 g0 o n
[
OPLIS Browser ax 521 Quick Print N
[ Display hull_access.ows:1  Operator: Detault [Admini
[ Cuant Report ful_ac Operator: Default [ Mew Latyout
Open Layout ... n REPDI‘t
Prink Prewview
Gener @ Prirt... P
Print Setup. ..
— Wethod File: Alk_d2.q2
oBaeRio Standards (total): 30
o Calibration Spectra: 30
Test Spectra: 1]
Data Block: A8
Components (total) 3 a0
Frequency Regions 1
» Selected Datapoints: 2076
Mean Centering: Yes
reprocessing Mo spectral data preprocessing
Freqiency Regions
from |tu
39593
ethanol
Companent Range: - 100
Compound Unit %
Walidation Type ross Validation
Mo. of samples leaving out 1 |
<| 3 q_ Quant Report full_access.ows:2  Opbrator: Default {Administrator) I B ox
Print the active document |N0\Qctive Task ” ”UF”NLIM”RF”O|

Setup Quan

Lo back ta:

Spectra

araph

il

b Repart

Figure 34: Setup Quant 2 Method — Printing the Report
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5) Finally, save the Quant 2 method you have created so far by switching to

6)

7)

the Store Method page. This page displays a summary of the relevant
information about the selected validation. You can store this information
including the validation results by activating the respective check box
and then clicking on the Store Method button. Thereupon, a method file
with the extension .q2 is generated that will be used to perform a
QUANT analysis. Note that only those components will be used for the
analysis of which the Use check box has been activated.

Select Validation Results |

The resultz of the selected validations will be stored.

Select Al

Y alidation Mo 1
Yalidation Mo 2
Yalidation Mo 3
Yalidation Mo 4
Walidation Mo &

Cancel |

Figure 35: Setup Quant 2 Method — Saving the Method

The Select Validation Results window opens. Select the validation(s)
you want to store on the disk and click on the OK button. The standard
Save File dialog opens. Enter a file name and specify the target direc-
tory.

Now you have finished the setup of the Quant 2 method. Close the Setup
Quant 2 Method dialog window by clicking on the cross button in the
upper right corner.
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Performing a
quantitative Analysis

Compared with setting up a Quant 2 method, the quantitative analysis of
unknown samples is an easy task. However, take into consideration that the
concentration values of the samples have to be within the concentration range
covered by the calibration set. Before you actually start the quantitative analy-
sis, load the spectra of your unknown samples into the OPUS browser.

Select the Quantitative Analysis 2 function from the OPUS Evaluate menu. The
Quantitative Analysis 2 dialog box (figure 36) opens. Drag and drop the absorp-
tion block of the files you want to analyze from the OPUS browser in the File(s)
for Quantitative Analysis 2 field of the dialog window.

Load the Quant 2 method you want to use by clicking on the Load Quant 2
Method button. Note that a previously loaded method is automatically loaded. If
you want to use another method click on the Load Quant 2 Method button and
select another one. Then, click on the Analyze button to start the analysis.

Quantitative Analysis 2 x|

Select File(s) |

— File[z] for Quantitative Analpziz 2

— Loaded Cuantitative Analyziz 2 kMethod
CARUAM T cebmethod' EizMwF et g2

Load Quant 2 Method

Analyze Caricel Help

Figure 36: Quant 2 Analysis
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Performing a quantitative Analysis

" - [Report-Display - full_access.ows:2  Operator: Default (Administrator)]
’D File Edit Wiew ‘Window Measure Manipulste Ewvsluate  Display  Prink Macro  Validation  Sstup  Help

The result of the quantitative analysis is appended to the respective file in form
of a QUANT report block. Clicking on this report block automatically opens a
report window. Select PLS Analysis Report to display the analysis results. The
upper subwindow displays the method file and information about the method
used. In the lower subwindow the predicted concentration value, the unit, the
Mahalanobis Distance (Mah. Dist.), the threshold value (Limif) for the outlier
identification and the Component Value Density of each component are listed.
(For detailed information refer to chapter 2.)

=l =]

-0 X

OPLIS Browser

Sl Display full_access.ows:1

4

=il "MA542980.0" 1
Ao se [ovarrlusrory

=l "MaS42981.0'1
i ae | auan [msTors

Bl "MAS42988.0"1
s ae | euan [misToR

Il "MA542389.0" 1
sk | euant |wsTor:

=l "Mas42990.00 1
&k | euant |mstory

=il "MAS42995.0" 1
ae | auant |usTory

il "MAS42996.0"1
s ae | euan [misTor

Il "Ma542337.0" 1
Ao ae | cvant Jstore

=l Mas 43010001
A ae | cuant Imsmnv

=l MaS43017.0°1

At s | ouanr [wstors
Il "MAS43025.0"1

L auamlmsmnv
=l "MCA42332.011

A e | et |sror

=] "MCA42993.0"1
A se | ouanr fsrory

=l "MCR40E31.0" 1
At i | owant fustors

=/l "MCR40632.0" 1
ot | cuant [msrom

=] "MCR40704.0 1
A e | auar [usron

=] "MCR4D705.0" 1
Ao sk | cuant Juisrory

Ell "MEE3 233.0"1

i ae | auant Imsmnv

| =f] "MEB40612.0"1 |

ax e "CHQUANT [celspectralMAS42980.0" 1 | PLS Anal;sis REEnrt eismwfett.q2 , Signed by: Marion Fechner, 2004/02/05, 15:39:11 (GMT+1) with: Relea:
Operator: De | - Quant Method File: eismwfett,q2 - 2004/02/05 15:39:11 (GMT+1)
=8 -
4| | o
Component | Prediction | Uit | Mah. Dist. | Limik I Cutlier I Component Yalue Density
Fett 12.61 o 0.06& 0.29 13.71
i —
» 4 '] Report-Display - full_access.ows:2  Operator: Default {Administrator) ] I x

For Help, press F1

Mo Active Task

e o] <]

Figure 37: Quant 2 Report

The QUANT software also offers the possibility to automatically analyze sev-
eral spectra at the same time. In addition, you can specify several methods used
for the quantitative analysis. To do this, select the Quant 2 Analysis /File List
instead of Quantitative Analysis 2 in the OPUS Evaluate menu. The following
dialog window opens:
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Quant 2 Analysis / File List ﬂ
Methods  Spestra | Analpsis Hesults' Graph I Stat\stics'
Add Spectia I Load Spectra List | Save Spectra List Add Component Columns
Path File Hame Protein il

1 CRJANT WG uant Examplest|3002_Gh.0 16.579 51.67
2 CORUANTWUaM Examplest|3002_Gh 1 16.579 5187
3 CORAUANTGUaNt Examplest|3004_GM.0 13.611 5314
4 CORUANT ANt Examplest| 3004 _Ghd.1 13.611 5314
5 CORUANT W uant Examplest| 3007 _Gh.0 14534 53.62
-] CHOGUANT W uaM Examples| 3007 _GM.A 14.334 53.82
7 CORUANTQUant Examplest|3005_Gh.0 12.585 55.51
= CRJANT ANt Exampl 3005_Gw.1 12,5685 55.51
] CORUANTWuaMt Examplest|3012_Gh.0 15137 53.02
10 CARJANT ANt Examplest|3012_Gh.1 15.137 53.02
11 CORUANTUant Examplest|3013_Gh.0 15.081 49.56
12 CORUANT ANt Examplest|30135_Gh 1 15.081 49 56
[l 3 COGUANT At Examples| 3036_GM.0 14.5485 a0.51
14 CAAJANT W uaNt Examplest|3038_Gh.1 14.548 50.51
15 CRJANT ANt Exampl 3039_GM.0 16.384 49.9

16 CORUANT W ar Examplest|3039_Gh A 16.384 499

17 CORAJANT G uaNt Examplest|3040_Gh.0 17.651 44.33
18 CORUANTQUaNt Examplest|3040_Gh.1 17.651 44.33
19 CRJANTWGuant Examplest| 3041 _Gh.0 15.691 48,36
20 COGUANT W uant Examplesh| 3041 _GM.A 15691 46,36
21 CORAJANT ANt Examplest|3075_CGM.0 14.117 51.49
22 CORJANTGUaNt Examplest|3075_Gh.1 14117 51.49
23 CORUANTWCuart Examplest|3076_Gh.0 17 658 46 66
24 COGUANT W uaM Examples| 3076_GM.1 17 698 4666
25 CORUANT W Uant Examplest|3077_Gh.0 17.1 S0.15
26 CORJANT W uant Examplest| 3077 _Gh.A 7.1 S015

Figure 38: Quant 2 Multiple File Analysis

1) Click on the Add Spectra button. A standard Load File dialog box
opens. Select the spectra you want to analyze. Upon confirming your
selection, these spectra are loaded and displayed in a table on the Spec-
tra page.

2) Switch to the Methods page. Click on the Add Method button and select
one or several methods you want to use for the analysis. If you routinely
use the same set of methods you can store the set by clicking on the Save
Method List button.

3) Switch to the Analysis Results page and start the analysis by clicking on
the Analyze button. The QUANT software will process all files specified
on the Spectra page using all methods indicated on the Methods page.
The results are listed in form of a table on the Analysis Results page.
You can sort the list according to each column by double-clicking on the
respective column header. To print the analysis results click on the Print
button. In the field Print Title you can enter a title that will be printed
together with the report.
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Quant 2 Analysis / File List ﬂ
Methods | Spectlal Analysis Hasults' Graph I Stat\stics'
Add Methods I Load Method List | Save Method List Clear
Path | File Name I Components |
1 | C:LOUANT ce'method ‘ EisMwFett.q2 | Fett ‘
Figure 39: Quant 2 Multiple File Analysis — Loading a Method
x|

Spectral Methads ~ Analyzis Results I

Analyze | Print [uze Landzcape) indo |
Frint Title I [ Spectral Residuals
File Name |Sample Name Method Component |Prediction |Unit|01rt|Mah. Dist. |Limit | =~

1 MAS42880.0 Pulver|Av.0of 3 EiskwFettq2 Fett 12.61 k] 0.068 0.249 1:

2 MAS42881.0 Pulver|Av. of 3 EisMwFettg2 Fett 12.35 % 0.062 0zs 2

3 MAS42888.0 Pulver|Av.0of 3 EisktwFettq2 Fett 12.49 k] 0.058 0.249 1t

4 MAS42889.0 Pulver|Av.0of 3 EiskwFettg2 Fett 12.53 k] 0.061 0.249 1t

& MAS42880.0 Pulver|Av.of 3 EiskwFettg2 Fett 12.35 k] 0.041 0.249 21

5 MAS42895.0 Pulver|Av of 3 EisMwFettg2 Fett 12.52 % 0.0449 oz2g 1

7 MAS42996.0 Pulver|Av of 3 EisMwFettg2 Fett 12.46 % 0.06 0z2e N

8 MAS42887.0 Pulver|Av.0of 3 EisktwFettg2 Fett 12.06 k] 0.058 0.29 1

9 MAS43010.0 Pulver|Av.0of 3 EiskiwFettq2 Fett 12.43 k] 0.024 0.249 2t
10 MAS43011.0 Pulver|Av. 0of 3 EiskiwFettq2 Fett 12.21 k] 0.026 0.249 21

11 MASA43025.0 Pulver|Av of 3 EisMwFettq2 Fett 12.28 % 0.027 029 2
12 MCA42992.0 Pulver|Av.0of 3 EishtwFettq2 Fett 9.98 k] 0.25 0.29 3

13 MCA42993.0 Pulver | Av. 0of 3 EishtwFettq2 Fett .02 k] 3.4 0.29 1

14 MCR40691.0 Pulver|Ay. of 3 EishtwFettq2 Fett 12.00 k] 0.09 0.29 2
15 MCR40692.0 Pulver|Av. of 3 EisMwFettg2 Fett 12.06 % 0.095 0z2g 1
16 MCR40704.0 Pulver|Av. of 3 EisMwFettq2 Fett 1214 % 0.08a 0.29 _1|;|
4| *

Figure 40: Quant 2 Multiple File Analysis — Analysis Results
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Calibration Design

A major problem in preparing a sample set used for the calibration is to avoid
collinearity, i.e. that the concentration values of the sample components must
not decrease or increase proportionally to each other. In case of a two-compo-
nent system, collinearity can not be avoided because, if the concentration of the
first component decreases, consequently, the concentration of the other compo-
nent increases proportionally. In case of sample mixture containing three or
more components, a collinearity between two components can often not be
detected on first sight.

The Calibration Design function helps you to find the optimal concentration
distribution of sample components for a given number of samples and to avoid
collinearity. This function yields independent concentration values calculated at
random.

Select in the OPUS Evaluate menu the Calibration Design function. The fol-
lowing dialog box:

Calibration Design |

Setup |Table I Graphl

Mumber of Componehts: I“ vl Mumber of samples [ range 15 ... 100 |45

Sum of component values: (100 Search Component ' alues |

[¥ Unifarm distribution of concentration values

r— Inztruction

Name Minimum | Maximum Select the number of components used for the
1 Cormp. 1 A a calibration design. Enter the wanted sum of
p- component values for one sample. In many cases this
2 Comp. 2 0 1} iz 100 [percent).
3 Comp. 3 0 i}

Specify the minimum and masximnum concentration
values for each component.

The sum of the average values
[minirum-+masximumn]/2 must be equal to the wanted
sum of camponent values

Enter names for the components, the number of
samples you need and click on the button 'Search
Companent Waluss'.

Figure 41: Quant 2 Calibration Design - Setup

Follow the instructions given in the right side of the dialog box: Select the num-
ber of components. Enter the wanted sum of the component values for one sam-
ple (normally 100). Specify the minimum and maximum concentration value
for each component. Note that the sum of the average values (minimum-+maxi-
mum)/2 must be equal to the specified sum of component values. Enter the
component names and the number of samples (from 15 to 100 samples) you
want to include. Then, click on the Search Component Values button.
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Calibration Design

By default, the software calculates an uniform distribution of the concentration
values, i.e. if the concentration range is divided into three subranges the number
of samples in the low, middle and high subrange is nearly equal. If you deacti-
vate the corresponding check box the software searches a non-uniform distribu-
tion of the concentration values, if it is necessary (e.g. Comp. 1: 0-80, Comp. 2:
0-90, Comp. 3: 0-100, Comp 4: 0-10).

The following figure shows an example for a four-component system.

Calibration Design x|

Setup ITabIe I Graphl

Mumber of Components: |4 'l Murmnber of samples [ range 15 ... 100 : |45

Sum of component values: (100 Search Component ' alues |

[¥ Unifom distribution of concentration values

r Inztuction
Name Minimum | Maximum Select the number of components used for the
calibration design. Enter the wanted sum of
! Cornp. 1 o 10 component walues for one sample. In many cases this
2 Comp. 2 0 a0 iz 100 [percent).
3 Comp. 3 0 a0
4 Cornp. 4 40 70 Specify the minimum and masximnum concentration

values for each component.

The sum of the average values
[minimum+masximum])/2 must be equal to the wanted
zum of camponent values

Enter names for the components, the number of
zamples you need and click on the button 'Search
Component Yaluss'.

Figure 42: Quant 2 Calibration Design - Setup Page

After clicking on Search Component Values button, the QUANT software cal-
culates an independent sample set, more precisely, the concentration values for
the components.These values are listed on the 7able page in the dialog box:
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CExpDesignPage2$IHO_CALIB_DESIGN
CExpDesignPage2$IHO_CALIB_DESIGN
CExpDesignPage2$IHO_CALIB_DESIGN

|
Setup  Table |Graph|
Comp. 1 Comp. 2 Comp. 3 Comp. 4 = Prirt |
1 9.8636 17.2472 6.6240 66.5651
2 41920 3.0250 34 9162 57 8668
3 2.3045 6.1846 31.1243 60.3867
4 7.8423 114573 253136 55.5868
] 8.8241 257903 19.2343 461513
5 49513 207419 10.3000 64.0068
7 1.6166 11.3080 37.9894 49.0860
g 9.1949 25.0121 22 8675 429255
] 2.0835 14,1005 42 8861 40,9299
10 0.6632 44871 39.1690 55.6807 e
11 5.3105 271297 2.0844 65.4753
12 23136 16.1898 32.0307 49 4659
13 74187 27 9365 5.1149 59.58129
14 42833 1.2836 47 8484 46.5847
15 1.2967 275812 35.8571 60.3249
16 3.9561 13 4669 19.5868 £2.9902
17 54592 26.7479 12.0792 85.7137
18 27613 282412 20.8380 481594
19 92184 132215 15.0029 62.58571
20 1.2262 74691 36.8007 54.5039
21 4.5070 11.8097 27.3598 86.53234 -

Figure 43: Quant 2 Calibration Design - Table

The sum of the calculated component concentration values is constant for all
samples. Normally, the sum equals 100 (e.g. the sum of the component concen-
tration values of a liquid sample is 100%), but can also be user-defined.

These optimized concentration values can be used to set up the calibration. The
table can be printed by clicking on the Print button or copied to the clipboard
(Ctrl+C) and pasted (Ctrl+V) into other applications.

On the Graph page, a graph showing the concentration distribution of the com-
ponent pairs and the corresponding correlation coefficient are displayed. Select
the wanted component pair from the drop-down list.
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Figure 44: Quant 2 Calibration Design - Graphical Display of the Distribution

If the correlation between two components exceeds the threshold (correlation
coefficient larger than 0.7) a warning message (figure 45) will be displayed.

& High Correlation

Figure 45: High Correlation Warning

To generate an example for a data set with a high correlation, enter the follow-
ing minimum and maximum concentration values:

Mumber of Components: |3 VI Mumber of zamples [ range 15... 100 : |45

Sum of companent values: (100 Search Component Values |

[V Uriform distribution of concentration values

Instruction
Name Minimum | Maximum Select the number of components uzed for the
calibration design. Enter the wanted sum of
! Gomp. 1 10 12 component values for one sample. In many cases this
2 Carmp. 2 30 38 iz 100 [percent).
Comp. 3 a0 G0

Figure 46: Quant 2 Calibration Design - Setup
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After clicking on the Search Component Value button, switch to the Graph
page. As you can see, there is a high correlation between Component 2 and
Component 3, i.e. the concentration values are not distributed evenly over the
complete range but have the shape of a line. See figure 47.
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Figure 47: Quant 2 Calibration Design - Graphical Display of the Distribution

The correlation coefficient is well above 0.7 and the High Correlation warning
is displayed. The chosen minimum and maximum concentration values (see
figure 46) do not allow to find concentration values without high correlation.
Therefore, you should enter different minimum and maximum concentration
values for one of these components (2 or 3) and repeat the calibration design.
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Setup Quant 2 Method - Load Method

1 0 Reference Section

10.1  Setup Quant 2 Method — Load Method

Setup Quant 2 Method - New x|

Load Method |Enm|:u3nents| Spectral Parametersl Validatel Graphl Heportl Stare Methndl Dptimizel Settingsl

| Load Method |

W Load existing validation results

— General information

Standards [total): 0
Calibration zpectra; 0

Test zpectra; 0

—

Caompanents: 0

Frequency ranges: 0

Selected datapoints: 0

Freprocessing:

Mo gpectral data preprocessing

Figure 48: Setup Quant 2 Method — Load Method Page

Load Method

If you click on the Load Method button you can load an existing Quant 2
method. Quant 2 method files have the file extension .q2.

Note: Quant method files created with the OPUS-OS/2 QUANT software can
also be loaded. However, if you store such a method file using the OPUS/
QUANT software, this file can not be opened with OPUS-OS/2 QUANT any
longer. To avoid this, store the modified OPUS-OS/2 QUANT file under a differ-
ent file name.
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Setup Quant 2 Method - C:0OPUS 6.0%Data"Extended Demodata’ QuantTutorial’, il

Load existing Validation Results

If an existing Quant 2 method has already been validated and the validation
results have been stored together with the method you can load these results by
activating the Load existing validation Results check box. Otherwise, only the
spectra, the components and the parameters of the method will be loaded when
you load the method file.

General Information

The General Information group field displays the statistical information about
the loaded Quant 2 method. The information includes the number of spectra
(calibration and test spectra) and the number of components used for the
method as well as the frequency region, the number of data points employed for
the validation and the used data preprocessing method.

10.2 Setup Quant 2 Method — Components

Load Method Components |Spectra| Parametersl ‘\falidatel Graphl Flepu:urtl Store Methodl Dptimizel Setting$|

Add Component |
ame Uit
IMEthanoI Iz — Formatting in the Quant 2 analysis repaort

hethanol [%
Ethanol [%]
Propanol [%]

" Diefault settings (5 significant digits]

¢ Digits after the decimal point

—

Figure 49: Setup Quant 2 Method — Components Page
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Add Component

Use the Add Component button to add a new entry to the components list. The
default name displayed in the Name field is Comp. x.

Name

The name of the component to be added or an selected entry of the list can be
changed in the Name field.

Unit

This field serves to specify the unit (with mg being the default setting) for the
component values.

Removing Components

To remove an entry from the list select this entry using the mouse and press the
Delete key on your keyboard.

Arranging Entries

The order of the components in the list can be changed by dragging the items
with the mouse.

Formatting in the Quant 2 Analysis Report

The formatting of the prediction value in the Quant 2 analysis report can be
specified. You can choose between Default Settings (5 Significant Digits) and
Digits after the Decimal Point (i.e. you can specify the number of digits after
the decimal point) by clicking on the corresponding option button. The selected
formatting option has an effect on the prediction values in Quant report of the
Quantitative Analysis 2 function (figure 90) and the analysis results of the
Quant 2 Analysis/File List function (figure 93). Note that the selected option
applies to all components.

Bruker Optik GmbH OPUS/QUANT 61



Reference Section

10.3 Setup Quant 2 Method — Spectra

Setup Quant 2 Method - C:0PUS 6.0%Data"Extended Demodata’ QuantTutorial' Allc_dZ ﬂ
| Add Spectra I Change Path | Copy Spectra | iy |
Set Sample Mumbers | Set Data Set | Comp. Conelations | Frint |
(\/ Data Set Sample Path File Hame Methanol Ethanol Propanol =
1 Calibration 1 CAOPUS B 0DatatExt |0SALKT 1
2 Calibration 1 CAOPUS 6 0Data'Ext | 05ALKY 2
5 Calibration 2 CHOPUS 6 0Data'Ext | 05ALK2 1
4 Calibration 2 CAOPUS B 0DatanExt | 05ALK2.2
5 Calibration 3 C:AOPUS 6 DData'Ext | 05ALHS 1
=] Calibration 3 CHOPUS 6 .0WData'Ext | 05ALKS 2
7 Calibration 4 COOPUS B 0DatatExt |05ALKS 1
g Calibration 4 CAOPUS 6 0'Data'Ext | 05ALKY 2
9 Calibration 5 CAOPUS B DDatatExt |0SALKS 1
10 Calibration B CAOPUS 6 0WData'Ext | 05ALKS 2
11 Calibration B CAOPUS 6 D'Data'Ext | 05ALKE 1
12 Calibration E CAOPUS B 0DatanExt |0SALKE 2
13 Calibration 7 C:AOPUS 6 0'Data'Ext | 05ALKT 1 —
14 Calibration T CAOPUS 6.0Wata'Ext | 05ALKT 2
15 Calibration g CAOPUS & 0DatanExt |05ALKE 1
16 Calibration g CAOPUS 6 0WData'Ext | 05ALKS 2
17 Calibration 9 CHOPUS 6 0Data'Ext | 05ALKA A
15 Calibration ] COOPUS B 0DatanExt | 05ALKA.2
19 Calibration 10 CAOPUS 6 D'Data'Ext | 05ALKA0 1
20 Calibration 10 CAOPUS B 0Data'Exct |0SALK10.2 LI

Figure 50: Setup Quant 2 Method — Spectra Page

Spectrum List

The table consists of several columns: data type (calibration, test, excluded),
sample number, target directory, file name and the names of the components
that you have defined on the Components page. Except for the Path and File
Name entries, all other entries can be edited by clicking on the respective table
cell.

You can select either one spectrum or several spectra separately or a block of
spectra. To select one spectrum, click on the numbered tile on the left side of the
table. To select several spectra separately, left-click on the numbered tiles while
pressing the CTRL-key. To mark a block of spectra, select the first by clicking
on the respective numbered tile, then select the last spectrum of the block by
left-clicking on it while pressing the Shift key. To mark the whole table click on
the upper tile on the left side (see circle in figure 50).

To rearrange the order of the spectra, select them, click on the tile and move
them to the new position while pressing the left mouse button. To sort the table
by a certain value (e.g. concentration value of methanol) double-click on the
column titles in the header.
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Setup Quant 2 Method — Spectra

The column Data Set classifies whether a spectrum is assigned to the calibration
set, the test set, or, in case of an outlier, excluded from the data set. In this way,
you can exclude spectra from the validation without removing them from the
spectrum list. The default setting is Calibration. In case of a test set validation,
this setting assigns the spectrum to the calibration set. If you want to perform a
cross validation all spectra have to be part of the calibration set.

1

2 iCalibration ™
3 Test 2
4 Excluded 2
5 Calibration 3

Figure 51: Assigning a Data Set Type

Add Spectra

Click on the Add Spectra button to open a Setup Quant 2 Method - Select Stan-
dards dialog box. Navigate to the target directory that contains the spectra used
for the QUANT 2 method and load all spectra of interest. These spectra will be
added to the table.

Set Sample Numbers

The spectra are numbered consecutively according to the order in which they
have been loaded. In practice, you mostly acquire more than one spectrum per
sample. Therefore, you have to adjust the numbering in the Sample column
accordingly. Click on the Set Sample Numbers button and specify how many
spectra belong to one sample (see figure 52). However, this requires that the
spectra of the same sample are listed in groups in the table (i.e. all spectra of
sample one, followed by all the spectra of sample two etc.).

Note: Take into consideration that a correct sample numbering (i.e. the correct
assignment of several spectra that belong to one sample) is of crucial importance
for the validation. If you have acquired different numbers of spectra per sample,
you have to apply different sample number settings on respective parts of the
spectra table. To do this, select only the first and the last row (e.g. row 9 and 17)
of that part of the spectra table to which you want to assign a different number of
spectra per sample than to the rest of the spectra table (by selecting the first spec-
trum of the part in question, pressing the CTRL-key and clicking on the last spec-
trum of the part of the spectra table).

To facilitate the sample number setting, activate the Set sample numbers
according to file names check box. In this case, files with the same file name
but a different extension are assigned to the same sample number.
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Set Sample Numbers

Mumber of spectra per sample:

—

Set

[™ Set sample numbers according to file names

E it |

Figure 52: Set Sample Numbers Dialog Box

Note: In case of file names containing date and time of the data acquisition, this
part of the file name is ignored by OPUS when setting the sample numbers
according to the file name. (See figure 53.)

Data Set Sample Path File Hame
1 Calibration 1 CUQUANT'Specs (Pellets bright Yellowd 20050310_084121 .0
2 Calibration 1 COGUANTSpecs (Pellets bright wellow J20050310_034152.0
3 Calibration 1 CRUANTYSpecs |Pellets bright yellow J200:50310_0542235.0
4 Calibration 1 CRUANTSpecs (Pellets bright yellows J20050310_054259.0 Il\_
5 Calibration 1 CRUANTYSpecs (Pellets bright yellowe 120050310 0543310 | \
5 Calibration 2 COQUANTSpecs |(Pellets red J20050310_0583146.0 \
7 Calibration 2 CQUANTSpecs |(Pellets red |20050310_053209.0
8 Calibration 2 CGUANTSpecs |Pellets red 20050310_083237 .0 44
] Calibration 2 CRUANTYSpecs |Pellets red J20050310_083329.0
10 Calibration 2 CRUANTYSpecs |Pellets red J20050310_083355.0
11 Calibration 3 CRUANTYSpecs |(Pellets white | 20050310_052741 0 /
12 Calihration 3 CUQUANT'Specs (Pellets white | 20050310_0582807 0 |‘
13 Calibration 3 CUQUANTSpecs (Pellets white | 20050310_0582922.0
14 Calibration 3 CRUANTYSpecs |Pellets white]20030310_0835015.0
13 Calibration 3 CAUANTYSpecs |Pellets whitef20050310_0535044.0

Figure 53: File Names containing Date and Time of the Data Acquisition

Change Path

Part of the file
name indicat-
ing date and

/  time of the data

acquisition

This button allows you to change the path of your spectrum files. You can
change the path either for one spectrum file, several or all spectrum files. To do
this, you have to select the spectrum files in question before clicking on the
Change Path button, with one exception: if you want to change the path for all
spectrum files you need not select them.

To select one spectrum, click on the numbered tile on the left side of the table.
To select several spectra separately, left-click on the numbered tiles while
pressing the CTRL-key. To mark a block of spectra, select the first spectra by
clicking on the respective numbered tile, then select the last spectrum of the
block by left-clicking left while pressing the Shift key.
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Set Data Set

Clicking on the Set Data Set button brings up a dialog box (figure 54) allowing
to define the test set and calibration set used in a test set validation. By default,
all spectra are assigned to the calibration set. You can change the Data Set type
either manually by editing the table or automatically by assigning the test set
data type using this button.

Set Data Set =

—Automatic selection of test zamples

First test sample: |1
Clear Test Spectra Clear all test spectra to uze this function.
Block length [test zamples]: |1 —I

Gap [calibration samples]: |1

[% Leave Exclude’ spectia Exchange: Test <-» Calibration | Test samples [in %): lﬁ
Select Test Samples |
— Set selected spectra on: Set color on page Graph for selected spectra
Crre— Fe =] MG |
Set Data Set | Set Color |
Clear Color Seftings |

Special Setting... | Exit |

Figure 54: Set Data Set

First Test Sample

This field is used to specify the beginning of the test set. If you have measured
120 sample spectra, for example, and spectra 1 to 69 form your calibration set,
while the remaining spectra are to be assigned to the test set, you have to enter
the value 70 in the First Test Sample field.

Block Length (Test Sample)

This field is used to define the number of the test set spectra. Taking the above
example, your test set comprises 50 samples. Therefore set the Block Length
(Test Samples) to 50 (or a larger value).

Gap (Calibration Samples)

So far we acted on the assumption that the spectra for the calibration set and the
test set are loaded as continuous blocks in the spectrum table. However, if the
spectra forming both sets are loaded alternating in the spectrum table, you can
still assign the spectra to the test set by specifying the spacing in the gap. The
assignment shown in figure 55 was created by specifying sample 3 as the First
Test Sample and setting the Block Length (Test Samples) and the Gap (Calibra-
tion Samples) to a value of 2.
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Data Set Sample Path File Hame Methanol Ethanol Propanol

1 Calihration 1 CHODPUS 6.0Dat |054LK1 1 0 0 100

2 Calihration 1 CHODPUS 6.0Dat 054K .2 0 0 100

3 Calihration 2 CHODPUS 6.0Dat |0S4LK2 .1 100 0 0

4 Calihration 2 CHODPUS 6.0Dat |054LK2.2 100 0 0

5 Test 3 CHODPUS 6.0Dat |054LKS 1 0 100 0

B Test 3 CHODPUS 6.0Dat |054LK3 .2 0 100 0

7 Test 4 CHODPUS 6.0Dat |054LK4 1 33.364 33278 33.356
g Test 4 CHODPUS 6.00Dat |054LK4 2 33.364 33278 33.356
9 Calihration 5 CHODPUS 6.0Dat |054LKS 1 49 BEE 25435 24599
10 Calihration 5 CHDPUS 6.00Dat |054LKS 2 49 BEE 25435 24599
11 Calihration G CHODPUS 6.0Dat |0SALKE 1 24942 24 952 50075
12 Calihration G CHDPUS 6.0Dat |05ALKE .2 24942 24 952 50075
13 Test 7 CHODPUS 6.0Dat |0SALKT 1 26.392 45395 24 G55
14 Test 7 CHODPUS 6.0Dat |05ALKT 2 26.392 45395 24 G55
15 Test g CHODPUS 6.0Dat |054LKS 1 s0.017 0 49933
16 Test g CHDPUS 6.00Dat |05ALKE .2 s0.017 0 49933
17 Calihration 9 CHDPUS 6.0Dat |054LKS 1 GE 645 33352 0

15 Calihration 9 CHDPUS 6.0Dat |054LKS.2 GE 645 33352 0

19 Calihration 10 CHDPUS 6.0Dat |054LK1041 0 33.392 BE 606
20 Calihration 10 CHDPUS 6.0Dat |05ALK10.2 0 33382 GE GO6

Figure 55: Alternating Calibration Set and Test Set Spectra

Leave Excluded Spectra

If you activate the Leave ‘Exclude’ Spectra check box the spectra specified as
Excluded in the spectrum table will not be assigned to another data set (i.e. they
remain excluded).

Set Test Sample

After you have entered the values for First Test Sample, Block Length (Test
Samples) and Gap (Calibration Samples) click on the Set Test Sample button to
implement these settings in the spectra table.

Clear Test Spectra
Clicking on this button assigns all spectra to the calibration set.
Exchange Test <> Calibration

This function reverses the assignment of the spectra to the calibration and test
set.

Special Setting...

Spectra with a non-specified component value (indicated by a blank entry field
in the spectra list) or with a component value of 0 or -1 must be excluded from
the spectra list before you start the validation for the component in question. To
facilitate the exclusion of those spectra, select the component in question and
the corresponding option for the component value (blank, value 0 or value -1)
from the corresponding drop down lists. (See figure 56.) Afterwards, first click
on the Set button and then on the Exit button.
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Set Spectra on "Excluded’ x|

All zpectra which have no defined compaonent walue [blank] or
-1 or 0 as value for the zelected component, are set an
‘Encluded".

Blank, VI I Methanol j

Set

E xit |

Figure 56: Set Spectra on 'Excluded’

Automatic Selection of Test Samples

This function (figure 54) facilitates the assignment of the measured spectra to
the calibration set and the test set. The assignment is done automatically accord-
ing to the selected value (in percentage) for the Test Samples. To use this func-
tion the following preconditions have to be fulfilled:

* No spectrum in the spectrum table has to assigned to the data set type
Test.

* The sample set has to comprise at least 16 samples.

* There have to be at least four different component values for each
component.

If there are already some test spectra you have to assign them to the calibration
set by clicking on the Clear Test Spectra button. Otherwise, you can not use this
function. If there are not enough samples (a minimum of 16 samples) or enough
different component values (a minimum of four different component values) for
a component you can also not use the Automatic Selection of Test Samples func-
tion.

If the above mentioned preconditions are fulfilled you can select a value per-
centage value from Test Samples drop-down list (e.g. the option 54 means that
54% of the sample set is assigned by the software to the test set). Click on the
Select Test Samples to effectuate the automatic selection of the test samples.

Set Selected Spectra on

This function facilitates the assignment of the spectra to certain data set type
(calibration, test or excluded) as all selected spectra are assigned to the specified
data set type at once.
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You can use this function only if you have selected one or more spectra in the
spectrum table beforehand. Otherwise, this function is grayed (i.e. it is deacti-
vated). To select one spectrum, click on the numbered tile on the left side of the
table. To select several spectra separately, left-click on the numbered tiles while
pressing the CTRL-key. To mark a block of spectra, select the first by clicking
on the respective numbered tile, then select the last spectrum of the block by
left-clicking left while pressing the Shift key.

Set Color on page Graph for selected Spectra

This function allows you to highlight one or more spectra by one or more differ-
ent color(s). You can either choose an option of the drop-down list (blue,
magenta, orange, cyan or gray) or invoke a color palette by clicking on the
Color button. To implement the color setting in the spectra table click on the Set
Color button. To undo the color setting click on the Clear Color Setting button.

You can use this function only if you have selected one or more spectra in the
spectrum table beforehand. Otherwise, this function is grayed (i.e. it is deacti-
vated). To select one spectrum, click on the numbered tile on the left side of the
table. To select several spectra separately, left-click on the numbered tiles while
pressing the CTRL-key. To mark a block of spectra, select the first by clicking
on the respective numbered tile, then select the last spectrum of the block by
left-clicking left while pressing the Shift key.

The color setting has an effect on the colored display of the data points on the
Graph page. If the Color check box in the left lower corner on the Graph page
is activated, the corresponding data points in the plot are displayed in the color
you have specified using this function.

Copy Spectra

The function Copy Spectra copies all spectra of the table and the current method
into the directory you have specified. Use this function if you want to archive
the method together with the spectra used. Either enter the path into the corre-
sponding field or click on Select Path button to specify the target directory.

In case you have acquired several spectra per sample, this function provides an
additional opportunity: storing a new Quant method which is based on the mean
sample spectra. (See figure 57.) To do this, OPUS first calculates the mean
spectrum for each sample (using the full spectral range and the original spectra,
i.e. no preprocessed spectra) and then creates a Quant method file on the basis
of the calculated mean sample spectra. This newly created method file is stored
in the directory you have defined before by clicking on the Store New Method
button and specifying the path in the Store Quant 2 Method dialog window. The
proposed file name is <Name of the loaded method> AV.q2. The mean spectra
are saved in the corresponding subdirectory <Name of new method> Spectra.
The file name (including the extension) of the mean spectrum is taken over
from the first corresponding sample spectrum: <File name of first sample spec-
trum>_AV.
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Note: If there are samples with only one acquired spectrum, no mean spectrum is
calculated. In this case, the original spectrum is copied in new directory keeping
the same file name.

Note: The creation of a new, mean-spectra-based Quant method has no effects on
the original method and spectra. They are still available for further use.

Copy Spectra and current Method File / Store new method ﬂ

— Copy spectra and current method file

Thiz function copies all spectra of the spectra list and the curent method file to the destination path

[e.q. to archive the data). Select the destination path or type it in, then click on 'Start Copy’.

Select Path | Ic::\
oot |

— Store new method bazed on the mean sample spectra

Thiz function calculates the mean sample spectra and stores them in a subdirectory.

Then a new Quant 2 method file is created.

Store Mew Method

Figure 57: Copy Spectra and Method

Comp. Correlations

Sometimes there is an unwanted collinear correlation between the sample com-
ponents, i.e. the concentrations of the components increase or decrease in the
same way over the sample set. Collinearity must be avoided, as otherwise no
independent calibration can be established. To check the correlation, click on
the Comp. Correlations button. A graph appears showing the concentration dis-
tribution for each sample component pair.

fEoompoomn correiations x
["02483 Ethancl / Methanol =1
Ethanol vs Methanol  1*=0.2499 Piint
100
Save |
a0
a0
7o
b *
B0
&0 -
40
3
0 + +
L 4 *
20
10
o
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 105

Figure 58: Setup Quant 2 Method — Collinearity Check
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In figure 58 the concentration values are evenly distributed and no collinear cor-
relation can be observed. The R’ value (squared correlation coefficient) is
below 0.7, the threshold for correlation. If this value is above 0.7, the following
warning will be displayed:

& High Correlation

In this case, a review of the prepared samples will be necessary. Use the OPUS
function Calibration Design (in the Evaluate menu) to find the best component
concentration values for a sample set beforehand. (See chapter 9.)

Window

Clicking on the Window button embeds the QUANT setup assistant in an OPUS
window. A dialog box comprising three buttons (Spectra, Graph and Report)
enables you to return directly to the Spectra, Graph or Report page of the Setup
Quant 2 Method dialog window.

&' - [Quant Report full_access.ows:2  Operator: Default ;Iilil
Fj Eile Edit Wiew Window Measure Manipulske Evaluate Display Prink  Macro  Walidstion Setup  Help - &@Xx

PR IO FEEE Sl E T E 2 s S e g wl

QPLIS Browser a2 x

Data Set Sample Path File lame | Methanol | Fthanol | Propanel
[ Display ill_avcess ows1  Operstar Defaut (i |7 Calibration |1 COTUSE O DA T i 5 ™
s 0uant Report ful 2 Operator. Defauil B3 Calibration 4 CAOPUS 6,00 |0SALKT 2 fil i 100
3 Calibration 2 CAOPUS B0 |05ALK2.1 100 [ o
4 Calibration 2 CAOPUS B0 | D5ALK2.2 100 [ 0
5 Calibration 2 CAOPUS B0 | D5ALK3A [ 100 0
B Calibration 3 CAOPUS B W | D5ALKS 2 0 [ i
7 Calibration |4 CAOPUS 604 | 05ALK4.1 EED 3278 33355
B Calibration |4 CAOPUS B0 | D5ALK4 2 3364 3275 33355
o back ta 3 Calibration |5 CAOPUS B0 | D5ALKS.1 43,655 25435 24899
10 |calibration CAOPUS B0 | D5ALKS 2 43 655 25435 24899
4 11 |Calibration CAOPUS B 0 | D5ALKE 1 24547 24 572 50076
12 |Calibration 5 CAOPUS 604 | D5ALKE 2 24942 24982 50078
13 |calibration 7 CAOPUS B0 |054LK7 1 26392 4535 24,655
Giraph | 14 |Calibration |7 CAOPUS B0 | D5ALK7 2 26382 4885 24 658
15 |calibration CAOPUS B0 | D5ALKSA s0.07 [ 43583
16 |Calibration  ® CAOPUS B W | D5ALKS 2 50 m? 0 16555
Fisport | 17 |Calibration |9 CAOPUS B0 |05ALK9.1 66645 33352 o
18 |calibration |3 CAOPUS B0 | 054LKS 2 66,645 13352 o
18 |Calibration 10 CAOPUS 6.0 |D5ALK10.1 [ 33382 65,605
30 |Calibration 10 CAOFUS B 00 |D5ALKIN 2 0 33392 6 66
21 |Calibration 11 CAOPUS B 00 | D5ALKT 1 75 6 [ 24514
22 |Calibration 11 CAOPUS B0 |05ALKT1.2 75055 [ 24514
2 |calibration 12 CAOPUS B0 |D5ALK1Z.1 25425 [ 74575
24 |Calibration 12 CAOPUS B0 |D5ALK12.2 25245 [ 74575
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3
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For Help, press F1 Mo ictive Task I | N S

Figure 59: Quant Report Window - Spectra List

At the bottom of the spectrum list, there is an empty row which can be used to
paste data from the clipboard to enlarge the spectra list. The fields Data Set and
Sample will be set automatically when you return to the Spectra page. The
fields Path, Filename and the component values can be edited. By default, Data
Set is set to Calibration and the Sample numbering is consecutive for the added
spectra.
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Entering Component Values

Component values can either be entered manually or pasted into the spectrum
list from the Windows clipboard. If you paste values into the table (using the
shortcut Ctrl + V) place the cursor in the table cell in which the first of the val-
ues is to be pasted.

To enter decimal numbers you can use both comma and dot. The QUANT soft-
ware enables you to duplicate identical entries: to duplicate one row, select the
row in question by clicking on the cell and expanding the selection frame to the
whole row while keeping the left mouse button pressed. There is a small black
square on the lower right corner of the frame. Positioning the cursor on this
square changes the pointer shape to a cross. Now left-click on the square while
expanding the frame to the next row. Upon releasing the left mouse button the
values are copied in the next row.

Figure 60: Copying Table Entries

Removing Spectra

You can remove one or more spectra from the table by selecting them (press the
Shift or Control key while selecting the spectra in question) and pressing the
Delete key.
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10.4 Setup Quant 2 Method — Parameters

Setup Quant 2 Method - C:0PUS 6.0%Data"Extended Demodata’, QuantTutorial  Alk_d2.q ﬂ

Load Methodl Components | Spectra  Parameters |Validate| Eraphl Hepnrtl Store Methodl Dptimizel Settingsl

% Preprocessing in individual regions [PS]
Set

— Preprocessing in calibration regions

Mo spectral data preprocessing j

¥ Mean Centering

r— Calibration regions

from 1o Spacing
1 3999 3 12001.7 1 Interactive Region Selection |
2 1
Clear Selected Reqions |
—Wiew spectra v FCA
Digplay Preproceszed Spectra |
Factors: |5_ Factorize |
Show every x th zample j % |3
Show Scores | Show Loadings |
Sample Statistics |

Figure 61: Setup Quant 2 Method — Parameters Page

Preprocessing in individual Regions (PS)

When you activate the Preprocessing in individual regions (PS) check box and
click on the Set button the following dialog window opens:

Preprocessing in individual regions / Sequence x|
Do nok use a Quant 2 method with this option in a previous OPUS wersion (5.5 and lower)!
[vector narmalizatian (st =l | fom | to | Interactive Region Selaction
1
Add to List WICeiy Selected TEem Cler st |
-~ Preprocessing sequence (P
Mumber | Preprocessing [ Regions |

Figure 62: Data Preprocessing in individual Regions
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The usage of this option implies a two-step data preprocessing procedure:

1. Step: Data preprocessing on the basis of your own defined prepro-
cessing sequence, i.e. your own defined combination of preprocessing
method(s) and frequency region(s). (The individual preprocessing
sequence is defined in the dialog window shown in figure 62.)

Note: Defining an individual preprocessing sequence requires experiences in set-
ting up a calibration method as OPUS does not check whether the self-defined
preprocessing sequence is appropriate. (For detailed information about the differ-
ent data processing methods refer to chapter 1.)
2. Step: Data preprocessing on the basis of the frequency region(s) you
have defined for the calibration. (See the dialog window shown in
figure 61.) For this step, you can, but you need not necessarily select a
data preprocessing method.

Note: The spectra preprocessed in individual regions (step 1) are the basis for the
subsequent data preprocessing in calibration regions (step 2).

This two-step procedure allows an individual preprocessing of the original data
in the run-up to the actual calibration. In contrast to the fixed data preprocessing
options in the calibration regions, an additional data preprocessing in individual
regions provides a greater flexibility in combining data preprocessing methods
and frequency regions (e.g. a certain preprocessing method can be applied to a
different or a larger or a smaller frequency region than for the preprocessing in
the calibration regions).

To specify a preprocessing sequence, select the desired preprocessing method
from the drop-down list and define the frequency region by either entering the
values in the corresponding field or selecting the region interactively. (See
description below, section Interactive Region Selection.) Then, click on the Add
to List button. You can repeat this procedure several times. If you want to mod-
ify an item in the list later, mark this item by clicking on the corresponding
number, select a different method and/or specify another region and click on the
Modify Selected Item button. To delete the complete list, click on the Clear List
button.

Note: Do not use a Quant 2 method created with this option in a previous OPUS
version (Version 5.5 or lower).

Preprocessing in Calibration Regions

This drop-down list contains several data preprocessing methods. (For detailed
information about the data processing methods refer to chapter 1.) The selected
data preprocessing method is applied to the specified calibration region(s).

Mean Centering

If you activate this check box the mean spectrum and the mean component val-
ues are subtracted before the PLS model is performed. This scaling is advanta-
geous. Choose it in almost all cases.
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Calibration Regions

This table allows you to restrict the frequency region for the validation to one or
more frequency region(s). The limits of the frequency region(s) can either be
entered manually in the table or specified interactively by clicking on the Inter-
active Region Selection button.

Interactive Region Selection

If you click on this button the Select Frequency Range(s) window opens, dis-
playing the calibration spectra. To specify a frequency region right-click on the
window and select the Add Region function from the pop-up menu.

The selected frequency region limits are indicated by gray borders. The spectral
range shown on the white background will be used for the preprocessing. You
can move the borders by placing the cursor on them and shifting them while
pressing the left mouse button. Positioning the cursor on the white area allows
you to shift the whole region in the same way. You can also add several fre-
quency regions by right-clicking on the window and selecting the Add Region
function from the pop-up menu. To delete a region, call up the pop-up menu
again and select Remove. Alternatively, you can delete a region from the fre-
quency table on the Parameters page. The pop-up menu also provides a zoom
function and a cross-hair cursor to conveniently get an exact reading of a spec-
tral data point. (For detailed information refer to the OPUS Reference Manual.)

select Frequency Range(s)

SQU

2.?0

1 .?U

U.?U

T T T T T T T T
12000 11000 10000 2000 2000 7000 6000 5000 4000

Cancel |

74

OPUS/QUANT Bruker Optik GmbH



Setup Quant 2 Method — Parameters
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Figure 63: Interactive Frequency Range Selection

Clear Selected Regions

You can remove an entry from the frequency regions table by selecting it and
clicking on the Clear Selected Regions button or pressing the Delete button of
the keyboard.

Display Preprocessed Spectra

Before starting the validation, it is possible to view the preprocessed spectra.
You can choose between the display of either all spectra or the spectra of every
xth sample or the spectra with a color flag. In the latter case, only the spectra
highlighted by color at the Spectra page are displayed. (For information about
how to highlight spectra by color see section 10.3, subsection Set Color on page
Graph for selected Spectra.)

Note: Take into consideration that loading a large number of spectra for the dis-
play will take some time. Therefore, in cases of a large number of spectra,
restricting the number of preprocessed spectra to be displayed is recommendable.
Moreover, the display of a huge number of spectra can reduce the discernability
of the individual spectra.

Click on the Display Preprocessed Spectra button. The following display win-
dow opens:

Bruker Optik GmbH OPUS/QUANT 75



Reference Section
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Figure 64: Display Preprocessed Spectra

The upper part of the window shows the spectra. All spectra are displayed, the
test spectra as well as the calibration spectra. Spectra which belong to the same
sample number have the same color. The default display limits of the window
are determined by the selected frequency regions on the Parameters page. The
current display limits can be changed by right-clicking and selecting
Properties — Display Limits from the pop-up menu.

The table in the lower part of the window contains all spectra and comprises
three columns. The left column lists the sample numbers and the right column
the spectrum filenames. In the Show column, you can select the spectra you
want to display in the graph by activating the corresponding check box.

The Go to Setup Quant button brings you back to the Parameter page. The
Interactive Region Section button has already been described above.

Sample Statistics

When you click on the Sample Statistics button (figure 61) the following win-
dow opens:
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Figure 65: Sample Statistics Plot

This plot shows the difference (RMS - root mean square) between each spec-
trum of a sample and the corresponding calculated mean spectrum versus the
sample number. It allows you to recognize outliers that occurred when measur-
ing the same sample repeatedly and exclude them in the spectra list in the run-
up to validation.

Note: The evaluation is based on the selected frequency regions and the prepro-
cessed spectra.

When you place the cursor in the plot on a data point, a tooltip appears contain-
ing the following information: sample number, spectrum number, file name and
the exact difference value. (See figure 65.)

Note: The sample statistics plot can only be displayed if the data set contains sev-
eral spectra of each sample. Otherwise, a corresponding message window
appears.

PCA

The purpose of the PCA is:
» selecting optimally spectra for the test data set (as an alternative to
the procedure described in section 11.3, subsection Set Data Set),
» selecting suitable spectra for calibration set,
» getting an overview of the acquired spectra and

* recognizing outliers.

When you activate the PCA check box you can perform a Principle Component
Analysis (PCA). (See figure 61.) Similar to the PLS regression, the PCA is
intended to reduce the huge amount of acquired data and to describe it by as few
factors as possible. In contrast to the PLS regression, however, the component
values need not to be known.

Note: The PCA is calculated only on the basis of the calibration spectra.
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During the PCA, the spectra data matrix is factorized, i.e. it is divided into two
matrixes: the factor matrix (loadings) and the score matrix. See the following
figure.

P d
P

i
Spectra Data Matrix = = Factors

o d

5]

n n

Data hatrix: N spectra with p data points
Scores: d scores for each spectrum (d < n)
Factors: d factors with p data points (d = n)

Figure 66: Factorization of the Spectra Data Matrix

During the factor analysis, a set of spectra is transformed in factors (loadings)
and the corresponding scores. The factor analysis is a variance analysis, i.e. the
differences between the spectra are determined and reproduced in form of fac-
tors. The first factor describes the as big as possible part of the whole variance,
the second factor the as big as possible part of the remaining variance and so on.
The part of whole variance that the following factors represent is becoming
smaller and smaller until they represent only noise.

The factors are orthogonal, i.e. they are independent so that a part of the infor-
mation of the data set is represented by only one factor. As many factors are cal-
culated as there are spectra in the data set. The factors are calculated for the
whole data set. In case you change the data set or the parameters (e.g. frequency
region, data preprocessing) the factors have to be calculated once again.

The scores contain the information about how the original spectra are described
by factors. For each spectrum there is a set of scores that describes the spectrum
on the basis of the calculated factors. By multiplying the score coefficients by
the corresponding factors and adding up the products, a spectrum can be recon-
structed. The scores can be used for further evaluations as they represent the
spectral information of the original spectra on the basis of the loadings. Use
only the score values of the first factors as the higher factors represent only
noise and other non usable information.

The principle of the factor analysis is illustrated on basis of the following exam-
ple: A data set consisting of five simple spectra, that have two overlapping
bands, are factorized. See figure 67. The calculated factor 1 includes the biggest
part of the information (principle variance) of the data set. The result of factor 1
is a factor spectrum that is similar to an mean spectrum. Factor 2 includes the
information about the two varying bands. To determine which band is more
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intensive, the sign of the scores has to be reversed. In case of this example data
set, two factors describe 99% of the information of the data set. So, the score
values of the first two factors are sufficient to describe the differences between
the spectra (i.e. 2 values per spectrum instead of 250 data points).

5 Spektren Scores Faktoren

1 Faktor1 5216 1
Faktor2 -0.216
Faktor 3 1.73E-02
Faktor 4 -1.52E-02
Faktor 5 3.17E-02
2 Faktor1 5.95 \/k—

Faktor 2 -0.103 2
Faktor 3 4.97E-04
Faktor 4 4.33E-02
Faktor 5 5.65E-03
3 Faktor1 T7.731
Faktor 2 -0.699

Faktor 3 3.67TE-04
Faktor 4 -1.15E-02
Faktor 5 -2.04E-02

5 Faktor1 7.13

Faktor 2 0.441 5
Faktor 3 -3.75E-02
Faktor 4 9.54E-03
Faktor 5 4.46E-03

Figure 67: Result of a Factorization

Enter a value between 1 and 20 in the field Factors (the default value 5 is
acceptable for most cases) and click on the Factorize button to start the PCA.
See figure 61. The progress of the factor analysis is shown in the status bar.

The result of the PCA can be displayed using two diagrams: a score diagram
(figure 68) and a loading diagram (figure 69). Click on the corresponding but-

ton.
5I
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Figure 68: Score-Diagram
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The scores indicate the position (coordinates) of the sample in a so-called factor
space. In case the samples are close to each other or they form clusters, these
samples have similar spectra.

If you have marked the calibration spectra on the Spectra page in different col-
ors (see section 10.3, subsection Set Color on page Graph for selected Spectra)
you can have the spectra displayed in the specified colors also in the score dia-
gram by activating the Color check box.

Note: If you have set some calibration spectra to Excluded or Test the color dis-
play is deactivated.

Use the score diagram to display the spatial distribution of the samples for the
different factors by selecting different factors in the X-Axis and Y-Axis drop-
down list. On the basis of these displays, now determine the factors for the auto-
matic selection of the subset.

This dialog window provides an alternative for selecting the spectra for the test
data set in the best possible or excluding spectra from both the calibration and
the test set. Select the appropriate factor(s), specify the subset (in %) for the
automatic selection of the subset (i.e. which spectra are to set to Test or
Excluded) and click on the Select Subset button. As a result, the program selects
automatically the spectra and marks them by a red asterisks. The selection is
done from the aspect of covering the whole concentration range in the best pos-
sible way to obtain a robust model. (To undo the selection click on the Exit but-
ton.) Specify whether the spectra, that are selected by the program, are set to
Excluded or assigned to the Test Data Set. Then, click on the Set Data Set but-
ton. The selection is displayed in the spectra list on the Spectra page.
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Figure 69: Loading-Diagram

The loadings (factors) describe the weighting of the individual x-variables with
regard to their contribution to the variance. The loadings allow you to determine
which data points make the biggest variance between the samples and to assess
the importance of the individual variable for the calibration. (The function of
the buttons and check boxes in this window are described in section Display
Preprocessed Spectra.)
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Setup Quant 2 Method - C:A\OPUS 6.0%Data'Extended Demodata’,QuantTutorial’, Al ll

10.5 Setup Quant 2 Method - Validate

Load Methodl Eomponentsl Spectral Parameters  Validate | Graphl Hepurtl Store Methodl Dptimizel Settingsl

—alidation parameters

Component Max. Rank

Use Crozs Yalidation j
1 Methanol 10 Ird
2 Ethanol 10 I~ MNa. of zamples leaving out: I'I
] Prepanol 10 Ird

Validate |

r— Calculation status

Figure 70: Setup Quant 2 Method — Validate Page

Validation Parameters

By default, this table lists all components you have defined on the Components
page. However, only those components are included in the validation process
which have a check mark in the Use field. The Max. Rank column allows you to
restrict the validation only to be calculated up to a certain rank.

Validation Type

From the drop-down list you can choose between cross validation and test set
validation. In order to perform a test set validation you have to define a test set
on the Spectra page first.

No. of Samples Leaving Out

In case of a cross validation you must specify the number of samples to be left
out and used to test the validation cycle.

Note: If you have acquired several spectra from one sample, ensure that all spec-
tra of one sample are assigned to the same sample number.
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Validate

Clicking on the Validate button starts the validation process. Prior to the calcu-
lation you are prompted to enter a name of the validation run. Assigning a name
to a validation run helps to distinguish between the respective runs while you
are optimizing a method. The default name is Validation No. #. Confirming this
dialog automatically starts the calculation.

Set Yalidation Name x|

Fleaze enter a name far the walidation.

" alidation Mo 1

Cancel |

Figure 71: Setup Quant 2 Method — Set Validation Name

Status Bar

The status bar informs you about the progress of the calculation.
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Figure 72: Setup Quant 2 Method — Display of the Predicted Concentrations against the True Values

Validation/Calibration

Choose whether you want the results from the validation set or the calibration
set being displayed by clicking on the corresponding option button.

Validation Selection

Select the validation run of which the results you want to be displayed in the
corresponding drop-down list.

Component

Choose the component (in case you have performed the validation for several
components) of which the results you want to be displayed.

Graph Type

Depending on whether you have activated the Validation or Calibration option
button, the following plots for displaying the results are available.
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Prediction/True (Validation)

Plots the values predicted by the model versus the true component values (i.e.
the ones you have determined by a reference method).

Fit/True (Calibration)

Plots the values fitted by the model versus the true component values (i.e. the
ones you have determined by a reference method).

Difference/True (Validation)

Plots the difference between the predicted component value and the true com-
ponent value versus the true values (i.e. the ones you have determined by the
reference method).

Residuum/True (Calibration)

Plots the difference between the fitted component values and the true compo-
nent values (the ones you have determined by a reference method).

RMSEP/Rank or RMSECV/Rank (Validation)

Plots the RMSEP or RMSECYV values versus the rank. This type of graph is use-
ful to identify the optimum rank, which is close to the minimum of the curve.

Note: If you have performed a test set validation the RMSEP value is calculated,
whereas, in case of a cross validation the RMSECYV value is calculated.

RMSEE/Rank (Calibration)
Plots the RMSEE values versus the rank.

R2/Rank (Validations and Calibration)

Plots the coefficient of determination (Rz) versus the rank for the test set valida-
tion, the cross validation and the calibration.

Mah. Distance/Spec. Res. (Validation)

Plots the Mahalanobis distance versus the spectral residuals. (The Mahalanobis
distance is a measure for the similarity between the analyzed spectrum and the
calibration spectra.)

Leverage/Spec. Res. (Calibration)

Plots the leverage value versus the spectral residuals. (The leverage is a measure
for the influence of a sample on the PLS model. Mathematically, it is the
Mahalanobis distance of the single calibration samples.)

Score Coefficients (Validation and Calibration)

Plots the scores (score of y-axis versus score of x-axis) for the test set valida-
tion, the cross validation and the calibration.
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Repeated Measurements (Validation and Calibration)

Plots the deviation (i.e. the difference between each predicted component value
and the corresponding mean predicted component value of a sample) versus the
sample number for the test set validation, the cross validation and the calibra-
tion. Moreover, the plot displays the standard deviation for each sample indi-
cated by a blue cross. (The red line indicates the mean predicted component
value of each sample.)

Rank

The value of the rank displayed in the graph. The default value is the recom-
mended rank.

Rec.

The recommended rank found during the validation of the method.

R2
The value of the coefficient of determination (R?) for the rank displayed in the
graph. You can conveniently browse the R? values for different ranks by plac-

ing the cursor in the rank field and using the arrow keys of your keyboard to
change the rank.

RMSECV/RMSEP

The value of the root mean square error of cross validation (RMSECV) or the
root mean square error of prediction (RMSEP) respectively for the rank dis-
played in the graph.

RPD

The value of the residual prediction deviation for the rank displayed in the
graph.

Bias
The bias value for the rank displayed in the graph.

Line
In case of the Prediction/True plot, the Line check box is available. If you acti-

vate this check box the regression line (blue line) is drawn into the plot. The off-
set and the slope of the regression line depend on the selected rank.

Below the plot, the exact values of the offset and the slope of the regression line
as well as the correlation coefficient value are displayed. These values depend
on the selected rank.

Note: In chemometrics, a large number of statistical parameters is used to assess
and compare several Quant methods with each other. For detailed information
about these parameters refer to chapter 11.
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Window

See chapter 10.3 - section Window.

Print

Prints out the current graph with the respective parameters, e.g. Rank, R’
RMSECYV etc.

Save

Allows you to save the graphic result as a bitmap. A Save File dialog box opens.
Enter a file name and specify the target directory.

Spectra

Clicking on this button opens a display window that is already described in
chapter 10.4 - section Display Preprocessed Spectra.

Loadings

Clicking on the Loadings button opens the following window:
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Figure 73: Display the Regression Coefficient and the PLS Vectors
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The graph in the upper part of the window shows the vector of the regression
coefficient b (red) and the PLS vectors up to the rank you have selected on the
previous page. The b-vector is a graphical display of the calibration function. It
shows the wavenumbers at which relevant information for the analyzed system
can be found; in the this example from 8800 to 4500 cm™.

The lower part of the window shows a list containing the h-vector and the PLS
vectors. In the Show column, you can select the files to be displayed. To view
the PLS vectors, deactivate the check box of the b-vector (RegrCoeft) and re-
scale by right-clicking and selecting Scale all Spectra —= Show Everything
(XY) from the pop-up menu.

The higher the number of the PLS vector is, the more noise is visible. The fol-
lowing figure shows a comparison between the first and the sixth PLS vector of
the given example:

PLS V6

0.000

0.050
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0.000
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5800 5600 2400 5200 a000 4300 4600 4400 4200 4000

Figure 74: Comparison of two PLS vectors

The Go to Setup QUANT button brings you back to the previous page. The
Interactive Region Selection button has already been described above.

Special...

Click on this button if you want to exclude spectra from the validation or assign
spectra of the calibration set to the test set or vice versa. Beforehand you have to
select the spectra. Zoom into the area of interest by dragging a box around the
spectra while pressing the left mouse button.
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Prediction vs True ! Methanel [%] / Creoss Yalidation
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Figure 75: Zooming into a group of spectra

The area will be enlarged:

Prediction vs True ! Methanel [%] / Creoss Yalidation
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Figure 76: Zoomed area enlarged

To zoom exactly the spectrum (or spectra) you want to exclude or assign to the
other data set, repeat the process:
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Figure 77: Zooming into one particular spectrum

To undo the zoom, click with the right mouse button. Once you have selected
the spectra, click on Special... to open the following dialog box:

Transfer Spectra to another Data Set x|

Set Spectra on Excluded' |

If pow click an the firzt button all gpectra in the zoomed
qraph are set on ‘Excluded’.

Test -» Calibration |

If pow click on the second button all selected spectia
are moved to the oppozite data zet [Calibration-» T est
or Test-»Calibration]. Bepeat spectra [zpectra with the
zame Sample Number] are alzo moved.

Figure 78: Transfer Spectra to another Data Set or Exclude

Click on the Set Spectra on 'Excluded’ button if you want to exclude the spectra
in the display; click on Calibration — Test if you want to assign the selected
spectra to the test data set.
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Load Methodl Enmponentsl Spectral Parametersl Yalidate Graph |F|eport| Stare Methodl Dptimizel Settingsl

The Graph Display

The validation results are plotted in a diagram. Additional information are dis-
played in a pop-up box, if you position the cursor on a data point. In case the
RMSEP or RMSECYV values are depicted against the rank, the exact values of
the data points are displayed. For all other display types, the sample number and
the sample name are stated in addition to facilitate the identification of the cor-
responding sample.

\

[25.25, 25.4918]
Mo 24 / 05ALK122

Figure 79: Pop-up Box (stating the exact values, sample number and sample name)

To change the marker size click on the Settings tab (see figure 88). You can
magnify the displayed area by drawing a frame around the area of interest,
while pressing the left mouse button. Clicking on the right mouse button
restores the original magnification.

& Yalidation
‘W alidation Ma 1 =
I e =l " Calibration
|Prediction / Tue =] Methancl Rark: [6 ~| Rex &
253 Prediction vs True / Methanel [%] / Cross Validation M
99.95 11a
i 100 } Pt |
: 80
0.636 a0 Save |
RPD: 0
453 B0
50 £
Biaz: Al
000221 0 Spectra |
20
Loadingz
10 > b |
[ Line . r
104 Special... |
™| Calor o 510 20 Jo 40 50 &0 70 g0 90 100

Figure 80: Setup Quant 2 Method — Magnifying a Selected Area
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Setup Quant 2 Method - C:4OPUS 6.0%Data’Extended DemodatatQuantTuktorial:a x|

Load Methodl ComponentsISpectraI F'arameters' \-"alidate' Graph Fepart | Store Method' Dptimize' Settings'

In the Difference/True plot potential outliers are depicted in red. They can
directly be excluded from the calibration set by double-clicking on the data
point with the left mouse button. As a result the color will turn to black indicat-
ing that this spectrum has been excluded from the set. Repeating the double-
click revokes the exclusion. After excluding spectra from a calibration set,
repeat the validation and compare the results.

10.7 Setup Quant 2 Method — Report

— @& Validation
-
I\-"alldatlon Mo 3 J £ Calibration
I True-Prediction j h ethanol R ank: I 7 - | Rec: 7

Filename True Prediction | Difference = “Windowe |
1 osaLk1 A ] -0.2265 0226
2 05ALKT .2 0] -0.185 0155
] 0saLk2 1 100 9953 0166 Frint |
4 05ALK2.2 100 99.69 0.306
5 0saLKS A i} 0.06E33 -0.0663
g 054 H32 a 0.09435 -0.0949
7 O5ALK41  |33.384 3312 0245 Exclude Outiers |
[:] 05414 2 53.364 3342 -0.0554
] 05ALKS A 49 666 49,65 00168
10 OSALKS 2 49 666 49 67 -0.00256
11 O5ALKG 1 24.942 2497 00313 e
12 OsALKE 2 24 942 24 95 -0.02M
13 058 KT 1 25.392 26 .46 -0.0653
14 O5ALKT 2 26.392 26.41 00216
15 05ALKE 1 s0.017 S0.01 0.00945
16 O5ALKE .2 20017 a0 00164
17 osaLka 1 BE 645 EE.79 014
15 05ALKS .2 G5.645 G566 -0.0159 ;I

Figure 81: Setup Quant 2 Method — Report Page

The option buttons and drop-down lists of the Report page are identical to the
ones on the Graph page. (For a detailed description see section 10.6.) The only
difference is that the results are listed in a table instead of being displayed
graphically.

Report Type
The following report forms are available:

True-Prediction

Instead of a graphical display, the numerical values are given in form of a table.
The file name, the true and the predicted value as well as the difference of both
values are listed.
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RMSECV

The rank, Rz, the RMSECYV value, the bias, the RPD value, the offset and the
slope are listed. The recommended rank is indicated in blue.

Concentration Qutlier

This report type is useful to identify potential outliers. The file name, the FProb
and FValue as well as the difference between both values are listed. Outliers are
marked with an asterisk in a separate column. To exclude these outliers click the
Exclude Outliers button.

Validation Report

This report type provides a complete report suited for documenting your valida-
tion method. To print this report click on the Print button.

If you want to copy the whole report to the clipboard, mark the report by click-
ing on the upper left tile in the Validation Report and press Ctrl+C on the key-
board. Now you paste the content of the clipboard into another software
application.

Setup Quant 2 Method - C:0PUS 6.0 Data’,Extended Demodata’ QuantTutorial ﬂ

Load Method' Eomponent&l Spectral Parameter&l Validatel Graph Feport | Store Methodl Dptimizel Setting&l

® \/alidation
€ Calibration

IMethanoI j Fiank:; I? VI Rec 7

| validation No 3 =l

W alidation A eport

Validation Report

General Information

Exclude Outliers |

Method File: Alk_d2 g2
Standards (total): 30
Calibration Spectra: 30

Test Spectra: 0

Data Block: AB
Compounds (total): 3
Frequency Regions 1

Selected Datapoints: 961

. . -
I Dlenmrencoesino: Sacnnd Dariee Hineo I _I_I

Figure 82: Setup Quant 2 Method — Report Page

Spectral Residuals

If you select this report type the file name, the Mahalanobis distance, the FProb,
the FValue and the residuum are listed in a table.
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Repeated Measurements

If you select this report type the sample number and the corresponding standard
deviation are listed in a table.

Print

Prints the current report.

Exclude Outliers

Select the report type Concentration Outlier and click on the Exclude Outliers
button to exclude all potential outliers from the calibration set.

Window

See section 11.3.

10.8 Setup Quant 2 Method — Store Method

If you want to store a QUANT 2 method you have set up for future use click on
the Store Method tab. The method file has the extension .q2 and contains all the
necessary information. This file can be loaded on the Load Method page.

Setup Quant 2 Method - C:\OPUS 6.0%Data‘\Extended Demodata',QuanktTutorial’Alk

Load Methodl Eomponentsl Spectral F'arametersl Validatel Glaphl Feport  Store Method |Dptimize| Settingsl

r— Parameters for Prediction

Validation Mo 1 I Eross Yalidation Store Method |
Store validation results [V
Component Rec. Rank | Rank (Method) R* RMSECWY Use
1 Methanol 6 [ 99.95 0.636 v
2 Ethanol 6 6 99.58 1.87 Il
3 Propanol [ [ 99.79 1.31 =

[ Spechral residuals

Selected datapoints:
Standards [total):
Calibration spectra:

Test spectra;

Mo zpectral data preprocessing

2076
an
a0

1]

Factar far kdak. Dist. limit IB

from

to

Spacing

3999.3 12001.7 1

Figure 83: Setup Quant 2 Method — Store Method Page
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On this page also additional information about the selected method is displayed.
As shown in figure 83, the information includes the validation type (in our
example Cross Validation), the number of data points, the number of standard
samples and the number of test and calibration spectra.

Validation

The drop-down list includes all validations you have performed during your
QUANT session. Select the validation you want to review. If you select the
option Store only Spectra List + Parameters a QUANT method is stored that
does not contain calibration information (it cannot be used in the QUANT 2
analysis). This option enables you to store a method without performing a vali-
dation beforehand.

Store Validation Results

If you activate this check box, the validation results are saved in addition to the
method. The result comprises the graphs and the reports.

Store Method

If you click on the Store Method button the Select Validation Results dialog box
(figure 84) opens. Select the validation(s) from which you want to store the
results. In addition, the last Optimization run will be saved as well. This allows
you to perform time-consuming optimizations during off hours and save the
results afterwards. Click on the Select A/l button to automatically select all vali-
dations listed.

Select Yalidation Results

The results of the selected validations will be stored,

Select All |

Y alidation Mo 1
Walidation Mo 2
W alidation Mo 2
Y alidation Mo 4
Walidation Mo 5

Cancel |

Figure 84: Setup Quant 2 Method — Saving the Method
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Component Table

This table lists all the components used by the selected method. For each com-
ponent, the recommended rank, R2, RMSECV and the rank used for the
QUANT analysis are listed. The column Rank (Method) lists the recommended
rank as default, but this value can be edited by the user. These values will be
used for the QUANT analysis later on. Using the check boxes in the last column
you can specify whether a component will be used for the analysis or not.

Spectral Residuals

If you activate this check box the spectral residuals will be calculated during the
analysis.

Factor for Mahalanobis Distance Limit

The factor for the Mahalanobis distance is displayed for the selected method.

10.9 Setup Quant 2 Method — Optimize

The OPUS/QUANT software facilitates the optimization of a Quant method.

Setup Quant 2 Method - C0PUS 6.0%Data’Extended Demodata’, Quant Tutorial’, Alk x|

Load Methndl D:umpu:unentsl Spectral Parametersl \r"alidatel Graphl Hepnrtl Store Method  Optimize |Settings|

|lze Parameters | I j INIH j Optirize I

Humber | Rt SECY | Rark. | Regions | Preproceszing
1| | +
— Optimize ztatus

Figure 85: Setup Quant 2 Method — Optimize Page
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The optimization is done automatically by successively trying a combination of
predefined frequency regions and data preprocessing methods. The result of the
optimization run is a list showing the Rank and RMSECYV value for each combi-
nation of predefined frequency regions and data preprocessing methods. (See
figure 86.)

Note: Derivatives are smoothed using the settings defined on the Parameters
page.

However, on the basis of the optimization results you have to find out yourself
which the combination yields the best result. Afterwards, perform a validation
using these parameters and have a closer look at the results.

Note: It is not necessary that you first validate your method; alternatively you can
perform an optimization.

An optimization run can be very time-consuming; optimizing a test set valida-
tion is usually a matter of minutes, while optimizing a cross validation can take
up to several hours. You can stop a running optimization procedure at any time.
(See figure 87.)

You also have the possibility to limit the number of preprocessing options and
the frequency region tested during an optimization. This is done on the Settings
page. Also on this page you can specify that the optimization is to run in the
background. Activate the Run Optimization in Background check box if you
want to continue working with OPUS during the optimization. Otherwise, the
OPUS software is blocked during the optimization process.

Component

After you have performed an optimization once, you can select the result for a
component from the component drop-down list.

Optimization Type

The options are NIR, suited for NIR data only, and General A or B, suited for
both, MIR and NIR data. Select the appropriate optimization type from the
drop-down list.

NIR

If you select this optimization type, a set of five frequency regions is used. The
frequency regions are typical for NIR applications. The five frequency regions
are tested on their own and in all possible combinations.

General A

The selected frequency region (selected on the Settings page) is divided into 10
equal subregions. To find the optimum combination the calculation starts with
10 subregions and successively excludes one subregion. This procedure contin-
ues until the mean prediction error value does not improve further.
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General B

The selected frequency region (selected on the Settings page) is divided into 10
equal subregions. To find the optimum combination the calculation starts with
one subregion. After the best subregion has been found a second subregion is
added. After the best combination of two subregions has been found a third sub-
region is added and so on. The best combination of subregions is searched by
adding and leaving out further subregions.

Note: For detailed information on how to specify the frequency region for the
optimization also refer to section User defined Optimization Regions below.

Note: Both optimization types depend on the selected frequency region. The
results of both types may be different. Find the best optimization type by trial and
error.

Note: You can start several optimizations at once. These optimizations are then
processed one after the other (e.g. overnight). To do this, click on the Settings tab
and activate the Run Optimization in Background check box. Open several
QUANT windows parallel, load the corresponding methods and select the desired
parameters. Then, start the first optimization. As soon as the white percentage
progress bar appears, start the remaining optimizations. When you click on the
Optimize button in the other QUANT windows, the percentage in the bar flashes
once and the QUANT window remains open. As soon as the first optimization
has been completed, the second optimization is being processed and so on. After
all optimizations have been completed, all QUANT windows are open again and
the result lists are displayed.

Optimize

Start the optimization by clicking the Optimize button. The progress of the opti-
mization will be displayed in the status bar. Use the OPUS task bar to stop a
running optimization process. (See figure 87.)
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Setup Quant 2 Method - C:\0PUS 6.0%Data’Extended Demodata’ QuantTutoria il
=2 Barameters | IMethannI j INIF! j

MHumber | RMSECY | Rank. I Regions | Preprocessing

1 01 7 12007.7 - 7497.2 Mo Spectral D ata Preprocessing
2 01396 10 7501.1 - 6097.3 Mo Spechial D ata Preprocessing
3 0.1 g 12007 - BOA7.3 Mo Spectral Data Preprocessing
4 0153 B E101.1 - 54494 Mo Spectral D ata Preprocessing
5 0133 B 12000.7 - 7497.2 B101.1 - 54494 Mo Spectral D ata Preprocessing
B 0139 7 7501.1 - 54434 Mo Spechial D ata Preprocessing
¥ 0148 T 12007 - hd449.4 Mo Spectral Data Preprocessing
g 0.a0a 4 54532 - 45971 Mo Spectral D ata Preprocessing
9 0.a0a g 120070.7 - 7497.2 54532 - 45971 Mo Spectral D ata Preprocessing
10 0236 3 7501.1 - 60973 4532 - 455971 Mo Spechial D ata Preprocessing
11 0.1a1 9 120M.7 - 60973 A4532- 45971 Mo Spectral Data Preprocessing
12 0177 g E1071.1 - 45971 Mo Spectral D ata Preprocessing
13 0151 g 120070.7 - 7497.2 B101.1 - 45971 Mo Spectral D ata Preprocessing
14 0191 7 7501.1 - 45371 Mo Spechial D ata Preprocessing
15 022 [ 120017 - 4597 1 Mo Spectral Data Preprocessing
16 103 1 4600.9 - 4250 Mo Spectral D ata Preprocessing
17 2493 7 120070.7 - 7497.2 46009 - 4250 Mo Spectral D ata Preprocessing
18 34E B 7501.1 - 60973 46003 - 4250 Mo Spechial D ata Preprocessing
1] | |

— Optimize Status
Step 1 / Crozs Y alidation -

Figure 86: Setup Quant 2 Method — Optimization in Progress

Optimization Results List

The optimization results list contains the tested subregion combinations, the
resulting RMSECV or RMSEP value and the optimum rank obtained by a com-
bination. The last two columns list the frequency subregion(s) and the type of
data preprocessing used. The values are added to the list as the optimization
proceeds.

By clicking on the first two column titles the display will be sorted according to
this parameter. By default, the list is sorted according to the RMSECV/REM-
SEP value.

Status Bar

Indicates the progress of the optimization and displays the type of validation
currently performed.

Use Parameters

After you have inspected the optimization results list you can copy the best
combination to the Parameters page by clicking on the Use Parameters button.
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To do this, first select the respective entry in the optimization results list using
the left mouse button. If you now switch to the Parameters page you will find
that these parameters have been copied to the respective parameter fields.

Aborting an Optimization

Right-click on the green task bar and select one of the options from the pop-up
menu. Stop Task will halt the optimization after terminating the method cur-
rently running. Abort Task immediately terminates the process.

- - [Display full_access.ows Operator: Default {Administrator)] =1
F‘J Ele Edit Wiew Window [Measure Manipulste Evsluate Display  Print  Macro  Walidstion  Setup  Help _8x

THBFIPQLERMSHEEN bAWlE T F = 28 #Hﬁ!ﬂﬁii}‘lﬂéa

OPUS Browser ax “ I
[mlDisplay ful *]5etup Quant 2 Method - C:\0PUS 6.0%Data’, x|
Load kethod | Cumpunanlsl Spectra | F’aramelersl “Walidate | Graph | Feport | Store Method  Optimize: I Seltingsl
Ize Farameters IMethannl j IN\H j (O ptimize
Mumber | RMSECY | Fiank | Regions | Preprocessing ﬁ
22 0.43 8 Fa01.1-5449.4 4B00.9 - 4250 Mo spectial data preprocessine
23 0.409 8 12001.7 -5449.4 46009 - 4250 Mo spectial data preprocessin
24 1.04 7 B453.2 - 4250 Mo spectial data preprocessing
25 0.887 B 12001.7 - 7497.2 54532 - 4250 Mo spectial data preprocessing
26 1.29 B TH01.1-6097.3 545324250 Mo spectial data preprocessing
27 0.857 7 12001.7 - B097.3 54532 - 4280 Mo spectial data preprocessing
28 0,986 B E101.1- 4250 Mo spectial data preprocessing
23 1.04 B 120017 - 74597.2 B101.1 - 4250 Mo spectial data preprocessing
30 0563 B TH01.1- 4250 Mo spectial data preprocessing
kil 0504 7 120017 - 4250 Ma spectial data preprocessing
32 nim 7 120017 - 7497.2 Constant offset elimination
x| 011 7 7501.1-6037.3 Canstant offset elimination
4 0.0801 g 12001.7-6097.3 Canstant offset elimination
] 0113 E E101.1-5443.4 Canstant offset elimination
36 0176 5 12001.7-7437.2 B101.1 -5448.4 Canstant offset elimination
37 0163 E 7E01.1-5443.4 Canstant offset elimination
a4 nizz g 12001.7 - 54494 Canstant offset elimination
| 0.879 4 5453.2 - 46971 Canstant offset elimination  —
| | »
r— Olptimize statu;
Step 1 / Cross Validation -
C'Jl T T T T T T T T T T T T T
4000 3500 3250 3000 27A0 2500 2250 2000 1750 1500 1250 1000 750 500
0 | ﬂ <1_ ' Display full_access.ows Operat Stop Task ij b x

For Help, press F1

RN G

Figure 87: Setup Quant 2 Method — Aborting an Optimization
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10.10 Setup Quant 2 Method — Settings

Setup Quant 2 Method - C:\OPUS 6.04Data’Extended Demodata’ QuantTutorial' s il

Load Methudl Eompunentsl Spectral F'arametersl \-"alidatel Graphl Hepurtl Store Methudl Optimize ~ Settings

— Graph Page — Method Protection

Marker Size: 10 - v Store Spectra in Quant 2 Method File

Uze this option only if you want to protect a method in

_ . o the mode ‘Enlarge Method' or 'Change Parameters',
— Select Preprocessing Optiohs for Optimize

W Uszer defined Optimization Fegions

& MIR regions [max 5]

Interactive Region Selection
A B regions [max 10]

Derivative
First Denvative + Straight Line Subtraction
First D erivative + Wector Mormalization ;I from to
1 12001.7 7500
Marimurn Test Bange: 2 7500 6100
3 6100 5450
I I 4 5450 4600
12001.7 3999.3
3 4600 4250

Interactive Begion Selection |

¥ Fiun Optimization in Background

Figure 88: Setup Quant 2 Method — Settings Page

Marker Size

Use this drop-down list to set the size of the markers used in the graphical dis-
play of the results on the Graph page.

Select Preprocessing Options for Optimize

Choose the method of data preprocessing from the list that is to be deployed
during the optimization. Select one or several methods by left-clicking on the
items in the list. Clicking again on a selected item deselects it.

Note: Derivatives are smoothed using the settings defined on the Parameters page.

Maximum Test Range

You can narrow down the frequency region which will be used for an optimiza-
tion.
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Interactive Region Selection

Alternatively to manually entering the frequency limits you can click on this
button. A graphical display appears from which you can select the frequency
region limits interactively (similar to the frequency selection on the Parameters

page).

User defined Optimization Regions

As an alternative to specifying the maximum test range you can also specify
user defined frequency regions for the optimization. Depending on the optimi-
zation type (NIR, General A, General B) you have selected on the Optimize
page click either on the NIR regions (max. 5) or on the 4,B regions (max. 10)
option button. You can specify the subregions either by entering the values
manually in the table or selecting the frequency subregions interactively by
clicking on the Interactive Region Selection button.

Run Optimization in Background

When you activate this check box, the optimization of the QUANT method (see
chapter 10.9) will run in the background and other OPUS tasks can be carried
out simultaneously.

Method Protection

Activate the Store Spectra in Quant 2 Method File check box if you want to
protect the method in the mode ‘Enlarge Method’ or ‘Change Parameters’. See
also chapter 13.
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10.11 Quantitative Analysis

Quantitative Analysis 2 X|

Select File(z) |

— File[z] for Quantitative dnalyziz 2

— Loaded Quantitative Analysiz 2 kMethod
CAQUAM T celmethody EiztwF et g2

Load Quant 2 Method |

Analyze Cancel | Help

Figure 89: Quantitative Analysis — Select File(s)

File(s) for Quantitative Analysis 2

Select the spectrum files of your unknown samples that will be subject to a
quantitative analysis. First you have to load these spectra in OPUS. Then select
one or more absorption blocks in the OPUS browser window and drag and drop
them in the File(s) for Quantitative Analysis 2 field.

Load Quant 2 Method

Click on this button to define the QUANT method you want to use for the anal-
ysis. If a method has been loaded before it will be active by default.

Analyze

Clicking on the Analyze button starts the QUANT analysis. The analysis result
is automatically stored in form of a report block with the spectrum of the ana-
lyzed file. Clicking on this block opens a report window. On the left side of the
report window is directory tree showing the path and the name of the file. Click
on the plus sign to expand the tree. If you have performed several analyses with
the same spectrum (using e.g. different QUANT methods) all results will be
stored in the same report block. They are all listed in this directory tree.
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When selecting one of the methods with the mouse, the results are displayed in
the report windows on the right. The upper window displays the block header
and contains information about the method used. In the lower window, you find
the predicted concentration of each component, the unit, the Mahalanobis dis-
tance (Mah. Dis.), the threshold value (Limit) to classify results as outliers and

the component value density.
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Figure 90: Quantitative Analysis — Quant Report

The component value density is the number of neighboring calibration spectra
per component unit, for example, a value of 5 means that there are 5 calibration
spectra per component unit (e.g. mg/l). In other words, this value provides
information about the number calibration spectra near the predicted concentra-
tion value.

Use the component value density to distinguish between concentration regions
which are well represented by calibration spectra and regions with only a few
samples. So this value helps you to decide whether an analyzed spectrum is use-
ful for your Quant 2 model or not.

To calculate the component value density 10% of the calibration spectra are
considered. Note that this value is not calculated for a Quant 2 model with less
than 30 spectra.
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10.12 Quant 2 Analysis / File List — Methods

In case you have set up several Quant 2 methods for a given sample set using
different parameters (i.e. different data preprocessing methods and frequency
regions) the Quant 2 Analysis / File List function allows you to compare these
methods with each other in order to find out the most capable method for your
analytical purpose. This is done using independent samples (i.e. samples that
have been neither part of the calibration set nor of the test set). It is highly rec-
ommended to use this function for a final check of the robustness of the calibra-
tion models you have set up. You find this function in the Evaluate menu.

Methods | Spectia| Analpsis Results | Graph | Statisics |

Add Methods I Load Method List | Save Method List Clear

Path

File Name

Components

C:QUANT Quant Examples|

Sunflower Seeds grinded Protein 1.q2

Protein

C:QUANT Quant Examples|

Sunflower Seeds grinded Protein 2.q2

Protein

C:QUANT Quant Examples|

Sunflower Seeds grinded Protein 3.q2

Protein

C:QUANT Quant Examples|

Sunflower Seeds grinded Protein 4.q2

Protein

C:\QUANT Quant Examples|

Sunflower Seeds grinded Protein 5.q2

Protein

C:\QUANT Quant Examples|

Sunflower Seeds Oil 1.q2

Qil

Sunflower Seeds Oil 2.q2

il

@@ [m] = w]|r]—~

CAQUANT \Quant E

C:\QUANT Quant Examples|
I

fl Seeds 0il 3.q2

il

C:\QUANT Quant Examples| Sunflower Seeds Oil 4.q2 Qil

Figure 91: Simultaneous Evaluation of several Quant 2 Methods — Methods Page

Add Methods

Click on this button to specify the QUANT methods you want to use for the
analysis. Load one or several methods from the load file dialog box. The
selected methods are listed in form of a table, stating the file name, path and the
components of the methods.

Load Method List

Click on this button to load a saved method list containing several method files.

Save Method List

Click on this button to save the loaded method in a method list for future use.
The method list will be stored in a file with the extension .q2.

Clear

Click on this button to delete the complete method list table.
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10.13 Quant 2 Analysis / File List — Spectra

Quant 2 Analysis / File List x|

Methods  Spectia | Anapsis Fresults | Graph | Statistcs |

Addspecta | Load Spectia L. | Save Spectia List Add Component Columns

Path File Name Protein
1 CARUANTY st Examples||3002_GM 0 16.573 5147
CWQUANTYuan Examples)|3002_GM 1 16.579 5187

CWRUANTYuaN Examples)[3004_GM 0 13611 S314
CIUANTQUaN Examples1|3004_GM 1 13611 314
CIUANTQUaN Examples!|3007_GM O 14.334 382

CAQUANTYAant Examples||3007_GM 1 14.334 5382
CAQUANTYAant Examples||3008_GM .0 12,865 5551
CWQUANTYuan Examples)|3008_GM 1 12,865 5551
CWUANTYan Examples|[3012_GM 0 15137 302
CIUANTQUaM Examples)|3012_GM 1 15137 30z
CIRUANTQUaN Examples!|3013_GM O 15.081 |4956
CAQUANTYAant Examples||3013_GM 1 15.081 43 56
CAQUANTYAant Examples||3038_GM .0 14.548 5051
CWRUANTYuant Examples)|3038_GM 1 14.548 5051
CWQUANTYuan Examples)|3039_GM 0 16.384 459
CIUANTQUaN Examples)|3039_GM 1 16.384 455
CIUANTQUaN Examples||3040_GM 0 17651 4433
CAQUANTYAant Examples||3040_G 1 17.651 44,33
CAQUANTYAant Examples||3041_GM .0 15.691 45 36
CAQUANTYAuant Examples!|3041 G 1 15681 43 36
B CWQUANTYuant Examples)|3075_GM 0 14.117 5149
22 CIUANTQUaN Examples)|3075_GM 1 19.117 5149
23 CIRUANTQUaN Examples||3076_GM 0 17698 |4566
24 CAQUANTGuant Examples\[3076_GM 1 17698 46 65
25 CAQUANTYAant Examples||3077_GM .0 17.11 5018
26 CAQUANT st Examples||3077_G 1 17.11 S01%

Figure 92: Simultaneous Evaluation of several Quant 2 Methods — Spectra Page

Add Spectra

Clicking on this button opens a standard load file dialog box, from which you
can select the spectra you want to analyze. The loaded spectra are listed with
their file name and path in a table and have a consecutive number assigned to.
For information about how to select and sort table entries refer to section 10.3.

Important Note: Add only spectra acquired from independent samples, i.e. sam-
ples that have NOT been used for setting up the methods which are to be ana-
lyzed with the function Quant 2 Analysis/File List!

Load Spectra List

Use the Load Spectra List button to open a saved spectrum file list.

Save Spectra List

If you want to use the same spectrum files repeatedly for analysis, you can save
the list in a file with the extension .fl.

Add Component Columns

Clicking on this button adds additional column(s) for each active component of
the loaded Quant 2 method to the spectra table. The column name corresponds
with the component name.

Enter the true component values into the added component column(s). To facil-
itate this procedure, you can paste them from the clipboard. It is not necessary
that for each spectrum a true component value is entered. But at least two values
per component must be entered for OPUS to calculate the statistics.

Note: The true component values of the independent samples have to be deter-
mined by a different analytical technique (reference method).
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10.14 Quant 2 Analysis / File List —
Analysis Results

Quant Z Analysis / File List Xl

Spectra | Methods  Analysis Results I

16 MCRA40704.0 Pulver|Av.of 3 EishwFettql Fett 1215

Analyze | Frint [use Landscape) “wfindow
Frirt Title | [~ Spectral Residuals
File Name | Name | C Prediction [Unit{Out|Mah. Dist. [Limit | tj
1 MAS42980.0 Pulver|Av. of 3 EisMwFetiq2 Fett 1261 % 00E8 029 1
2 |MAS42981.0 Puler|Av.of 3 EisMwFetiql Fett 1235 % 0.062 029 2
3 |MAS429880 Puler|Av.of 3 EisMwFetiql Fett 1249 % 0.048 029 1
4 |MAS42983.0 Puler|Av.of 3 EisMwFetiql Fett 1253 % 0.061 029 1
5 |MAS42990.0 Puler|Av.of 3 EisMwFetig2 Fett 1235 % 004 029 2
B |MAS429950 Puler|Av.of 3 EisMwFetig2 Fett 1252 % 0.048 029 1
7 |MAS42996.0 Puler|Av.of 3 EisMwFetig2 Fett 1246 % 0.06 02 1
8 |MAS42997.0 Puler|Av.of 3 EisMwFetig2 Fett 1206 % 0.088 029 1
3 |MAS43010.0 Puler|Av.of 3 EisMwFetg2 Fett 1243 % 0.024 029 2
10 |MAS43011.0 Puler|Av.of 3 EisMwFetig2 Fett 1231 % 0026 029 2
11 |MAS430250 Puler|Av.of 3 EisMwFetig2 Fett 1228 % 00z 029 2
12 |MCA429920 Puler|Av.of 3 EisMwFetiq2 Fett 998 % 0.25 0z 3
13 |WCA42933.0 Puler|Av.of 3 EisMwFetiq? Fett 502 % ag 0z 1
14 |MCR4DB31.0 Puler|Av.of 3 EisMwFetiq2 Fett 1200 % 0.08 02
15 |MCR4DBI20 Puler|Av.of 3 EisMwFetiq? Fett 1206 % 0035 029 N
% 0.085 029 1l
T | o

Figure 93: Simultaneous Evaluation of several Quant 2 Methods — Analysis Results Page

Analyze

Starts the QUANT analysis. For each file indicated on the Spectra page a
QUANT analysis deploying all methods listed on the Methods page will be per-
formed. The results are listed in form of a table, comprising the results of all
spectrum files. The file and sample name, the method used for the analysis, the
component analyzed and the results (prediction, Mahalanobis distance, outlier,
component value density) are listed. In addition, the analysis result table com-
prises also a column with the true component values you have entered at the
Spectra page.

Print

Click on this button to print out the result table. Enter a title for the print in the
Print Title field.

Window

The Window button switches to an OPUS report window, listing the analysis
results.

Spectral Residuals

If you activate this check box, in addition, the spectral residuals, FValue and
FProb value are listed in the table.
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x
Methods | Spectra | Analysis Flesuts  Graph | Staistcs |
Prediction / True [Sunflower Seeds ginded Protein 1.62 - Protein = il &l
Prediction vs True / Protein [%] / Sunflower Seeds grinded Protein 1.q2
178
17.3
16.8
16.3 2 f
=
158
153
148 1
L
143
138 -
133
|
128 -
LT

123
1n8

123 127 131 135 139 143 147 151 155 158 183 187 171 175 179

RMSEP: 0.283  Bias: 0.085 RPD: 5.54

Offzet; 0.151 Slope: 0,935 Corr. Coeff.: 0.9537

10.15 Quant 2 Analysis / File List - Graph

Figure 94: Simultaneous Evaluation of several Quant 2 Methods - Graph Page

This page allows the display of the following three plot types: Prediction vs No

(i.e. sample number), Prediction vs True and Difference vs True. These plot

types can be displayed for each Quant 2 method you have used for the analysis.
Note: If no true component values are entered in the spectra list on the previous
page only the first plot type (Prediction vs No) is included in the drop-down list.
The display of the second and third plot type requires the true component values,
i.e. these values have to be entered in the spectra list before starting the analysis.

In addition, offset, slope and correlation coefficient of the regression line as
well as bias, RPD and RMSEP for the predictions of the independent samples
are given. For detailed information about these statistical values refer to
chapter 12.

Save

Click on this button to save the currently displayed plot as bitmap file.

Print

Click on this button to print out the currently displayed plot.
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10.16 Quant 2 Analysis / File List - Statistics

This page provides an overview of the calculated statistical values (RMSEP,
bias and RPD as well as offset and slope of the regression line) for all methods
and components allowing a comparison of the different Quant 2 methods. In
addition, the number of spectra used for the statistical calculation is also dis-
played in the table.

The capability of a method is identifiable by the RMSEP value, the bias value
and the RPD value. The most capable Quant 2 method is the one with the lowest
RMSEP value and the highest RPD value. Moreover, the bias value should be

as close as possible to zero. See figure 95.

The most capable method
for the component Protein.

The most capable method

for the component Oil.

Quant 2 Analysis / File List

Methods | Spectra | Analysis Resuts | Graph ~ Statistics

[use landscape] Frint

Path Method I Component| Spectra RMSEP Bi&s RPD Offset Slope
1 C:\QUANT\[Sunflower Seeds grinded Protefh [Protein (26 0.283 0.085 5.54 ) 0.151 0.985
2 CQUANT Sunflower Seeds grinded Pmtﬁn Protein |26 0.386 0.121 4.07 0.431 0.964
B C:\QUANT|Sunflower Seeds grinded Projein [Protein |26 0.297 0.125 5.54 0.313 0.972
4 C:\QUANT|Sunflower Seeds grinded Prgtein [Protein |26 0.309 0.115 5.2 0.765 0.943
5 CQUANT Sunflower Seeds grinded P#tein Protein |26 0.445 £0.0112 3.36 0.504 0.968
B CIQUANT| Sunflower Seeds Oil 1.q2 J oil 26 0.537 0.00685  |5.44 1.538 0.970
7 C:\QUANT Sunflower Seeds 0il 2.q2 oil 26 0.684 0.129 4.35 0.474 0.988
g CQUANTY Sunflower Seeds Oil 3.(|2¢ il 26 0.59 0.0767 4.99 £0.990 1.021
3 C:QUANT| Sunflower Seeds Oil 4,47 Qil 26 0.482 0.0852 6.15 ) 2.001 0.959
< | |

Figure 95: Simultaneous Evaluation of several Quant 2 Methods - Statistics Page

Print

Click on this button to print out the statistics (in landscape format).
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1 1 Abbreviations and
Formulas

Bias (mean value of deviation, also called ‘systematic error’): The bias is a
systematic deviation of the measured (predicted) values from the true value due
to a particular measurement method, for example. In our case, it is the differ-
ence between the average true value and the average measured value of the val-
idation set samples.
Z“.l)zjjeri
1

Bias = ——— 11-1
ias " ( )

Calibration function: The calibration function b correlates a property Y of a
system with an experimentally observable X.

Y=Xb (11-2)

The vector Y consists of the component values (of one component) of the refer-
ence measurements. The row vectors of the matrix X are formed from the cali-
bration spectra. The solution of the above system of equations is given by:

b= x Xy (11-3)

Correlation Coefficient: The correlation coefficient is a measure of the linear
relation between variables, i.e. the correlation coefficient value indicates how
much of a change in one variable is explained by a change in the other variable.
The correlation coefficient ranges from -1,0 to +1,0. A correlation coefficient of
+1,0 (or -1,0) indicates a perfect positive (or negative) relationship in which
high values of one variable are related perfectly to high values of the other vari-
able, and conversely, low values of one variable are perfectly related to low val-
ues of the other variable. A correlation coefficient of 0 means that there is no
linear relation between the variables.

Differ: The difference between the true concentration of a sample i (as deter-
mined by another method) and the predicted concentration.

Differ = Y™~y (11-4)
Factor: The concentration data matrix and the spectral data matrix are broken

down into pairs of scores and loadings vectors by the PLS algorithm. Each of
these pairs are called a factor.
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FValue and FProb: To recognize outliers, the squared spectral residual is com-
pared with the mean value of all others (by calculating the FValue using the fol-
lowing formula):

2
FValue, = (M —1)(SpecRes;)
l Z(SpecResj)2

VE:

(11-5)

Spectra poorly represented by the PLS vectors have a high FValue. FProb indi-
cates the probability that a standard is a spectral outlier.

“Bad” calibration standards can be recognized by their true values not being
predicted with the remaining spectra. Using the difference values, an automatic
outlier detection is performed to mark the samples whose deviation from the
true concentration value is particularly large and statistically significant. In
these cases an F'Value is calculated.

_ (M- 1)(Differ)’

FValue,; . (11-6)
> (Differ,)
VEX
FValue
jf(FValue)d(FValue)
FProb; = — (117)

Tf(FValue)d(FValue)
0

Mahalanobis distance: The Mahalanobis distance serves to quantify outliers.
During the PLS calculation the Mahalanobis distances of each calibration spec-
trum is determined. From these values the threshold of the Mahalanobis dis-
tance is derived. Spectra of unknown samples can be reliably analyzed using a
calibration function if their Mahalanobis distance is within this threshold.

Offset: The offset is the y-value of the regression line if x = 0.

PRESS (Predictive Residual Error Sum of Squares): This value is the sum of all
squared differences between true and predicted concentration.

M
PRESS = . I(Diﬁ”erl.)z (11-8)
~

R?: The coefficient of determination (R?) gives the percentage of variance
present in the true component values, which is reproduced in the prediction. R?
approaches 100% as the predicted concentration values approach the true val-
ues:

2 1_Z(Differ,.)2 )
Z(yi_ym)z

R 100 (11-9)
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Rank: The rank is number of PLS vectors.

Regression line: The regression line y = ax +b (with a being the slope and b
being the offset) is calculated using the least-squares method.

Residual: The result of a factorization never describes completely the variance
of the spectral data matrix and the concentration data matrix. The remaining
part which is not accounted for by the factorization is called the residual.

The spectral residual is important for the recognition of outliers. The bigger the
residual, the more likely is the samples an outlier. The spectral residual
(““SpecRes”) is calculated by a summation over all selected frequency points of
the difference spectrum:

SpecRes = /Z:(xl.—si)2 (11-10)

RMSECYV (Root Mean Square Error of Cross Validation): In case of a cross
validation the RMSECYV value can be taken as a criterion to judge the quality of
the method:

RMSECV = JA% (Differ,)” = JA%-PRESS (11-11)

1

™M<

1

RMSEE (Root Mean Square Error of Estimation): The RMSEE value is calcu-
lated from the SSE sum, with M being the number of standards and R the rank:
1

RMSEE = mSSE (11-12)

RMSEP (Root Mean Square Error of Prediction): In case of a test set validation
the RMSEP value can be taken as a criterion to judge the quality of the method:

RMSEP = JAL/[Z(Dzﬁ”eri)z (11-13)

RPD (Residual Prediction Deviation): The residual prediction deviation is the
ratio of standard deviation to standard error of prediction.
SD

RPD = 22 (11-14)
SEP

SD (Standard Deviation): The standard deviation is a measure of the degree to
which the component values of a sample set are dispersed around the mean
component value. The standard deviation is the square root of the variance. It
is calculated as follows:

True _ 2
SD = «/Z(«WM— ly’”) (11-15)

with M being the number of spectra and y,, being the mean component value.
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The mean component value is calculated as follows:

True
> i

— 1
Vi = (11-16)
SEP (Standard Error of Prediction): The standard error of prediction (bias-
corrected) is a quantitative measure for the preciseness of a test set validation.
It indicates the standard deviation of all bias-corrected measured values from
the true value.

The bias-corrected standard error of prediction is calculated as follows:

> (Differ;— Bias)?

SEP = |—! (11-17)
M—1

SSE (Sum of Squared Errors): The residual (Res) is the difference between
the true and the fitted value. Thus the sum of squared errors (SSE) is the qua-
dratic summation of these values.

SSE = Y. [Res,)’ (11-18)
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Signing Spectra

1 2 21 CFR part 11 Compliance

When using the QUANT software in combination with the OPUS/VALIDA-
TION package, several rules must be observed to set up a method and perform
the quantitative analysis. The OPUS/VALIDATION software package is active
if the corresponding check box on the 2/ CFR11 Rights page in the User Settings
dialog box is activated.

User Settings 5'
Diagrostics I Instrurnent Test I Instrument T est

General I-ﬁ_EF_R_ﬁ-I Rights | Preferences I Dizplay

— Uzer has the right to:
¥ Change Paramsters

¥ Customize workspace
[ Edit WBSeripts

v Change Uszer Rights and add new “Warkspaces

— % alidation Options
W otk in walidated Environment | 21 nFH 11

IV |k i GLP Mode [S ave ariginal Dsts)

(1] I Cancel Apply Help

Figure 96: User Settings - 21 CFR 11 Rights Setup

12.1  Signing Spectra

You can only set up a calibration method if the spectra have been signed before
with the category “Release”. This measure guarantees that all spectra used for a
calibration model can be traced back. If you try to validate a method with spec-
tra which have not been signed beforehand, the following error message
appears:

Il Setup Quant 2 Method

L] 'f The spectrum file has no proper signature:  C:0PUS 6.0\0atalExtended DemodataliJuant Tukariall0SALK L
L3

Figure 97: Error Message - Spectrum File not Signed

The procedure of signing spectra files is described in the OPUS/VALIDATION
Manual (chapter 4.4). If all spectra are signed, you can perform the validation
and further calculations using the OPUS/QUANT software.
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21 CFR part 11 Compliance

12.2 Signing Methods

When your method is set up and saved, you must sign it with the category
“Release”. Otherwise, no analysis is possible using this method. To sign a
method, choose Methods - Add Signature/Show History from the OPUS Valida-
tion menu.

Methods - Add Signature/Show History x|

Sighature | Histary |

Load Method | Iﬂuant 2 Method [".q2) j Add Signature |

Im| Pint Signatwe |

|

Figure 98: Add Signature - Signature Page

Click on the Load Method button and select the wanted method from the Sign
Method dialog box. The name of the method file will appear in the title bar.

Methods - Add Signature/Show History - C:0PUS 6.0 Data"Extended Demodata’Qual x|

Signature | History |

| Load Method I IBuant 2 Method [*.q2) j Add Signature |

I tethod File has no Signature Fepart | | 21 nFH 11 il Bl i |
|

Figure 99: Add Signature - Method Loaded
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Click on the Add Signature button. A dialog box (figure 100) appears prompt-
ing you to enter your User ID and Password:

x
211

User ID: IMAFE

Pazsward: I’"""1
Cancel |

Figure 100: Login for Signature

After entering the data and clicking on the OK button the following dialog box

appecars:

o
Firzt M ame: b arion
Lagt Mame: Fechner

teaning of Signature

coct_|

Figure 101: Select Meaning of Signature

Now select the Meaning of the Signature. These meanings can be user-defined
to meet your requirements. They are specified when the signature is set up
(Setup — Signature Setup) and should generally describe the purpose of the sig-
nature, in this example, the approval of the method. (For further information
refer to the OPUS/VALIDATION Manual.)

Click on the Sign button. The signature is added to the list, stating the First
Name and the Last Name of the signer, as well as the Meaning, the Category,
the Date and the Time of the signature.
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Methods - Add Signature,/Show History - C:3ZOPUS 6.0%Data'\Extended DemodataQua ﬂ

Signature | History |

Load Method | Iauant 2 Method [*.g2) j 4dd Signature |

21 nrn 11 Print Signature |

First Name Last Name Meaning Category Date |Time |
1 Marian Fechner Review - Approved R ewiew 2004001720 11:84:34
2 Marian Fechner Release - Approved  Release 2004001720 11:86:1

Figure 102: Signature Added to the List

You can print out a hardcopy of the signature by clicking on Print Signature. If
you click on the History tab, you can see the history the method file.

Methods - Add Signature,Show History - C:%0PUS 6.0%Data’Extended Demodata’,Qua; |
Sighature  History
Frint History | [uge Landscape]

A |8 C D
1 Operator:Default Version 4.2 Build: 4, 2, 40, 251.8 20031218 Alk_d2.g2 1
2
3 Add Signature  Signature 2004701520 11:54:35 (GMT+1) Signed by: Mario
4
& Add Signature  Signature 2004701520 11:56:31 (GMT+1) Signed by: Mario
B

Figure 103: Method History

There is also the option to print the history. We advise you to select the setting
Landscape with your printer. Otherwise, the content may not fit on the page.

118 OPUS/QUANT Bruker Optik GmbH



1 3 Method Protection

The OPUS software allows the protection of Quant 2 and Identity Test methods.
A typical scenario for protecting a method is: User A has set up a method and
wants to give this method to user B but he does not want that user B passes the
method to anybody else. Therefore, user A protects the method for the spec-
trometer of user B by indicating the MAC ID of spectrometer of user B.

Note: A protected method can only be used if the computer, on which the OPUS
software is running, is connected to the spectrometer with the indicated MAC ID.
Each spectrometer of a certain instrument series (e.g. MATRIX, TENSOR 27,
TENSOR 37, MPA, VERTEX) has a unique MAC ID. The protection is related
to this MAC ID. (Method protection is not possible with older spectrometers that
are equipped with an AQP (e.g. Vector 22 or Equinox).

Protecting a Method

1) User B tells user A the MAC ID of his spectrometer. User B can get the
MAC ID either via the OPUS software or via the Internet Explorer.

To get the MAC ID via the OPUS software select in the OPUS Measure
menu the Direct Command Entry function and enter the command CON-
FIG MCID. Then, click on the Send Command button. The MAC ID
(e.g. 0000 AD 07 AB 11) is displayed in the lower part of the dialog
window. See figure 104.

Direct Command Enkry il

Direct Command Entry |

Send Commands to Optical Bench

Send Command | [COMFIG MCID

Command:CONFLG MCID =]
] | nswer 0000 AD OF &R
E xit Cancel Help |

Figure 104: Direct Entry Command Dialog Window
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Method Protection

2)

3)

To get the MAC ID via the Internet Explorer enter the Internet address
of the spectrometer and navigate to the Service —= View Instrument
Configuration page. See figure 105.

72} Instrument Configuration - Microsoft Internet Explorer

Datei  Bearbeiten  Ansicht  Favoriben  Extras 7

R Zuriick + = - @ 7t | @Suchan (] Favariten @Median @ | %v =] @

Adresse Iﬁj http: ff149.236,30.66/config/cfg_ctrler.htm

Matrix-M SN_MM.0147.04B Instrument Configuration

 Embedded Web Server

[EWS15 Firmware Version [1.220190v 21 2002
[EwWs15 CPU |A2D Elan SC400-66MHz
[Base RAM (KE) 632

[Estended RAM (®B) [7188

|IP Address in file CYEWSTCPIP.INI (Dec) |149 236.30.66
|IP Subnet Mask i file C/EWSTCPIP.INI (Dec) |255 255.255.0
|GATEWAY in file C/EWS/TCPTP THNT (Toec) 149.236.30.1

{:@mom Hex) [00 00 4D 07 AB T
|TCP]P Settings from CAEWSTCPIP INI

|Comunication Format Code |CC2
[EWS DIP Switch 1 [oFF
[EWS DIP Switch 2 |oFF
[EWS DIP Switch 3 |oFF
[EWS15 Board Serial Mumber [ooo11B
SCT15 Board

Figure 105: MAC ID via Internet Explorer

As user A still wants to have access to his method, he has to make a
copy of the method. If the original method is stored in the
Quant Methods directory, for example, create a subdirectory for user B.
If several users (i.e. spectrometers) are to get a protected method create
several subdirectories. See the following figure.

Ela Q-uant_Methnds

~{_| USER_B_00_00_AD_07_AB_11
-] USER_C_00_00_AD 01 15 11

Figure 106: Creating Subdirectories

Copy the method file (*.q2 or *.faa) from the original directory to the
new one using the Explorer program of the operating system. You can
also use the Store Method button in the Setup Quant 2 Method dialog
box —= Store Method page.

User A must have an OPUS registration which gives him access to the
OPUS package VALIADTION as a method can only be protected in
conjunction with Add Signature command. To view the available pack-
ages select in the OPUS Help menu the 4bout OPUS item. The follow-
ing window opens:
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@ OFUS Version E.0Build: B, 0,62, 413

Copuyright 2 Broker Optik. GmbH 1937-2005

Thiz Yergion of OPUS was licensed to;

Software
Bruker Optik GrabH
Workstation
1354984249
3524E56654
F.ey confirmed

Avallable Packages

200 e

ATAB

ATR =l

Fartz of thig Software are bazed in part on the work, of
the Independent JPEG Group.

Figure 107: About OPUS Dialog Box

4) To protect a method select in the OPUS Validation menu the Methods -
Add Signature/Show History function. The dialog box shown in
figure 108 opens. Select the corresponding method type Quant?2
Method (*.q2) or Identity Test Method (*faa) and load the method file
from the appropriate directory (e.g. USER B 00 00 AD 07 AB_11)
by clicking on the Load Method button.

Methods - Add Signature/Show History - C\OPUS b.0%Data’\Extended Demodata’Quant x|

Signature | Histary |

Load Method I IQuanl 2 Method [*.02) j Add Signature
Protect Method Frint Signature
I The metheod file has no signature block ! ‘

Figure 108: Methods- Add Signature/Show History Dialog Box
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5) Click on the Protect Method button. The dialog box shown in figure 109
opens. Enter the MAC ID of the spectrometer of user B in the corre-
sponding entry field (with the blanks as shown in the figure 109).

Prepare Method Protection

For zafety reazons always make a copy before protecting a method !

Protect mode

& Ful

" Enlarge Method

" Change Parameters

MaclD: IDD 00 AD 07 48 11|

Call "Add signature’ ta write the protect settings to

Set

Mo

i]]

IV Time limit

IUS.U3. 2007 vl

Marz 2007

i Do Fr Sa

28
5
12
[e.g.: 0000 A 19

26

Cancel |

27
E
13
20
27

2 3 4 5 & 7 8

201 2 3 4
7 oo &M
14 15 16 17 18
2022 23 24 25
23 23 30 3 1

Figure 109: Prepare Method Protection

There are three different protection modes:

o Full

e Enlarge Method

» Change Parameters
Only the protect mode Full allows for defining a time limit for the use of
a protected method (i.e. after the time limit has run out the method in
question can no longer be used). The default time limit is set to one year.
If you want to change this default value, you can either enter the desired
date of expiry manually or specify it interactively using the calendar
shown in figure 109. To open the calendar click on the arrow button of

the drop-down list.

Note: For Identity Test methods only the protection mode Full is available.

If you select the Full mode the protected method can only be used for
analysis purposes, it can not be loaded in the Setup Quant 2 Method dia-
log window (or in the Setup Identity Test Method dialog window). If you
try to do this the following OPUS message appears:

& Full protected method, cannot be loaded in the Quant 2 Setup |

x|

Figure 110: OPUS Message

Note: It is of crucial importance that the person who has created a Quant 2
method (in our example user A) keeps an unprotected version of the method file.
Otherwise, it is not possible to have look at the settings of the method or to
change them after having protected the method.
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6)

7)

The protection modes Enlarge Method and Change Parameters are
intended for the following scenario: User A creates a method using cali-
bration spectra which he does not want to give to anybody else. User B
is to use the method of user A, add his own spectra, perform a new vali-
dation and store the modified method, but without having access to the
calibration spectra of user A.

If you select the Enlarge Method mode only new spectra can be added to
the method, whereas, if you select the Change Parameters mode also the
settings on the Parameter page can be modified.

The protection modes Enlarge Method and Change Parameters are only
available if you have activated the Store Spectra in Quant 2 Method File
check box on the Setting page of the Setup Quant 2 Method dialog box
before you have stored the Quant 2 method. See figure 111 and 88.

— Method Pratection

[V Store Spectra in Quant 2 Method File

|Jze thiz option only if you want bo pratect a method in
the mode ‘Enlarge Method' or 'Change Farameters'.

Figure 111: Setup Quant 2 Method Dialog window - Store Spectra Page

If a Quant 2 method file had been stored with this option and has been
protected afterwards in the mode Enlarge Method or Change Parame-
ters, the calibration spectra stored in the *.q2 file can only be used to
perform a new validation. They can not be viewed or extracted.

When a protected method is loaded into the Setup Quant 2 Method dia-
log window the calibration spectra are shown in green in the table on the
Spectra page. Some functions like Display Preprocessed Spectra, Copy
Spectra, Select Test Samples and Add Component are blocked and the
component concentration values of the stored calibration spectra can not
be changed.

Click on the Set button to exit the Prepare Method Protection dialog
box and to return to the Methods - Add Signature/Show History dialog
box (figure 108). Now the MAC ID, you have entered, is displayed to
the right of the Protect Method button.

Click on the Add Signature button and sign the method file. (See section
12.2.) Select the signature meaning Review or Release. In this case, do
not select the signature meaning Release and Lock.

If the method has been protected successfully the following OPUS mes-
sage appears:

opus x|

Figure 112: OPUS Message - Successful Method Protection
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8) Close the Method - Add Signature/Show History dialog window by
clicking on the x button in the upper right corner of the window.

Note: Send only the protected method file with the extension *.q2 (e.g.
exem 1.q2) to user B. Do not send the file with the extension *.q2v (e.g.
exem_1.q2v), which contains amongst other information the validation results.
This file could by misused by user B.

Take into consideration that a protected method can only be used if the
spectrometer with the corresponding MAC ID is connected. Otherwise,
the following OPUS message appears:

opus x|

& Protected method, cannot be loaded!. A spectrometer with the Following MacID must be connected: 00 00 AD OF AB 11

Figure 113: OPUS Message - Wrong MAC ID

If you want to use a protected method, wait a few seconds after starting
the OPUS software until the connection between the spectrometer and
the computer has been established.

If you have modified a protected method you can store the method file
either under the same or a different file name. However, the protection
status cannot be changed.

If you have worked with a protected Quant 2 method and then want to
use an unprotected method, first exit the Setup Quant 2 Method dialog
window, open it again and load the unprotected method file.
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Setting up a Spectra Transfer Method

1 4 Spectra Transfer

The OPUS software allows you to adapt ‘foreign’ spectra (i.e. spectra you have
acquired using a spectrometer system from another manufacturer or a Bruker
spectrometer but with a different accessory) to those OPUS spectra with which
you want to work (e.g. setting up a Quant 2 method). Before starting the spectra
transfer, you first have to set up a spectra transfer method. The purpose of this
method is to model the differences between the OPUS spectra and the original
spectra caused by the different spectrometer systems. During the subsequent
spectra transfer, these differences are taken into consideration and the original
spectra are adjusted correspondingly.

Note: The calculation of the spectra transfer model is based on the PDS method
(Piecewise Direct Standardization).

Before setting up a spectra transfer method, you first have to measure a sample
set consisting of approximately 15 to 20 samples using both spectrometer sys-
tems, the Bruker spectrometer and the foreign spectrometer. (Use exactly the
same samples for both spectrometer systems, not different samples from the
same material!) Ideally, the samples should cover the complete range of the
parameters to be analyzed. Moreover, it is of crucial importance that the mea-
surements with both spectrometers are performed under the same environmental
conditions and without delay. These measures ensure that the differences
between the ‘foreign’ spectrum and the OPUS spectrum of one and the same
sample reflect only the different characteristics of the two spectrometers.

Note: To be able to import the data into OPUS, the measured spectra need to
stored in a 3D JCAMP multifile. For information about how to create a 3D
JCAMP multifile refer to the corresponding software manual.

14.1 Setting up a Spectra Transfer Method

Converting the original Data

In case the ‘forgein’ spectra are not available in the OPUS format they have to
be converted to this format before the spectra transfer. Moreover, if the x-axis
of the original spectra has another unit (e.g. nm or um) than the OPUS spectra
(cm™!, wave number), the x-axis unit of the original spectra has to be converted
into cm™!. To do this, select in the Evaluate menu the Setup Spectra Transfer
Method function and click on the Convert 3D JCAMP File to OPUS Files tab.
See figure 114.
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Spectra Transfer

Setup Spectra Transfer Method - New x|
Convert 3D JCAMP File to DPUS Fies | Load Method | Spectis | Parameter | Graph | Stors Method |

3D JCAMP fle: [CADPUS BT\ pekirontiansiertFoss Trarslet Spocha du Browse
Targetpalh; | CAOPUS E.VSPEKTRENT RANSFERVSPECTRA Browss

Type of JCAMF spectia

Others: Transmittance

Convert

Figure 114: Converting the original Spectra

Indicate the directory (path) with the 3D JCAMP file(s) containing the original
spectra by clicking on the Browse button right to the 3D JCAMP file field. Spec-
ify the target path for the converted files by clicking on the corresponding
Browse button. Indicate the type of the original spectra by selecting the corre-
sponding option in the Type of JCAMP spectra drop-down list. Then, click on
the Convert button. In the course of this conversion, OPUS also converts auto-
matically the x-axis unit to em’!, if required.

Note: During the conversion, each spectrum included in a 3D-JCAMP file is
stored in a separate OPUS file.

To load the acquired spectra click on the Spectra tab.

Setup Spectra Transfer Method - New x|
Convert 30 JCAMP File to DPUS Fies | Load Method Spectia | Paramster | Giaph | Store hethod |

Add Master Spectra Add Slave Spectra

Path File Hame Sample Hame Path File Hame Sample Ham
1 C:iTransteri | 0003.0 Amyium Rotating Cup, Werzamelen, 0003 Text1 il C:\Transter3) 0003_AHE 17-1-2003.1 $F Spektrum - 1-0 AHE 17412003
2 C:ATransterht 0004 .0 Amylum Retating Cup;Werzamelen, 0004 Text1 2 C'\Translar\‘i\‘DDD47AHE 18-1-2003 1 $F Spektrum - 2-_0 | AHE 18//2003
3 CATransfer'ht 0008.0 Amylum Rotating Cup;VYerzamelen, 0008 Text1 3 C:\Transfer'S| 0008_ANE 03-1-2003.1 $§ Spekirum - 3-_0 | ANE 03412003
4 C:iTransterid | 0009.0 Amyium Reotating Cup, Werzamelen, 0003 Text1 4 C:\Trans!er\#UDDQ_A\B 20-12-2002.1 $5 Spektrum - 4-_0 | AIB 28 262002
5 C:ATransterhd 0010.0 Amylum Retating Cup;Yerzamelen, 001 0Text1 5 C'\Tr’ans!ar\‘i\‘ﬂm 0_AIB 02-01-2003.1 $§ Spektrum - 5-_0 | AIB 020012002
B CATransfertt 0011.0 Amyhum Rotating Cup;VYerzamelen, 0011 Text1 B C:ATransferS|0011_AIB 04-01-2003.1 $§ Spekdrum - 6-_0 | AIB 04012002
7 C:iTranster' 00130 Armeylum Reotating Cup, Werzamelen, 001 3Text1 7 C:\Trans!er\#UDH_ANE 14-01-2003.1 $3 Spektrum - 7-_0 | ANE 14i01/200
8 C:ATransterhd 00260 Amylum Retating Cup,Werzamelen, 0026 Text1 8 C'\Trans!ar\‘i\‘DDZEiAElLl 11-01-2003 1 &5 Spektrum - 8-_0| ABU 11014200
El CATransfer'tt 0028.0 Amyhum Rotating Cup;VYerzamelen, 0028Text1 9 C:\Transfer'S| 0028_ABU 01-02-2003 1 $% Spektrum - 9-_0| ABU 0102200
10 |C:iTranster' 00330 Armeylum Reotating Cup, Yerzamelen, 0033Text1 10 C:\Trans!er\#ﬂuﬁ ASL 8-01-2003.1 $F Spektrum - 10-_0 | ASL 81012003

Figure 115: Setup Spectra Transfer Method - Spectra
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Setting up a Spectra Transfer Method

The spectra acquired using the Bruker spectrometer are the ‘master spectra’ and
the spectra measured using the foreign spectrometer are the ‘slave spectra’.
Load these spectra by clicking on the corresponding button. See figure 115.

Note: The master spectra have to be available in the data block Absorbance or
Log Reflectance, whereas the slave spectra can also be available in the data
blocks Transmittance or Reflectance.

To set up an usable spectra transfer method, it is of crucial importance that the
spectra of the individual samples are sorted in both tables (master and slave) in
the same order. Otherwise, you have to rearrange the spectra by selecting the
spectrum (spectra) in question and moving it (them) to the new position while
pressing the left mouse button.

Note: In both tables, the spectra are loaded in alphabetic order according to their
file names. Take this fact into consideration when specifying the file names for
the master spectra and slave spectra during the measurement.

Click on the Parameter tab. Normally, you can take the default setting (window
point: 7). In case of a shift between the master spectra and the slave spectra with
regard to the x-axis (frequency shift), however, enter a higher window point
value. To find out whether the model yields better results with or without Mean
Centering, give it a try. Now click on the Calculate Transfer Model button. As a
result of this, the window switches automatically to the Graph page.

Setup Spectra Transfer Method - New

Canwert 3D JCAMP File to OPUS Files | Load Method | Spectra  Parameter | Graph | Store Method |

Window points: I? 'l Calculate Transfer bModel I

" Mean Centering

Figure 116: Setup Spectra Transfer Method - Parameter

The graph shows the mean difference between the master spectrum and the cor-
responding transferred slave spectrum. If you want to enlarge a graph detail left-
click in the graph and draw a frame around the area of interest while pressing
the left mouse button. To undo the enlargement right-click once in the graph.
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Setup Spectra Transfer Method - New x|

Convert 30 JCAMP File to OPUS F\\esl Load Methodl Spactral Parameter Graph | Stare Melhodl

Display Difference Spectia Display Transferred Spectra

Mean Difference between Master and transferred Slave Spectra

0.028 |
0.0%
0.024
0022

0oz
0018
0016
0014
0oz

001
0.008
0.006
0.004
0.0z
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Figure 117: Setup Spectra Transfer Method - Graph

Moreover, you can have the difference spectra and the transferred spectra dis-
played by clicking on the corresponding button. Figure 118 shows the differ-
ence spectra that have been calculated on the basis of a master spectrum and the
corresponding slave spectrum.

-0.020 0.000 0.0z0

-0.040

T T T T T T T T T T
9000 500 000 500 000 G500 G000 5500 5000 4500

Show File Name “
Mew_Diff 1.0 Go ta Spectra Transter

1 [

7 [~ New_Diff_2.0

3 [~ New_Diff_3.0

4 [~ New_Diff_4.0

5 = Mew_Diff_5.0 =

-
« I E

Figure 118: Difference Spectra
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Show File Name ﬂ
1 ¥ 0002.0
1 I Trang_0003_AHE 17-1-2003.1 §% Spektrun
2 [ 0004.0
2 = Trans_0004_AHE 18-1-2003.1 $§ Spekirun _
" -

|

Go to Spectra Transfer

B

Figure 119: Transferred Spectra

In the graph of figure 119, the master spectrum and the corresponding trans-
ferred slave spectrum are displayed in the same color. This graph allows you to
see how similar the master spectrum and the corresponding transferred slave

spectrum are after the transfer.

Now click on the Store Method tab and then on the Store Method button.

Setup Spectra Transfer Method - New x|

Convert 30 JCAMP File to OPUS Files | Load Method | Spectra | Parameter | Graph ~ Store Method |

Store Method

~ Transfer spectra

Please un 'Calculate Transfer Model before storing the method

Add Spectra

Transfer Spectra

|__Path__[File Hame[Sample Hame|

Figure 120: Setup Spectra Transfer Method - Store Method
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Spectra Transfer

14.2

Transferring Spectra

After setting up and storing the spectra transfer method and converting the orig-
inal data, you can transfer the original spectra to OPUS using the spectra trans-
fer method. There are two different ways of performing a spectra transfer:

1)

2)

Click in the Setup Spectra Transfer Method window, on the Store
Method page (figure 120), on the Add Spectra button and select the orig-
inal spectra you want to transfer to OPUS. The spectra are added to the
table below. Now click on the Transfer Spectra button. As a result of
this, the transferred spectra are stored in the subfolder 7Transfer that has
been created automatically in the directory of the original spectra.

Load the original spectra you want to transfer to OPUS. Select in the
Evaluate menu the Transfer Spectra function. Drag and drop the spectra
into the Files to transfer field and load an already existing spectra trans-
fer method by clicking on the corresponding button. See figure 121. You
can perform the spectra transfer also using the already loaded method
(i.e. the method that has been used last). To start the spectra transfer
click on the Transfer button. The transferred spectra are stored in the
same directory as the original spectra. In this case, the original spectra
are overwritten by the transferred spectra.

Transfer Spectra |

Select Files |

a
n

r—Files to transfer
A e | "Ci\Transfer\CalibrationSpectral ABU 01-0Z &
Eﬁ "Ct\Transfer\CalibrationSpectral ABU 04-01
ﬂﬁ "Ct\TransferiCalibration3pectra’ ABU D4f|_|

koo I TeancFarh e alibe shinnSnacke = AR OG-0 ht
1 i »

—Loaded Spectra Transfer method

Mo Spectra Transfer method loaded.

Load Spectra Transfer Method

The algorithm of this Function is licensed by:

University of Washington, Second Crder Instrument
Standardization, US Patent Mumber 5,459,677,
developed by Drs,) Bruce F. Kowalski and
‘Yongdong Wang.

Transfer Cancel Help

Figure 121: Spectra Transfer
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Setting up a Quant 2 Method using transferred Spectra

14.3

transferred Spectra

Setting up a Quant 2 Method using

After you have transferred the original spectra successfully to OPUS, you can
use them for setting up a Quant 2 method. To add the transferred spectra and the
corresponding component values of the individual components to the spectra

list (figure 126) in a time-saving manner, proceed as follows:

* Select in the Evaluate menu the Setup Quant 2 Method function and
click in the Setup Quant 2 Method window on the Components tab.

Enter the names of your components. See figure 122.

Setup Quant 2 Method - New

Load Method  Components |Speclra| F’alameters' Validate' Graph' Heportl Store Method' Dplimize' Selt\ngs'

Add Component |

Name Unit

|[;|ud5 Fat Img Formatting if the Quant 2 analysis report
E,g'f;;'e[rggfl & Disfaul settings (5 significant digits)
é?g;g[&g] [mg] " Digits after the decimal point
Crude Fiber [m:

|m§@ﬂﬁb 2

Figure 122: Entering Component Names

* In the directory of the 3D-JCAMP file, a text file (<File-
Name>_info.txt) has been created. This file contains the path and the
file names of the spectra as well as the component values of the indi-
vidual components. Open this text file using a normal text editor.
Copy the content of the text file (except for the first row) into the

clipboard. See figure 123.
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I calset Bran +Luebbe_info.bxt - Editor =] ]

Datei Bearbeiten Format  Ansicht 7
rath Filename STARCH

M M M m M mmmmmmom oo mm oo
(I T T R I O B

Figure 123: Text File

* Click in the Setup Quant 2 Method window on the Spectra tab and
then on the Window button. As a result of this, the QUANT setup
assistant is embedded in an OPUS window. Among other columns,
the table includes also columns labeled with the component names
you have entered before. See figure 124.

& - [Quant Report full_access.ows:2 Operator: Default (Administrator)] - |5 5[
i/ Ble Edt Wew ‘Window Measure Manipulate Evaluate Display Print Macro  Validation Setup  Help _8x
. ’ 3+ my s - 3 . B
HHEFIRQEREEESR $ldallE 5 =25 CHEBEH
X

RSy 2 Data Set Sample Path File Mame | Moisture | Protein ASH

isplay full_access.ows1  Operator Default [Administrator) z I T [ | ‘ ‘

[ouant Report fuil : Operatar: Default [Administrator e "

Goback to

3 Spectia
Graph
Repart

Figure 124: QUANT Setup Assistant

» Position the cursor in the empty cell of the Path column and paste the
content of the clipboard into the table. See figure 125.
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- [Quant Report full_access.ows:2 Operator: Default (Adminis —lE[x]
i) Bl Edt Wiew Window Measwe Manpukte Evaluate Disply Brint Maog Vaidation Setup  Help _Bx
HERBGIRLENFEESH Sl E TS 22 F S HWMP GO
OPUS Browser L Data Set Sample Path File llame | Moisture | Protein ASH STARCH [Crude | «]

Display full_access.ows: 1 Operator: Defaul [Adminis| |7 Calibration |1 C:\Transfer'c | AHE 8-1-2003.1 [13.98 5905 322 1384 103

uant Report full Operator Default (A B Calibration z C:Transter'c | AHE 51-20032 13598 55.05 322 1384 1.03

3 Calibration |3 C:\Transfer'c| AHE 16-1-2003.1(3 74 6541 358 107 085
4 Calibration |4 C:\Transfer'c| AHE 16-1-2003.2(3 74 6541 358 107 085
5 Calibration |5 C:\Transfer'c | AHE 17-1-2003.1[12.71 5416 278 19.68 115
B Calibration |6 C:\Transfer'c | AHE 17-1-2003 2[12.71 5416 278 19.68 115
7 Calibration |7 C:\Transfer'c | AHE 18-1-2003.1[10.76 6456 328 1065 122
B Calibration |8 C:\Transfer'c | AHE 18-1-2003.2[10.76 6456 328 1065 122
(B et 9 Calibration 3 C:\Transfer'c | AHE 20-1-2003.116.45 55.38 273 14.03 033
10 |Calibration |10 C:\Transfer'c | AHE 20-1-2003 2[16.45 5538 279 14.08 [ES
L 11 Calibration |11 C:\Transfer'c | AHE 21-1-2003.1[1363 5679 303 14.04 1
12 |Calibration |12 C:\Transfer'c | AHE 21-1-2003.2[1363 5679 303 14.04 1
13 |Calibration |13 C:\Transfer'c | AHE 22-1-2003.1 (1368 5957 304 1348 s |
Graph 14 |Calibration |14 C:\Transfer'c | AHE 22-1-2003.2[1368 5957 304 1348 [
15 |Calibration |15 C:\Transfer'C | ANE 03-1-2003.1[9 81 4738 132 .28 045
16 |Calibration |15 C:\Transfer'c | ANE 03-1-2003 2(9 81 4738 132 .28 045
Report 17 |Calibration |17 C:\Transfer'C | AIB 28-12-2002. |6.47 4958 245 30.25 13
18 |Calibration |18 C:Transfer'C| AIB 28-12-2002. [8.47 4958 245 3025 13
19 |Calibration |18 C:Transfer'c | AIB 02-01-2003, [10.43 0.8 29 308 18
20 |Calibration |20 C:Transfer'c | AIB 02-01-2003, [10.43 0.8 29 308 18
2 Calibration |21 C:Transfer'C| AIB 04-01-2003, |5.64 49.54 223 33.29 117
22 |Calibration |22 C:Transfer'C| AIB 04-01-2003, |5.64 49.54 223 33.29 117
23 |Calibration |23 C:Transfer'C | ANE 9-01-2003.1[8.41 6181 158 15.07 [
24 |Calibration |24 C:iTransfer'C | ANE 9-01-2003 2(8.41 6181 158 15.07 [
25 |Calibration |25 C:Transfer'C| ANE 14-01-2003.|9.03 6264 151 1252 085
26 |Calibration |25 C:Transfer'C| ANE 14-01-2003.|9.03 6264 151 1252 085
21 |Calibration |27 C:Transfer'C| ANE 15-01-2003.[8.77 6074 152 15.79 083
28 |Calibration |28 C:Transfer'C| ANE 15-01-2003.[8.77 6074 152 15.79 083
25 |Calibration |28 C:Transfer'C| ANE 16-01-2003.|9.08 601 153 15.82 075
30 |Calibration |30 C:Transfer'C| ANE 16-01-2003.|9.08 601 153 15.82 075
B Calibration |91 C:Transfer'C| ANE 17-01-2003.|9.08 6183 154 1609 0g
32 |Calibration |32 C:Transfer'C| ANE 17-01-2003.|9.08 6183 154 1609 0g
33 |Calibration |33 C:Transfer'C| ANE 21-01-2003.[6.23 6341 157 1637 0g
34 |Calibration |34 C:Transfer'C| ANE 21-01-2003.[6.23 6341 157 1637 0g
35 |Calibration |35 C:Transfer'C | AN 26-12-2002. [15.58 6184 188 EEl 12
3 |Calibration | C:Transfer'C | AN 26-12-2002. [15.58 61.84 1.85 991 12 -
| sl
4 | 4 #3 Quant Report full_access.ows:z _ Operator: Default (Administrator) | b x
For Help, press F1 o ctive Task | oo 5 e

Figure 125: Pasteing Spectra plus Concentration Values

* Click in the QUANT setup assistant window on the Spectra button.
As a result of this, the Spectra page of the Setup Quant 2 Method
window appears. In the spectra table, the path and the file name of
the transferred spectra as well as the concentration values of the indi-
vidual components are entered automatically. See figure 126.

Note: If you have transferred the spectra using the Setup Spectra Transfer
Method dialog window (see the first procedure described in section 14.2) you
need to change the path in the Setup Quant 2 Method dialog window, as in this
case OPUS has stored the transferred spectra automatically under a different path
(namely in the self-created subfolder Transfer).
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x
Load Melhodl Components  Spectra I Paramatersl Valldatel Graph | Hepoltl Store hethod | Optimize | Seltmgsl
Add Spectra I Change Path | Copy Spectra | “window |
Set Sample Mumbers | Set Data Set | Comp. Correlations | Print |
Data Set Sample Path File Hame Moisture Protein ASH STARCH =~
1 Calibration 1 CATranzferc | AHE §-1-2003.1 (1395 59.05 3.22 1394
2 Calibration 2 CTransferiC | AHE §-1-2003.2 |13.96 59.03 3.22 13.94
El Calibration 3 CTransferiC | AHE 16-1-2003.1|9.74 63.41 3.58 107
4 Calibration 4 CTransferiC | AHE 16-1-2003.2|9.74 65.41 3.58 107
£l Calibration S CATransferC| AHE 17-1-2003.1(12.71 5416 2.78 19.88
& Calibration 5 CATransferC | AHE 17-1-2003.2(12.71 5416 2758 1988
7 Calibration 7 CTransferiC | AHE 15-1-2003.1|10.76 G456 3.28 10635
&) Calibration L&) CTransferiC | AHE 16-1-2003.2|10.76 G456 3.28 1065
gl Calibration 9 CTransferiC | AHE 20-1-2003.1|16 .45 56.38 279 14.09
10 Calibration 10 CTrangferiC | AHE 20-1-2003 2|16 .45 56.38 279 14.09
11 Calibration 11 CATransferC | AHE 21-1-2003.1 (1363 58.79 3.03 1404
12 Calibration 12 CTransfer’C | AHE 21-1-2003.2(13 63 58.79 3.05 14 04
[ Calibration 13 CTransferiC | AHE 22-1-2003.1|13 69 59.57 3.04 13.43
14 Calibration 14 CTransferiC | AHE 22-1-2003.2|13 69 59.57 3.04 13.49
[l Calibration 15 CTrangferiC | AME 03-1-2003.1|9.81 4738 1.32 31.29
16 Calibration 16 CATransfernC | AME 03-1-2003.2/9.81 4738 1.32 3129
17 Calibration 17 ChTranzferC | A8 25-12-2002. (547 49 55 245 3025
18 Calibration 18 ChTransferiC | AR 26-12-2002. |§.47 4956 245 3025
[l Calibration 19 CTransferiC | AR 02-01-2003. |10.43 7066 28 308 v|
< | 3

Figure 126: Spectra List

* Now you can set up a Quant 2 method using the transferred spectra
as described in the previous chapters.
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	Figure 107: About OPUS Dialog Box
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	Note: The calculation of the spectra transfer model is based on the PDS method (Piecewise Direct Standardization).
	Note: To be able to import the data into OPUS, the measured spectra need to stored in a 3D JCAMP multifile. For information about how to create a 3D JCAMP multifile refer to the corresponding software manual.
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