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About OPUS IDENT

This manual consists of two parts. The first part describes how to create a user-
defined reference library, and generate an IDENT method. Apart from this the
IDENT analysis and the resulting report files are explained in detail, as well as
the theory of the IDENT software test routines. The cluster analysis and
conformity test are described in a separate chapter.

The reference section refers to all IDENT functions and supports you if you
have questions about the IDENT functionalities, or problems while using
IDENT.

Introduction

OPUS IDENT (in the following referred to as IDENT) is a software package
designed to identify substances by their IR spectra. An unknown spectrum (in
the following called test spectrum) is directly compared to reference spectra of a
library. IDENT identifies those reference spectra which are closest equivalent to
the test spectrum, and determines the deviations between these spectra and the
test spectrum. This allows IDENT to identify unknown substances, e.g.
polymers, and to evaluate the conformity degree of a substance with a reference
standard. The latter application is a typical task found in quality control.

To perform an identity test you first need to have a reference library which you
compare the test spectrum with. If no suitable library exists, you have to
measure a set of reference spectra, i.e. at least one spectrum per substance.
However, it is recommended to measure several batches of the same substance
to enable the program to get more information on possible allowed variations.
Before, the samples required have to be classified as identified using common
reference analytics.

If you have already measured a spectrum which you want to identify, the next
step will be to generate an IDENT method. To perform an identity test you can
select several algorithms and define identification parameters by using the
IDENT software.

The results of an identity test are stored in a report which includes the analysis
result, the method used as well as the parameters defined.
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Loading Existing Method

Setting Up an Identity Test
Method

This chapter describes step by step how to set up a reference spectra library, and
how to generate an IDENT method. You can perform an analysis using this
IDENT method, and the analysis results will be displayed in the form of a
report.

To perform an identity test the following steps are required:

1) Measuring at least 1 reference spectrum per substance

2) Incorporating the reference spectra into a library (the spectra need to
belong to batches of one single substance which have been identified by
means of conventional analytics)

3) Defining a suitable spectral range for identification
4) Selecting a data preprocessing method

5) Generating an IDENT method

6) Measuring test spectra

7) Analyzing test spectra

This chapter assumes theoretical basic knowledge, and therefore only briefly
outlines the methods involved. The theory of the identity test method is
explained in chapter 6.

If you generate an IDENT method, a main spectra library (IP1) will be created.
All sub-libraries (e.g. IP2, IP3, IP4 etc.) which are related to this reference
library will be stored in the same method file which uses the extension *F44.

The data structure of the complete library is displayed in a kind of browser
window, and OPUS ensures a common (internal) validation of the entire library.
For further details, see chapter 7.

1.1 Loading Existing Method

Start the IDENT software from the OPUS Evaluate menu. Select the Setup
Identity Test Method command.

Bruker Optik GmbH OPUS/IDENT 3



Setting Up an Identity Test Method

If you want to load an existing method, click on the Load Method button and
select the respective method.

Setup Identity Test Method - C:%\Program’0OPUS'Data’Extended Demodat _- x|
Load Method | Reference Spectra I Parameters I Threzhald I Walidate I Stare Method
| Load Methad... I Fenare Library... | %
B Id_ent_D £no
E| Carbonhydrates
¢ Lactose
E Diclofenac & Nifedipin
— General information of selected bran i Mifedipin

i Sugar

Marne: Ident_Dema

Groups: 18

Spectra; 726

Frequency ranges: 1

Data preprocessing: First derivative

Algorithm: Standard

Sub libraries: 5

ILiblar_l,l Tree as Shown % Printer
Library Tree as Shown k " PDF
Wwhole Library Tree
“Whole Library Tree and Group Stabiztics Print |
Wwhiole Library Tree and Statistics for Each Spectrum

Figure 1: Setup Identity Test Method - Load Method tab (existing method)

Figure 1 exemplifies the exact description of the main library selected,
including the data structure and the specific parameters in the General
Information of Selected Library group field.

The name of the main library (Ident_Demo) is shown in the blue indicator field
on the upper left side. If you click on one of the sub-libraries in the browser
window, i.e. if you move to a different library level, the indicator field changes
its color and description. In general, you can define as many sub-libraries as you
like. Each library level will have a different color.

« [PI: Blue

o [IP2: Green

« IP3: Yellow

« [P4: Orange

« [P5: Pink

« [P6: Magenta

If you defined IP7 as the next library level, the color cycle would start from the
beginning, i.e. [P7 would be blue.
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Loading Existing Method

The library level you are currently working with is always displayed on the
upper left side of each property tab, except for the Store Method tab. If you use
a method which has not been properly calculated, an error message pops up and
the library levels not yet re-calculated will be displayed in bold in the browser
window.

1 library not ready for use
zee entry with bold test in the tree

Figure 2: Error message on the Load Method tab

To rename the library description, click on the Rename Library button. The
following menu pops up:

Rename Library x|

Mame: IIu:Ient_D Emo

Cancel |

Figure 3: Rename reference library

Enter the new name of the current library and confirm it by clicking on the OK
button. The new description is automatically displayed in the browser window
on the right and in the General information... group field. The renaming
procedure applies to each library level.

You can also delete libraries. Note that all sub-libraries assigned to a specific
library level will be deleted as well. Select the particular library in the browser
window and press the DEL key on the PC keyboard. A menu pops up and asks
you whether you want to continue or cancel this deleting operation.

There are two possibilities to print the library structure displayed in the browser
window. Activate the Printer option button to have the library structure printed
on a connected printer. The drop-down list includes the following printing
options:

* Library tree as shown

*  Whole library tree

*  Whole library tree and group statistics

*  Whole library tree and statistics for each spectrum

Select one of the printing options and click on the Print button. If you activate
the PDF option button, the library structure will be printed as a PDF file.
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Setting Up an Identity Test Method

Clicking on the Print button opens the following dialog:

x
B <]

% Porkraic
"~ Landscape

File name: I Ci\ProgramiOPUSE_DYDatalExtended DemodatatIdent Tutorial, Test = |

Save I Cancel

Figure 4: Printing as PDF file

Define the appropriate format, the file name and path of the PDF file. Click on
the il button to open the Define PDF File Name dialog.

1.1.1 Methods created by prior OPUS releases

IDENT methods created by prior OPUS releases, and which also include sub-
methods are automatically converted to OPUS 5.0 if you load them into the
IDENT setup. If one of these sub-methods cannot be found in the path defined,
OPUS tries to search in the path where the reference method (*.F'4A4) is stored.
If the method cannot be found there either, OPUS writes a remark in the */og
ASClI-file.

Sub-methods containing spectra which are no member of the main library (IP1)
will not be considered for the set-up of the converted OPUS 5.0 method. If
spectra are assigned to more than one sub-method on the same library level,
they will be considered only once. In both cases the library conversion log file
includes an appropriate remark.

At the end of the conversion a dialog pops-up indicating that the conversion has
been finished, but not completed. Confirm this dialog by clicking on the OK
button.

1.2 Creating New Method

If you want to create a new IDENT method, click on the Reference Spectra tab.
To create a reference library, define the spectra to be used for the library. Click
on the Add Spec. for New Group button to add single spectra to a new product
group. Click on Add Spec. to Sel. Group to add single spectra to a selected
product group.
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Creating New Method

Setup Identity Test Method - C:Program’0PUS6_D04Data' Extended Demodata’, IdentTutor ﬂ
Load Method ~Reference Spectra | Farameters I Threzhold I "u"alidatel Store Methndl
_ | Ophions.... I Set Sub Libraries... | *ér_‘?‘r
Add Spectra far Mew Group... | Add Spectra to Sel. Group.. | Aszzign Clazzes... |
ID Path File name Sample name Group Name Sub Library
1 + 1 Acetylcystein Acetylcystein
2 + 2 Cellulose microcryst |Cellulose PH101
3 + 3 Cellulose microcryst | Cellulose PH102
4 + 4 Cellulose microcryst | Cellulose PH112
5 +[ 5 Corn starch Corn starch
fi + B Diclofenac potassiu |Diclofenac potassi
7 | 7 Diclofenac sodium |Diclofenac sodium
8 + 8 Eudragit RS PO Eudragit
49 + 9 Glucose dried Glucose
10 +( 10 Isosorbide dinitrate |lsosorbide dinitrat
11 + 1 Lactose 80 mesh Lactose 80mesh
12 + 12 Lactose 200 mesh Lactose 200mesh
13 +| 13 Nifedipin high Nifedipin high
14 + 14 Nifedipin slow Nifedipin slow
15 +| 15 Nitrofurantoin powd |Nitrofurantoin po
16 +| 16 Pharmacoat 606 Pharmacoat
17 +| 17 Raspberry aroma Raspberry aroma
18 +| 18 Sugar crystalline Sugar

Figure 5: Setup Identity Test Method — Reference Spectra tab

In both cases, a dialog box opens where you can select the spectra to be used for
the IDENT method. Having loaded spectra, they will be assigned to the
respective group and are given a consecutive /D number. The Sample Name as
well as the Group Name are automatically read from the file parameters.

To see the list of group-specific spectra, click on the E sign in the first column
(figure 5). Click on the -] sign to close the list. You can also remove entries
from the file list. Select one or more entries by clicking on the left mouse button
and holding down the Shift or CTR key. Use the DEL key on the PC keyboard to
delete the entry(ies). Before you can delete a group or spectrum, a menu pops
up and asks you whether you really want to delete the spectra selected.

If you want to create new sub-libraries, click on the Set Sub Libraries button.
These sub-libraries are an integral part of the main IDENT method and are
indicated in green in the Sub Library column (figure 5). The following dialog
opens:
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Setting Up an Identity Test Method

Set sub libraries x|

i Carbonhydrat
Azsign |P2 Library Liglgiz sl oo | I arhannydrates j
Enter name for new sub library

Select groups for Carbonbydrates

Glucose
|zozorbide dinitrate

Mitrofurantoin povwder
Pharmacoat

cocs |

Figure 6: Set Sub Libraries

As the spectra of the Carbonhydrates group have already been assigned as a
sub-library they are automatically highlighted (figure 6).

The indicator field shows the defined sub-library IP2 level in green. You can
always set sub-libraries exactly one level below the current library. All
available groups defined for the main method, and which have not yet been
assigned to any sub-library on this level are displayed in the Select groups for...
field. Select the New option from the upper right drop-down list and enter a
unique name for the new sub-library. Then, click on the group(s) you want to
assign. If you define a new sub-library name, OPUS automatically checks
whether the new library name does already exist to avoid double naming. If a
name already exists, a dialog pops up requiring unique naming. Click on the
Assign button.

To delete sub-libraries, select them in the selection field and click on the Delete
Sub Library button. A menu pops up and asks you whether you want to continue
or cancel the deleting operation.

Groups which cannot be separated into further sub-libraries can, however, be
assigned to common classes if class identity is sufficient as analysis result.
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Creating New Method

To assign groups to a class click on the Assign Classes button on the Reference
Spectra tab. The following dialog opens:

Assign Classes x|

Delete Clazs | II Mew | j

Enter name for new class
Select groups for | Mew |

Acetylopstein
Eudraagit

Glucoze

lzozorbide dinitrate
Mitrofurantoin povder
Pharmacoat

coos |

Figure 7: Assign Classes

The Select groups for... selection field includes only groups which have not yet
been a member of a sub-library or class on this level.

Select the New option from the upper right drop-down list and enter a unique
name for the new class. Then, select the group(s) you want to assign and click
on the Assign button. A menu pops up and asks you whether you want to
continue or cancel the assigning operation.

Click on the Options button on the Reference Spectra tab if you want to change
the path of the original and averaged spectra. The Add selected spectra into one
group check box is checked by default. For further details, see chapter 7.2.3.
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Setting Up an Identity Test Method

1.3 Setting Parameters

The quality of an IDENT analysis substantially depends on the data
preprocessing method and spectral regions of each spectrum, which both have
been selected for the samples and IDENT method.

For the main library (IP1) it is recommended to use the Standard method and
define a large spectral region, as the spectral noise will be substantially
smoothed. In case of sub-libraries (IP2, IP3 etc.) it may be better to use the
Factorization method and limit the spectral region, which, of course, causes the
spectral noise to be insufficiently smoothed, but the spectrum shows many
significant details.

Note: If you update library data, new spectra have to be re-calculated on each
library level.

Click on the Parameters tab. This tab defines the spectral regions which have to
be considered for identification. You also have to select the preprocessing
method from the drop-down list as well as the IDENT method (algorithm).

Vector normalization is frequently selected as data preprocessing method.
Sometimes, however, you get even better results if you select First and 2nd
Derivative. For further details, refer to chapter 7. Select Vector Normalization
from the Preprocessing drop-down list.

The Always use lowest IP level check box is only enabled on the first library
level as this is a global setting for the entire library. If you activate the check
box, the IDENT analysis will be performed on the lowest IP level available.
This will also be done even if an IDENTICAL TO result has been achieved at
any higher IP level.

10
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Setting Parameters

Setup Identity Test Method - C:%Program’0PUSE_D\Data'\Extended Demodata’ IdentTutor il

Load kethod I Reference Spectra  Parameters I Thlesholdl Validatel Store Method

d_%

— Preprocessing

—Regions
from to
] 105024 1099 9 Interactive Region Selection |
2
Clear Selected Regions |
— Method r— Calculate threzholds
IStandard j Start Calculation el

[~ Always use lowest P level

Figure 8: Setup Identity Test Method — Parameters tab

If you want to limit the IDENT analysis to certain frequency regions, enter them
into the Regions table. Alternatively, you can also define these regions
interactively.
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Setting Up an Identity Test Method

Click on the Interactive Region Selection button. A separate window opens
which displays mean spectra.

Select Frequency Range(s)

0.75 1.00 1.25 1.50 1.75 2.00

0.50

0.25

0.00

T T T T T T T T T
12000 11000 10000 Q000 2000 F000 G000 5000 4000

Cancel |

Figure 9: Interactive Frequency Range Selection

The gray areas indicate the selected frequency limits, and the white spectral
range is the basis for the subsequent evaluation.

To move spectral regions place the cursor on the respective edge between the
white and gray area, hold down the left mouse button and move the regions. To
delete a spectral region, right click on the white area and select Remove from the
pop-up menu. Click on the OK button to confirm the settings, and the
Parameters tab will be displayed again.

You can also add a new frequency region by a right-click on the left or right
window side. Select the Add Region option from the pop-up menu (figure 10).

12
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Identity Test Limit

Select Frequency Range(s)

2.00

Zaom

Scale All Spectra
Shift Curve
Crosshair

1.75
v v

1.50

Add Anmatation

1.25

Copy,
Copy Al
Faste

1.00

0.75

Properties

0.50

0.25

0.00

T T T T T T T T T
12000 11000 10000 Q000 2000 F000 G000 5000 4000

Cancel |

Figure 10: Interactive Frequency Range Selection with pop-up menu

Select Standard as method on the Parameter tab and click on the Start
Calculation button to calculate the spectral distances.

1.4 Identity Test Limit

Click on the Threshold tab to have the identity test limits displayed. The
threshold of a reference spectrum is the sum calculated from the maximum
distance listed in the average report, plus the product resulting from the standard
deviation (SDev) and any x factor. For each group the threshold values are listed
in the Threshold column (figure 11).

You can enter any factor into the entry field, 0.25 is set by default. Click on the
Set button to confirm your entry. The factor set is valid for all reference spectra,
and the Threshold column is updated accordingly. You can also print the list.
Click on the Print List button. For further details, see chapter 7.4.

In a similar way you can set the value for the Confidence Level. You can enter
any factor between 95 and 99.9999% into the entry field, 99.99% is set by
default. If you click on the Set button to confirm your entry, the Threshold
column is updated accordingly. The Outlier column displays the number of
spectra which are outside the threshold. If you, e.g., set the confidence level to
95%, then 5% of the total number of spectra will be identified as outliers.

Bruker Optik GmbH OPUS/IDENT 13



Setting Up an Identity Test Method

Setup Identity Test Method - C:Program’OPUSE_0%Data' Extended Demodata:Iden il
Load Methndl Feference Spectral Parameters 1 hreshold |Validate| Store Methndl
-g,$
[ Threshold = Sl |

— M asimunn hit + 3 * SDey————— — Confidence Level

I 0.25 I 9393 %

Set Set

Group Name Spectra X Confidence Level (9 Threshold Outlier =
1 Acetylcystein 45 0.2500 100 0.017578 1]
2 Cellulose PH101 45 0.2500 99,9988 0.0061317 1]
3 Cellulose PH102 |45 0.2500 99.9968 0.0038525 1]
4 Cellulose PH112 |33 0.2500 99.8456 0.0040854 0
E Corn starch 45 0.2500 99.9999 0.018445 0
B Diclofenac potassi |36 0.2500 99.9849 0.011674 0
¥ Diclofenac sodium |45 0.2500 99.5257 0.020664 0
8 Eudraygit 27 0.2500 99.9614 0.0099051 0
q Glucose 39 0.2500 99.999% 0.0072312 0
10 Isosorbide dinitrat |39 0.2500 99.9993 0.0052611 0
11 Lactose B0mesh 45 0.2500 100 0.0078193 0
12 Lactose 200mesh |45 0.2500 99.938 0.011821 0
13 Nifedipin high 30 0.2500 999862 0.028052 0
14 Nifedipin slow 45 0.2500 100 0.01876 1] =
15 Nitrofurantoin pow |45 0.2500 99.9833 0.005713 a
16 Pharmacoat 33 0.2500 100 0.0047947 1] -
g9 7 o T o S haad _>|_I

Figure 11: Setup Identity Test Method — Threshold tab

1.5 Validating Library

When creating a library, first check whether the IDENT parameters selected for
the IDENT method are optimized for all reference spectra, and whether an
unambiguous assignment of test spectra to a group can be ensured. This is done
by a validation procedure which compares each original spectrum with the
average spectra of all groups. To validate the library, click on the Validate tab.
The following dialog opens:
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Validating Library

Setup Identity Test Method - C:%Program’0PUS6_0°Data’Extended Demodata’

Load Methndl Fieference Spectral Parameters | Threshold  “alidate | Stare Methu:udl

‘ Vi alidate Selectivity——— J=Jk,$
a1 2 34 &
[ 1
Detailed report
[Ident_DemovoD - ailed repor P
Set Frint |

Walidation Report i’
File name: Ident_Demodata IP1-IP3 class_en.
Path: CiProgramme~0PUS6_0~Data~Eztend
Stored (date: time): S~10-2004; B:58:32
Operator name: Default
Library: Ident_Demo
Sub libraries: Carbonhyvdrates
Diclofenac & Nifedipin
Sugar
Lactose
HNifedipin
Always use lowest IP lewvel: Ho
Parameters of library Ident_ Demo:
Algorithm: Standard
YVector normalized spectra: bl
From: 10502.4 -
! ' na _l_I

Figure 12: Setup Identity Test Method - Validate tab

Click on the Validate button to start validation. A dialog pops up and asks you
whether to validate this library and all sub-libraries. For further details, see

chapter 7.5.

1.5.1 Validation Report

The validation result is displayed in the form of a report and stored in a file
which uses the extension *.VAL. Validation reports can also be created for a
single reference library, sub-library or even for the entire library data structure,
beginning on the level from where the validation starts. For further details on

the single reports, see section 7.5.1.

If you perform more than one validation, the result files will be consecutively
numbered (*.v00, *.v01...). You can compare different validation results with
each other by selecting the respective file from the drop-down list. You can also
print the report by clicking on the Print button. This starts the Windows Notepad
program which you can use to reformat the text, if desired. Use the Notepad

print function to create a printout.

Bruker Optik GmbH OPUS/IDENT
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Setting Up an Identity Test Method

Setup Identity Test Method - C\Program',0PUSGE_0%Data'Extended Dem ﬂ

Note: It is recommended to select a small font in Windows Notepad to avoid
extraordinary long reports. A proportional font may lead to a confusing display of
the results. Therefore, it is advisable to use a monospace font, e.g. Courier New,
10.

The Threshold values listed on the Threshold tab are regarded as confidence
region during validation. The results are classified in three categories: uniquely
identified, not identified and can be confused with. In case of results belonging
to the first category the spectral distance between the original and average
spectrum is within the threshold value. The spectral distance is higher than the
threshold value in case of results belonging to the second category. The Can be
confused category indicates that the spectral distance of an original spectrum is
smaller than the confidence level, compared to at least one different average
spectrum. For further details, see section 6.7.

1.6 Storing Method Files

Load Methndl FReference Speu:tral Parametersl Thieshold | %alidate  Store Method

Click on the Store Method tab to store the method files you have created. The
following dialog opens:

Store Method... I All zub libraries will be stored simultaneously |

— Settings

Mumber of hits in Ident repart: I'ID ¥ Stare Awverage Spectra

Figure 13: Setup Identity Test Method - Store Method tab
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Storing Method Files

The parameter you can define in this tab is the Number of Hits in Ident Report,
i.e. you enter the number of hits that have to be stored together with the IDENT
report.

By default, the Store Average Spectra check box is activated. This means that
you can store all average spectra of a library (IP1 level) in one separate
directory which is a sub-directory of the directory in which the IDENT method
has been stored.

The average spectra will be stored without data pre-processing, and have an
AVERAGE (&iesd) data block appended. If you repeatedly store a particular
IDENT method, the average spectra will NOT be overwritten. Instead, the file
extension will be incremented.

Click on the Store Method button. The standard Save File dialog box opens to
be used to save the method. The method file uses the extension *.F4A4, and all
sub-libraries will be stored simultaneously.

For special details on method protection refer to the OPUS QUANT manual,
chapter 9.
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Performing an IDENT
Analysis

Compared to the setup of an IDENT method the analysis of unknown samples is
easy. Before you start the analysis load the spectra of your unknown samples
into the OPUS browser window.

The analysis compares the test spectrum with all reference spectra. The result of
a comparison between spectrum 4 and B results in the spectral distance D,
which is also called Hit Quality. The better two spectra match, the smaller the
spectral distance. The Hit Quality for identical spectra is 0 (i.e. a reference
spectrum is compared with itself).

To start an IDENT analysis, select the Identity Test command from the Evaluate
menu. The Identity Test dialog box opens.

x
Select File(s) |
g
r— File(z] far identity test — Expected reference

Mo Reference Defined

— Loaded identity test method

C:Program‘OPUSE_DADatahE xtended
DemodatatldentT utorials [dent_Diemodata IF1-1P3
clazs_en FAd

Load Ident Methad Change. . |

— Dutput options

W Show results immediately [ Frint results automatically

|dentity Test | Cancel Help

Figure 14: ldentity Test - Select File(s)

Drag and drop the absorption block of the test spectra from the OPUS browser
window into the File(s) for Identity Test field. If you release the left mouse
button, the spectra are added to this entry field.
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Performing an IDENT Analysis

If an identity test method has already been loaded (e.g. if you have created a
method prior to starting the analysis), the path and name of this method name
will be indicated in the Loaded Identity Test Method field. To load or change an
IDENT method, click on the Load Ident Method button and select the desired
method from the dialog box that opens.

The analysis uses the No Reference Defined function for an IDENT method if
you have not defined an expected reference. Click on the Change button to
modify this default setting. The Change button will be disabled if the operator
has no right to change parameters of this kind. For details on this dialog, see
section 7.7.1.

Click on the Identity Test button to start the test. The result of the analysis is
appended to the respective file in the form of an IDENT report block. If you
click on this report block, a report window opens automatically and displays the
results.

20
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Identity Test Reports

IDENT Report

Both the results of an identity test and the averaging of original spectra to
generate reference files for an IDENT library are stored in report blocks. You
can open these reports, like any other OPUS report, by double-clicking on the
report block in the OPUS browser window.

3.1 Identity Test Reports

The results of the spectrum comparison between test spectrum and reference
spectra are written into an IDENT report. This report is stored in the test
spectrum file. The content of the report depends on the parameters and
algorithms selected to run the identity test. For details, see section 6.4. If you
click on the REPORT data block, a text window will open and show the results.

3.1.1 Standard Method

The IDENT report contains detailed information on the method and a list of
spectral distances between the test spectrum and the reference spectra. This list
includes distances in ascending order, i.e. Hit No. 1 is the reference spectrum
which is most similar to the test spectrum. The number of listed distances can be
defined when creating the IDENT method (see chapter 7.6).

Figure 15 shows an IDENT report using the Standard algorithm in combination
with an identity test on the first reference spectrum (L-Leucin) of the library. An
original (individual) spectrum of the reference library has been used as test
spectrum. The threshold of the selected reference spectrum (Threshold for
expected reference, see figure 15) is 0.023866. The spectral distance between
the test spectrum and this reference spectrum is 0.010556 (Hit quality with
expected reference), 1.e. it is smaller than the threshold. Since no further hit can
be found below this threshold (Hit No. 2 with 0.047006 is higher), the result is:
IDENTICAL TO to the expected spectrum.
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IDENT Report

- "CAOPUSHDENT examplesh000001 40000 || Compare Spectra | Walues
[=- Reports AB tethod file: CAOPUSMDEMT YexampleshSTANDARD Fas
B- . from [date): 16406400
% Ranges [time]: 10150

Diescription:
IDENTICAL TO: 000007 Sample L-Leucin | Ay, af 11 ¢ 1
Hit quality with expected reference: 0.010856
Threzhold for expected reference: 0.023866
Threzshold calculabon: - depends on each ref -spectum -
Algorithim: Standard
Wector nomalized spectra; Yes
Order of Derivative: 0
Smoathing paints: 1
Mo, of uzed factar sp.: 0
15 hitz of 15
*-Ranges: 1
Clazs Marne: BOOO
Class Test OK: 1
Usging reziduals: Mo
Order of Internal Denvative: 1]
Smoathing Paints for Internal Derivative: 1
Reduction Factor: 1

Hit Ho. | Hit Cuality | S ample Mame | Group | Threzhald |

1 0.010556 000001 Sample L-Leucin | Av. of 11 000001 0023866
| 2 0.047006 000003 Sample L-lsoleucin | &v. of 11 000003 0023866 |
3 0.095210 000002 Sample DL-lsoleucin | &y, of 11 000002 0033636
4 0104551 000015 Sample L-tethionin | &y, of 11 000os 0061757
] 0146645 000004 Sample DL-&lanin |&y. of 11 000004 0011630
3 0158939 000005 Sample L-Alanin | Ay, of 11 0o0o0s - 0073910
7 0172930 000014 Sample DL-tethionin | &v. of 11 000014 0.072976
8 0.266797 000006 Sample DL-Tryptophar [ Ay, of 11 000006 0.022966
3 0.288843 000007 Sample L-Trwptophan | &v. of 11 000007 0051335
10 0.668930 000011 Sample Xyt | Ay, of 11 000011 0032623
1 0671159 000010 Sample Fructose | Av. of 11 0ooo1o 0030262
12 0.690747 000012 Sample Sorbit | &y, of 11 00002 - 0029502
13 0.750100 0000713 Sample Mannit | &y, of 11 000013 0017529
14 0763355 000008 Sample Glucose H20fei | Av. of 11 000008 0.030445
15 0.842422 000003 Sample Glucose H20 [ Ay, of 11 000003 0026233

< | I

Figure 15: IDENT Report — Query spectrum identical

Figure 16 shows a test report for the same query spectrum. But this time
DL-Methionin has been selected as expected reference. Now, the result is NOT
IDENTICAL to the expected spectrum. The spectral distance to this reference
spectrum is 0.172990 and Hit No. 7. This value exceeds the threshold of
0.072976, and therefore the test spectrum is classified as not being identical.
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Identity Test Reports

EI- "CAMOPUSNDENT examplest 00000140000 {| Compare Spectra | alues
[=- Reports AB ethod file: CAOPUSMDEMT hexamplashS TANDARD. FAA

[ Compare Spectra fram _[date]: 16/06/00

28 Compare Spectra [time]: 10:15:01
Description:
>3 MOT IDENTICAL << to 000014 Sample DL-Methionin | 4y, of 11 ¢ -2
Hit quality vath expected reference: 0172990
Threshold for expected reference: 0072976
Threzhold calculabon: - depends on each ref.-spectum -
Algarithm: Standard
Wector nommalized spectra: Yes
Order of Dervative: 1]
Smoathing points: 1
Mo. of used factar sp.: i}
15 hitz of 15
#-Ranges: 1
Class Mame:
Class Test MOT PERFORMED: i
Using reziduals: Mo
Order of Internal Derivative: 1}
Smoathing Paints for Intemal Derivative: 1
Reduction Factor: 1
Hit Mo. | Hit 0 uality | Sample Mame | Group | Threzhald |
1 0.010556 000007 Sample L-Leucin | Ay, of 11 000001 0.021304
2 0.047006 000003 Sample L-lsolewcin | &v. of 11 000003 0.023566
3 0.095210 000002 Sarmple DL-lsaleusin | Ay, of 11 000002 - 0.033536
4 0104591 000015 Sample L-tethionin | &, of 11 000015 0.061757
5 0146645 000004 Sample DL-&lanin | &y, of 11 000004 0.011630
& 0158339 000005 Sample L-Alanin | &y, of 11 000005 0.073910

l_ 7 0172390 000014 Sample DL-Methionin | &+, of 11 000014 0.072976

g 0266797 000006 5 ample DL-Tryptophan [ A, of 11 000ode  O.0Z22496R
9 0.288849 000007 Sample L-Tryptophan | &+, of 11 000007 0.051335
10 0.668990 000011 Sarmple Xplit | A, of 11 000011 0.032523
1 0671159 000010 Sample Fructose | Ay, of 11 000010 0.030262
12 0.690747 000012 Sample Sorbit | Ay, of 11 000012 0.029502
13 0750100 000013 Sample Mannit | &y, of 11 000013 0017529
14 0763355 000008 Sample Glucose H20fei | Ay, of 11 000008 0.090445
15 0848422 000009 Sample Glucoze H20 |4y, of 11 000009 0026233

+ | I

Figure 16: Ident Report — Query spectrum not identical

3.1.2 Factorization Method

If you use the Factorization algorithm (on the Parameters tab), Eigen values
and Eigen vectors (see section 6.1.2) may also be interesting for you. The factor
values can be retrieved from the report file of the IDENT method file. Load the
method file (extension * . F'4A4) into the OPUS browser window and click on the
REPORT data block to open the report. Open the Identity Search Method
subdirectory as shown in figure 17. If you click on Eigen Vectors or Eigen
Values, these values will be displayed in the report window. The T values (see
section 6.1.2) are listed in the Eigen vectors sub-directory.
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IDENT Report

- "CAOPUSMDENT \examples\FACTOR.FAA" 1 | | |dentity Search Method I Yalues | —
w1024 Algarithrn: Factorization
= Reparts For Threshold Individual: Yes
B Mo, of uzed factar sp.: B
Far Threshold Infa Entry: 1
Mo, of Hits to be Listed: 10
ector normalized spectra [if standard): MHa
# Ranges Mo, of Fef. Spectra: 15
Delta » of ¥ raster: 3.857202
Fev [or L% mod Delta x: 0.000000
mir % of x raster: 3393.918628
maw % of ¥ raster: 10001725171
“whole x range: Mo
Mo. of « Paints in all © Ranges: 1454
Mo. of » Ranges: 1
BlockiD: 1M
Order of Derivative: 1] b
Description:
For Threshold Info Entry:
Constant conf. level [%X]: 93 000000
Path of origin reference spectra: H:hidenthexample2h
Subpath from name, first character:
Subpath from name, length: 8
Smoathing paints: 1
Uzing residuals: Mo =l
File Mame | Sample Mame | Frequency of First Point | Freguency
H:4identhexample24An000001.100 000007 Sample L-Leucin | &y, of 11 10001, 725171 39599.9196
H:hidenthexample2'Aan000002.100 000002 Sample DL-lsoleucin | A, of 11 10001.725171 3999.9186
H:tidenthesample2tAn000003.100 000003 Sample L4 soleucin | Ay, of 11 1000.725171 2999.9186
H:tidenthexample24an000004.100 000004 Sample DL-4lanin | Ay, of 11 10001. 725171 3999.9186
H:hidentherample2han000005.100 000005 Sampls L-4lanin | Ay, of 11 10001, 725171 2999.9196
H:hidenthexrample2An000006. 100 000006 Sample DL-Tywptophan | A, of 11 10001725171 3999.9186
H:hidenthexample2'An000007 100 000007 Sample L-Tryptophan | Aw. of 11 10001.725171 3999.9186
H:tidenthesampleztAn000008. 100 000008 Sample Glucose H20 frei | Av. of 11 100071728171 3999.9186
H:hidenthexample2tan000009.100 000009 Sample Glucose H20 | 4w, of 11 10001.725171 3999.9186
H:hidenthesample2tAn000010.100 000010 Sample Fructose | Ay, of 11 1000725171 3999.9186
H:identhexample24an000011.100 000071 Sample syl | 4. of 11 10001. 725171 3999.9186
H:hidentherample2ban00001 2100 000072 Sample Sorbit | Ay, of 11 10001, 725171 2999.9196
H:identhexample2tan000013.100 000073 Sample Mannit | &y, of 11 10001, 725171 3999.9186
H:tidenthexample2bAn000014.100 000074 Sample DL-Meathionin | Ay, of 11 10001.725171 3999.9196
H:\identhexample2t2n000015.100 000015 Sample L-Methionin [ Ay, of 11 10001, 725171 3999.9196
< | |

Figure 17: Report file of a method file using factorization
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Theory

Cluster Analysis

The cluster analysis tests FT-IR spectra for their similarity. In contrast to the
identity test, no input information is required. The cluster analysis divide
similar spectra into groups. These groups are called classes or clusters. The
clustering can be displayed in a dendrogram. Figure 18 shows a simplified
dendrogram including 5 spectra.

Cluster Analysis - C\Program'0PUSE_04IDENT \Study_5.CLA |

Load Method | Reference Spectra I 2d FileFilelist | Paramsters  Feport I Store Method

Options... I IDendmgram j Window | 1‘5’

a I i

Spectral Distance

80 — —

100 — —

Figure 18: Cluster Analysis — Dendrogram

4.1 Theory

The spectral distance indicates the degree of spectral similarity. Two spectra
with a spectral distance of 0 are entirely identical (within the frequency ranges
tested). The higher the difference between two spectra, the higher the spectral
distance.
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Cluster Analysis

The hierarchical cluster algorithms perform the following tasks:

First, the spectral distances between all spectra are calculated.
The two spectra with the highest similarity (i.e. spectra with the
smallest spectral distance) are merged into a cluster.

The distances between this cluster and all other spectra are
calculated. Several methods (Single Linkage, Complete Linkage...)
are available to calculate the distances.

The two spectra (spectrum/spectrum or spectrum/cluster) with the
smallest distance are merged again into a new cluster.

The distances between this new cluster and all other spectra (spectra,
cluster) are calculated.

The two spectra (spectrum/spectrum or spectrum/cluster or cluster/
cluster) are merged into a new cluster.

This procedure will be repeated until only one big cluster will be left.

Figure 19 shows this procedure in more detail. The spectral distances between
any two spectra of a set of n spectra can be represented in a #» x n matrix. This
matrix is symmetrical and the main diagonal elements are 0. Subsequently, it is
sufficient to test only a triangle of this matrix.

Five spectra 4, B, C, D and E are used in the example. The triangular matrix
which contains the spectral distances between these 5 spectra is shown in the
upper part of figure 19. The 4 and C spectra are mostly similar to each other.
The spectral distance is 11.0. Both spectra are merged into the AC cluster.
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Theory

A B C D E
A 0
B 440 0
c 11.0 54.4 0
D 101.6 68.1 97.4 0
E 1183 92.1 1159 21.2 0
AC B D E
AC 0
B 492 0
D 995 68.1 0
E 117.1 92.1 21.2 0
AC B DE
AC 0
B 49.2 0
DE 108.3 80.1 0
ABC  DE
ABC 0
DE 942 0

Figure 19: Spectral distances calculated using a hierarchical cluster method

Now, the distances between 4C and the other spectra have to be calculated. This
time the Average Linkage algorithm has been used. The distance between A4 and
D is 101.6 and the distance between C and D is 97.4. The distance between the
AC cluster and D spectrum is the mean value of the two original distances:
(101.6 + 97.4) / 2 = 99.5. The new distance values can be seen in the second
matrix of figure 19.

As the smallest spectral distance is 21.2 in this matrix, the D and E spectra are
merged into the DE cluster. Then, the distances between this new cluster and all
other spectra will be calculated again.

Example: The spectral distance between AC and D is 99.5 and between AC and
E is 117.1. Based on these values, the distance between AC and DE will be
108.3. The third matrix in figure 19 includes these new distance values.

Bruker Optik GmbH OPUS/IDENT 27



Cluster Analysis

In the next step, the B spectrum is merged with the AC cluster into a new ABC
cluster. The distance between the ABC and DE cluster is 94.2. Finally, the ABC
and DE clusters are merged into the ABCDE cluster.

The y axis of the dendrogram shows the spectral distances between different
clusters. The horizontal lines indicate the fusion levels, which are the spectral
distances of the different clusters and spectra prior to new clustering.

Table 1: Clustering Process

Number of Clusters Clusters
5 A-B-C-D-E
4 AC-B-D-E
3 AC-B-DE
2 ABC-DE
1 ABCDE

You have to generate a cluster analysis method before a dendrogram can be
graphically displayed. While you generate the method the spectral distances
between the different spectra are calculated.

The clustering is repeated until all spectra are merged in one single cluster.
Sometimes the intermediate states are of great interest for the user. If you use
the Make Diagnosis function, you can get a cross section of the dendrogram.
Simply enter the number of classes, and a list including the components of each
single class will be generated. Additionally, the spectral distance for each
cluster is indicated which has recently been merged.

As already mentioned, the spectral distances between different spectra can be
represented by a symmetrical matrix. If you use the Make Histogram function,
the whole matrix or part of it can be statistically tested. The results will be
shown in the form of a histogram. However, this part of the program does not
include clustering in general, but calculates the distances between the different
spectra only.

411 Methods to Calculate Spectral Distances

Four different methods can be used to calculate spectral distances:

» Standard algorithm

* Factorization

* Scaling to 1st Range

* Normalize to Reprolevel

These methods are an integral part of the IDENT software. For details, see
chapter 6 and 7. The Standard algorithm uses the Euclidian distance to
determine spectral distances, while Scaling to Ist Range and Normalize to
Reprolevel use the correlation coefficient.
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Theory

Using the Standard or Factorization method the spectral distances calculated by
the cluster analysis differ from those calculated by the identity test. Overlapping
frequency ranges will not be merged when using cluster analysis. An artificial
spectrum is derived from the selected spectral ranges of the measured spectrum.
The artificial spectrum is used for the calculation of the spectral distances (and
the data preprocessing) and includes numerous data points of the overlapping
frequency regions.

The Scaling to 1st Range and Normalize to Reprolevel algorithms separately
calculate the spectral distances for each frequency range. Then, an average
value is calculated, and each frequency range can be weighted differently. If
you use Normalize to Reprolevel, you can additionally specify a reproduction
level for each frequency range. This level can be determined by the Make
Histogram function.

The calculated spectrum-to-spectrum distances of the cluster analysis are equal
to those calculated by the identity test if you use the Normalize to Reprolevel
method. This, however, does not apply to Scaling to Ist Range. The identity test
uses the spectral distances between the test spectrum and n reference spectra to
determine extrema. This means that n distance values have to be taken into
account per each frequency range. The cluster analysis, however, uses the
distances between all reference spectra to determine extrema. These are
(n-(n—-1))/2 distances for n reference spectra as the spectral distance of a
reference spectrum to itself is not considered.

To be able to compare the results achieved by the identity test and cluster
analysis using the Normalize to Reprolevel and Scaling to 1st Range methods,
the parameters required for the identity test and cluster analysis must be
identical (same reference spectra, same frequency ranges etc.). Then, start the
identity test. Use the first or last reference spectrum as test spectrum. Compare
the Hit Qualities of this IDENT test report with the spectrum-to-spectrum
distances of the cluster analysis.

4.1.2 Cluster Algorithms

There are 7 methods available to calculate spectral distances between a newly-
created cluster and all the other spectra or clusters. The algorithms most
frequently used are Average Linkage and Ward’s Algorithm.

Single Linkage

The p and g clusters are merged to the new r cluster. D(p,i) is the spectral
distance between the p and i clusters, while D(q,i) is the spectral distance
between the ¢ and i clusters. The D(7,i) distance between the new r cluster and
the 7 cluster is the smaller one of the two original distances:

D(r,i) = min[D(p, i), D(q,1)] (4-1)

This method can be used to create large clusters.
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Cluster Analysis

Complete Linkage

The new distance is the larger one of the two original distances.

D(r,i) = max[D(p, i), D(q,i)] (4-2)

This method prefers to create small groups.

Average Linkage

The arithmetic mean value is calculated as follows:

Weighted Average Linkage

n(p) is the number of spectra which are merged in the p cluster and n(g) is the
number of spectra which are merged in the ¢ cluster. The spectral distance
between the new 7 cluster and the 7 cluster is calculated as follows:

D(r,i) = n(p) - D(p, i) +n(q) - D(q, 1) (4-4)
’ n(p) +n(q)

This algorithm is a generalization of Average Linkage.

Median Algorithm

D(p,q) is the spectral distance between p and q.

D(r,i) = D(p, i)';D(Qa i)_D(ﬁa q) (4-5)

Centroid Algorithm

n is the total number of reference spectra. D(7,i) is calculated according to the
following equation:

b - 1) - D(p. ) +n(g) - D(q. i) , n(p) +n(q) - D(g.p) (46)
n

2
n

Ward’s Algorithm

The previous algorithms merge the two groups which are most similar. Ward's
Algorithm, however, tries to find as homogeneous groups as possible. This
means that only two groups are merged which show the smallest growth in
heterogeneity factor H. Instead of determining the spectral distance, the
Ward’s Algorithm determines the growth of heterogeneity H. This method can
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Performing a Cluster Analysis

especially be used for the cluster analysis of bacteria spectra, i.e. these clusters
correlate extremely well with microbiological affinity.

n(i) is the number of spectra merged in the i cluster. H(r,i) is calculated
according to the following equation:

HO i) = DGy = L@LEnO) D@ i)+ 0+ :(ei()q)] D(g.1)=n())-D(G.1) (47,

If you want to test different cluster algorithms, you do not need to calculate the
spectrum-to-spectrum distance matrix again, because the clustering does not
have any effect on this kind of matrix.

4.2 Performing a Cluster Analysis

To perform a cluster analysis the following steps are required:

» Measuring at least 1 spectrum per substance
 Incorporating the spectra into the list

» Defining a suitable spectral range for identification
» Selecting a data preprocessing method
 Calculating spectral distances

e Defining a cluster algorithm

* Generating a dendrogram, histogram or diagnosis

Several tabs of the Cluster Analysis dialog box are identical to the Setup Identity
Test Method dialog and will only be briefly explained. For details, see the
respective sections in chapter 1.

Click on the Cluster Analysis command from the Evaluate menu.

On the Load Method tab you can load an already existing method file generated
for cluster analysis. This tab is identical to the Load Method tab of the Setup
Identity Test Method command. As you will generate a new Cluster Analysis
method, click on the Reference Spectra tab. The following dialog opens:

Bruker Optik GmbH OPUS/IDENT 31


CClustPropertyPage2$IHO_CLUSTERANALYSIS

Cluster Analysis

x
Load Method  Reference Spectra |3d FiIeHFiIeIi$t| Parametersl F!epnrtl Store Methodl
i
&dd Spectra... I Change Path... |
ID Path File name Sample name 1=
1 1|C:\Progra |Cellulose_microcrys Cellulose microcrystalline PH 101
2 2| C*Progra Celluluse_micrucrﬂ Microcist. Cellulose PH 101_108349 _02_KK
3 3|C:\Progra Celluluse_micrucryﬁ Microcrist. Cellulose PH 101_108349 02 M
4 4 |C:\Progra Celluluse_micrucrys{ Microcrist. Cellulose PH 101_108349_05_K
3 5|C:\Progra Celluluse_micrucrﬁ Microcist. Cellulose PH 101_108349_05_KK
B 6| C:Progra Cellulnse_micrucrﬁCellulnse microcrystalline PH 102
i #|C:\Progra Celluluse_micrucryﬁ Microcist. Cellulose PH 102_108232_01_HKK
g 8 /|C:\Progra Celluluse_micrucrys{ Microcrist. Cellulose PH 102_108237_01_M
g 9/|C:\Progra Celluluse_micrucrﬁ Microcrist. Cellulose PH 102_108232_03_K
10 10 C:Progra Celluluse_micrucrﬂ Microcist. Cellulose PH 102_108232_03_KK
11 11|C:\Progra Celluluse_micrucryﬂCellulnse microcrystalline PH 112
12 12 |C:\Progra Celluluse_micrucrys{Micrucist. Cellulose PH 112_105845_01_KK
13 13 |C:\Progra Celluluse_micrucrﬁI'H'Iit:rucrist. Cellulose PH 112 {Avicel)_1058
14 14 C:\Progra Cellulnse_micrucrﬂll.l'licru-::rist. Cellulose PH 112 {Avicel)_1058
15 13 |C:\Progra Celluluse_micrucryﬁ Microcist. Cellulose PH 112_105843 02 KK
16 16 |C:\Progra Celluluse_micrucrys{Celluluse microcrystalline RC 581
17 17 |C:\Progra Celluluse_micrucrﬁI'H'Iit:rucrist. Cellulose RC 581_109200_01_K
18 18|C:\Progra |Cellulose_microcrys Microcrist. Cellulose RC 581_109200_01_M —
19 19/C:\Progra |Cellulose_microcrys Microcrist. Cellulose RC 581_109200_03_K &
an Er Py T o i At 1.~ Nd___ N cna annnann oo i

Figure 20: Cluster Analysis — Reference Spectra tab

To create a list, first define the spectra to be used on the Reference Spectra tab.
Add these spectra as described in chapter 1.

Now, click on the Parameters tab. Define the spectral regions to be considered
for cluster analysis and select a data preprocessing method as well as the cluster
analysis algorithm.

In case of data preprocessing you can select between Vector Normalization,
First and 2nd Derivative, as well as combinations
Normalization is set by default.

of both. Vector
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Performing a Cluster Analysis

Cluster Analysis - New |

Load Methndl Feference Spectral 2d File/Filelist  Farameters | Heportl Store Methndl

— Preprocessing
IVectnr niormalization j
—Regions
from to : : :
] 3999 6 11995 Interactive Region Selection I
2
Clear Selected Regions |
— Methiod — Making diztance matris
IStandard j Calculate Distances I

Figure 21: Cluster Analysis — Parameters tab

Define the frequency regions you want to use, see chapter 1. Select the
Standard method to calculate the spectral distance.

Click on the Calculate Distances button. After the calculation of the distances
you first have to save the method. Click on the Store Method tab and on the
Store Method button to open the standard Save File dialog box. Enter a new file
name for the method file and click on the Save button.
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Cluster Analysis

Cluster Analysis - New

Figure 22: Cluster Analysis — Store Method tab

Now, click on the Report tab to have the results displayed. You can select
between different display views.
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Performing a Cluster Analysis

Cluster Analysis - CProgram,0PUS6_04IDENT  Study_5.CLA ﬂ
Load Method | Reference Spectra I 3d File/Filelist | Parameters  Report | Store Method
Options... I Window | 1‘3’
I = e = e = = B B B = == B 7 B
= 0 = = N = = = = — ™ — o o o= — o o oodoodoodooy
o0 o0 o0 o0 o0oOo0 QoD oo0o0oo0oooQoog
D90 O 90 909 9090999099909 oogooog
S 8 O o £ 9 o oo g8 oooaegoogoog
OO0 0O 000000000000 000D o0Qoog
e S e T e Y e e Y e e Y e Y s Y e Y e Y e e Y e N e Y e Y e O e R e
I:I —_— —
0.2 3 —
04— —
3 4 =
| g |
e 9 10 ! ?
= 0.8 |
= 11 (12
= 1 — 13 -
[eh]
g
o 1.2 —
o
T 1.4 —
1.6 —
1.8 —
2 u— —
22— —

Figure 23: Cluster Analysis — Report tab with dendrogram

If you click on the Window button, you can modify the report display. A new
dialog will open which allows to change the algorithm and the kind of labeling.
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]
IDendrogram j
ward's algorithim <z
Back to Repart | I g J
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Figure 24: Cluster Analysis - Options to modify report display

To return to the report click on the Back to Report button.

The Options button on the Report tab also enables to modify the report display,
and to define the algorithm and matrix parameter in more detail. You can select
Sample Name from the Dendrogram drop-down list in the Cluster Analysis
dialog to change the dendrogram labeling accordingly. You can also add file
names, sample names or file numbers to the dendrogram or have the
dendrogram displayed without any labeling.
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Cluster Analysis - Options |

IWard's algarithm j

— Dendrogram

I Sample Mame j

— Diagnosis

Mumber of clazzes IE

— Higtogram

Which part of the matrix do you want?
W hole matrix j

Eoordinates for rectanagle: |1 |1 I'I |1

"Width for clazzes of distances: IEI.EIEEIE?EE
k. I Cancel |

Figure 25: Cluster Analysis — Options

For further details on the Cluster Analysis dialog, see section 7.11.

4.3 3D Files/Filelist

Instead of single spectra it is also possible to use 3D files or file lists in
connection with the cluster analysis. Note that not more than one 3d file or file
list can be loaded to perform a cluster analysis. For further details on this
subject refer to chapter 7.12.
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Conformity Test

The conformity test is a an easy method to test the deviations of measured NIR
spectra within certain limits. To set these limits you need samples, which
belong to at least one batch or one production cycle, of the final product as
reference spectra. These reference spectra vary within the accepted range of
specifications. The NIR spectra of these samples reflect the different sample
variations and form a confidence band in the spectral range. To pass the
conformity test, the spectrum of a new sample has to be within this confidence
band on each wavelength.

The conformity test is mainly used for the quality control of defined products
for which a quantitative calibration would be too time-consuming or even
impossible.

First, you have to calculate the average and the standard deviation o of the
absorbance values for each wave length i. The mean value plus/minus the
standard deviation determine the confidence band within the spectral range, and
define which amount of variations on each spectral wavelength is acceptable for
the particular product.

Second, you have to check whether the spectrum of a sample to be tested is
within the defined confidence band in the spectral range. The difference
between this sample and the average of the reference samples is calculated on
each wave lengthi. This absolute deviation is now weighted by the
corresponding standard deviation o on the respective wavelength, which results
in a relative deviation referred to as Conformity Index (CI).

Cl= (Areference,i - Asample,i)/ O-reference,i

The maximum of all CI values is derived as test result.

5.1 Setting up Conformity Test

Select the Setup Conformity Test command in the Evaluate menu. On the Load
Method tab you can load an already existing method file generated for a
conformity test.
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Conformity Test

Setup Conformity Test - C:\Programi,DPUSE_D%Konformitdtstest'Mixing_TU_Munich’,Mixing_TU_M; ﬂ

Load Method | Reference Spectral Test Spectral Parametersl Validatel Graph I Heportl Store Method

| Load Method |

r— General information

Fieference spectra: 41

Test spectra: 220

i e

Frequency ranges: 1

Selected datapaints: B3

Freprocessing:

First derivative

Figure 26: Setup Conformity Test - Load Method tab

The General information group field includes information on the kind of data
block, data points selected as well as the data preprocessing type. It is
distinguished between reference and test spectra. Reference spectra have been
created by a specific method, whereas test spectra can be tested for their
conformity with this specific method for validation purposes.

To create a new method click on the Reference Spectra tab and load the
respective reference spectra by clicking on the Add Reference Spectra button. A
dialog pops up and displays a browser window which you have to use to search
for and select the spectra. Click on the Open button to load the spectra.
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Setup Conformity Test - C:\Program’,0PUS\Konformitdtstest'Mixing_TU_Munich'Mizing_TU_Muni ﬂ
Load Method Reference Spectra | Test Spectral Parameterl Validatel Graph I Heportl Store Method
Add Reference Spectra I Change Path | Set Data Set M
Data Set Path Filename | Sample Hame 1=
1 R Do TempiConformityixing_TU_MunichiSpec | Sprungantwort 12200 | Testmizchung
2 R Do TemphConformityhixing_TU_Munich'Spec | Sprungantwort 1221 .0 | Testmizchung
5 R DA TemphConformityhixing_TU_MunichiSpec | Sprungantwort 1222.0 | Testmizchung
4 R DA TempiConformityhixing_TU_Munich'Spec | Sprungantwort 1223.0 | Testmizchung
g R DoATempiConformityhixing_TU_MunichiSpec | Sprungantwort 12240 | Testmizchung
[ R Do TemphConformityMixing_TU_MunichiSpec | Sprungantwort 12250 | Testmizchung
7 R DA TemphConformityhixing_TU_Munich'Spec | Sprungantwort 12260 | Testmizchung
g R DA TemphConformityMixing_TU_MunichiSpec | Sprungantwort 12270 | Testmizchung
9 R DA TempiConformityhixing_TU_Munich'Spec | Sprungantwort 12280 | Testmizchung
10 R DA TemphConformityhixing_TU_MunichiSpec | Sprungantwort 1229.0 | Testmizchung
11 R Do TemphConformityhixing_TU_Munich'Spec | Sprungantwort 12300 | Testmizchung
12 R DA TemphConformityhixing_TU_MunichiSpec | Sprungantwort 1231 .0 | Testmizchung
[il5) R Do TemphConformityhixing_TU_MunichiSpec | Sprungantwort 1I232.0 | Testmizchung
14 R Do TemphConformityhixing_TU_Munich'Spec | Sprungantwort 1I233.0 | Testmizchung
ils] R Do TemphConformityhixing_TU_Munich'Spec | Sprungantwort 12340 | Testmizchung
16 R Do TempiConformityhixing_TU_Munich'Spec | Sprungantwort 1I235.0 | Testmizchung
17 R DA TemphConformityhixing_TU_Munich'Spec | Sprungantwort 1I236.0 | Testmizchung f
18 R Do TemphConformityixing_TU_MunichiSpec | Sprungantwort 12370 | Testmizchung
19 R DA TemphConformityhixing_TU_Munich'Spec | Sprungantwort 1I235.0 | Testmizchung
20 R Do TempiConformityhixing_TU_Munich'Spec | Sprungantwort 1239.0 | Testmizchung
il R DA TemphConformityhixing_TU_Munich'Spec | Sprungantwort 12400 | Testmizchung
22 R Do TemphConformityhixing_TU_Munich'Spec | Sprungantwort 1241 .10 | Testmizchung
23 R DA TemphConformityMixing_TU_Munich'Spec | Sprungantwort 1242.0 | Testmizchung
24 R DA TemphConformityhixing_TU_Munich'Spec | Sprungantwort 1243.0 | Testmizchung
25 R DA TemphConformityhixing_TU_Munich'Spec | Sprungantwort 12440 | Testmizchung
26 R DA TemphConformityMixing_TU_Munich'Spec | Sprungantwort 12450 | Testmizchung LI
T ) o AT e e e W Aissiees T1L b s f v | S sy stk IS 1| T mrdburicndon smees
Figure 27: Setup Conformity Test - Reference Spectra tab
The Reference Spectra and Test Spectra tab are based on the same principle.

Figure 27 exemplifies a method which consists of a large number of reference
spectra. The Data Set column specifies the type of spectra, in this case R
indicates reference, T test. Further spectra features are the path, file and sample
name, which are the same for both tabs.

If you want to change the path for the conformity test spectra, click on the
Change Path tab. A dialog opens which you use to define the new path.

It is also possible to modify the data set. Select the respective reference or test
spectra and click on the Set Data Set button.
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Conformity Test

Set Data Set

— Set selected zpectra an;

I Reference j

| Set Data Set I

E wit |

Figure 28: Setup Conformity Test - Set Data Set option

You can temporarily exclude some spectra or change them from reference to
test spectra (or vice versa), or restrict the data set to a few spectra (Excluded
option) only and create a new method. As the quality of a method depends on
the reference and test spectra, make sure that the data sets are carefully

assembled.

Select one of the options from the drop-down list and click on the Set Data Set
button. To continue click on the Exit button.

The spectra excluded will be marked in gray, see figure 29.

-~

28 R Do Temp\Contormityiilizing_TU_MunichiSpec | Sprungantswort 12450 [Testmischung
30 E [ \TemphConformity'ibixing_TU_Munich\Spec | Sprungartwort 1249.0 | Testmischung
31 R Lo TempConformityiixing_TU_MunichiSpec | Sprungantwort 12500 |Testmischung
32 R v Temp\ZonformityWilixing_TU_Munich'Spec | Sprungantswort 1251 .0 |Testmischung
33 R Do TempiContormitylixing_TU_MunichtSpec |Sprungantwort 1252.0 [Testmischung
34 R CeTempiContormityMWixing_TU_MunichiSpec | Sprungantwort 12530 [Testmischung
35 R CeTempConformityiixing_TU_MunichiSpec | Sprungantwort 1254 .0 |Testmischung
l=1 R CeTemp\Contormityiilixing_TU_MunichiSpec | Sprungantsort 12550 [Testmischung
a7 R CeTemp\Contormitylixing_TU_MunichtSpec | Sprungantwort 1256.0 |Testmischung
38 R e TempiContormityMWixing_TU_MunichiSpec | Sprungantwort 1257 .0 [Testmischung
34 R v Temp\ZonformityWlixing_TU_Munich'Spec |Sprungantwort 12580 |Testmischung
40 E CevTemphconfarmityWixingTU_Munich\Spec | Sprungantvwart 112590 | Testmischung
41 E [ \TemphConformity'ibixing_TU_Munich\Spec | Sprungartwort 1260.0 | Testmischung

Figure 29: Setup Conformity Test - Spectra list with changed data set

On the Parameters tab you define the spectral regions to be
conformity test and select a data preprocessing method.

used for the
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Setting up Conformity Test

Setup Conformity Test - C:\Program',0PUS6_D%Konformitststest',Mixing_TU_Munich'Mixing_TU_Muni ﬂ

Load Method | Reference Spectra | Test Spectra  Parameters |Validate| Graphl Heportl Store Method

— Preproceszing

First derivative Smoathing points 21 =~

from to
1 9002.3 41425

Interactive Region Selection

— Conformity Test p

Confarmity [ndes limit |3 ™ Use signed Conformity [ndex values

—Wiew spectra

Dizplay Preprocessed Spectra |

Figure 30: Setup Conformity Test - Parameter tab

Frequently, the Vector normalization is selected as preprocessing method.
Sometimes better results can be obtained by using the First or 2nd derivative
method. In both cases you have to additionally define the amount of Smoothing
points, you can select between 5 (9) and 25. The optimal number of smoothing
points, however, has to be evaluated empirically.

The Conformity Index Limit parameter records spectra between an upper and
lower limit (see graph below). The best possible scaling factor is between 3 and
4 which is, of course, not mandatory. The evaluation basis for the self-adapting
conformity test is the reference spectra scaling, indicated by means of the
standard deviation.

Upper CI limit

o &

/ Lower CI limit
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Conformity Test

Activate the Use signed Conformity Index Values check box if you want to use
non-absolute index values.

Click on the Display Preprocessed Spectra button to have the respective spectra
and confidence band displayed. The confidence band is displayed in red and is
calculated as follows:

Average value * CI limit e standard deviation

-0.00200 -0.00100 0.00000 0.00100

-0.00300

T
Q000

T T T T T T T T T T T T T T T T T T
2500 250 2000 7750 7500 250 F000 G750 G500 G250 G000 5750 5500 S250 5000 4750 4500 250

= Wiing_TU_Munich_1 021 p_l [iGo o Setup Conformity Test T ;I
2 Mixing_TU_MuniChJ siD21p First derivative J
=l Mixing_TU_Munich_1stD21p

1 R =l Sprungantwart 1220.0 =

il - | ™ 2 A LI—I Interactive Region Selection LI

Figure 31: Preprocessed spectra plot

Use the selection box on the lower part of the dialog (figure 31) to have the
spectra selectively displayed. Deactivate the Show check box of the spectra
which you do not want to have displayed. If you click on the Interactive Region
Selection button, the standard Select Frequency Range(s) dialog opens which
you can use to interactively set the frequency range. To continue with the
conformity test click on the Go to Setup Conformity Test button.

If you have defined all the parameters required, click on the Validate tab. This
tab only includes the Validate button. Click on this button, and you will
automatically be transferred to the Graph tab.
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Setup Conformity Test - C:\Programme’0PUS6_0%Konformitatstest'Mixing_TU_Munich'Mixing_TU_Munic ﬂ

Load Methodl Reference Spectra | Test Spectra | Parameters | Walidate  Graph |F|ep0rt| Store Method

IMax. Conformity [ndex j Fieference + Test Dizplay Cl Spectra |

Cl lirwit

Max. Conformity Index Frint |
e N
. * Save |

30 15.5

v
£3
*
Suarn lirnit
1.5 '

9.5
75
8.5
3.5+
14

o

A *

-0.5 T T T T 1
—I_I 0 10 20 30 40 50 6O 7O 80 90 100 120 140 160 180 200 220

Figure 32: Setup Conformity Test - Graph tab

The green data points (A) represent the reference spectra, and the blue ones (B)
represent the test spectra. The CI Limit is indicated by the red line (C) which
can be moved by using the CI limit slider on the left side. To display the
reference and test spectra separately, select either Reference or Test from the
upper drop-down list. In most cases it is recommended to select the Reference +
Test option, to be able to directly compare the scattering of reference vs test
Spectra.

If you position the cursor on one specific data point, a text frame pops up
indicating the exact spectrum identity (see figure 33).

[144.00, 1.7658)
Mo 144 / Sprungantwart 11143.0

T 1
140 160 180 200 220

Figure 33: Spectra plot with spectrum description

You can also select single data points only. Move the cursor to the respective
data point section, press the left mouse button and draw the mouse over this
section. If you leave the mouse button, only the data points selected will be
displayed in the plot. To undo this, just right click into the plot.
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Conformity Test

You can select between the following algorithms:

* Max Conformity Index
The maximum value will be calculated based on the frequency
ranges selected.

e Sum 1: Sum over CI > Limit (/N total)
All y-values above the CI limit are added up and divided by the total
number of data points within the frequency ranges selected.

* Sum 2: Sum over CI > Limit (/N over Limit)

All y-values above the CI limit are added up and divided by the
number data points which are above the CI limit.

Depending on your specific quality control problem, you select either one of
these algorithms. General recommendations cannot be made, you have to
empirically find out which procedure would be the best for your specific
requirements.

If you click on the Display CI Spectra button, the CI spectra and the CI limit
will be displayed.

20,00 2250

17 50

15.00

10,00 1250

7.50

o
D)

B

r T T T T T T T T T T T T T T T T T T
Q000 as00 8260 a0on TTAO FEO0 7250 FO00 6760 GE00 G260 G000 ATE0 SA00 H260 A000 g7a0 4500 4260

r Miing_TU_Munich_1st021 p: i 30 to Setup Contormity Test ¢ ;I
|l Mixing_TU_Munich_1stD21p
i R ¥ |Cl_Sprungantwar 12200 RERCamEe J
2 R ~ Cl_gprungantwort l221.0 O
al - | = TR iiRRag l_I Interactive Redion Selection | =]

Figure 34: Setup Conformity Test - Cl spectra

The reference spectra are displayed in blue, and the test spectra are displayed in
green. To localize a specific spectrum and analyze the standard deviation,
deactivate and re-activate the Show check box. Click on the Go to Setup
Conformity Test button to return.
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To display the spectra report click on the Report tab.

Setup Conformity Test - C:\Program'0OPUS6_0%KonformitatstestMixing_TU_Munich’Mixing_TU_M ﬂ
Load Method | Reference Spectra | Test Spectra | Parameters I Walidate I Graph Feport | Store Method
Mark zamples which exceed the limit: IMax. Cl W alue 'l Frint |
- -
D File Hame Sample Hame | Max. Cl Yalue at Freq. Std. Dev. Sum 1 Sum 2 Datai?::ts !
1 R_| Sprungantwort 1220.0 | Testmischung 3.37 4505.02 9.24E-006 0.000647 0.204 2
2 R |Sprungantwort 12210 |Testmizchung 285 7E68.36 6.28E-006 u] u] u]
5 R |Sprungsntwort 1222.0 |Testmizchung 2.00 16072 1.07E-005 u] u] u]
4 R |Sprungsntwort 1223.0 |Testmizchung 1.99 644897 5.71E-006 u] u] u]
g R |Sprungantwort 12240 |Testmizchung 274 5407 57 3.95E-006 u] u] u]
[ R |Sprungsntwort 12250 |Testmizchung 22 42273 6.92E-005 u] u] u]
7 R |Sprungsntwort 12260 |Testmizchung 2.86 §956.04 9.75E-006 u] u] u]
g R |Sprungsntwort 12270 |Testmizchung 2.84 55858661 §.37E-006 u] u] u]
9 R |Sprungsntwort 1228.0 |Testmizchung 2.56 501492 5.74E-006 u] u] u]
10 R |Sprungsntwort 1229.0 |Testmizchung 229 5354 .34 6 .45E-006 u] u] u]
11 R |Sprungsntwort 12300 |Testmizchung 273 B387.25 6.53E-006 u] u] u]
12 R_| Sprungantwort 1231.0 | Testmischung 3.08 762151 5.57E-006 0.000165 0.0529 2
[il5) R |Sprungsntwort 1232.0 |Testmizchung 226 B587 .82 §.54E-006 u] u] u]
14 R_| Sprungantwort 1233.0 | Testmischung 3.23 590410 9.64E-0065 0.00119 015 3
ils] R |Sprungantwort 12340 |Testmizchung 219 8346 63 6.16E-006 u] u] u]
16 R |Sprungsntwort 1235.0 |Testmizchung 2456 427360 4 B5E-005 u] u] u]
17 R |Sprungantwort 1236.0 |Testmizchung 235 852490 6.82E-006 u] u] u]
18 R |Sprungantwort 12370 |Testmizchung 235 BE41.82 §.12E-006 u] u] u]
19 R |Sprungsntwort 1235.0 |Testmizchung 235 7899.21 5.20E-006 u] u] u]
20 R |Sprungsntwort 1239.0 |Testmizchung 287 F706.36 5.11E-006 u] u] u]
il R |Sprungsntwort 12400 |Testmizchung 220 4751 87 5.57E-006 u] u] u]
22 R_| Sprungantwort 1241.0| Testmischung 3.37 G261 .77 §.12E-006 0.00259 0118 16
23 R |Sprungantwort 1242.0 |Testmizchung 263 5407 57 3.95E-006 u] u] u]
24 R |Sprungantwort 1243.0 |Testmizchung 226 778350 4 B5E-006 u] u] u]
25 R |Sprungsntwort 12440 |Testmizchung 282 8161.49 §.53E-006 u] u] u]
26 R_| Sprungantwort 1245.0 | Testmischung 3.04 G780.67 6.35E-006 6.55E-005 0.0434 1
27 R |Sprungantwort 1246.0 |Testmizchung 235 577784 5.65E-006 u] u] u] LI

Figure 35: Setup Conformity Test - Report tab

Depending on the algorithm selected from the drop-down list, the
corresponding outliers are marked in grey color.

The Data Points >CI Limit column refers to the data points above the CI limit,
which is important to analyze the integral. The values displayed in the Sum [
column represent the integrals divided by all data points, and the values
displayed in the Sum 2 column represent the integrals divided by the data points
which are above the CI limit. If you want to print the report, click on the Print
button.

Before you store the method, you have to define the analysis method. Either
activate the Use CI Limit, Use Sum I Limit or Use Sum 2 Limit option button on
the Store Method tab.
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Conformity Test

Setup Conformity Test - C:\Program'OPUS6_D%Konformitatstest',Mixing_TU_MunichMixing_TU_Munich_1sEDZ21pE.CFT

Figure 36: Setup Conformity Test - Store Method tab

5.2 Performing Conformity Test

Start the conformity test by clicking on the Conformity Test command. The
following dialog opens:
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Performing Conformity Test

Conformity Test x|

Select Files |
e
—Files for Conformity Test
! I o I " Programmel OPUS Konformit atstest i Mix
1| | v

—Loaded Conformity Test Method
:\Programmel OPUS Konformit &t skest | i

Load Conformity Test Method |

Test

Cancel | Help

Figure 37: Conformity Test - Select Files tab

Drag & drop the file(s) to be evaluated from the OPUS browser window into the
File(s) for Conformity selection field.

Click on the Load Conformity Method button and load the particular method
which path is displayed above this button.

The Conformity Test results will be stored in a CONF data block (/e |) and
displayed in a specific report view.

=- "C_:'l,Pr0gramme'l,OPUS‘l,KonFormitétstest
- Canformity Test Repart AB
- Confarmity Test Repork

Conformity Test Report | Values

Method File mixing_tu_munich_1skd21pt,cft - 2003/10/08 07:44:36 (GMT+2)
Conformity Test Mode I Lirnit

Conformity Index Limit 3.0

Surm Lirnit 0,30

Use Signed CI Values Mo

Conformity Test | Code | Max, CI Value | ak Freq. | Skd, Dev, | Sum 1 I Sum 2 | Data Poinks = I Limit I

Failed o 22,25 4906.15  2.58E-005  9.14 0.7 537

Figure 38: Conformity Test Report
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Algorithms

IDENT Theory

The aim of an IDENT analysis is to determine the differences between a test
spectrum and the reference spectra of a library. You have to define a method to
test the similarity of spectra, and a threshold. This threshold determines whether
a spectrum is only similar or even identical to the reference spectrum.

6.1 Algorithms

Basically, there are two algorithms to perform the IDENT analysis: the
Standard and Factorization method. During the analysis both methods compare
the test spectrum with all reference spectra. The result of a comparison between
two spectra is the Hit Quality, also referred to as spectral distance D. The better
two spectra match, the smaller the spectral distance. The Hit Quality for
identical spectra is O (i.e. if a reference spectrum is compared with itself).

6.1.1 Standard Method

Figure 39 shows two spectra a and b, one test and one reference spectrum. The
spectral distance D is proportional to the area between these two curves. The
following formula for the so-called Euclidean distance is used in the Standard
method:

D= [3 (ath)-b(h) (62)
k

where a(k) and b(k) are the ordinate values of the a and b spectra. The sum
incorporates all selected k& data points.

In the current IDENT report (see figure 40) the smallest spectral distance which
has been determined by spectrum comparison is 0.96. In this case one of the
sample spectra previously used to generate an average spectrum for the
reference library serves as a test sample, which explains the extremely small
spectral distance. As this example shows, the first two hits are well separated
from each other. The spectral distance for Hit No. 2 is 6.19, which is about 6
times the smallest spectral distance.
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Figure 39: Two spectra and their spectral distance
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Report of Comelation Search

| Yalues

b ethod file:

WSt denthexrample2hMew Fad,

from [date): 23/05/00

[tirne]: 121117
Dezcription:
IDEMTITY HOT CHECKED: 1]
Hit quality with expected reference: 0.000000
Mo Threshold avail: .000000
Threzhold calculation: - depends on each ref.-spectium -
Algarithm: Standard
Yector normalized spechra; Mo
Order of Derivative: 1]
Smoothing points: 1
Mo, of uzed factor zp.: 1]
10 hits of 15
*-Ranges: 1
Clazz Mame:
Clazs Test MNOT PERFORMELD: 1]
|Jzing reziduals: Mo
Order of Internal Derivative: 1]
Smoothing Points for [nternal Dervative: 1
Reduction Factor: 1
Hit No. | Hit Quality | Sample Name | FileMame | Thieshold |
1 0964332 000007 Sample L-Leucin | Ay, of 11 An000001.700 15463419
2 £.198975 000004 Sample DL-dlanin | Ay, of 11 An000004.700  17.56358
3 8.598950 000005 Sample L-dlanin | Ay, of 11 AnQ00005700 16701758
4 8967188 000015 Sample L-tMethionin | Ay, of 11 AnD00015700 17573791
] 9232257 000003 Sample L-lzoleucin | Ay, of 11 AnQ00003.700  16.737490
B 9693203 000074 Sample DL-Methionin | Ay, of 11 AnQ00014.700 1817575
7 11.084043 000002 Sample DL-lsoleucin | Ay, of 11 AnQ00002700 8758205
a 11231035 000008 Sample DL-Trptophan | Ay, of 11 AnQ0000E 100 15760675
| 11.261703 000007 Sample L-Treptophan | Ay, of 11 AnD00007 100 21.082051
10 12836960 000008 Sample Glucose H20frei | Ay, of 11 AnO00002.100 18292217

Figure 40: Ident Report

6.1.2

Factorization

The Factorization method represents spectra as linear combinations of so-called
factor spectra (loadings):

a = Tla'f1+T2a'f2+T3a'f3+...

(6-3)

The a vector shows the a spectrum and the factor spectra are denoted £}, f5, f3
etc. 7 indicates the coefficients (scores) required to reconstruct the original

a spectrum.

To calculate the spectral distance D between the two spectra a and b, the T

coefficients are used in the Factorization method:

D = A/ZI‘, (Tia_Tib)2

(6-4)
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The summation is performed for a certain number of coefficients. These T
coefficients are also called scores. The differences between the original and
reconstructed spectrum are known as spectral residuals (figure 41).

T T T T T T T T T T T T
10000 2500 9000 2500 2000 7500 7000 G500 G000 5500 5000 4500

Figure 41: Reference spectrum, reconstructed reference spectrum and difference spectrum

The Standard method directly uses the spectral intensities to calculate the
spectral distance, and the summation is performed for all data points within the
specified frequency regions (which could be more than 1000 points). How
many factor spectra or score coefficients have to be included in an IDENT
library is a very important aspect and will be explained in the following.

When factorizing an IDENT library, s average spectra are transformed into
s factor spectra. These factor spectra are orthogonal to each other. The effect a
certain factor has on the reproduction of reference spectra is indicated by the
respective FEigen value. The factor spectra are sorted according to these
Eigen values. The first factor spectrum is the most important one and thus has
the highest Eigen value.

The more the Eigen value decreases, the lower the spectral intensities (ordinate
values) of the factor spectra, and the more intensive the noise. Factor spectra
which mainly consist of noise must not be used for an IDENT method.

Factor spectra are stored in the IDENT method directory, using the OPUS file
format. They have the same file name as the method. However, the spectra have
an additional numeric file extension, starting with 0 for the first factor spectrum.
These spectra can be loaded into OPUS like any other spectrum.
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T T T T T T T T T T T
10000 2500 2000 2500 2000 7500 7000 G500 S000 5500 5000 4500

Figure 42: Reference spectrum and first factor spectrum

T T T T T T T T T T T
10000 Q500 2000 2500 2000 7500 F0oo G500 G000 5500 5000 4500

Figure 43: Second, third and forth factor spectrum

The spectra (see figure 42 and 43) show the signal-to-noise ratio of a certain
factor spectrum. The factor spectrum displayed in figure 44 mainly consists of
noise. It is not recommended to use this spectrum to calculate spectral distances.
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You can easily check the factor spectra orthogonality by multiplying two factor
spectra using the OPUS Spectrum Calculator. This is followed by an integration
across the whole frequency range of the result spectrum. The integration result
will be 0 (or approximately 0 due to the finite computing accuracy).

0.000000050

0.000000000

-0.000000050

T T T T T T T T T T T T
40000 Q500 Qooo 2500 2000 7500 F0ooo B500 G000 5500 5000 4500

Figure 44: Factor spectrum with excessive noise

6.2 Factorization Theory

Assuming that s reference spectra consist of d data points each. The reference
spectra are represented by d;, d, d3 ... column vectors which form D data
matrix (d x s dimension):

D=1[ddyds..d] (6-5)

When exchanging the rows for the columns in this matrix, you obtain
DT transposed matrix of s x d dimension. Multiply D7 transposed matrix by
D original matrix to obtain Z covariance matrix:

z=D"-D (6-6)

A diagonalization and orthogonal transformation of Z produce Eigen vectors
and Eigen values of Z.

A=L"-Z-L (6-7)
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The column vectors of L matrix (s x s dimension) are /;, [,, I3... Eigen vectors
of Z matrix. These Eigen vectors are orthonormal, i.e. the following equations
are valid for the scalar product of two Eigen vectors:

i1 =0 i#j (6-8)
-1 =1 (6-9)

1 1

A matrix (s x s dimension) contains A, Ay, A3 ... A; Eigen values of Z matrix as
the main diagonal, all other matrix elements are 0. This means:

Z-l, =N\ -1 (6-10)
D data matrix is factorized by L Eigen vector matrix, using multiplication:
F=D-L (6-11)

F matrix has the same dimensions as D data matrix (d x s) and includes the
vectors of f;, /5, f3, ... factor spectra as columns. Multiplying FT transposed
matrix by F yields:

FloF=-1)x-1)=L"-D" D-L=1L"-72.L = A (6-12)

The elements of F/F quadratic matrix (s x s dimension) are the scalar products
which can be created in pairs together with factor spectra. The 6-12 equation
causes the factor spectra to be orthogonal to each other:

fi'J;‘ZO i#] (6-13)

fiki = (6-14)

The vector norm of a factor spectrum is equal to the square root of the
corresponding Eigen value. Using L orthogonality, D data matrix can be as
follows:

T T
D=D-1=D-L-L'=F-L (6-15)

The reference spectra are represented as linear combinations of the factor
spectra, and the coefficients are contained in the columns of LT matrix. Based
on the 6-15 equation the following applies to the first reference spectrum:

T T T T
dl = Ll,l ‘f1+L2’1 ‘f2+L3’1 ‘f3+...+LS,1 ‘fS‘ (6—16)

The score coefficients are the coordinates of the reference spectra in the factor
spectra system.

Any u spectrum can be represented as linear combination of the factor spectra:

u=F-k-e (6-17)
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The unknown k column vector corresponds to the column elements of
LT matrix. E error spectrum is the difference between the u spectrum and
reconstructed spectrum. The Least Squares solution for k£ which minimizes the
error is as follows:
r b o.r -1 T

k=F -F) ‘F-u=A -F -u (6-18)
If only the first » factor spectra are taken into account, D spectral distance
between one u spectrum and one d, reference spectrum is:

T .2 T .2 7.2
D = J(kl—Lla) +(ky—Ly,) +...+(k,—L,) (6-19)

Instead of using the column vectors of L7 matrix you can use L row vectors. The
equation for D spectral distance in 7 dimensional factor space is then:

D = JUky~L) +(ky—Lp) oo+ (k — L) (6-20)

When using the Standard method you can specify a range of values for
D distances. Select Vector Normalization preprocessing. The range of values
reaches from 0 (identical spectra) to 2 (maximum spectral difference). This does
not apply to D when using the Factorization method. If all factor spectra are
used, the spectral distances between reference spectra are constant, i.e.
D = /2. To calculate spectral distances, the elements of L Eigen vector matrix
are used. This matrix consists of orthogonal unit vectors in s dimensional space.
The distance between two orthogonal unit vectors always has to be /2.
However, when using the Factorization method not all factor spectra are used,
because the higher factor spectra mainly increase the noise level of the
reconstructed spectrum.

The Factorization method also allows to calculate spectral distances by using
residuals. For details see chapter 7.3. The spectral residual is calculated from
the difference between the original and reconstructed spectrum. To calculate
SpecRes,, spectral residual (v being an arbitrary spectrum) the equation is as
follows:

SpecRes,, = JZ (u(k) = (ky - [ (k) + hy - £, (B) + ..+ k- £.(K)))” (6-21)
k

The summation is performed for all selected k data points.

D spectral distance between u spectrum and d,, reference spectrum is calculated
as follows:

D = J(kl—Lal)2+(k2—La2)2+...+(kr—Lar)2+(&pecResu—Speareesa)2 (6-22)

Figure 45 shows a scheme representing the Factorization method.
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< Reference Spectra D >

Factorization
Factor Spectra F Coefficients
Eigen values A LT

Spectral Distance

3  Coefficients k

< Test Spectrum u >

Figure 45: Factorization — Spectral distance calculation

6.2.1 Scaling to 1st Range and Normalize to
Reprolevel

Scaling to Ist Range and Normalize to Reprolevel are algorithms that can be
used to identify microorganisms. Contrary to the Standard and Factorization
method overlapping spectral ranges are not merged. For example, if you set
1500-1200cm™ as first frequency range and 1500-1400cm™ as second
frequency range, they will not be combined into one frequency range, and the
data points in the 1500-1400cm’! range will be considered twice to calculate
spectral distances. The single spectral ranges can be weighted by different
factors. These factors are defined in the Weight column (see chapter 7.3).

The Vector Normalization preprocessing is not available in combination with
the Scaling to 1st Range and Normalization to Reprolevel algorithms, as a vec-
tor normalization will be automatically performed in this case. Contrary to the
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Standard and Factorization algorithm the vector normalization is calculated
separately for each spectral range. The resulting values are used to determine a
mean distance. The vector normalization considers all data points selected,
when using the Standard and Factorization algorithm.

Calculating spectral distances

1y

2)

3)

4a)

To calculate spectral distances spectra have to be vector normalized
first, for each frequency range.

Then, the » Pearson correlation coefficient is calculated. This kind of
coefficient defines the correlation between a and b spectra:

r = Y a0 b,0k) (62)

This correlation is calculated separately for each frequency range. The
summation covers all k£ data points of a frequency range: a,, and b,, are
the normalized spectral intensities. The normalization yields:

Y (a,(0)-a,) - (b, (k)= b,,)
i
2@, 0-a,)" [¥(b,0-b,)’

a,, and b,, are the mean spectral intensities within the spectral range,
while a(k) and b(k) are the original spectral intensities.

(6-3)

The value range of » correlation coefficient reaches from -1 (inverse
spectra) to +1 (identical spectra).

The correlation coefficient is transformed into D spectral distance by the
following equation:

D = (1-r)-1000 (6-4)

D spectral distance can be between 0 (identical spectra) and 2000
(inverse spectra).

The Scaling to 1st Range determines the minimum and maximum value
of spectral distances for the first spectral range. Then, the distances of all
the other spectral ranges are calculated and scaled to the same range of
values, i.e. the same minima and maxima like the first spectral range.

Example: The spectral distances in the first spectral range are between 2
and 10, in the second between 6 and 22. The distances of the second
spectral range are transformed as follows:

D—05-D-1 (6-5)
After this transformation the spectral distances of the second spectral

range have the same values as the distances belonging to the first spec-
tral range.

As the scaling has referred to the first spectral range, it does matter
which spectral range is selected first. Make sure to select the correct
spectral range as first range.

If spectral distances are sorted according to ascending values, this order
directly results from the spectral ranges selected. For example, when
comparing a test spectrum with a reference spectrum using an IDENT
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test, the spectral distance may have the lowest value to the fourth refer-
ence spectrum (best Hit Quality) based on the first spectral range. If you
consider the second spectral range, the spectral distance may have the
lowest value to the eleventh reference spectrum.

4b) When using the Normalize to Reprolevel method you have to define a
reproduction level (see figure 71) for each spectral range. The spectral
distances will be divided by this reproduction level. This is the reason
why the spectral distances are indicated as reproduction level units,
which means that you can set a threshold for the identity test. For exam-
ple, if the Hit Quality is below 1 in case of a test spectrum, the sample is
regarded as being Identified. 1f, however, the spectral distance is above
1, the spectrum cannot be assigned to any reference spectrum.

5) Irrespective of the method used, spectral distances can be weighted for
each single spectral range (see chapter 7.3), according to the following

equation:

w.-D.

D = Z—’ ! (6-6)

2w
Spectral distances calculated by the Normalize to Reprolevel algorithm
may be above 2000, if reproduction levels are other than 1. When using
the Scaling to Ist Range method, the values have to be between 0 and
2000.

6.3 Data Preprocessing

OPUS provides several data preprocessing methods.

6.3.1 Vector Normalization

The maximum value of the Hit Quality has to be defined only if Vector
Normalization was used to preprocess data. If you use a preprocessing method
other than Vector Normalization, no upper limit for the Hit Quality has to be
defined, i.e. you can use any numerical value. The maximum spectral distance
is 2 (maximum difference of the spectra) in case of Vector Normalization,
provided you have selected Standard method.

Vector Normalization first calculates the average y value of spectra and only
uses data points within the selected spectral ranges. The average value
calculated will then be subtracted from the spectrum, which causes the spectrum
to be centered at around y = 0. This is followed by calculating the sum of
squares of all y values, and the respective spectrum is divided by the square root
of this sum. The vector norm of the result spectrum is 1:

D, a(k)

a, = =~ ~ (6-7)
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a'(k) = a(k)-a, (6-8)

a"(k) = _ak) (6-9)
/;w'(k))z

§(a"<k))2 =1 (6-10)

If vector normalized spectra are represented in #» dimensional space and n being
the number of selected data points, all spectra are on the unit sphere (n
dimensional sphere around the coordinate origin with radius 1, see figure 46).
The maximum distance between two spectra is the diameter of the unit sphere,
ie. 2.

Figure 46: Two vector-normalized spectra on the unit sphere

To explain this in more detail, create a new spectrum. Invert one reference
spectrum from the example library, i.e. multiply the spectrum by -1 using the
OPUS Spectrum Calculator.

Compare the inverted spectrum with the reference spectra. Select an IDENT
method that preprocesses data by Vector Normalization. Figure 47 shows the
original spectrum (top) and the inverted spectrum (down). Figure 48 shows the
identity test result. The last hit in the result list is the original reference spectrum
with a spectral distance of 2 compared to the test spectrum.
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r T T T T T T T T T T T
10000 9500 Q000 2500 2000 7500 Fo0oo BS00 G000 5500 000 4500

Figure 47: Original and inverted spectrum

One advantage of Vector Normalization is that the range of values for Hit
Quality is known (from 0 to 2). This simplifies the interpretation of the identity
test result. Additionally, using Vector Normalization as data preprocessing
provides an even more important aspect.
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Report of Correlation Search | Yalues
tdethod file:; WS denthexrample2Standard. Fid,
from [date): 24/058/00

[tirne]: 15:10:08
Dezcription:
IDEMTITY MOT CHECKED: 1]
Hit quality with expected reference: 0.000000
Ma Threshold avail: 0.000000
Threshald calculation: - dependz on each ref.-spectium -
Algorithn; Standard
Yector normalized spechra:; Tes
Order of Derivative: 0
Srmoothing points: 1
Mo, of uged factor zp.: ]
15 hitz of 15
*-Ranges: 1
Clazs Mame:
Clazz Test MOT PERFORMED: 1]
[Jzing residuals: Mo
Order of Intermnal Derivative: 1]
Smoothing Paoints far Intermal Denvative: 1
Reduction Factor: 1
Hit No. | Hit Quality | Sample Name | File Name | Threshald |
1 1.812083 000003 Sample Glucose H20 | Ay, of 11 AMODDDDS.700 0026223
2 1.849116 000008 Sample Glucose H20frei | Aw. of 11 ANODDDO2.700  0.090445
3 1.854669 000013 Sample Mannit | Ay, of 11 AMOODD13.100 0017529
4 1.877448 000012 Sample Sorbit | Av. of 11 AMOODDT2100 0029502
A 1.882927 000010 Sample Fructoze | Ay, of 11 AMOODDT0.100 0030262
G 1.885355 000011 Sample =yplit | Ay, of 11 AMOOOO17.100 0032523
7 1978973 000007 Sample L-Troptophan | A, af 11 AMNOOOOO7 100 0051355
a 1.982136 000006 Sample DL-Troptophan | Ay, of 11 AMOODDOE. 100 0022966
9 1.992922 000014 Sample DL-Methionin | Ay, of 11 AMOODDT4.100 0072976
10 1.952575 000005 Sample L-dlanin | Ay, of 11 AMOOOD0S. 100 0073310
1 1.994812 000004 Sample DL-Alanin | Awv. of 11 AMOOODO4.100 007171850
12 1.997453 000015 Sample L-bethionin | Ay, of 11 AMODDDT5.100  00E1757
13 1.997772 000002 Sample DL-lzoleucin | Ay, of 11 AMOODDOZ2100 0033536
14 1.995440 000003 Sample L-lzoleucin | Ay, of 11 AMOO00D03.100 0023866
15 2000000 000001 Sample L-Leucin | Ay, of 11 AMOOOOOT. 100 0021304

Figure 48: Ident Result of inverted spectrum searching

Vector Normalization also reduces the differences between each single
measurement of the same sample. Figure 49 shows 11 spectra acquired from
one single sample. As the substance has been powder the single spectra differ
substantially from each other. These differences can be considerably reduced by

using Vector Normalization.

Note the different scaling of the ordinate (y axis) in figure 49. Spectra derived
from the same sample have to show only very small differences. Therefore,
Vector Normalization is highly recommended in these cases. Further data

preprocessing methods are First and 2nd Derivative.
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r T T T T T T T T T T
10000 2500 Q000 500 000 Fa00 Fooo G500 G000 5500 5000 4500

0.0000 0.0z00 0.0400 0.0600

-0.0200

r T T T T T T T T T T T
10000 500 Q000 5500 s000 7500 F000 6500 G000 5500 5000 4500

Figure 49: Original and vector-normalized spectra
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Repeat the identity test for the first analytical example and select Vector Nor-
malization to preprocess data. Figure 50 shows the result of the new analysis.
Compare these results with the ones shown in figure 40.

Report of Comelation Search | Yalues

b ethod file: WwiShdenthexample2 M ew. Fid,

from [date): 29/05/00

[tirne]: 1215857

Drezcription:

IDEMTITY HOT CHECKED: 1]

Hit quality with expected reference: 0.000000

Mo Threshold avail: 0.000000

Threzhold calculation: - depends on each ref -spectum -

Algarithm: Standard

Yector normalized spectra:; ez

Order of Derivative: 1

Smoothing points: 1

Mo, of uzed factor zp.: 1]

10 hits of 15

*-Ranges: 1

Clazz Mame:

Clazs Test MHOT PERFORMED: 1]

|Jzing reziduals: Mo

Order of Internal Derivative: 1

Smoothing Points for Internal Dervative: 1

Reduction Factor: 1

Hit Mo._| Hit Quality | Sample Name | File Mame | Threshold
l_ 1 0.003404 000001 Sarmple L-Leucin | A, of 11 An000001.100  0.694365

2 0324822 000004 Sample DL-dlanin | Ay, of 11 AnO00OO4.100  0.952755

3 [.338245 000015 Sample L-Methionin | Ay, of 11 AnOOOO5100 0883473

4 0350834 000002 Sample DL-lzoleucin | Ay, of 11 AnO00OOZ2100  0.751950

] 0385342 000007 Sample L-Tryptophan | e, of 11 AnOO0OOF 100 0998592

B 0414823 000014 Sample DL-Methionin | by, of 11 AnOOOO14.100  0.834952

7 0477705 000005 Sample L-alanin | Ay, of 11 AnOOOOOS100 0819521

a 0493052 000003 Sample L-lzoleucin | Ay, of 11 AnO00OO3100 0949495

9 0527668  O0000E Sample DL-Treptophan | A, of 11 AnODDOOE. 100 0.904737

10 [E08630 000010 Sample Fructoze | Ay, of 11 AnOOOOT000 0778521

Figure 50: Ident Report — example of vector normalization

The lowest spectral distance is 0.009, the next (0.33) is higher, i.e. by about a
factor of 30. This factor is higher than the one obtained without using Vector
Normalization (factor 6).

The reference spectrum of Hit No. 1 is L-Leucin. This identification is correct
as the test spectrum has been measured from the same sample. In general,
however, the question is how far the spectral distance (Hit Quality) may
increase to be still within an acceptable threshold to correctly identify the test
spectrum?

To define such a threshold, it is not sufficient to measure only one single
spectrum per reference substance. You must measure several spectra and
determine this threshold from spectral fluctuations (spectral differences). The
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average spectrum calculated from each measurement is then added to the
IDENT library as reference spectrum.

6.4

Determining Threshold Value for
Identity Test

There are two possibilities to define the limit value for an IDENT group:

)

2)

Fixed Algorithm (Maximum Hit + x SDev.)

The threshold is calculated from the worst hit (i.e. the largest Hit Quality
value in the average report) and the standard deviation S

Threshold D, = D, .+S;-x (6-11)

whereas the default x value is 0.25.

The threshold is selected so that all original spectra used to create the
reference spectrum (average spectrum) have a lower distance than this
threshold to the reference spectrum.

If the analysis of a sample spectrum produces a spectral distance which
is larger than this threshold, the sample spectrum will be defined as not
being identical.

Confidence Level

Two parameters are derived from the spectral distances (see above) to
define the confidence region for the average spectrum:

The mean distance D,,

Dy =2, Q;Ej-) (6-12)

i

The standard deviation S

(6-13)

with n being the number of original spectra. Note that S is the standard
deviation from zero and not the standard deviation S;, from the mean
value.

The standard deviation from the mean distance Sy, can be calculated
from D), and S

2
DM'I’I

n—1

JZ (D(i) - D)’
S, = |2

2
= |Si_
n-—1 0

(6-14)
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The threshold is calculated by multiplying the standard deviation S,
with a factor fand adding the mean distance D,

Dy =Dy+f-S 6-15
T M M

The factor f'is calculated from the probability @ which can be chosen
between 95% and 99.9999%. Example: if you choose ® = 97.7%, factor
fwill be 2. The spectral distances are assumed to be distributed accord-
ing to a normal distribution. Note that the probability value is calculated
for a single-sided limit.

If you select @ = 95%, then 5% of the original spectra are outside the
confidence region (the spectral distance to the average spectrum is larger
than the threshold in question). Whether this is actually correct or not
can be tested by a validation. For details see chapter 6.7.

3) Abs. Threshold

This option allows you to define the threshold for each reference spec-
trum. This threshold, however, will only take effect if the group consists
of several spectra. If you define the threshold, make sure to consider the
spectral differences of the original spectra.

6.5 Identity Test

The identity test routine generates a hit list which is stored in the IDENT report,
sorted by ascending spectral distances. Provided the expected reference has
been selected automatically from sample name, or has been defined by the user
the following three categories of identity test results are possible: Identical, Not
Identical or Can Be Confused With (see below).

If a group consists of only one spectrum, the identity test result will be: Identity
Not Checked. 1f no expected reference has been defined, the identity test results
will be: Identified As, Not ldentified, No Unique Identification Possible.

Identical to (in case of expected reference):

The first hit must be the expected reference. The Hit Quality of the first
substance (i.e. the spectral distance between a test spectrum and the first
reference spectrum in the report) has to be smaller than the threshold of the
expected reference, and the spectral distances between the query spectrum and
all other average spectra are always larger than the corresponding thresholds.

Identified As (in case of no reference defined):

All threshold values are taken into account. In case of Identified As, the Hit
Quality of the first substance (i.e. the spectral distance between a test spectrum
and the first reference spectrum in the report) has to be smaller than the
corresponding threshold. But the Hit Quality of all other substances has to be
larger than the corresponding threshold.
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Not Identical to (in case of expected reference):

The spectral distance between the test spectrum and expected reference
spectrum is larger than the threshold value.

Not Identified (in case of no reference defined):

In this case the Hit Quality of all reference substances has to be larger than the
threshold.

Can be Confused with (in case of expected reference):

This result indicates that the spectral distance of the test spectrum to at least one
other average spectrum is smaller than the confidence region. If, e.g., the Hit
Quality of 4 substances is smaller than the corresponding threshold and one of
these substances is identified to be the expected reference.

No Unique Identification Possible (in case of no reference defined):

The Hit Quality of more than one substance is smaller than the corresponding
threshold. Code numbers are assigned to the individual test results. Therefore,
the results can be easily evaluated in an OPUS macro.

Can be confused with <N> Other Hits (in case of expected reference)

The code number 2 is used if all reference spectra with a Hit Quality less than
the threshold have the same Sample Name (or Sub Sample Name) as the query
spectrum. The value of 2 may only occur if the Selected automatically from
Sample Name option button on the Expected Reference dialog (figure 87,
page 104) has been activated.
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Table 2: Code Numbers of Identity Test

Identity Test Result Code
Identity not Checked (no threshold available) 0
Identical To/Identified As 1
Can be Confused with/No Unique Identification Possible -1
Not Identical/Not Identified -2
Can be confused with <N> Other Hits 2
ER

D<Dy D>Dy

Identified Not Identified

Figure 51: Schematic representation of Identity Test Results -
Test Spectrum (TS), Expected Reference (ER)

6.6 Class Test

Ideally, all reference spectra are well-distinguishable from each other and the
thresholds are so small that their confidence regions do not overlap. This
situation is shown in figure 52. The reference spectra are dots (in a
mathematical sense) in the n dimensional space, n being the number of data
points selected. The confidence regions can be depicted by spheres which
centers represent the reference spectra.

70 OPUS/IDENT Bruker Optik GmbH




Class Test

O @ o
*

Figure 52: Library with well-distinguishable reference spectra

However, it may occur that the confidence regions of some reference spectra do
overlap, see figure 53. As you can see, the confidence regions of the 4, B, and C
reference spectra clearly overlap.

®c

Figure 53: Three reference spectra with overlapping confidence regions

It is possible to define several reference spectra which are members of one
class, and to perform a class test during the IDENT analysis. Both in case of an
expected reference as well as in case of an analysis with no reference defined,
the class test determines whether all reference spectra with their Hit Quality
below the corresponding threshold are members of the same class. If so, the
result will be Class Test OK. Otherwise, the result will be Class Test NOT OK.
If the expected reference spectrum is not part of any class, the IDENT report
says Class Test NOT PERFORMED.
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Make sure to define only one class name for one group in the IDENT method. If
you load a previously used method including extraordinary members, only the
first class name will be considered.

All class members use their individual thresholds. If you load a previously used
method when using the Setup Identity Test Method command from the Evaluate
menu, the exclamation mark (!) next to the old class name is automatically

deleted.

Compare Speckra

| class. Fas , Signed by: Bruker Optil, 2002/02[28,

Reduction Factor:

[nhkest42ivalidationtIdent\methods\class  Fas

- depends on each ref.-spectrum -

Method File:

from (date): 310303
(kime): 16:54:37

Descripkion:

CaAMN BE COMFUSED WITH 1 OTHER HITS ¢ =il

Hit quality with expected reference: 0,002391

Threshold for expected reference: 0.011451

Threshold calculation:

Algorithm: Standard

Yector normalized spectra: Yes

Order of Derivative: a

Smoothing points: 1

Mo, of used Factor sp.: 0

15 hits aof 15

¥-Ranges: 1

Class Mame: KLARA

Class Test OK: 1

Idsing residuals: Mo

Cwder of Internal Derivative: 0

Smoothing Points For Internal Derivative: 1

Hit Mo. | Hit Quality | Sample Mame

| Group | Threshald |

1 0.002591
2 0.063071
3 0.110633
4 0.132710
5 0.135557
f 0.154416
7 0.219237
g 0.227685
] 0.243521
10 0.593052
11 0.611039
12 0.613600
13 0.679362
14 0.620536
15 0.733616

000004 Sample DL-Alanin | A, of 11
000005 Sample L-alanin | A, of 11
000002 Sample DL-Isoleucin | &, of 11
000003 Sample L-Isoleucin | &, of 11
000001 Sample L-Leucin | Aw, of 11
000015 Sample L-Methionin | Aw. of 11
000014 Sample DL-Methionin | Aw. of 11
000006 Sample DL-Tryptophan | &, of 11
000007 Sample L-Teyptophan | &, of 11
000010 Sample Fructose | &, of 11
000011 Sarnple Xyl | A, of 11

000012 Sample Sorbit | A, of 11
000013 Sample Mannit | Aw. of 11

000003 Sample Glucose HZOFrei | Av, of 11

000009 Sample Glucose H2O | Ay, of 11

nooon4
0o0oo0s
ooonz
000003
oooo1
000015
nooo14
000006
ooo07
aooo10
Qo001 1
aooo1z
0ooo13
000003
oooo9

Figure 54: IDENT Report with class test performed - Test OK

0.011451
0.079217
0.036291
0.023551
0.025936
0.067953
0.051285
0.023606
0.053122
0.029539
0.031277
0.029364
0.016202
0.092360
0.026632
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Cornpare Speckra

| class1.FAA , Signed by Bruker Optik, 2002/02128, 1

Method File:
Fram {date):
(kime):
Description:
CAN BE COMFUSED WITH 11 OTHER HITS
Hit: quality with expected reference:
Threshold For expected reference:
Threshold calculation:
Algarithnn:
Wectar normalized spectra:
Order of Derivative:
Smoothing poinks:
Mo, of used Factor sp.:
15 hits of 15
%-Ranges:
Class Mame;
Class Tesk NOT OF:
Using residuals:
Crder of Internal Derivative:
Smaoothing Paints For Internal Derivative:
Reduction Factor:

[ehkest42iWalidationtIdentimethodst class1  FaA
40303
EH=HE

-1

0339112

0.594955

- depends on each ref.-spectrum -
Standard

fes

1]

1

a

1
HAMNS
-2

Mo

a

1

1

Hit Mo, | HiE Qualicy | Sample: Marne

| GroUp | Threshaold |

1 0,339112 000001 Sample L-Leucin | Av, of 11 oooool - 0.694965
Z 0,339317 000015 Sample L-Methionin | Ay, of 11 oooo1s  0.533473
3 0,320035 000004 Sample DL-Alanin | Av, of 11 ooooo4 0793304
4 0.453472 000007 Sample L-Tryptophan | Av, of 11 Qoooo7 - 0,995592
5 0.456483 000002 Sample DL-Isoleucin | &, of 11 aooooz - 0.991531
& 0.514776 000014 Sample DL-Methionin | &, of 11 ooool4  0.585595
7 0,599937 000005 Sample L-Alanin | v, of 11 ooooos 0519521
g 0.624271 000006 Sample DL-Trypkophan | A, of 11 000006 0,904797
el 0.679302 000003 Sample L-Isoleudin | Ay, of 11 000003 0.920193
10 0.757945 000011 Sample Aylt | Av, of 11 ooooll 0725310
11 0.760448 000010 Sample Fructose | Av, of 11 oooolo 0.775521
12 0922144 000008 Sample Glucose H2OFre | &, of 11 00000 1.091812
13 0,934559 000012 Sample Sorbit [ Av, of 11 oooolz  0.791596
14 1.023140 000013 Sample Mannit | Av, of 11 000013 1.032565
15 1.061457 0000039 Sample Glucose H2O | Av, of 11 ooooo9 0976118

Figure 55: IDENT Report with class test performed - Test Not OK

Code numbers are assigned to the individual class test results. This causes the
results to be easily evaluated in an OPUS macro.

Table 3: Code Numbers of Class Test

Class Test Result Code
Class Test OK 1
Class Test not Performed 0
Class Test not OK -2

Bruker Optik GmbH
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6.7 Validation

When setting up an IDENT library, you have to check whether the IDENT
method parameters are optimized for all reference spectra in one library. This
can be done by Validation, which compares original spectra with average
spectra.

Figure 56 shows a validation report, using the Standard method. All original
spectra have been compared with the average spectra of the library. The
Abs. Threshold values are used as confidence region in the validation process.
The results are either Uniquely Identified, Not Identified and Can Be Confused
With, similar to the Identity Test (see chapter 6.5). The number of spectra which
belong to the respective class is indicated at the end of the validation report. The
total of all spectra has to be equal to the total of the original spectra tested.

In case of overlappings the Detailed and Result reports provide additional
information on which groups should be assigned to a new common sub-library.

Setup Identity Test Method - C:Program’0PUS6_0'Data’Extended Demodata’,

Load Methndl Reference Speclral Parameters | Threshald  Validate |Stu:|re Methndl

<1 2 3 4 5

Detailed report I—
[1dert_Demo iz =l =
Set Print |

Check Original Spectra

L
Spectra from the following groups can be confused with other groups in
Groups which should he assigned to a new common sub-library are listed t

Cellulose PH101
Cellulose PH10Z
Cellulose PH11Z2

Lactose S0mesh -
s i ;. _vl_I

Figure 56: Validation Report showing assignment recommendation

An original spectrum is Uniquely Identified if the spectral distances between
this spectrum and the corresponding average spectrum is smaller than the
threshold, while the spectral distances between the original spectrum and all
other average spectra are larger than the corresponding confidence region. The
original spectra which are Uniquely Identified are not listed in the report.
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If a spectrum is Not Identified, the spectral distance between the original
spectrum and average spectrum is larger than the threshold. In this case the
report indicates the corresponding average spectrum, sample name and
threshold (confidence region) specified for this substance. The file names of the
original spectra which have not been identified, and the spectral distances
between these original spectra and the average spectrum (Hit) are listed under
the Original Spectra Outside Confidence Region definition.

Setup Identity Test Method - C:\Prograny,OPUSE_0%Data'Extended Demodata’ ﬂ
Load Methodl Reference Spectlal Parameters | Threshold  Validate | Store Methodl
<1 2 3 4 5
|| dent_Demovi2 j Detailed report I—
[ 0.085380) (0.110454) il
Raspherry_aroma.3S Sugar
[ 0.079495) (0.110454)
Raspherry_aroma.3b Sugar
[ 0.080934) (0.110454)
Raspherrvy_aroma.3? Sugar
[ 0.066776) (0.110454)
Raspherry_aroma. 38 Sugar
[ 0.089263) (0.110454)
Raspherry_aroma. 39 Sugar
[ 0.083548) (0.110454)
36 3 3€ 3 3 I I I I W I W I W I N I W I N I N I N I N I N I N NN I N I W I E NN I NI NN NN NI N I N E N F N I NI N E N NN FNFE]
36 3 3€ 3 3 I I I I W I W I W I N I W I N I N I N I N I N I N NN I N I W I E NN I NI NN NN NI N I N E N F N I NI N E N NN FNFE]
Summary
Original Spectra, which can be confused with other references: 198 of
Original Spectra, which can be uniguely identified: 528 of 726 -
:I ~-1m . ~ £ TG TS . LI . I 1 : E) s PR 1_’|_I

Figure 57: Validation Report — Spectra identified

The Can Be Confused With result indicates that the spectral distance of an
original spectrum to the corresponding average spectrum is smaller than the
confidence region, while one or more spectral distances between the original
spectrum and other average spectra are even smaller than the corresponding
confidence regions.

If an original spectrum is tested to be Can Be Confused With other references,
first, its average spectrum, sample name and confidence region are listed in the
report, followed by the name of the original spectrum and the threshold. In
addition, the name of the average spectrum, the sample name and the spectral
distance (Hit) between this average spectrum and the original spectrum are
listed under the Overlapping With definition. The spectral distance is smaller
than the threshold (confidence region). If this original spectrum overlaps several
average spectra, they will all be listed in the report.
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Setup Identity Test Method - C:Programe0PUS6_0%Data’Extended Demoda

Load Methndl Reference Spectral Parameters | Threshold Yalidate |Stnle Methndl

| Selectiviy—————————
a4 2 3 4 5

Cetailed report
IIdent_Demn.VEQ j Jetailed reporl |
e Print |

-

‘QI'%

Spectra from the following groups can be confused with other groups in
Groups which should he assigned to a new common sub-library are listed

Cellulose PH101
Cellulose PH10Z
Cellulose PH11Z2

HEREEEFENEREEREEREF RN RN RN ENN
HEREEEFENEREEREEREF RN RN RN ENN

Details:
Group Hame Confused With
(Distance) [(Threshold)
Cellulose PH1O01 Cellulose microcrysta Cellulose FH10Z
1line FH101.01
{ 0.017566) (0.029757) =l
4| | i

Figure 58: Validation Report — spectra can be confused with

If all reference spectra are selected, each original spectrum will be compared
with all average spectra. Even if you only select some of the reference spectra,
the original spectra belonging to these reference spectra are tested against all
average spectra. This option is extremely useful if an existing library is to be
extended by new reference spectra and only these new spectra have to be tested.

If you have activated the Always use lowest IP level check box on the
Parameters tab, the detailed report will only list the results of the lowest IP

level for all spectra of each group.
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Reference Section

Before being able to identify spectra by means of OPUS IDENT you have to
create an IDENT method first. Select the Setup Identity Test Method command
from the OPUS Evaluate menu.

7.1 Setup Identity Test Method -
Load Method

Setup Identity Test Method - C\Program!0PUS'Data’Extended Demo { T il
Load Method | Reference Spectlal Parameters I Threshold I \-"aliclatel Store Methudl
| Load tethod... I Fiename Libran,... | -g,$
=- Ic_Ient_DemD
E| Carborhydrates
o e Lactoss
£} Diclofenac & Nitedipin
— General information of selected library - Nifedipin
i Suigar
M arne: |dent_Dema
Groups: 18
Spectra; 726
Frequency ranges: 1
Data preprocessing: Firzt derivative
Algarithrm: Standard
Sub libraries: 5
Library Tree az Shown % Printer
Libramy Tree a3 Shown k " PDF
YWhole Library Tree
Whole Library Tree and Group Statistics Print |
"Whole Library Tree and Statizhics for Each S pectum

Figure 59: Setup Identity Test Method — Load Method tab

Use the Load Method button to load an existing IDENT method. IDENT
method files have the extension * FAA. It is also possible to load IDENT
method files created by OPUS-OS/2. However, if you store such an OS/2
method using OPUS IDENT, you will not be able to load the method by OPUS-
OS/2 IDENT again. To solve this problem, store the modified OPUS-OS/2
IDENT file by using a different file name.

The General information of selected library group field provides statistical
information on the existing method file. The number of spectra used for the
method, and the number of frequency ranges included are displayed.
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7.2

You will get additional information on the data preprocessing method, the
algorithm used for the identity test, and how many sub-libraries are part of the
reference library.

For further details on how to rename libraries, refer to chapter 1. To print the
library structure use the drop-down list to select the respective printing option
and click on the Print button. For further details see chapter 1.

Setup Identity Test Method -
Reference Spectra

Setup Identity Test Method - C:Program0OPUSE_0%Data'Extended Demodata’ Iden x|
Load Method — Reference Spechia | Palametersl Thresholdl \-‘alidatel Store Method I
_ | Optionz... I Set Sub Libraries... | -gg
Add Spectra for Mew Group. .. | add Spechra to Sel. Group... | Azzighn Classes.. |
N
( ID Path File name Sample name Group Hame Sub Library
+ 1 Acetylcystein Acetylcystein
2 +| 2 Cellulose microcryst [Cellulose PH101
3 +| 3 Cellulose microcryst |Cellulose PH102
4 + 4 Cellulose microcryst (Cellulose PH112
5 + 5 Corn starch Corn starch
& + B Diclofenac potassiu |Diclofenac potassi
i + 7 Diclofenac sodium |Diclofenac sodium
g + B Eudragit RS PO Eudragit
g + 9 Glucose dried Glucose
10 + 10 Isosorbide dinitrate |lsosorbide dinitrat
11 + 1 Lactose 80 mesh Lactose B0mesh
12 +| 12 Lactose 200 mesh Lactose 200mesh
13 +| 13 Hifedipin high Nifedipin high
14 +| 14 Hifedipin slow Nifedipin slow
15 +| 15 Hitrofurantoin powd |Hitrofurantoin po
16 +| 16 Pharmacoat 606 Pharmacoat
17 +| 17 Raspberry aroma Raspberry aroma
18 +| 18 Sugar crystalline Sugar
Figure 60: Setup Identity Test Method — Reference Spectra tab

The spectra table lists the spectra groups and each single spectra, including the
sample ID, Path, File Name, Sample Name, Group Name and Sub Library. You
can have the groups displayed as well as each single spectra of one group. Click
on the |+ sign in the first column. The respective line with the group selected
opens, and shows the single spectra. To close the list again, click on the :| sign.

Click on the numbered tiles on the left side of the table to select one spectrum or
several spectra. Select the whole table by clicking on the tile on the left side of
the table header (see mark in figure 60). Remove spectra from the table by
selecting one spectrum or more spectra and pressing the DEL key on the PC
keyboard.
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Setup Identity Test Method - Reference Spectra

If you click on the Add Spec. for New Group button, a dialog box opens to be
used to load one or more files into the spectra list. Spectra loaded
simultaneously will be merged into one group. Use the Add Spec. to Sel. Group
button to add a spectrum to a group selected. This is useful if you want to add a
spectrum to a group later.

7.21 Sorting Reference Spectra

When working with IDENT methods consisting of a large number of groups it
takes quite some time to find a particular group. Therefore, you can sort the
reference spectra by ID, sample or group name and sub-library in ascending or
descending order. Double click on the respective column. Note that if you sort
the spectra, e.g., by sample name, the ID number in the first column, however,
will keep the original order (see figure 61).

Setup Identity Test Method - C:Program’0PUS6_0%Data'\Extended Demodata x

Load Method  Reference Spectra |F'arameters Thleshnldl Validatel Store Methndl

_ Optionz... | | Set Sub Libraries... I J=J’$
Add Spectra for Mew Group... | Add Spectra to Sel. Group... | Agzign Clagzes... |
D Path File name Sample name Group Name Sub Library
1 + 2 __ypp- |Acetylcystein Acetylcystei
2 + 4 Biotin Biotin
E + 1| A Lactose 80 mesh Lactose 80 m
4 +| 6 Maisstarke 109526 _0|Maisstarke 1
3 + 3 Nifedipin high_10866| Nifedipin hi
& + 5 Syloid silica Syloid silic

Figure 61: Setup Identity Test Method — Reference spectra sorted in descending order

7.2.2 Missing Reference Spectra

If you load an IDENT method, it may occur that certain spectrum files listed in
the particular method are missing in the data path. To be able to localize the
missing spectra the group name which the missing spectra belong to will be
highlighted in red. If you click on the E sign of the particular group, the name
of the missing spectra will also be highlighted in red.
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Setup Identity Test Method - C\Program’OPUSE6_0%Data'Extended Demodata’ Iden x
Load Method Heference Spectia | Parameters Thresholdl Validalel Stare Melhodl
_ Options... | | Set Sub Libraries... I éhi
Add Spectra for Mew Group... | Add Spectra to Sel. Group... | Agzzigh Claszes. |
D Path File name Sample name Group Hame Sub Library

1 + 1 Diclofenac potassiu |Diclofen

2 +| 2 Acetylcystein Acetylcy

3 + 3 Klucel HF Klucel H

4 + 4 Cellulose microcryst |Cellulos

5 + f Caorn starch Corn sta

fi +| & Trimethoprim Trimetho

7 +| 7 Cyanocobalamin Cyanocob

& +| @& Eudragit RS PO Eudragit

] 9 Syloid silica Syloid =

10 C:\Progra |Syloid_silica.01 Syloid silica €—rvu"—

11 Ci\Progra |Syloid silica.0? Syloid 244 FP 10791 L

Figure 62: Setup Identity Test Method — Missing reference spectra

Missing reference spectra may be due to file renaming or, as exemplified in
figure 62, to a different data path. In this case store the missing reference
spectra into the right path and load the IDENT method again. This is important
as you cannot perform any calculation using an IDENT method with missing
spectra. If you want to know the total number of spectra included in a particular
group, click on the Threshold tab. The Spectra column includes the total
number of spectra per group.

Setup Identity Test Method - C\Program:,0OPUSE_D%Data’Extended Demodata’ Iden o x|

Load Melhodl Referance Spectral Parameters T hreshold |Validale| Stare Method

R 7
[ Treeshoid I Print Lis
— M awimum kit + = * SDev————— - Confidence Level————————————
I 0.25 I 93599 %

Set Set ~

Group Name Spectra X Confidence Lewel (9 Threshold
1 Diclofen 10 A&~ |0.2500 98.4729 0.069158
2 Acetylcy 1 0.2500 99.8287 0.042641
3 Klucel H 30 0.2500 99,6592 0.048041
4 Cellulos 1 0.2500 99,3323 0.032821
5 Corn sta 1 0.2500 99.9566 0.034313
5 Trimetho 33 0.2500 99.9921 0.16966
7 Cyanocob 1 0.2500 99.8936 0.05329
a Eudragit 27 0.2500 99.9713 0.053262
9 Syloid s i 0.2500 100 0.022084

Figure 63: Total number of spectra within one group
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7.2.3 Options

It is also possible to add average spectra generated by previous OPUS IDENT
versions without requiring to reconstruct the original spectra which the average
has been generated from. Each average spectrum loaded represents one group.

To switch between original and average spectra generated by previous OPUS
versions, first click on the Options button. The following dialog opens:

options x|

—&dd Spectra to new group...

% Add selected spectra into one group
" fdd selected spectia into separate groups

— Path of onginal spectra

Change Path... Change Path [&]...

Determine the common path of all
subpathz of original filez

— Suggest name of new group |

First character I 1 . length I 2 of zample name

Cancel |

Figure 64: Options

The Add selected spectra into one group option button is activated by default. In
this case all spectra commonly selected during loading are added to one group.

In the Options dialog box you define the paths for the original and average
spectra. Additionally, you can define the group name which is derived from the
respective sample name. Enter the position of the first character as well as the
length of the sample name.

Note: Once defined, the group name should not be changed any more to avoid
confusion.

7.24  Set Sub Library

The Set Sub Library button on the Reference Spectra tab enables you to add
sub-libraries to the current main method. Select the New option from the drop-
down list to enter a unique sub-library name for the spectra groups defined.
Choose the group(s) which have to be assigned to this new sub-library from the
Select groups for... selection field. There are only groups available which have
not yet been assigned to another sub-library on the same library level. Click on
the Assign button.
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To delete sub-libraries select them first and click on the Delete Sub Library
button.

x

- Delete Sub Library | ICarhnnhydrates j

Enter name for new zub library

Select groups for Carbonhydrates

Glucose
lzozorbide dinitrate

Mitrafurantoin powder
Pharmacoat

cocs |

Figure 65: Set Sub Library
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7.2.5 Assign Classes

To assign classes to an existing method click on the Assign Classes button. The
following dialog opens:

Assign Classes x|

Delete Class | II Mew | j

Enter name for new class
Select groups for | New |

Acetloystein
Eudragit

Glucoze

|zozorbide dinitrate
Mitrofurantoin powder
Pharmacoat

coce |

Figure 66: Assign Classes

Select the New option from the drop-down list to enter a unique class name for
the spectra groups defined. Choose the group(s) which have to be assigned to
this new class from the Select groups for... selection field. There are only
groups available which have not yet been assigned to another class on the same
library level. Click on the 4ssign button.

To delete classes select them first and click on the Delete Class button.
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7.3 Setup Identity Test Method -
Parameters

Setup Identity Test Method - C:\Program’0OPUSE_0%Data’Extended Demodat il

Load Methodl Reference Spectra  FParameters | Thresholdl ‘-p"aliclatel Store Method

QI%

— Preprocessing

— Reqionz

from to
1 10502 .4 40999

Interactive Region Selection |

Clear Selected Regionz I

— Method — Calculate thresholds
I Standard j Start Calculation

[T ahwaps uze lowest P level

Figure 67: Setup Identity Test Method — Parameters tab

7.3.1 Preprocessing

You can select several data processing methods from the drop-down list: Vector
Normalization, First and 2nd Derivative as well as combinations of both
methods.

*  Vector Normalization

The Vector Normalization data preprocessing normalizes a spectrum,
i.e. the average y value is calculated first and subsequently subtracted
from the spectrum. Then, the sum of squares of all y values is
calculated and the spectrum is divided by the square root of this sum.

This method is used in case of different optical thickness to compare
the samples with each other. The form of the different spectra will be
preserved, which facilitates the interpreting of spectra. However, the
result extremely depends on the spectral region selected, i.e. specific
differences of one region are distributed to all data points.
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* First Derivative
Calculates the first derivative of the spectrum by interpolation. Steep
edges of a peak become more important compared to flat structures.
This method is mainly used to preprocess pronounced, but small
features which are overlaid by a high and broad background.
In case of this method the window size selected is very important.
The smaller the window size, the more spectral details are shown,
with the spectral-to-noise ratio being apparently higher.

* 2nd Derivative

This method is similar to First Derivative, but it allows to evaluate
extremely flat structures.

If you use one of the derivative methods, an additional selection field will be
displayed to define the amount of smoothing points. You can select between 5
and 25 points. The optimal number of smoothing points, however, has to be
evaluated empirically.

Freprocessing

First derivative Smoothing points; IS "I

Figure 68: Defining smoothing points

7.3.2 Regions

The Regions table allows to limit data to one or several spectral regions to be
considered for identification. The frequency limits for the spectral regions can
either be entered manually or selected interactively.

7.3.3 Interactive Region Selection

The spectral region shown on the white background will be processed and
evaluated. You can also modify the spectral regions displayed. Place the cursor
on the boundary between the gray and white area. Press the left mouse button
and move the regions. It is also possible to move the entire spectral region. If
you position the cursor on the white area, the cursor changes from % into 4—1—!
Press the left mouse button and move the spectral region. To delete a region,
right click on the white area and select Remove from the pop-up menu.
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Select Frequency Range(s)

0.75 1.00 1.25 1.50 1.75 2.00

0.50

0.25

0.00

T T T T T T T T T
12000 11000 10000 Q000 2000 F000 G000 5000 4000

Cancel |

Figure 69: Select Frequency Range(s)

If you click on the Interactive Region Selection button, a separate window
opens and displays the reference spectra. You can add a new spectral region by
right-clicking on the window and selecting the 4dd Region option from the pop-
up menu. The pop-up menu also includes the Zoom and Crosshair option. These
options allow to easily define the value of a specific data point.

Select Frequency Range(s)

o
=1
o

Zaom

Scale All Spectra
Shift Curve
Crosshair

1.75
v v

1.50

Add Anmatation

1.25

Copy

1.00

Copy Al
Faste
el
=1 Propetties
=]
=8
=1
U —
w
4] —rr————— |
=1
——e
=
=1
=1
T T T T T T T T T
12000 11000 40000 =luu} 2000 F000 G000 S000 4000

Cancel |

Figure 70: Select Frequency Range(s) with pop-up menu
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7.3.4  Clear Selected Regions

You can delete an entry from the Regions table by selecting the specific entry
and clicking on the Clear Selected Regions button or pressing the DEL button
on your keyboard.

7.3.5 Method

Use this drop-down list to select an identification method. During the identity
test the test spectrum is compared with all reference spectra. The result of this
comparison is the spectral distance which is also called Hit Quality. The more
similar two spectra are, the smaller the spectral distance. Four methods are
available to calculate the spectral distance. Use the Method drop-down list to
select one. The basic theory of each method has been described in chapter 6.

To enforce an IDENT analysis on the lowest IP level during the identity test the
Always use lowest IP level check box has to be activated. This check box is only
enabled on the very first library level as this a global setting for the entire
library structure, and is deactivated by default. See also chapter 1.

IDENT methods which have been stored created and stored by previous OPUS
without this algorithm can be loaded as well to perform this kind of analysis.

Depending on the method selected, additional columns are added to the Regions
table, e.g. Weight and Reprolevel.

— Regionz
from to Weight | Reprolevel
1 9503.8 3999.8 1 1
2 1 1

Figure 71: Regions list with weight and reprolevel columns
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You can select between the following identification methods:

e Standard

The Standard method calculates the Euclidean distance between the
test and reference spectra.

* Factorization

The factorization is performed on average spectra of the respective
groups. The spectra are first represented as linear combination of the
factor spectra and the resulting coefficients are used to calculate the
spectral distance.

e Factorization (orig. specs)

The factorization is performed on all original spectra of the
respective groups.

* Scaling to 1st range

Performs the Scaling to Ist range algorithm. For details, see
section 6.2.1.

* Normalize to Reprolevel

Performs the Normalize to Reprolevel algorithm. For details, see
section 6.2.1.

7.3.6 Calculate Thresholds

If you click on the Start Calculation button, you start the calculation. If you
select the Factorization or Factorization (orig. specs.) algorithm the additional
Set Factors button will be displayed. Click on the Set Factors button to open the
following dialog:

Factor Spectra El

Eigenvalues aof factar spectra;

5)

E] 16
7] 0.0011 3
8] 0.000RSZ2048 103
9] 0000487084 113
101 0000276177 98
11] 0000235058 94

12] 0.000125255 39
13] 7.51028E-005 85
41 & 43 05 16

37EAE 006

Mo, of uzed factor zpectra; |5

[T Usze reziduals

Ok I Cancel |

Figure 72: Factor Spectra
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Example:

Selecting the optimum number of factors is not easy. OPUS facilitates this
procedure by highlighting those factors which consists of the most non-
overlapping score coefficient clusters, as shown in figure 72. The following
graph is a simplified depiction of such non-overlapping score coefficient
clusters of two groups A and B:

A B
- /\
U PR e B o B Ape e
pLabldb gt u P [ [N =T

Score coefficients

The factor selection field in figure 72 has to be interpreted as follows:

5] 0.00
B] 0.001F
71 000112543

4] 0000652048 103
9] 0.000487084 113
10) 0000276177 93
11) 0.000235058 94
12 0.000125255 99
131 751028E-005 85 i

Figure 73: Factor spectra highlighted

A) Eigen values

B) Number of separated score coefficient clusters (it is always started with the factor
which includes the most groups separated)

C) Number of separated score coefficient clusters additional to the factors selected before.
In case of factor 6, e.g., there are 120 clusters separated, with 10 of these 120 clusters
not being separated by factor 5. In case of factor 7 there are 118 clusters separated,
with 3 of these 118 clusters not being separated by factor 5 nor factor 6.

Select the factor spectra from the list, which are used to calculate the spectral
distance. It is not advisable to accept this value without performing a validation
first. We recommend to perform several validations of the IDENT library using
different numbers of factor spectra. Select the optimum number of factor
spectra according to the result obtained.

It is not necessary to use a consecutive sequence of factor spectra. You can
select factor 2, 3 and 5. Delete factor 1 if you do not want to get any baseline
information.

If you want to calculate spectral distances by using spectral residuals, activate
the Use Residuals check box.
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7.4

Setup Identity Test Method - C:Program’0PUSE_04Data'Extended Demodata ﬂ
Load Methodl Fieference Spectral Parameters  Threshold |Validate| Store Method
-g,_;
[ Threshold =l Piint List_ |

— Magimunn hit + 3 * SDev Confidence Level

e [ses »

Set Set

Group Name Specira X Confidence Lewvel (9 Threshold Outlier =
1 Acetylcystein 45 0.2500 100 0.017578 0
2 Cellulose PH101 45 0.2500 99.9988 0.0061317 0
3 Cellulose PH102 |45 0.2500 99.9968 0.0038525 0
4 Cellulose PH112 |33 0.2500 99.8456 0.0040854 0
A Corn starch 45 0.2500 99.9999 0.018445 0
b Diclofenac potassi |36 0.2500 99.9849 0.011674 0
7 Diclofenac sodium |45 0.2500 99.5247 0.020664 0
a Eudragit 27 0.2500 99.9614 0.0099051 0
g Glucose 39 0.2500 99.9996 0.0072312 0
10 Isosorbide dinitrat |39 0.2500 99.9998 0.0052611 0
11 Lactose 80mesh 45 0.2500 100 0.0078193 0
12 Lactose 200mesh |45 0.2500 99.938 0.011821 0
13 Nifedipin high 30 0.2500 99.9862 0.028052 0
14 Nifedipin slow 45 0.2500 100 0.01876 0 —
15 Nitrofurantoin pow |45 0.2500 99.9833 0.005713 1]
16 Pharmacoat 13 0.2500 100 0.0047947 0 -
J T - - S T - _»I_I

Setup Identity Test Method — Threshold

Figure 74: Setup Identity Test Method — Threshold tab

The threshold of a reference spectrum is the sum calculated by the maximum
distance (maximum Hit Quality) listed in Group Statistics, plus the amount
resulting from standard deviation (SDev) and a user-defined x factor. The
threshold values, listed in the Threshold column are indicated for each reference
spectrum.

7.4.1 Maximum Hit + X*SDev

This formula is used to calculate the threshold value. You can enter any value
for X in the entry field, with 0.25 being set as default. To confirm your entry
click on the Set button. This causes the new value to be set for all reference
spectra, and the Threshold values will be updated.

7.4.2 Confidence Level

Two parameters are derived from the spectral distance to define the confidence
level. You can enter any factor between 95 and 99.9999% into the entry field,
99.99% is set by default. To confirm your entry click on the Sef button. See also
chapter 1.4.
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Setup Identity Test Method — Threshold

7.4.3 Set

If you click on the Set button, all changes made will be displayed on the table
list. If you have selected only part of the column, only the values of the lines
selected will be changed.

744 Group Statistics

The Group Statistics parameter includes detailed information on the Group and
File Name, Hit Quality, Standard Deviation and Mean Distance.

Two parameters are derived from the spectral distances between original spectra
and the average spectrum to define the confidence region for a group:

D, mean distance:

D, =Y 2 (7-1)

(7-2)

with n being the number of original spectra.

Select the Group Statistics option from the selection box. The following dialog
opens:
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Setup Identity Test Method - C:%Programme’\0PUS6_0%Data'Extended Demodata’ Ident Tukto: x|

Load Methodl Reference Spectral Parameters  Threshold |Va|idate| Stare Method

-="}$

—Mawimum hit + % * S0ev—————  Confidence Lewel
I 025 I 93599 2

el St

Group Name Spectra File name | Hit Quality |Standard D Mean Distance Ourthi =
1 + | Acetylcystein 45 0.007592 00072370
2 +|Cellulose PH101 45 0.001855 0.001475 |0
3 +|Cellulose PH102 45 0.001577 0.001441 |0
4 -|Cellulose PH112 33 0.001916 0.001714 |0
5 Cellulose | 0.003606
fi Cellulose | 0.003286
7 Cellulose | 0.002961
a8 Cellulose_ | 0.002953
] Cellulose_ | 0.002598
10 Cellulose_ | 0.002477
11 Cellulose_ | 0.002147
12 Cellulose_ | 0.002049
13 Cellulose_ | 0.002047
14 Cellulose_ | 0.001987
15 Cellulose_ | 0.001971
16 Cellulose_ | 0.001952 =
< - o | LI_I

Figure 75: Setup Identity Test Method - Group statistics

If you use the confidence level to calculate the threshold, the Outlier column is
very helpful to see at once the number of spectra per group, which are outside
the threshold. To have the Hit Quality and File Name displayed click on the E
button of the respective Group Name line.
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7.5 Setup Identity Test Method — Validate

Setup Identity Test Method - C:‘Program’0PUS6_0%Data‘\Extended Demodata’Iden x|

Load Methodl Reference Spectral Parametersl Threshold ¥ alidate |Stnre Methodl

<1 2 3 4 8§
Detailed repaort
fIdent_Demo. 00 ~| =L CHlEHD] —
st Frirt |

Validation Report il
File name: Ident Demodata IP1-IP3 class_en.
Path: C:~Programme~0PUs6_0~Data~Exztend
Stored (date: time): S5-10-2004; 6H:58:32
Operator name: Default
Likrarvy: Ident Demo
Subk libraries: Carbonhvdrates
Diclofenac & Nifedipin
Sugar
Lactose
Nifedipin
Alwavs use lowest IP level: Mo
Parameters of library Ident_Demo:
Algorithm: Standard
Vector normalized spectra: Na
From: 1050Z.4 -
- s 7

Figure 76: Setup Identity Test Method — Validate tab

Start validation by clicking on the Validate button. The following menu pops
up:

Yalidate x|

| Validate T his Library |

Walidate Thigz Library and All Sub Libranies Below |

Figure 77: Validate pop-up menu
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Two validation options are available:

* Validate this library

This option validates the main and sub-library you are currently
working with.

* Validate this library and all sub-libraries below

This option validates the main and sub-library you are currently
working with, and all additional sub-libraries belonging to the
current library.

The progress of the validation process is indicated by the status bar.

7.51 Validation Report

Validation reports will not be overwritten and the report file name is always the
same defined for the main or sub-library. Groups assembled in common classes
are not considered to overlap. Nevertheless, the IDENT reports include the
groups assigned to classes. You can select between the following reports which
are based on single spectra, except for the selectivity report and histogram:

* Summary Report

The Summary Report outlines all important information on the
current IDENT method, e.g. path and file name, sub-library names,
date, time, operator name and comments. It includes all the groups
which can be confused with other groups.

* Result Report

The Result Report outlines all important information on the current
IDENT method, e.g. path and file name, sub-library names, date,
time, operator name and comments. It gives additional information
on which groups should be assigned to a new common sub-library.

* Detailed Report

The Detailed Report includes additional information on the
algorithm used and frequency ranges defined of all sub-libraries, the
order of internal derivative and smoothing points for internal
derivative. Furthermore, this reports specifies all thresholds of the
overlapping groups as well as the distances of all single spectra
which overlap. The report provides additional information on which
groups should be assigned to a new common sub-library.

If you have activated the Always use lowest IP level check box on the
Parameters tab, the Detailed Report will include only the results of
the lowest IP level for all spectra of each group.

* Selectivity Report
This report is based on average spectra. If you use the selectivity
slider on top, you can get a more detailed report. For example, if you

set the slider to a selectivity of 3, all spectra are shown in the spectral
distance between 1 and 3.
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* Selectivity Histogram
The histogram is a summary of the selectivity report.

In general, validation reports directly compare one spectra group with the
adjacent spectrum to see which clusters overlap and where. The selectivity
report compares Material | and Material 2, as explained in the chart in
figure 78.

Material 1
Material 2

Selectivity

Figure 78: Calculating selectivity

_D
(T, +1T1,)

ratio of distance D between average spectra and the sum of threshold values T,

The selectivity will be calculated as follows: § = with S being the

and T, (cluster radii). This results in the following:

* S <1:overlapping
* S =1:cluster in contact
* S > 1: cluster separated

Figure 79 exemplifies a selectivity report.
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Setup Identity Test Method - C:Program’DPUS6_D%Data'Extended Demodata’Identl x|
Load Methodl Reference Spectral Parametersl Threshold  Validate | Stare Methndl
<1 2 3 4 &
IIdent_Demo.VElD j ISeIectivity repart j |—
st Frirt |
ID Group1 Group?2 IP-Lewel 5 Threshold1 T~
1 1 |Acetylcystein Diclofenac sodium|IP1: ldent Demo 1.945901 0.011937
2 2 |Cellulose PH101  |Cellulose PH102 |IP1: ldent Demo 0.139743 0.004042
3 3 |Cellulose PH102 |Cellulose PH101 |IP1: ldent Demo 0.139743 0.002844
4 4 |Cellulose PH112 |Cellulose PH102 |IP1: ldent Demo 0.206656 0.003579
5 5 |Corn starch Cellulose PH101 |IP1: ldent Demao 1.136996 0.010709
fi 6 |Diclofenac potassi|Diclofenac sodium|IP1: ldent Demo 0.694469 0.008801
7 7 |Diclofenac sodium|Diclofenac potassi|IP1: ldent_Demo 0.694469 0.019407
a8 8 |Eudrayit Nifedipin high IP1: ldent_Demo 1.494229 0.007612
] 9 | Glucose Diclofenac sodium|IP1: ldent_Demao 1.900864 0.004944
10 10 |Isosorbide dinitrat|Lactose 200mesh |IP1: ldent_Demo 1.459602 0.003390
11 11 |Lactose 80mesh |Lactose 200mesh |IP1: ldent_Demo 0.777014 0.004036
12 12 |Lactose 200mesh |Lactose §0mesh  |IP1: ldent_Demo 0.777014 0.009502
13 13 |Nifedipin high Nifedipin slow IP1: Ident_Demo 0.379696 0.020507
14 14 |Hifedipin slow Nifedipin high IP1: Ident_Demo 0.379696 0.008811
15 13 |Nitrofurantoin po |Diclofenac sodium(IP1: Ident_Demo 2.338191 0.004601
16 16 |[Pharmacoat Corn starch IP1: Ident_Demo 2.064307 0.003043
17 17 |Raspherry aroma |Sugar IP1: Ident_Demo 1.203249 0.007993
18I 18 |Sugar Raspberrv aroma [IP1: [dent Demo 1.203249 0.018253 _ILI
4 »

Figure 79: Selectivity Report

The selectivity report displays the result in different colors:

Red: spectra with a selectivity of <1
Green: spectra with a selectivity of >2

Black: spectra with a selectivity between 1 and 2

Gray: spectra with a selectivity of <I, without single-spectra
overlappings in the validation report

Note: Generally, single spectra are not relevant in case of selectivity, however, they
are indicated in the validation report. If there are no single-spectra overlappings in
this report, the respective group is displayed in gray in the selectivity report.

It may occur that in case of libraries with reference spectra not any of these
spectra is within the intersection of two clusters. Therefore, the validation
would yield to a non-overlapping result. However, the selectivity does indicate
the geometric overlapping, as exemplified in figure 80.
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Material 1
Material 2

Selectivity
S<1

Figure 80: Selectivity - Geometric overlapping

The selectivity report can also be read out as score plots in 3D-format, which is
indicated by the PFactarview-. tab. This kind of representation is based on the
factorization of 'single reference spectra or average spectra, shows the
distribution of spectra and supports the selecting of meaningful factor spectra.

Select Factorization from the Method drop-down list on the Parameters tab and
click on the Start Calculation button. Define at least 3 factors from the Factor
Spectra dialog which will serve as a basis for the 3D factor view. Subsequently,
validate the library by clicking on the Validate button on the Validate tab.

To display the cluster of one group select the respective group from the
Selectivity Report list. The number of neighboring groups can be set by means
of the Selectivity slider. You can activate or deactivate the Opaque check box
(see figure 79). In both cases the real threshold of the cluster is shown in all
dimensions, i.e. X, y and z axis. If you deactivate the Opaque check box, the
spectra (A in figure 81) of each cluster can be seen as the clusters will be
transparent.
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Figure 81: 3D factor view - Transparent clouds and data points

If you position the mouse on one specific spectra, the file name and group name
will be displayed. To improve the factor view, you can rotate the box. If you
position the mouse on the edge of the box, the cursor changes into ﬂ To
rotate the box press the left mouse button and move the mouse to the position
desired.

Right clicking somewhere on the 3D display pops up the Properties button. If
you click on this button, the View properties dialog is displayed which allows
further plot settings. To optimize the 3D factor view you can select additional
factors by means of the Factor drop-down list. Always the next 3 factors of the
original selection can be used for each dimension.
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Yiew properties

Dizplayed Data I

R atation |3':I

¥ Show box

Elevation
¥ Show points

¥ Show axes ¥ Show elipsoid

A

=43

Factar Text Colar |
Factar ' IE :IT Eackground Colar |
Factarz |3 = 123670

[ ok | Cancal | el | Help |

Figure 82: View properties

Sometimes the clusters may be displayed as ellipsoides. This is due to the
scaling of the axes, and not a result of the original calculation.

To zoom the box displayed press the left mouse button and draw a frame around
the position desired. Double click into the zoomed area to undo the zoom

setting. To return to the IDENT setup
| icon.

7.5.2 Print

close the factor view by clicking on the

To print the report, click on the Print button. This starts the Windows Notepad

program which you can also use to

reformat the text, if desired. Use the

Notepad print function to create a printout.

Note: It is recommended to select a small font in Windows Notepad to avoid
extraordinary long reports. A proportional font may lead to a confusing display of
the results. Therefore, it is advisable to use a monospace font, e.g. Courier New,

10.
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7.6 Setup Identity Test Method -

Setup Identity Test Method - CProgram’0PUSE_0%Data'\Extended Den il

Load Methndl Fieference Spectral Parameteml Threshald | Yalidate  Store Method

Store Method

‘d%

Store Method. . I All zub libraries will be ztored zimultaneously |

— Sethings

Mumber of hitz in ldent repart; I'ID v Stare dverage Spectra

Figure 83: Setup Identity Test Method — Store Method tab

This dialog allows to store a method file created. The parameter you can define
is the number of Hits to be stored in the IDENT report. By default, the Store
Average Spectra is activated. Click on the Store Method button to open the
standard Save File dialog box. The method file has the extension * FAA4. All
sub-libraries will be stored simultaneously.
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7.7 Identity Test

To start an IDENT analysis select the Identity Test command from the Evaluate
menu. The following dialog box opens:

x
Select Filels) |
s
— File(z] for identity test — Expected reference

Mo Reference Defined

r— Loaded identity test method

CAProgramtOPUSE_0MD atahE stended
DemodatatldentTutarials [dent_Demodata 1P7-1P3
claze_en Pl

Load dent Method Change... |

— Output optiong

¥ Show results immediately [ Prirt results automatically

Identity Test | Cancel Help

Figure 84: Identity Test - Select File(s) tab

Select a test spectrum and drag and drop the spectrum absorption block from the
OPUS browser window into the File(s) for identity test selection field.

To load or modify an IDENT method click on the Load Ident Method button
and select the desired method from the dialog that opens. If an identity test
method has already been loaded (e.g. if you have created one prior to starting
the analysis) the path and method name will be indicated in the Loaded Identity
Test Method field.

The Show results immediately check box in the Output options group field is
activated by default and the identity test results will be shown in a special
evaluation result display, see figure 85 and 86.

Bruker Optik GmbH OPUS/IDENT 101


CIdentPropertyPage1$IHO_EVAL_IDENTITY_EXEC

Reference Section

Result of IDENT Evaluation:

Sample: CA\OPUS'\Daten_ldent_Kurs\Cellulose microcryst\Cellulose microcryst.2
Method File: C:\OPUS'Daten_ldent_Kurs\DemoMethod.FAA
Date and Time: 2002/08/27 15:29:27 (UTCA1)

Hit No. Sample Name Hit Qual. Threshold Group
1 Cellulose microcryst.\n 0.00823 0.01046 Cellulos
2 Starch from rice'n 0.14093 0.01013 Starch 01
3 Starch from corn'n 0.17524 0.00905 Starch f
4 Starch soluble'n 0.19326 0.01146 Starch s
5 Starch from wheat'n 0.20849 0.00602 Starch f02
6 Starch from potato'n 0.22265 0.02762 Starch f00
7 Lactose monohydraten 0.25061 0.00951 Lactose 01
8 Lactose 80 mesh_110250_01_KFO 0.26170 0.04676 Lactose 00
9 Lactose 200 mesh_110251_02_KFO 0.29578 0.04622 Lactose
10 Glucose monohydrate'n 0.29989 0.00736 Glucose

IDENTIFIED AS Cellulos

\IOK

Figure 85: IDENT Evaluation Result display - Result OK

In the lower part of the display the Identity Test result is indicated. A green
check mark and the description OK would indicate that the test has passed, i.e.
the product has been identified.

A red cross and the description NOT OK would indicate that the comparison has
failed, i.e. the product has not been identified.
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Result of IDENT Evaluation:

Method File: C:\OPUS'Daten_ldent_Kurs\DemoMethod.FAA
Date and Time: 20/08/2001 14:43:52

Hit No. Sample Name

Cellulose microcryst.\n

Starch from rice'n

Starch from corn'n

Starch soluble'n

Starch from wheat'n

Starch from potato'n

Lactose monohydraten

Lactose 80 mesh_110250_01_KFO
Lactose 200 mesh_110251_02_KFO
Glucose monohydrate'n

O W R W M-

=
=

NOT IDENTIFIED

NOT
OK

Hit Qual.

0.05012
0.13808
0.16486
0.17751
0.19599
0.20626
0.24137
0.25294
0.28417
0.28957

Sample: CAOPUS\Daten_ldent_Kurs\Cellulose microcryst.Cellulose microcryst\Cellulose.5

Threshold

0.01046
0.01013
0.00905
0.01146
0.00602
0.02762
0.00951
0.04676
0.04622
0.00736

Figure 86: IDENT Evaluation Result display - Result not OK

Group

Cellulos
Starch 01
Starch f
Starch s
Starch f02
Starch f00
Lactose 01
Lactose 00
Lactose
Glucose

To print the evaluation result display of the identity test, activate the Print
Results Automatically check box in the Output Options group field.

7.71 No Reference Defined

If there is no expected reference defined, click on the Change button. There are

three possibilities to define an expected reference:
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Expected Reference x|

f* Mo reference defined

" Selected automatically from sample name
First character I 1 . length I 12

" User-zelectad from table below

1] | Group Mame | Sample name | -
Acetyloystein Acetyloystein

2 Celluloze PH101 Celluloze microcpztaline PH 101

3 Celluloze PH102 Celluloze microcrestalline PH 102

4 Celluloze PH112 Celluloze microcyztaline PH 112

5 Corn ztarch Corn ztarch

G Diclafenac patassium Diclafenac patassium

¥ Diclofenac sodium Diclofenac sodium

g Eudraait Eudragit RS FO s

9 Glucoze Glucoze dried

10 |zozorbide dinitrate |zozorbide dinitrate

11 Lactoze Blmeszh Lactoze 80 meszh

12 Lactoze 200meszh Lactoze 200 mesh LI
= Sark

7 Sample name First chiaracter |_1

= D

| Group name (] 4 Cancel Help |

Figure 87: Expected Reference

a) No reference defined

The identity test analysis works without a pre-defined reference

spectrum.

b) Selected automatically from sample name

The reference spectrum is determined by comparing the sample name
of the test spectrum with the sample names of the library spectra.
Usually, the sample name will not be completely used, but partially.

First character:

Indicates at which sample name character the character comparison will
start. In this example the comparison starts at character 1.

Length:

The Length indicates how many characters will be taken into account
during comparison. Example: the sample name of the test spectrum is
000002, Sample DL-Isoleucin. 1t is sufficient to use the first six charac-
ters for a definite selection: First =1 and Length = 6.)

¢) User-selected from table below

If you activate this option button, all reference spectra will be listed.
Each line contains the sample name (e.g. 000002, Sample DL-
Isoleucin), the number of the reference spectrum in the library (e.g.
ID=2) and the group name. Select the spectrum which you expect to
match the test spectrum. The test spectrum can have any sample
name.
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In the Sort group field you define how to sort the list. You either sort according
to Sample name, ID or Group Name. If you check Sample name, you can
additionally define the character number of the sample name, which you start
sorting with.

7.8 Cluster Analysis — Load Method

Cluster Analysis - New x|

Load Method | Reference Spectral ad FiIe.r'FiIeIistI Parameter&l Hepu:urtl Store Methndl

| Load Methad... |

— General information

Spectra; 1]

Frequency ranges: 1

Data preprocessing: Wector normalization
Algorithinm: Standard

Preparing dendrogram;  Ward's algornithm

Diztance matrix not made pet

Figure 88: Cluster Analysis — Load Method tab

7.8.1 Load Method

Use the Load Method button to load an existing cluster analysis method. Cluster
analysis method files have the extension *.CLA. It is also possible to load
cluster analysis method files created by OPUS-OS/2 IDENT. However, if you
store such a method using OPUS/IDENT, you will not be able to load the
method by OPUS-OS/2 IDENT. To avoid this, store the modified OPUS-OS/2
IDENT file by using a different file name.
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x
Load Method  Reference Spectra I 3d File/Filelist I Parameteml FRepaort I Store Methndl
e
&dd Spechra... I Change Path... |
ID Path File name Sample name =
1 1|C\Progra |Cellulose_microcrys Cellulose microcrystalline PH 101
2 2| C:\Progra Celluluse_micrucrysl Microcist. Cellulose PH 101_108349_02_ KK
3 3| C\Progra Celluluse_micrucwsI Microcrist. Cellulose PH 101_108349_02_M
4 4 | C\Progra Cellulnse_micrucwﬁ Microcrist. Cellulose PH 101_108349 05 K
5 5|C\Progra Cellulnse_micrucrysl Microcist. Cellulose PH 101_108349_05_ KK
& 6| C:\Progra Cellulnse_micrucryslCelluluse microcrystalline PH 102
7 7| C\Progra Celluluse_micrucwsI Microcist. Cellulose PH 102_108232_01_KK
8 8 C\Progra Cellulnse_micrucwﬁ Microcrist. Cellulose PH 102 108232 01 M
9 9/ C\Progra Cellulnse_micrucrysl Microcrist. Cellulose PH 102_108232 03 K
10 10| C:\Progra Celluluse_micrucrysl Microcist. Cellulose PH 102_108232_03_KK
11 11| C:\Progra Celluluse_micrucwsICelluluse microcrystalline PH 112
12 12| C\Progra Cellulnse_micrucwﬁI'I.I'Iicrn-::ist. Cellulose PH 112_105845 01 KK
13 13| C:\Progra Cellulnse_micrucryslMicrncrist. Cellulose PH 112 {Avicel)_1058
14 14 |C:\Progra Celluluse_micrucryslMicmcrist. Cellulose PH 112 {Avicel)_1058
15 15| C:\Progra Celluluse_micrucwsI Microcist. Cellulose PH 112_105845_02_KK
16 16 |C:\Progra Cellulnse_micrucwﬁCelluluse microcrystalline RC 581
17 17 |C:\Progra Cellulnse_micrucrysl Microcrist. Cellulose RC 581_109200 _01_K
18 18 | C:\Progra Celluluse_micrucrysl Microcrist. Cellulose RC 581 _109200 01_M —
19 19| C:\Progra Celluluse_micrucws! Microcrist. Cellulose RC 581_109200_03 K =l

7.8.2

General Information

The General information group field provides statistical information on the
existing method file. The number of spectra used for the method and the number
of frequency ranges included are displayed. You will get additional information
on the data preprocessing method, the algorithm used for the identity test and
dendrogram, and whether a distance matrix has been generated.

7.9

Cluster Analysis — Reference Spectra

Figure 89: Cluster Analysis — Reference Spectra tab

This dialog box is the same as the Reference Spectra dialog box of the Setup
Identity Test Method command and has been described in section 7.2.
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7.10 Cluster Analysis — Parameters

Cluster Analysis - Mew x|

Load Methndl Reference Spectral 3d FileFilefist  Parameters I Report I Stare Methndl

— Preprocessing
Yector hormalization j
— Regionz
from to - - :
7 3999 6 11995 Interactive Fegion Selection |
2
Clear Selected Regions |

— Method —Making diztance matris

Standard j Calculate Distances I

Figure 90: Cluster Analysis — Parameters tab

7.10.1 Preprocessing

The cluster analysis uses the same data preprocessing methods as described in
section 7.3.

7.10.2 Regions

The Regions table allows to limit the data to one or several spectral regions to
be considered for the cluster analysis. The frequency limits for the spectral
regions can either be entered manually or selected interactively.
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7.10.3 Method

Select an algorithm to identify the spectrum (see section 6.1 and 7.3).

If you select the Factorization method, you have to specify the number of factor
spectra to be used to calculate the spectral distances, in the Factor Spectra
dialog box. This dialog box opens automatically after clicking on the Calculate
Distances button.

In contrast to the identity test, the Use Residuals option is not available during
cluster analysis. Spectral residuals are not taken into account when calculating
spectral distances. The calculation of factor spectra is not necessary during
cluster analysis, as test spectra will not be analyzed. To determine the spectrum-
to-spectrum distance (see section 6.1.2) only Z (covariance matrix) and L
(Eigen vectors) will be calculated. Click on the OK button to return to the
Parameters dialog box.

Factor Spectra El

Eigenvalues of factar spectra:

16] 0.000583641
17] 0.000485223
18] 0.000476353
191 0.000443229 LI

Mo. of uzed factor zpectra: I'I A

I Usze residuals

] I Cancel |

Figure 91: Cluster Analysis — Factor Spectra

7.10.4 Calculate Distances

Click on the Calculate Distances button to start the calculation of the spectrum-
to-spectrum distance. If the calculation has been finished, it is recommended to
store the method before you generate a dendrogram.
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7.11  Cluster Analysis — Report

Click on the Report tab to have the analysis results displayed.

Cluster Analysis - C:Program’,0PUS6_0O%IDENT Study 5.CLA il
Load Method I Fieference Spectra I 3d File/Filelist | Parameters  Feport | Store Method I
Options... I window | 1‘5’
DN Q- 3OO RTWEQOONDOOOS DWW
— = = o= — — — = o— o o— — o
o0 O o0 9090 o090 0000 0o o000 o000
o0 oo ooc oo oooodSo
O D O 0 9090 0000000 oDoDo QoD o0o0QoD
oo oo oo oo oo oo ooocoocoo S
o0 oo ocooo0ocoo0oocoooooocooaco
D pE— —
0.2 Lz':IIJ_I_L]’! \; —
04— —
3 4 .
| g L
e ] 1 ! 8
= 08— —
= 1]12
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&
5 1.2 —
o
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1.6 —
1.6 —
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22— —

Figure 92: Cluster Analysis — Report tab

Use the drop-down list to define the form of report. You can have the results
displayed in the form of a dendrogram, histogram or diagnosis. Dendrogram is
set by default.

* Dendrogram

A dendrogram includes the spectral distances of all reference spectra.
Right click on the dendrogram and a menu pops up displaying
different options.

e Histogram

This kind of report is not intended to be used to analyze clustering.
Instead, the spectrum-to-spectrum distances between reference
spectra are analyzed. Such distances can be represented in the form
of a symmetrical n x n matrix (n being the number of reference
spectra).

The mean value and standard deviation are calculated, and the
distance values are displayed in the form of a histogram and divided
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into classes. The first class, e.g. ranges from 0 to 1, the second class
includes spectral distances from 1 to 2 etc. Each class is represented
by a bar in the histogram. This bar indicates the percentage frequency
of spectral distances compared to the total number of distances
considered.

In this context Class means something different than in case of
clustering, where cluster can also be referred to as Class or Group.
Besides graphical representation, the Histogram includes statistical
information.

Cluster Analysis - C:Programme'0PUSE_04IDENT Study_5.CLA x|
Load Method | Reference Spectlal 3d FileFilelist | Parameters  Report | Store Method
Options... I windows | m
. e
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17% —] = 7
I
™ Lo
[ 3 N
= [T
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D W o WO wo W oW g Mm—= (0 — (@ — @ — @ — @& — F~
o9 — = &m0 Wnow W e 0omoom a0 e
e S e Y e N e Y e Y e R e Y e N e e e R e Y e Y e Y e T e Y e B e S e R e O el |
b

Figure 93: Cluster Analysis — Histogram

* Diagnosis
This view produces a horizontal cross section of the dendrogram.
Specify the number of classes to create a list which includes the
members of each single class. The spectral distance of the last
clustering will be displayed for each cluster.
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7.11.1 Score Plot

The cluster analysis report can also be read out as score plots in 3D-format

which is indicated by the PFactorview-. tab. The additional Score Plot button will
only be displayed if you have selected Factorization as analysis method and
Diagnosis as report before.

Cluster Analysis - C:\Program’0PUS6_04IDENT Factor_scoreCoeff.CLA il

Load Method | Reference Spectlal 3d FileFilelist | Parameters  Report | Store Methudl

Score Plot Window | I"’—"’

Optiong... |

Diagnosis for 5 classes: ;I

1 Al hmm AT sl s

Figure 94: Cluster Analysis - Score Plot button

Select Factorization from the Method drop-down list on the Parameters tab and
click on the Start Calculation button. Define at least 3 factors from the Factor
Spectra dialog which will serve as a basis for the 3D factor view. Subsequently,
select Diagnosis from the drop-down list and define the number of classes you
want to see in the score plot by using the Options button. For details on the
Options dialog see chapter 7.11.2. Click on the Score Plot button.

PC3

PC 4

Figure 95: Cluster analysis - 3D factor view
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If you position the mouse on one specific spectrum, the file name and group
name will be displayed. To improve the factor view, you can rotate the box. If
you position the mouse on the edge of the box, the cursor changes into Q To
rotate the box press the left mouse button and move the mouse to the position
desired.

Right clicking somewhere on the 3D view pops up the Properties button. If you
click on this button, the View properties dialog is displayed which allows
further plot settings.

7.11.2 Options

Click on the Options button to open the Cluster Analysis - Options dialog. You
can define the algorithm used to calculate spectral distances between different
clusters. In addition, you specify the Number of Classes used in the diagnosis,
and the parameters required for the histogram.

Cluster Analysis - Options |

IWard's algorithm j

— Dendragram

I Sample Mame j

— Diagnosis

Mumber of clazses IE

— Higtogram

YWhich part of the matriz do you want?
“Whiale matrix j

Coordinates far rectangle; I'I I'I I'I I'I

Width for clazses of distances: ID.DEDE?EE
k. I Cancel |

Figure 96: Cluster Analysis — Options
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You can select between 7 different algorithms to calculate spectral distances
between clusters:

Single Linkage

Complete Linkage
Average Linkage
Weighted Average Linkage
Median Algorithm
Centroid Algorithm
Ward’s Algorithm

For details, see section 4.1.2.

Use the Dendrogram drop-down list to define the kind of labeling.
Dendrograms are labeled vertically. There are 4 possibilities:

File Name of the reference spectra

Sample Name of the reference spectra

File Number (file sequence in the list of reference spectra)
No Name Markers (no labelling at all)

A text file is automatically created for each dendrogram. This file has the same
name as the cluster analysis method and the extension *. DEN. The file includes
the dendrogram and exact clustering levels.

Specify the number of classes you want to test. If you test, e.g., original spectra
used to generate average spectra in an identity test, you have to enter the
number of average spectra into the Number of Classes field.

Define which part of the matrix you want to include into the histogram:

Whole Matrix

In this case all distances will be used. With the matrix being
symmetrical and diagonal elements being 0, only a triangular matrix
without diagonal elements is wused. The matrix size 1is
(n-(n-1))/2.

Only Pairs (for repro tests)

The data record is divided into pairs and the distances between the
first and second spectra (first pair), third and fourth spectra (second
pair) etc. are calculated. The number of distances being considered is
n/2. This value can be used to determine the reproduction level of
measurements which have been repeated twice.

Only Triplets (for repro tests)

Same as above, but this time the data record is divided in triplets. The
number of distances used for statistics is (n/3) -3 = 3.

This value can be used to determine the reproduction level of
measurements which have been repeated three times.
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* Only Reference (i.e. the last column)

This option only considers distances between the last spectrum
indicated in the list and all other spectra. The number of distances is
n-1.

* A Given Triangle
The distances are calculated for those spectra between k and / (rows)
of the list. This results in a triangle within the matrix. You have to
enter the k£ and / parameters. For k = 1 and |1 = n the result is identical
to the Whole Matrix option result.

* A Given Oblong
The distances are determined for those spectra between the k; and 1;
position (rows) and between the k, and 1, position (columns) of the
list. This corresponds to a rectangle within the matrix.

The value specified in the Width for Classes of Distances field determines the
number of classes. The default value corresponds to a division of 20 classes, i.e.
the range from 0 up to the maximum distance is divided into 10 equal areas.
You can change this value. The maximum number of classes is 20. If you enter
an invalid number, the value will automatically be corrected.

The Window button opens the dendrogram, diagnosis or histogram within a
Report window. You can have the report printed out using the print options
from the OPUS Print menu.

7.12 3D File/Filelist

You can also set up a cluster analysis using either a 3D file or a file list. When
working with a 3D file you first have to load such a file. OPUS automatically

opens the 3D display indicated by the tab.
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3D File/Filelist
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Figure 97: 3D view
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For further details on the 3D window settings in OPUS refer to the 3D manual.
Now, select the Cluster Analysis command from the Evaluate menu and click
on the 3d File/Filelist tab. The following dialog opens:
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x
Load Methodl Feterence Spectra 3d Filed/Filelist | Parametersl Fiepart | Stare Methodl
MNumber of claszes |2 I Wurnber 0 far the largest olass Stare Trace |
A | X

\&\Prog[amme\ﬂ FLISE_OND atatMehrzchichtfolie.0

Figure 98: Cluster Analysis - 3d File/Filelist tab

Drag & drop the spectra data block of the 3D file into the entry field (A in
figure 98). You cannot load more than one 3D file for a cluster analysis. To
remove the spectra data block, select the spectra file in the entry field and click

on the ﬁl button.

Now, click on the Parameters tab, define the frequency regions and select an
identification method. Click on the Start Calculation button. Depending on the
number of spectra the calculation procedure can take quite some time. If the
calculation has been finished, click on the 3D File/Filelist tab again. Define the
number of classes and click on the Store Trace button which is now enabled.

Cluster Analysis - C:Programt’,DOPUS6_04IDENT . 3d_d4_Groups.CLA il

Load Method | Reference Spectra  3d File/Filelist F'ararnetersl Hepurtl Store Method

Mumber of claszes |4 [ Mumber 0 for the largest class Store Trace |

Figure 99: 3d File/Filelist - Defining number of classes

Note: If you activate the /gnore Rest check box, the biggest cluster will get the
number 0 in the trace report.
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The TRC data block (‘eel) is added to the file displayed in the OPUS browser
window. Right click onto this data block to have the corresponding report

displayed.

- "CH\ProgrammelOPUSE_0\DatalMehrschichtfolie, 0"

1

-
[

- Data parameters AB/Mulkiple

- ABMultiple

- Data parameters ScSmiMultiple
cSmMultiple

- ultiple

- Data parameters Trace/Multiple
- Cypkic Parameters

- FT - Parameters

- Acquisition parameters

- Sample Parameters

- Inskrurnent parameters

- Annotation

- Graphics Report

- Datafile History

|

Micran | 1490 14208 | 1700 15008 | 1200-17008 | Clusterlist | Clustertist | ClusterList | |

0,000000 0418906 -0.120632  -0.173669  1.000000  1,000000  1,000000 —!

1.000000 0278322 -0.196559  -0.116866  3.000000 3.000000  1,000000

2,000000 0151217 -1.032597  -0.395969  3.000000 3.000000  1,000000

3,000000 0101227 -0.717422  -0.241355  3.000000 3000000 1,000000

4,000000 0277226 -0.700929  0.020516 3000000 3000000 1,000000

5,000000 0547875 -0.505013  -0.018080  3.000000 3.000000  1,000000

£,000000 0.644494  -0.847821  -0.129880  3.000000 3.000000  1,000000

7,000000 0671650 -1.464416  -0.143565  3.000000 3.000000  1,000000

£,000000 1.109604  -1.766877  -0.075675  3.000000  3.000000  1.000000

9,000000 1526494  -2,508635  -0.043315  3.000000  3.000000  1.000000

10,000000 2988753  -2.730210  -0.076485  3.000000 3000000 1,000000

11000000  4.616987  -2.387223  -0.199955  4.000000 0.000000  1,000000

12,000000  §534338  -2.149326  -1.021526 4000000 0.000000  2.000000

13000000 11658361  -2.408520  -1.096437 4000000 0.000000  2,000000

14000000 13718537  -1.306824  -1.135268 4000000 0000000  2,000000

15000000 14933686  -0.474837  -1.368319 4000000 0000000 2.000000

16000000 16100191  0.333270  -2.150514 4000000 0000000  2.000000

17.000000 16300209  0.140034  -2.622677 4000000 0000000  2,000000

18000000 16168112  0.241585  -2.715865 4000000 0.000000  2,000000

19,000000 16493189  -0.654120  -3.486037 4000000 0000000  2,000000

20000000 17.045324 0416201  -3.244622  4.000000 0.000000  2.000000 =l
| 1490 14208 [ 1700 15008 | 1s00-17008 | clustertist | Clustertist [ ClusterList -

INSS ] ] ] ] ] ]

ISR 0 0 0 0 0 0

IRun 0 0 0 0 0 0

INPT 4096 4096 4096 4096 4096 4096

MoGoodFw 0 ] ] ] ] ]

NoGoodEw 0 0 0 0 0 0

MoBadFw 0 0 0 0 0 0

L | 0 0 0 0 0

dHFL 0,000000 0,000000 0,000000 0,000000 0,000000 0,000000

dlFL 0,000000 0,000000 0,000000 0,000000 0,000000 0,000000

dHFFL 0,000000 0,000000 0,000000 0,000000 0,000000 0,000000

dLFFL 0,000000 0,000000 0,000000 0,000000 0,000000 0,000000

FiterSize 0 0 0 0 0 0

IFilter Type o o o o o o

dFFP 0,000000 0,000000 0,000000 0,000000 0,000000 0,000000

dFLP 4095.000000  4095.000000 4095000000 4095.000000  4095.000000 4095000000 |

dMin -1.450400  -8.559641  -9.014781  1.000000 0,000000 1.000000

dMax 26899309 181258301  16.867852  4.000000 3,000000 4,000000

dscF 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000

dpka_fw 0,000000 0,000000 0,000000 0,000000 0,000000 0,000000

dpka_bw  0.000000 0,000000 0,000000 0,000000 0,000000 0,000000 =l

Figure 100: Cluster analysis - TRC data report

As the TRC data report in figure 100 exemplifies the Cluster List column
includes the allocation to the classes defined before. To have the traces scored
in a 3D plot open the Map+Vid+Spec window by the New Registered Window
command from the Window menu. Drag & drop the TRC data block into the
first sub-window.
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Figure 101: 3D plot of TRC data block
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To have the clusters displayed in the second sub-window right click onto the
window and select the respective cluster list from the Select trace drop-down
list on the Mapping tab. For all the other plot options refer to the 3D manual.
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Figure 102: 3D plot of TRC data block with clusters

7121 File List

If you use a file list several spectra of a particular spectrum type are combined
into one common file list. First, create a file list by the Setup File List command
in the Edit menu and store it. Drag & drop the LIST data block (££usr) into the
entry field (A in figure 98).

Now, click on the Parameters tab, define the frequency regions and select an
identification method. Click on the Start Calculation button. You can also store
traces before you have defined the number of classes on the 3d File/Filelist tab.
To open the TRC data block right click on the file list name in the OPUS
browser window and select Show Parameters from the pop-up menu. The TRC
data block is now added to the file list in the browser window. Click onto the
data block to be able to see the trace results.
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713 Cluster Analysis — Store Method

Cluster Analysis - C:Program'0PUS6_0%IDENTFactor_scoreCoeff.CLA

Figure 103: Cluster Analysis — Store Method tab

This dialog box allows to store the cluster analysis method created. Click on the
Store Method button to open the standard Save File dialog box. The method file
has the extension *.CLA.
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