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1 Introduction

Analyze IQ Lab is a software package that uses state-of-the-art model-based
techniques, drawn from chemometrics and data mining, for the rapid analysis of
spectral data. The types of analysis that can be undertaken fall into two general
categories:

1. Classification (also known as Qualitative Analysis or Discrimination): use
models to predict whether a sample belongs to a specific category of materials;
for example, predicting whether or not a sample of an unknown liquid
contains a specific solvent.

2. Quantification (also known as Regression or Numerical Estimation): use
models to predict a numeric value associated with a target substance; for
example, predicting the concentration of a substance in a mixture.

Analyze IQ Lab also allows users to build their own models that can be deployed
for the analysis of spectra. Analyze IQ Lab can be used for the following two core
activities:

1. Application of models to the analysis of unknown spectral data.
2. The building of classification or quantification models.

These two core activities are carried on separate pages! of Analyze IQ Lab: the
Apply Model page and the Build Model page. Spectral analysis can be carried out by
using models built by the user or by applying pre-built models that have been
included in Analyze IQ Lab. As part of the Analyze IQ Lab installation, sample
models may be installed; if selected for the install, these models are ready for use
when Analyze IQ Lab is first started.

1.1  QOverview of the Analyze IQ Product Suite

Analyze IQ Lab is part of the Analyze IQ product suite.

r Analyze IQ Lab: Provides rapid & accurate chemometric analysis
- methods to turn complex spectral data into decisions. Its model
building wizard allows you to build, evaluate and refine

Analyze IQ sophisticated models, quickly and reliably.

Lab

Analyze IQ RealTime: Enables you to package chemometric N
models that have been constructed and validated by expert analysts -_AL%*;_
and deploy them in fielded applications, where they can be applied =
automatically for real time predictions. Available in Portable, Anallyz.e 1
Desktop, or Cloud Editions. i

1 A page is a group of windows that function together for performing a task.
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accurately through a library of spectra, to identify the best matches

¢ for unknown spectra, enabling you to answer “what is this?”

AnalyzeIQ | questions easily and reliably, and providing you with useful
SmartSearch|  gypplementary data.

m Analyze IQ SmartSearch: Allows you to search rapidly and
\

Analyze IQ Spectra Manager: Makes it easy for you to store and &
organize your valuable spectra and related meta-data. An ideal F
alternative to the high cost & effort of implementing a LIMS. &Zi;tgr:r
Analyze IQ Spectra Library: A carefully-curated collection of
L 1868 Raman spectra of common organic materials, including
laboratory chemicals, hazardous materials, research chemicals, and

Spectra .
P solvent mixtures.

Library

1.2 QOverview of this Manual

This manual provides detailed instructions on the use of Analyze IQ Lab for the
analysis of spectral data and for the generation of spectral analysis models, using the
variety of methods provided in Analyze IQ Lab. It is laid out as described next.

Section 2 describes the Analyze IQ Lab installation process.
Section 3 provides an overview on the principles of operation of Analyze IQ Lab.

Section 4 details how to use Analyze IQ Lab for the analysis of spectral data. It
gives a detailed example of the application of a model for the analysis of a spectrum
stored in one of the many formats supported (including SPC, AIQ, SpectroML
JCAMP-DX or simple text files). It also details how to view the detailed contents of a
spectrum file and how to apply pre-processing methods to a sample spectrum.

Section 5 explains how to build your own model in Analyze IQ Lab. An important
step in the building of new models is dataset preparation. This section tells you how
to import a dataset from Excel or Unscrambler, and how to generate a dataset from
an Analyze IQ Spectra Manager database. The examples in Sections 4 and 5
consider a classification task, in which the goal is identify whether a specific target
substance is present in the sample corresponding to the spectrum under analysis.

Section 6 presents a step-by-step example of the building of a new quantification
model and also demonstrates the use of a new quantification model for the analysis
of sample spectrum.

Section 7 describes how to perform a batch analysis of a set of spectra with a set of
models, using the Batch Analyze feature.

Section 8 explains how to backup, restore and delete models, and transfer models
between computers, using the Model Manager.
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Section 9 provides brief descriptions of all of the classification and quantification
methods that are available in Analyze IQ Lab for the building new analysis models.
It also describes the parameters for each of these methods.

Section 10 contains some information on technical support and sales, and finally
Section 11 provides a list of references.

Note that Section 2 and parts of Section 4 are also contained in the Analyze IQ Lab
Getting Started Guide.
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2 Installation

Analyze IQ Lab can be installed and run under all recent versions of the Windows
desktop operating system, including Windows XP, Windows Vista, Windows 7 and
Windows 8. It is 32-bit software and works fully on both 32-bit and 64-bit operating
systems.

2.1 USB Key Installation

To install from USB key, insert the USB key into a USB slot and follow the
instructions that appear after you open it.

If the installation screen does not appear automatically when the USB key is inserted,
navigate to the top level of the drive and run the StartHere.exe program to start
the Analyze IQ software installation.

During installation, the Setup program installs a Java Runtime Environment. If you
already have the same one or a newer one installed, you can safely skip this step.

2.2 Website

If you wish to download Analyze IQ Lab from the Analyze IQ website,
www.AnalyzelQ.com, you must first register on it. To do so, go to the website and
click on Register under the login form. A confirmation email is sent to the address
that you entered into the registration form. This confirmation email includes a link
for activating your new Analyze IQ account.

After you have registered as a user, you can download the Analyze IQ Lab software
package at the following address: http://www.AnalyzelQ.com/Download.html. This
page allows you to download the software setup file. After downloading the setup file,
start the installation process by double-clicking on it.

2.3 Getting a License

At the end of the installation process, when you first run Analyze IQ Lab, you will
be prompted to ‘Get a License’, which requires an internet connection. This final step
must be carried out in order to be able to run Analyze IQ Lab.

You can decide to defer getting a license until a later time. Please see 2.5.5 for further
details.

If you are installing an evaluation copy of the software, you will enter your registered
username to get a license after you install the software. Otherwise, you will enter a
Commercial License Code that is given to you by Analyze IQ Ltd, or your software
supplier, when you purchase the software.
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2.4 Upgrading Your Existing Installation

If you have a license for an older version of Analyze IQ Lab, you may be entitled to
install new releases. If so, you are recommended to back up data on your computer
before proceeding.

Depending on your specific computer configuration and operating system, if you
have built your own models with an older version of Analyze IQ Lab, you may find
that you cannot see them in the newer version of Analyze IQ Lab when you install
it. The models are easily transferred into the newer version; please contact Technical
Support for instructions specific to your computer’s configuration.

Please note that you should also take care when upgrading to a new release of
Analyze IQ Spectra Manager that you do not overwrite spectra that you have
added to the database. Refer to the Spectra Manager User Manual or contact
Technical Support for further information.

2.5 Help Menu

As shown in Figure 1, you can access details about your installed version of the
program, access contact details for Technical Support, Open the User Manual and
Getting Started Guide in PDF format, and update your license.

¢ Analyze I Lab - Apply Model
File Model Batch Display | Help

= ¥y B o= [ About Analyze I Lab
Ej Get Support
o= File Contents Getting Started

User Manual

Update License

Figure 1: Help Menu
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2.5.1 Help Menu - About Analyze IQ Lab

About Analyze 1Q Lab =5

Part of the

(( a'm,l-fg;elQ « QnalyzeiQ

Software Suite

Analyze IQ Lab 3.0.0

Commercial License Code: AI0-2014-101
License ID: 836 (179)

License Expires: 2019-01-02

Licensed Computer ID: 0024E8CAEQ94
Analysis Server: Feature Not Enabled

Copyright (c) 2008-2014 Analyze IQ Limited. All rights reserved.
Protected by international patents. Contact Analyze IQ Limited for details.

For technical support, goto httpy/'www.AnalyzelQ.com
or email suppert@Analyzeld.com

Close

Figure 2: About Analyze IQ Lab

As shown above in Figure 2, the About Analyze IQ Lab menu shows you details
regarding the version currently installed, including the software version number,
your licence code, license ID, the license expiry date and the MAC address of the

computer.
2.5.2 Help Menu - Get Support

In this menu, you can access contact details for Technical Support as can be seen in
Figure 3.

-

Support Information Iﬁ

Part of the

« ant'l-g;elQ « Qraiy=2iQ

Software Suite

For technical support, go to  http://www.Analyzel.com

or email support@Analyzeld.com

Copyright (c) 2008-2014 Analyze IQ Limited, All rights reserved,
Protected by international patents, Contact Analyze IQ Limited for details,

Close

Figure 3: Get Support
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2.5.3 Help Menu — Getting Started

From this menu, you can open the Analyze IQ Lab Getting Started Guide in PDF
format.

2.5.4 Help Menu — User Manual

From this menu, you can open the Analyze 1Q Lab User Manual (this document) in
PDF format.

2.5.5 Help Menu — Update License

If you deferred getting a licence after first installing the software, or if you are
extending an Evaluation Licence or upgrading to a Commercial Licence, you can
update your licence from this menu. Enter either your user name for an Evaluation
Licence or your Commercial License Code to acquire a license from our server (an
internet connection is necessary). See Figure 4.

B ' Analyze IQ Lab 3.0 License Retrieval ﬁ

Select the type of license and enter the appropriate information:

1 Evaluation License
@ Commercial License

Enter your Commercial License Code:

AIQ-2014-101|
feneeteenel

Waiting for license details.....

Figure 4: Update License
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3  Principles of Operation

Before starting to use Analyze IQ Lab, it is helpful to understand its principles of
operation.

Analyze IQ Lab is designed for accurate analysis of spectroscopic data. Molecular
spectroscopic techniques such as infra-red (IR), near infra-red (NIR), and Raman
spectroscopy are widely used in analytical chemistry to characterize the molecular
structure of materials, by measuring the radiant energy absorbed or scattered in
response to excitation by an external light source.

In practical applications, a given target substance to be identified is often not in pure
form, but mixed with other constituents that contribute peaks to the spectrum. These
peaks may mask or overlap each other, thereby causing difficulty for standard
identification procedures.

Analyze IQ Lab employs a model-driven approach to spectral data analysis, with
sophisticated techniques for constructing new models from data. Its architecture is

shown in Figure 5.
1
" I
Pre- ’ o
Prepared * - *
Samples b - )
/_)

Spectra Database

1

I

1

1

i

Unknown !
Material :
1

.

S—

Model Building
Spectrum Model Module
m Results
G
Preprocessing Model ]
& Settings ?Selection <\|—:|

Front-End

e

Model Library

Figure 5: Analyze IQ Lab System Architecture
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A key feature of Analyze IQ Lab it its library of models, some of which are used for
qualitative analysis (e.g. identification of the presence of a target substance in a
sample) and others of which are used for quantitative analysis (e.g. determination of
the concentration of a substance in a sample). You can think of an Analyze IQ model
as an abstraction of a large amount of data about what constitutes the essence of a
target substance, so that substance can be identified or its concentration determined
reliably under a wide range of conditions, including the presence of contaminants
and noise. In general, Analyze IQ Lab’s models operate more reliably than analysis
methods based on direct matching against spectral libraries, spectrum subtraction,
and standard statistical techniques such as PCR and SIMCA.

When you wish to perform qualitative or quantitative analysis of a material, you open
its spectrum in Analyze IQ Lab, choose an appropriate model from the library
available to you, and apply it. The model results are then displayed. For example, you
will be informed whether a target substance has been detected or what the
concentration of a target substance is determined to be. Section 4 describes in
detail how to perform an analysis using an existing model.

Users are not restricted to using the models provided with Analyze IQ Lab. You can
add to the model library by building new models from your own spectral data. As
explained in Section 5, Analyze IQ Lab provides you with a step-by-step
procedure to make this procedure easy to follow.

To build a new model, data is required, so a range of substances of known
composition are prepared in advance; these may be stored using the Analyze IQ
Spectra Manager software package for spectral data management, a spreadsheet
or a text file (see Section 5.2 for details). Then, analytical methods are used to
construct analytical models that compactly summarize all of the spectral data. These
models are embedded in the Analyze IQ Lab software, for future use. When the
spectrum of an unknown material is collected, its composition can be determined
instantaneously using the models that have been tuned to identify specific target
materials.

Analyze IQ Lab provides a wide range of analytical techniques for building new
models, ranging from conventional statistical methods such as linear regression to
innovative proprietary algorithms including Weighted Spectral Linear SVM and
Spectral Attribute Voting. Details on these are provided in Section 9.

Finally, users may be interested to note that Analyze IQ Limited provides a range of
services including training, model building, custom software solutions, and
independent validation of analyses. Please refer to Section 10 for contact
information.
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4  Perform an Analysis

This section details how to use Analyze IQ Lab for the analysis of spectral data. It
gives a detailed example of the application of a model for the analysis of a spectrum.
It also details how to view the detailed contents of a file and how to apply pre-
processing methods to a sample spectrum.

4.1 Getting Started with Analyze IQ Lab

When the Analyze IQ Lab application is first started, you are presented with the
Apply Model page as shown in Figure 6. (Note that this figure assumes that the
sample models were selected in the installation of Analyze IQ Lab.) This figure
highlights the five areas of this page, which are as follows:

1. Spectrum Details: shows details of the spectrum of the currently opened
file, such as date recorded, instrument manufacturer etc.

2. View Spectrum: displays a plot of the spectrum of the currently opened file.

3. Models: shows the current set of models that are available for the analysis of
the spectrum. Figure 6 shows three pre-built models packaged with Analyze
IQ Lab.

4. View Results: when a model has been applied to a spectrum, the results of
the analysis are shown in this area.

5. Pre-processing: shows the pre-processing techniques that can be applied to
the currently opened spectrum. It also shows a history of what pre-processing
steps have already been applied.

When Analyze 1Q Lab is run for the first time, all areas of the Apply Model page
are empty, unless pre-built models have been shipped with your Analyze I1Q Lab
package, in which case the Available Models area lists these models. In the example
of Figure 6, three models are available:

1. PCR Acetonitrile
2. SAV Acetonitrile
3. WS Linear SVM Acetonitrile

All of these three sample models have been designed for the identification of
acetonitrile; the difference between them is that each model has been generated
using a different analysis technique; see the descriptions for each model.
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Ef 4% Build New Model Apply Model
EE File Contents =0 = O || [E7 Results =0
PCR Acetonitrile
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! 1
P === ——- 1 : 4. View Results for |
: | | a Model :
__________ \ ;2. Graphical View | 1 |
' f Spect ' memmm— -
| 1 of Spectrum
11 ShQWS Spgctrum | 1 : This model has not been applied yet
I File Details I e — - -
1
| 1
[ 1
PE] Pre-processing =0
There is no spectrum file open
reT T T T T s 1
: 4. Pre-process :
1 Current Spectrum |
O PCR_... | O Polyn... | I SAV_... | I WS_Li... | O WSLin... | = 8 : 1
o 1
PCR Acetonitrile e
Description
Sample model for the identification of Acetonitrile. Model was genera There is no spectrum file open
o ——
1
1 .
; 3. Available Models !
1 Details :
! I
! ]
e e o oo o o e e - o - -
Delete
4 [ L3

Figure 6: Starting page of Analyze IQ Lab

4.2 Using a Model for Analysis

To perform an analysis of a spectrum with a model, such as the PCR Acetonitrile
model shown in Figure 6, you must carry out the following steps:

Open a spectrum file (see Section 4.2.1), or acquire a spectrum from an
instrument (see Section 4.2.3)

Select and apply a model (see Section 4.2.5).

View model results (see Section 4.2.6).

N

The following sections explain these steps.

4.2.1 Open a Spectrum File

A spectrum file can be opened either via the menu or the shortcut (see Figure 7). In
either case, you are presented with an Open File window, in which you browse to the
appropriate directory, select a spectrum file and click on Open, as shown in Figure 8.
The spectrum file opened in Figure 8 happens to be in SPC format and stores the
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spectrum of a mixture made up of 10% acetonitrile, 70% methanol and 20% water.
This spectrum file is one of the sample SPC files provided with Analyze IQ Lab. The
sample spectrum files can be found in a sub-folder of the main Analyze IQ Lab
installation folder.

| Analyze IQ Lab - Apply Model

( Analyze IQ Lab - Apply Model —
FI|E MDdE' BEtCh D‘IEF]"E]"' HE'F} [ Fi|E] Model Batch Di5p|3]|l' HE|p
=  O-— = Open Spectrum File... Alt+Shift+ O
Ak TR T = ¢ " _ |
Close $ectrumn File Alt+ Shift+C
=51 Build New Model (@ Apply Model | | | _ i
+z| Instrument Setup...
5% File Content = O |
o- FlleLontents E2y Acquire From Instrument... Alt+Shift+A
Save Spectrum As ... Alt+Shift+5
Exit

Figure 7: Open Spectrum file using: (left) the menu; (right) the shortcut

[  Open File @1
@uvl J & 05(C) » AnalyzeIQVZ » Lab » SampleData - |4¢| Search SampleData p'
Organize « Mew folder =+ [ -@-

4. Downloads i Marne . Date modified Type Il

UEs
= Recent Places

. Libraries
3 Documents
J’. Music
=/ Pictures

B videos

vﬂa- Homegroup

18 Computer
& os(c)

—a Data Drive G (G:) 1

& Acetonitrile-Methanol (50-507.aig

& Acetonitrile-Methanel (50-50).5PC

B Acetonitrile-Methanol-Water (10-70-20).aiq
By Acetonitrile-Methanol-Water (10-70-20).5PC
B Acetonitrile-Methanol-Water (10-80-10).aiq
& Acetonitrile-Methanol-Water {10-80-10).5PC
& Acetonitrile-Methanol-Water (20-20-60).aig
® Acetonitrile-Methanol-Water (20-20-60).5PC
By Acetonitrile-Water (50-50).aig

B Acetonitrile-Water (50-50).5PC

% Methanol-Water (80-20).aig

B Methanol-Water (80-20).5PC

11/06,/2009 21:30
29/07,/2006 16:30
11/06/2009 21:42
29/07,/2006 16:30
11/06/2009 21:47
29/07,/2006 16:30
11/06/2009 21:50
29/07/2006 16:31
11/06/2009 21:54
26/07/2006 18:34
11/06/2009 21:58
24/07/2006 14:57

Analyze IQ Lab Al
Analyze I} Lab 5P
Analyze IQ Lab Al
Analyze IQ Lab SP
Analyze IQ Lab Al
Analyze IQ) Lab SP
Analyze IQ Lab Al
Analyze I} Lab SP
Analyze IQ Lab Al
Analyze IQ Lab 5P
Analyze IQ Lab Al

Analyze IQ Lab 5P ~

m

1| i

k

File name:  Acetenitrile-Methanol-Water (10-70-20).5PC

- [AII Spectrum Files 'l

[ Open

o |

Cancel ]

Figure 8: Open Spectrum file window

4.2.2 File Formats
Analyze IQ Lab supports several popular file formats; see Figure 9:

1. SPC: Thermo-Fisher’'s GRAMS SPC file format.
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2. SpectroML: NIST’s XML-based format for spectroscopy and
chromatography data.

3. AIQ: The .AIQ file format is used to store data in a suitable format for Analyze
IQ. It is also used in Instrument Interfaces. AIQ files use an XML format that
is almost a subset of the NIST SpectroML format, except that it has an added
property, instrumentSetting.excitationLine, that does not occur in SpectroML.

4. JCAMP-DX: IUPAC’s popular JCAMP-DX file format. (Note that there are
many variations of JCAMP-DX format; the Analyze IQ software supports most
but may not support all. Contact Technical Support if you have problems.)

5. XY Text Files: These are simple files with either two rows or two columns of
data, the first with X values and the second with Y values. See below for

further details.

(¢ Open File ﬁ
() [1 v _» 0S(@) » Analyze1QV2 » Lsb » SampleDsta + [ #3 ][ Search SampleData o
Organize * New folder 2~ 0 @

=l Recent Places “ B Acetonitrile-Methanol (50-50)
|, Acetonitrile-Methanol-Water (10-70-20)
7 Libraries %, Acetonitrile-Methanal-Water (10-80-10)
j Documents M|, Acetonitrile-Methanol-Water (20-20-60)
@ Music E| @, Acetonitrile-Water (50-50)
k= Pictures %, Methanel-Water (80-20)
B videos 2, Methanol-Water (99-1)
“% Homegroup
= _
& os(c)
a Data (E:]
File name: A [SPC Files (*.spc) ']
All Spectrum Files
SPC Files (*.spc)
Analyze IQ Files (*.aig
SpectroML Files (*xml) k‘

JCAMP-DX Files (*.cb *.jdx)
XY Text Files (*.csv: *.bd)
All Files (%)

Figure 9: File Formats

As noted above, an XY Text File format simply consists of two rows or two columns
of data, the first with X values and the second with Y values. Values may be separated
by tabs or commas; the latter are known as Comma Separated Values (CSV) files. You
may optionally include X and Y axis labels by putting them at the start of the two
rows/columns.

The XY Text File format is particularly useful when you need to import data into
Analyze IQ Lab from a software product that does not support any of our standard
formats. You can easily generate files in this format with a spreadsheet program
(such as Microsoft Excel or OpenOffice Calc) or a text editor.

Page 16/106 Analyze 1Q Lab Version 3.0 User Manual



( (Xnalyze|(Q)

Intelligent
Analytical Chemistry
Software

An example of the start of an XY Text File is shown below; this one is in two rows and

includes axis labels:

250.0
2454.0

Wavenumber (cm-1)
Intensity

252.0
2439.0

254.0
2307.0

256.0
2202.0

Figure 10: Example of the start of an XY Text File

in row format with axis labels

When the spectrum file in any format is opened, details of the file contents are shown
in the left-hand pane and a graph of the spectrum is shown in the middle of the

Apply Model page (see Figure 11 below).

Note also that an Apply button is added to the PCR Acetonitrile pane; Analyze 1Q
Lab is now ready to apply this model (and any other models that are loaded) to the
opened spectrum. For details on applying a model, see the next section.

(( Analyze IQ Lab - Apply Model

Original Spectrum

Select an option

PCR Acetonitrile

= | 5 |
File Model Batch Display Graph Help
G ReaE MREE  SAGHeE
Ef 4 Build New Model Apply Model
< File Contents =0 Acetonitrile-Methanol-Water (10-70-20) i3 = O||[Ef Results =0
Acetonitrile-Methanol-Water (10-70-20) PCR Acetonitrile
Select one of the following to see the L
details 50,000
£y Header 45,000
*»  Sub-Header 40,000
3  Log Data Settings £35, 000
]
%y  LogData 520,000 This model has not been applied yet
2
= 25,000 |
20,000 | ”
15,000 | H
10,000 || |||_J
\
5,000 | U ’L |
| IS — W M i e
500 1,000 1,500 2,000 2,500 3,000 K] Pre-processing =
Raman Shift (cm-1) Pre-processing Methods i

[ PCR_Acetonit... | O] Polynomial_K... 1 SAV_Acetonit... | [ WS_Linear_SV...

. Equal Area Scale
Description
Internal Std Normalize
Sample model for the identification of Acetonitrile. Model was generated using the Truncate £
PCA + Linear Regression (Principal Compenent Regression) method. 6 PCs were used.
The training dataset comprised 72 spectra, The following pre-processing methods
were applied: Normalisation Apply Undo
Apply button appears when a Applied
Spectrum file is opened\
""" . .
s —
Delete B App\y} About

Smooth (5-G)
Derivative (5-G)
Normalize

Std Mormal Variate

=8

Figure 11: Apply Model page after Spectrum file is opened

4.2.3 Acquire from Instrument

With Analyze IQ Lab, you can acquire a spectrum directly from an attached
spectrometer, provided that appropriate drivers have been supplied with your

installation.

Page 17/106 Analyze 1Q Lab Version 3.0

User Manual



Intelligent

nalyze Analytical Chemistry
((a/ Y IQ Software

You can select which instrument to use by using the Instrument Setup menu option
as shown in Figure 7 below. This opens an Instrument Setup dialog box (not shown)
which shows the status of all installed instruments and allows you to select one.

After you have selected the instrument, you then can acquire a spectrum. To do this,
select the Acquire From Instrument... option from the File menu, as shown in the
figure below. An Instrument dialog box will appear, allowing you to specify settings
appropriate to the specific instrument. (This dialog box is not shown, and its
appearance varies from instrument to instrument.)

€ Analyze I} Lab - Apply Model
File | Model Batch Display Graph Help

= Open Spectrum File... Alt+Shift+0
# Close Spectrum File Alt+Shift+C
+z| Instrument Setup... |
g2y Acquire From Instrument... I} Alt+Shift+ A
|| Save Spectrum As ... Alt+5hift+5
Exit

Figure 12: Menu options to select an instrument and acquire a spectrum directly from
the attached instrument

Press the Acquire button on the Instrument dialog box to begin data acquisition.
When data acquisition is finished, the Instrument dialog box will close and the data
will be displayed, just as if you had opened a file.

If you are satisfied with the spectrum that you have acquired from the instrument,
you will want to save it, as described next.

4.2.4 Save a Spectrum

The File — Save Spectrum As... menu function to save your data in either AIQ or
SpectroML format. All ancillary information, as displayed on in the Contents view, is
also saved.

Note that the spectrum data is saved in its ‘raw’ form, without any pre-processing
you may have performed, such as normalisation or computing a derivative (see
Section 4.3.1 for a description of pre-processing operations). This is to avoid
problems subsequently arising with spectra being treated as ‘raw’ when they may
have been pre-processed in a way that greatly changes their appearance, such as with
a first derivative transform.

Note also that Analyze IQ Lab does not currently support saving SPC files; they are
“read-only”.
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4.2.5 Apply Model

To analyze the current spectrum with a model, click on the Apply button of the
model that you wish to apply (see Figure 13). In this example, clicking on the Apply
button of the PCR Acetonitrile model will determine if the material for which the
current spectrum was recorded contains acetonitrile or not (according to this
particular model).

] PCR_Acetonitrile | £ sav_Acetonitrile | £ WS_Linear_SVM_Acetonitrile = B
PCR Acetonitrile

Description

Sample model for the identification of Acetonitrile, Model was generated using the PCA +
Linear Regression (Principal Component Regression) method, & PCs were used, The training
dataset comprised 72 spectra. The following pre-processing methods were applied:
Mormalisation

Figure 13: Applying the PCR Acetonitrile model

The next section describes how the results of applying a model are displayed.

4.2.6 View Model Results

When a model has been applied to a spectrum, the results are displayed in the top
right-hand area of the Apply Model page. Figure 14 shows the results of applying the
PCR Acetonitrile model on the spectrum opened in Figure 11. There are two parts to
the displaying of results.

Firstly, the Results pane in the top right-hand area of the page lists the substances
that the model has identified to be in the material associated with the test spectrum.
In this example, the PCR Acetonitrile model has predicted the presence of
acetonitrile in the material. This Results pane also lists details of any pre-processing
steps that are applied by the model.

Secondly, a new spectrum is shown in the spectrum viewing area of the page; this
illustrates the test spectrum after it has been pre-processed according to the
requirements of the model (which can be determined by clicking on the About button
for that model). Note that the pre-processing steps required for the model are
automatically applied to the original test spectrum as it appears when the spectrum
file is opened, i.e. any pre-processing steps that may have been applied in the bottom
right Pre-processing pane do not have any bearing on the application of a model. In
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this example, the PCR Acetonitrile model normalizes the sample spectrum, as can be

seen in the Results for PCR_Acetonitrile graph in Figure 14 (i.e. all intensity values
lie in the range o to 1).

, ,

File Model Batch Display Graph Help

@XuE REE LA
B Apply Model
5= File Contents =0 Acetonitrile-Methanol-Water (10-70-20) &2 } = O ||[£] Results =0
Ty e hanel-Water Results for PCR_Acetonitrile Model PCR Acetonitiile
—_— Pre-processing —
Select one of the following to see 1.0 e — X X
the details All spectra were pre-processed with the following settings
0.9
5 Overview Number of points 1474 L
" - 0.8 £
> Instrument Settings - Minimum range 2500
+»  Sample & Measurement 507
= Maximum range 32000
L0.6
= Methods Mermalize
=05
204 ‘ Model Results
- Substance(s) tested by the model.
S0.3 \
73 | Substance Predicted  Present Confidence
. Acetonitrile Yes N/A -
0.1
20 '"J Jl_ JUUL __jk/ B Pre-processing =0
3,000 2,500 2,000 1,500 1,000 500 Pre-processing Methods
Raman Shift (cm-1) Smooth (5-G)
Select an option — Test Spectrum Derivative (5-G)

Original Spectrum PCR_Acetenitrile ResultsJ

= Std Normal Variate

0 PCB~ cetonltrl\el 0 5A\c’_Acaton|tr\Ie| 1 WS_Linear_SYM_Acetonitrile 8 Equal Area Scale
/ PCR Acetonitrile Internal Std Normalize

Description Truncate
A new window is OpenEd Sample model for the identification of Acetonitrile. Model was generated using the »
Showing Spectrum as PCA + Linear Regression (Principal Compenent Regression) methed. 6 PCs were Apply Undo

d (if at all) b used. The training dataset comprised 72 spectra. The following pre-processing )
processe (I atal ) y methods were applied: Mormalisation Applied
the model

Mermalize

Normalize

Figure 14: The results of applying the PCR Acetonitrile model

The Results pane of the Apply Model page (see Figure 15) also lists the target
substances that the current model was designed to test for. One target substance,
acetonitrile, is listed for the PCR Acetonitrile model.
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EY Results =B
PCR Acetonitrile
Pre-processing
LQII spectra were pre-processed with the following settings
Number of points 1474
Minimum range  250.0
Maximum range  3200.0

Methods Mormalize

Model Results

m

Substance(s) tested by the model.

Substance Predicted  Present Confidence

Acetonitrile Yes N/&

Pure spectra of the target substance(s)

The spectrum was tested for the following substance(s).
Select a checkbox to see the pure spectrum of each.

[ Acetonitrile

Figure 15: A closer view of the Results pane

Checking the box next to a listed target substance results in the spectrum of the
target substance in its pure form being plotted in the same window containing the
test spectrum (this pure target spectrum is also automatically pre-processed
according to the requirements of the model). Figure 16 illustrates this feature, which
is useful for visually comparing a test spectrum with the spectrum of a target
substance of a model. A blue line is used for the plot of the pure target spectrum.

 Analyze IQ Lab - Apply Model = eS|
File Model Batch Display Graph Help
B X [ R

E # Build New Model [ Apply Model

EE File Contents =8 Acetonitrile-Methanel-Water (10-70-20) % = B || £} Results =8
Acetonitrile-Methanol-Water (10-70-20) Results for PCR_AcetonitriIe Model PCR Acetonitrile
Select one of the following to see the All spectra were pre-processed with the following settings =
detailz Lo Number of points 1474
umber of point
5 Header
| Sub-Header o Minimum range ~ 250.0
5 Log Data Settings Maximum range 32000
#5  LogData 0.8 Methods Nermalize
0 Model Results 3
e Substance(s) tested by the model.
s Substance Predicted  Present Confidence
]
£0° Acstenitrile Yes NiA
0.4
‘I Pure spectra of the target substance(s)
i ‘ The spectrum was tested for the following substance(s).
h Select a checkbox to see the pure spectrum of each,
o2 | Acetonitrile =
A
0.1 /1 | | Bi1 Pre-pracessing =0
a0 /L—/V i : Pre-processing Methods
Select an option

3,250 3,000 2,750 2500 2250 2,000 1,750 1500 1,250 1,000 750 500 250 Smooth (5-G)
Raman Shift (cm-1) Derivative (5-G)

—TestSpectum  — Acetonitile Normalize

Original Spectrum | PCR_Acetonitrile Results Std Nermal Variate

Equal Ares Scale
[ PCR Acetonitrile| [] SAV_ Acetonitrile| (] WS_Linear SYM_ Acetonitrile = O/ | nternal Std Normalize
PCR Acetonitrile Truncate
Description
App Undo
Sample model for the identification of Acetonitrile, Model was generated using the PCA = Linear Regression (Principal Compenent Regression) -
method. 6 PCs were used. The training dataset comprised 72 spectra. The following pre-processing methods were applied: Normalisation Applied
Normalize

Delete About

Figure 16: Displaying the spectrum of the pure target substance in the same graph that
contains the spectrum of the test sample
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The example of applying a model described above demonstrated a scenario in which
the model returned a positive result, i.e. predicted the presence of the target
substance. Figure 17 shows the result of applying the same PCR Acetonitrile model
to another test spectrum, which is the spectrum of a mixture of methanol and water,
i.e. not containing acetonitrile. The Results pane in this example states that the
model’s target substance (acetonitrile) has not been detected.

e N
Analyze I3 Lab - Apply Model (S R
lyz pp

File Model Batch Display Graph Help
= Xes[H o E

7| @ Apply Model
5% File Contents =8 Methanol-Water (80-20) 2 = O || EF Results =8
Methanol Water (80-20) Results for PCR_Acetonitrile Model PCR Acetonitrile
Select one of the following to see 1o Pre-processing s
the details i _—
. All spectra were pre-processed with the following settings
*3 Overview 0.9
3 Instrument Settings e Number of points 1474 =
5 Sample & Measurement =N ‘ Minimum range  250.0
5 0.7
= ‘ Maximum range  3200.0
Eue | i
< | Methods Normalize
205 “ ﬂ
0.
W Model Results
£0.4 | ’ —_
% [ ‘ Acetonitrile was not found in the test spectrum.
So0.3 / | ‘
0.2 I 1 i |
ol W | —f—d- . =
| Pre-processing
00 L.

3,000 2,500 2,000 1,500 1,000 500 Pre-processing Methods
Raman Shift (cm-1) Smooth (5-G)
Select an option Derivative (5-G)
Original Spectrum | PCR_Acetonitrile Results Mormalize

Std Normal Variate

[ PCR_Acetonitrile| [ SAV_Acetonitrile| ] WS_Linear_SVM_Acetonitrile =0 Equal Area Scale
PCR Acetonitrile Internal Std Normalize
Description Truncate

Sample model for the identification of Acetonitrile. Model was generated using the PCA + Linear = -
Regression (Principal Component Regression) method. 6 PCs were used. The training dataset Apply Undo
comprised 72 spectra. The following pre-processing methods were applied: Mormalisation

Applied

Mormalize

Figure 17: The PCR Acetonitrile model does not find its target substance in the test
sample; this is correct since the test sample is a mixture of methanol and water

Page 22/106 Analyze 1Q Lab Version 3.0 User Manual



Intelligent
( analyzeIQ Analytical Chemistry

Software

4.3 Pre-Processing Opened Spectra

4.3.1 Pre-Processing Methods Available

The pre-processing methods listed in the bottom right-hand corner of the Apply
Model page (see Figure 18) can be applied to the currently opened spectrum.
Different methods have different settings associated with them; when you select a
method, the associated settings are displayed beside it. For example, Figure 18 shows
the settings associated with the Smooth (S-G) pre-processing method.

Pre-processing Methods

i Smooth (5-G)
Derivative (5-G)

Mormalize Window 51

Std Mormal Vanate Polynomial 2 =
Equal Area Scale Exclusion |All zeros -
Internal 5td Mormalize

Truncate

u Apply Jndo

Figure 18: Pre-processing methods in Analyze IQ Lab

The details of the pre-processing methods are as follows:

1.

Smooth (Savitzky-Golay): This is an method for smoothing curves, to
remove small, high-frequency fluctuations. It involves performing a local
polynomial regression (of degree k) over a sliding window of at least k+1
equally spaced points, to compute a moving average. See Savitzky & Golay [1]
for more details on this pre-processing technique.

2. Derivative (Savitzky-Golay): This is an method to compute a derivative

of a curve. It is strongly related to the Savitzky-Golay Smoothing method; it
involves performing a local polynomial regression (of degree k) over a sliding
window of at least k+1 equally spaced points to determine smoothed value for
each point, and then fitting computing the derivative based on the local
curvature of the polynomial. Note that selecting a zero-order derivative is
equivalent to smoothing. See Savitzky & Golay [1] for more details on this
pre-processing technique.

3. Normalization: This performs 0/1 Normalization of spectra. Each sample is

re-scaled, so that the each one’s lowest point corresponds to 0 and its highest
point corresponds to 1.

4. Standard Normal Variate: The SNV transform re-scales each spectrum,

so that the points on the spectrum end up having an average of 0 and a
standard deviation of 1. This is known to produce results that are very similar
to Multiplicative Scatter Correction (MSC), and in practice results in
spectra with similar properties for chemometric modeling [4].
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5. Equal Area Scale: This transformation rescales all spectra so that they all
have equal area under their curves. You can specify a scale factor, which
defaults to 1000. The larger the scale factor, the larger the overall height of the
scaled spectra.

6. Internal Standard Normalize: This is like the standard Normalization,
except that instead of the spectrum being scaled such that its overall highest
point is rescaled to 1, with Internal Standard Normalization, a point at the
specified X value is rescaled to 1. This is typically used where a specific peak in
the spectrum corresponds to a component that is known and constant (the
internal standard), and all other spectra are to be normalized relative to it. In
using this, you must specify the X Location of the internal standard. To allow
for minor variations in measurements between spectra, you can also specify a
Plus/Minus value (which defaults to 0), and the spectrum is then
normalized relative to the highest peak found in the range of the X + this
value.

7. Truncate: There are two forms of truncation supported, Crop and Notch:

a. Crop: The start and end of the spectrum are cropped; the sections of
the spectrum before the specified starting position and after the
specified ending position on the X axis are replaced with the
replacement value (which defaults to 0)

b. Notch: A notch is removed within the spectrum; a section of the
spectrum going from the specified starting position to the specified
ending position on the X axis is replaced with the replacement value
(which defaults to 0).

4.3.2 Settings for Smooth and Derivative Pre-Processing

The following is a description of the parameter settings used in the Smooth (S-G) and
Derivative (S-G) methods:

1. Window: the length, specified in number of spectral data points, of the
window over which smoothing is applied. (Default is 5.)

2. Polynomial Order: the order of the polynomial fitted to the spectrum for
smoothing. (Default is 2, i.e. second order.)

3. Derivative: The order of the derivative: applies to Derivative only. (Default
is 1, i.e. first derivative.)

4. Exclusion: determines whether wrapping is used (Wrap option) in the
smoothing calculation for the beginning and the end of the spectrum or not
(All zeros option). For example, if Wrap is selected, a window of length 5
centered on the last data point includes the previous two spectral data points
and the first two data points of the spectrum. Similarly, a window of length 5
centered on the first data point of the spectrum includes the second and third
data points and the last two data points of the spectrum. If All Zeros is
selected with a window length of 5, the first two data points and the last two
data points of the spectrum are set to zero as a result of the pre-processing.
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4.3.3 Example of Applying Pre-Processing
For example, to apply a First Derivative, to the current spectrum (see Figure 19):

1. Select Derivative (S-G) in the list under the Pre-processing Methods title.
Set the appropriate parameters. In this example, first-derivative (Derivative =
1, the default) using a second-order polynomial (Polynomial = 2) with a
window size of 5 (Window = 5, the default) is being applied.

3. Click on the Apply button.

Pl Pre-processing =0

Pre-processing Methods

Smooth (5-G)
Derivative (5-G) Window |5

MNormalize Polynomial |2
Std Normal Variate

Equal Area Scale

Internal Std Mormalize Exclusion

Truncate

= Apply Unde

Applied

] | <] | [«

Derivative |1

Figure 19: Applying a Derivative (Savitzky-Golay) to current spectrum

After applying the First Derivative, the spectrum displayed in the middle of the Apply
Model page is modified accordingly (see Figure 20).

r 5
« Analyze IQ Lab - Apply Model oo o[

File Model Batch Display Graph Help
& X iy [E R o E

[ & Build New Model Apply Model

2= File Contents =0 Acetonitrile-Water (50-50) 22 = 0O || E¥ Results =0
Acetonitrile-Water (50-50) PCR Acetonitrile
Select one of the following to see the 20,000
details 15,000 {
.
> Header 10,000 |
%> Sub-Header
5  Log Data Settings £ 5,000 |
%, Log Data g ff.. ) ) J
9 g 0 r ( ¥ " This model has not been applied yet
=
= -5,000 {
-10,000 4
-15,000 4
-20,000
500 1,000 1,500 2,000 2,500 3,000 Eipe =g
Raman Shift (cm-1) .
Pre-processing Methods
El Smooth (5-G)
Original Spectrum Derivative (5-G) Window |8 B
5 PCR_Acetonit... | 51 Polynomial_K... | =] SAV_Acetonit... = WS_Linear SV.. | — O Normalize Polynomial 2 =
i o Std N | Variat
Selectan option PCR Acetonitrile orma teriate Derivative |1 |+

Descripti Equal Area Scale
escription
Internal Std Mormalize Exclusion
Sample model for the identification of Acetonitrile. Model was generated using the - Truncate =
PCA + Linear Regression (Principal Component Regression) method. 6 PCs were used.
The training dataset comprised 72 spectra. The following pre-processing methods

were applied: Normalisation = Apply | | ® Undo

Applied

Derivative (5-G) (3, 2, 1, All zeros)

y

Figure 20: Result of applying first-order derivative to a spectrum
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Note that a history of all previously applied pre-processing steps is recorded under
the Applied section in the Pre-processing pane. Each of these previously applied pre-
processing steps can be undone by successive clicks of the Undo button.

r 5
( Analyze I Lab - Apply Model (s
File Model Batch Display Graph Help

& X iy (E bE o= E

Ff 4 Build New Model [@ Apply Model

E= File Contents =0 Acetonitrile-Water (50-50) &2 = O | Ef Results =0
Acetonitrile-Water (50-50) PCR Acetonitrile
Select one of the following to see the 20,000 |
details 15,000 {
£y Head
b | eacer 10,000 {
%> Sub-Header ’
*)  Log Data Settings g‘ 5,000 F J |
3 c ) J,
» LogData 1] 0 Y [ 4 fr e This model has not been applied yet
£
= -5,000
-10,000
-15,000
-20,000
500 1,000 1,500 2,000 2,500 3,000 Esaas =g
Raman Shift (cm-1) 5
Pre-processing Methods
Original § El Smooth (5-G)
riginal Spectrum Derivative (5-G) Window =
1 PCR_Acetonit... | £ Polynomial K... | ] SAV_Acetonit... | [ WS Linear SV.. | = O || | Normalize Polynomisl 2 =
i P Std N | Variat
Select an option PCR Acetonitrile ormal Variate

Derivative |1

Equal Area Scale

Internal Std MNormalize Exclusion |Allzeros =

Truncate =

Description

Sample model for the identification of Acetonitrile. Model was generated using the
PCA + Linear Regression (Principal Component Regression) method. 6 PCs were used.
The training dataset comprised 72 spectra. The following pre-processing methods

were applied: Normalisation = Apply | | ® Undo
Applied

Derivative (5-G) (5, 2, 1, All zeros)

Delete Apply | | About

Figure 20: Result of applying the Savitzky-Golay derivative pre-processing method;
note that the graph in the centre of the screen has been redrawn

4.4 Viewing Spectrum Details: SPC Format

When a spectrum file is opened (see Section 4.2.1 on how to open a spectrum file),
you can view details of the file, by selecting one of the categories listed in the
Spectrum File Contents pane on the left-hand side of the Apply Model page. The
categories that are available depend on what kind of file you have opened.

Figure 21 demonstrates the details that are available when an SPC is open. In the
figure, the Log Data section of the currently opened spectrum file is displayed. Log
Data contains details such as the date the spectrum was recorded on, the detector
temperature, whether background was acquired, etc. Clicking on Header, Sub-
Header and Log Data Settings displays other details of the file.
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E 4 Build New Model Apply Model
5 File Contents =0 Methaneol-Water (80-20) 22 = O||[Ef Results =0
Methanol-Water (80-20) PCR Acetonitrile
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details 40,000
®
»  Header 35,000
*»  Sub-Header
%y  Log Data Settings _.?30'000
: H W
(o> . logData i 5 25,000 ” This model has not been applied yet
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[General information] 15,000 1 H | lll
———————————————————————————————— 10,000 1 |‘ A |U |
\
5,000 | | b
Windows Login Mame: Marissa d q U k /
0

Executable name: C:\Documents and . . : [b[] Pre-processin =0
500 1,000 1,500 2,000 2,500 3,000 P 9
Settings'\Marissa\DesktophNUI May )
06\Ramanstation.exe Raman Shift (cm-1) Pre-processing Methods
=l
Date/Time Entire Collection Started: Original Spectrum smooth (5-G)
24/07/2006 14:58:11 Derivative (5-G)
O PCR_Acetonit... | O Polynomial K... | ] SAV_Acetonit... | ] WS Linear Sv.. | — 8 Normalize
Date/Time This Collection Started: :
P Std N | Variat
24/07/2006 14:58:48 PCR Acetonitrile orma’ feriate
Description Equal Area Scale
Date/Time This Collection Ended: Internal Std Normalize
24/07/2006 14:59:29 Sample model for the identification of Acetonitrile, Model was generated using the Truncate =
PCA + Linear Regression (Principal Compenent Regression) method, 6 PCs were used,
The training dataset comprised 72 spectra, The following pre-processing methods
were applied: Normalisation Appl Undo
Applied

Background acquired before each sample:
Yes

Detector Temperature when Background

Delete Apply | | About

Figure 21: View SPC file contents: Log Data section (left side of screen)

4.5 Viewing Spectrum Details: AIQ or SpectroML
Format

The data contained in AIQ or SpectroML files is in general more accessible to
interpretation than that in SPC files.

Figure 22 shows an example of what is displayed when an AIQ or SpectroML
formatted file is opened. There are three headings, Overview, Instrument Settings,
and Sample & Measurement. Click on a heading to display the relevant details. If a
specific detail has not been stored, the text “(none)” is displayed.

In the figure, the Instrument Settings heading has been selected, and details such as
the experiment title, instrument manufacturer, instrument model and resolution are
visible.
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= Experiment Title o TE 20,000 | !
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> Instrument Manufacturer 5 0001 | \ )
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= Application Software e Stl Normal Variste
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Truncate

m,

Appl Undo

Applied

Figure 22: View AIQ file contents: Instrument Settings section (left side of screen)

Note that files in other formats, such as XY Text Files or JCAMP-DX, are converted
internally to AIQ format. They are therefore displayed in the same way as the above,
although many of the details may be unspecified.

Page 28/106 Analyze 1Q Lab Version 3.0

User Manual



Intelligent

nalyze Analytical Chemistry
((a/ Y IQ Software

5 Build a New Model (Classification Example)

After applying various models to spectrum files of different test spectra, the next step
is to build your own models using the chemometric and innovative machine learning
techniques provided in Analyze IQ Lab. This section details how to build a new
qualitative or quantitative model in Analyze IQ Lab. For the purposes of
illustration, this section includes an example of building a classification model.
However, you would follow the same procedure in building a quantification model.
Refer to Section 6 for an example of building a quantification model.

The main steps in the building of a new model are as follows:

1. If the Apply Model page is currently open, switch to the Build New Model
page (see Section 5.1).

Prepare a training dataset (see Section 5.2).

Apply pre-processing to the training dataset, if required (see Section 5.3).
Select a Classification/Quantification method (see Section 5.5).

Evaluate the selected method (see Section 5.6).

Enter model details (see Section 5.8)

Generate the final model (see Section 5.9).

N pwDd

The above steps are described in the following sections. As will be demonstrated, you
carry out each of the main steps in building a model by clicking on the Next button in
the top right-hand corner of the Build New Model page. To move back to a previous
step in the model building process, click on the Back button.

Note that the examples given in the following sub-sections are based on the building
of a model for the classification of acetonitrile. If you are interested in building
quantification models, you are recommended to read this section and then read the
example of building a quantification model given in Section 6.

5.1 Switch To Build New Model Page

You can switch to the Build New Model page by either selecting the shortcut on the
left-hand side of the application window (see Figure 23) or by selecting Build New
Model under the Model - Tasks menu (see Figure 24).

¢ Analyze I} Lab - Apply Model
File Meodel Batch Display Help

= ® g Be o= E
| 4 Build Mew Model Apply Model
5= File Contents L\@ -0

Figure 23: Switching to the Build New Model Page using shortcut
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¢ Analyze IQ Lab - Apply Model
File [Model | Batch Display Help

= Tasks b Apply Model
= Eackip MoHeb i Build New Model I,} |
o= F Delete Models... Other...
Restore Models... I

Figure 24: Switching to the Build New Model Page using the menu

After switching to the Build New Model page, the user is presented with the page
shown in Figure 25.

 Analyze IQ Lab - Build New Madel I l = ﬂ_hj
File Model Batch Help o
& X g
& Apply Model
EE Model Generator =0
Options for Dataset Preparation it

Back Thefirst step in building a model is to select a dataset of spectra to be used as input to the model building method. The following optiens are available.

Mext _
_ @ Spectra Manager

() Import from Single File
) Import from Multiple Spectrum Files

m

Figure 25: Build New Model Page
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5.2 Preparing the Dataset

The first step to building a model is to prepare a dataset of sample spectra, on which
the new model is to be based. Typically, samples of pure materials and mixtures are
prepared with specific compositions under laboratory conditions and their spectra
are collected prior to building a model.

As shown in Figure 25, three options are available for supplying a dataset to
Analyze IQ Lab:

1. Spectra Manager (described in Section 5.2.1)
2. Import from Single File (described in Section 5.2.2)
3. Import from Multiple Spectrum Files (described in Section 5.2.3)

As will be described in Section 5.2.4, the ‘Import from Single File’ feature can be used
to transfer data from other software packages, such as the Unscrambler chemometric
package.

5.2.1 Spectra Manager

The Spectra Manager option can be only used if Analyze IQ Spectra Manager
(the spectral data management software package) has been installed on your
machine. The alternatives are to import data from a single text file containing data
from multiple spectra, as described later in Section 5.2.2, or to import from multiple
spectrum files in a folder, as described later in Section 5.2.3.

To generate a spectral dataset from data stored in Spectra Manager, select the
Spectra Manager option and then click on the Next button. You are then presented
with the details of the connection, as shown in Figure 26.

{ Analyze 1Q Lab - Build New Model
File Meodel Batch Help
= X
= Apply Model

5= Model Generator

Spectra Manager Settings

Back - ! -
\;I The current connection settings are valid. Press Connect to connect to the select
Mext Connect to selected library: | [ Connect
|

Select a different library: | ANIQ_RAMAN_FULL - |

Change connection settings: | Change Settings |

Figure 26: After selecting Spectra Manager option for spectral dataset preparation
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The connection settings can be changed, but this is not advised, unless you are an
advanced database user. See Section 0 for more details on changing the database
settings.

5.2.1.1 Connect to Spectra Manager/View Spectral Data

The first step in generating a dataset from Spectra Manager is to connect by
clicking on the Connect button (see Error! Reference source not found.), which
results in the contents of its database being displayed, as shown in Figure 27.

5.2.1.2 Terminology Used for Data Stored in Spectra Manager

Spectra Manager stores a list of spectra, where each spectrum is assigned a unique
ID within the database. Spectra Manager stores its spectra grouped according to
substances and constituents:

e It stores a list of substances, where a substance is a compound that is defined
by a CAS number and an IUPAC name.

e It stores a list of constituents, where a constituent refers to a particular
specimen of a substance and is described by the following properties:
Substance, Manufacturer, Lot Number, Catalog Number, Purity, Location
and Date Opened. For example, a substance with IUPAC name Acetonitrile
and CAS Number 000075-05-8 is stored in the Spectra Manager list of
Substances. A sample of Acetonitrile manufactured by Aldrich with 99%
purity and Lot Number 3725 is an example of one constituent. For each
substance recorded in Spectra Manager, one or more constituents are also
recorded.

e It stores a set of spectra, where each spectrum represents either a pure
sample, which comprises a single constituent at 100% concentration, or a
mixture of two or more constituents, where the sum of the constituent
concentrations is equal to 100%.
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(2R 3R)-

T Target substance % Substance & Compenent

“* Pure Spectrum %7 Mixture Spectrum

> Add
<= Remove
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® Qualitative

Software
« Analyze 1Q Lab - Build New Model -
File Model Batch Help Close|
(= ¥
E4 (% Build New Model | ® Apply Model
57 Model Generator clch =0

Quantitative

D Midure/Pure Target

Target:

No. of Samples (Target/Non-Target):

Figure 27: Displaying contents of Analyze IQ Spectra Manager database

As can be seen in Figure 27, the contents of a spectral database are displayed on
the left-hand side of the Build Model page in a tree structure. At the top level of
this tree, all Substances are shown. These group together all spectra that are
defined by the same CAS number and IUPAC name. For each substance listed, the
database contains one or more constituents, either as sole constituents in pure
samples, or as constituent within mixtures, or both.

After first connecting to Spectra Manager, a list of all substances is shown. In
the example shown in Figure 27, both the name and CAS (Chemical Abstracts
Service) number are listed for each substance. To change the details shown for
each substance, see Section 5.2.1.7.

Under the Substance level, the spectra are grouped by individual constituents,
where a constituent is distinguished by the following properties:

Manufacturer

Lot Number
Date Opened
Purity
Location

A I

Catalogue Number (from manufacturer)

To view all the constituents contained in a substance group, expand the branch
associated with that group (see Figure 28). As can be seen, Analyze IQ Spectra
Manager is designed to allow users to include multiple entries for a single material,
for the purposes of quality control/assurance and analysis model development.
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[]&= 143 Aldrich:: 2705471017530
[ ]&= 232::aldrich::227056: :00202MP
[]&= 3330 Aldrich:: 227056::302814-021

= D:ﬁ'} 000068-12-2: :Farmaride, M,M-dirmethyl-
-
¥
¥
#-[[] &= 1388::B0H: 1 103226L: 326K 19590555

Figure 28: Displaying all members of a Substance Group in the database

In the example shown in Figure 28, all constituents (individual specimens) that
correspond to the N,N-Dimethylformamide (DMF) substance in the database are
being displayed. Three of these constitiuents are from the same manufacturer, but
differ in either catalogue or Lot number. To view the list of spectra for an individual
constituent, expand the branch associated with that substance.

Under the Constituent level, individual spectra are listed. In Figure 29, the four
constituent lists for the DMF substance have been expanded, to show all spectra for
DMF in the database. The first three constituent lists contain on spectrum each, but
thee last constituent list contains several individual spectra: one corresponding to the
substance in pure form (100% concentration) and the others corresponding to
spectra of mixtures in which that substance is present in various concentrations;
these vary from 50% to 99%, as can be seen in the figure.

= Df? 000063-12-2: :Formamide, M,MN-dimethyl-
=-[]&= 143 Aldrvich:: 270547 ::U17530
(1% 150:Clear::NjR:: 100,0
=-[]&= 2321 Aldvich:: 227056 :00202MP
(1% zao:cClear::NjR::100.0
=[] &= 3330 Aldrich:: 227056::502514-021
(1% a52:Clear::NjR::100.0
=[] &= 1386::60H: 11032261 326K 1 9590595
¥ 2171 Clear MR 1000
4 21720 ClearnNyR::99.0
(1% 2173 Clear::NR:95.0
4 2174 ClearnMiRo0.0
7 2175 Clear:NJR::50.0
7 2176 Clear s MR 700
4 21770 Clear s NyR::60.0
7 2175 Clear:NJR::50.0

Figure 29: Listing spectra for a substance

The icon beside each spectrum listed indicates whether it is a spectrum of the
substance in its pure form or as a constituent of a mixture. The legend below the list
of spectra explains each icon. In addition, pure spectra are listed in black text
whereas mixture spectra are listed in purple text.

In the example of Figure 29, the Spectrum ID (each spectrum is uniquely identified
by this ID in the database), the color, consistency (N/R = not recorded) and
concentration of the constituent in the mixture (100% when the spectrum is of a
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substance in its pure form) is shown for each spectrum. For example, one of the
spectra listed in Figure 29 is Spectrum 2175, which is a spectrum of a mixture that
contains 80% DMF (manufactured by BDH) and is clear in color; consistency is not
recorded.

For information on changing the details listed for each spectrum, see Section 5.2.1.7.

5.2.1.3 Select a Target Substance for Building a New Model

The Spectra Manager contents viewer described above allows the user to select a
subset of spectra to be used as the spectral dataset for building a model. The right-
hand side of the Build Model page shows the contents of the currently selected
spectral dataset; it is empty initially (see Figure 30). Before selection of spectra, it is
recommended to select the target substance. This is done by double-clicking on the
substance that is to be the target for either the classification or the quantification
model. Once selected, a red “T" symbol appears beside the branch for the target
substance. In Figure 30, DMF has been selected as the target substance; the name of
the current target is also indicated under dataset window on the right-hand side.

Double click a substance to select/deselect it as target, Then select and add the spectra you want to build the model, or use Auto-Select.

Change Connection or Display Settings

Find ® Qualitative @) Quantitative
4 T 000068-12-2:Formamide, N,N-dimethyl- - o) Mixture/Pure Target
a @ 143uAldrich:270547:U17530
¥ 150::Clear:N/R:100.0
Pl @ 232 Aldrich:227056::00202MP
4o+ 239uClear:N/R::
a @ 333uAldrich::227056:502814-021
¥ 352 Clear:N/R:100.0
4 &= 1388:BDH::1032261::326K19830598
Q;’ 2171:Clear:N/R=100.0
=20 = Add
X 2 Remove
: Auto-Select
& 21T7Clear:N/R60.0
4 2178:Clear:N/R:50.0
o 179:Clear:N/Rz40.0
4 2180::Clear:N/R:30.0
& 2181:Clea 200
4 2182:Clear:N/R:10.0 o
1 - I + « i 3
T Target substance # Substance & Component Target: DMF (1032261 326K19830508)
F Pure Spectrum ¢ Mixture Spectrum Neo. of Samples (Target/Non-Target):

Figure 30: Selection of the Target substance

Note that only one target substance may be set at any one time; you may change the
current target substance by double-clicking on a different substance branch. If no
target substance is selected, an error message will appear when you try to move to
the next step in model building (i.e. when the Next button is clicked).
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 Analyze IQ Lab - Build New Model

= K e

EE Meodel Generator

File Medel Batch Help

9 | 8 Build New Model Apply Model

Spectra Manager Settings

Back

The current connection settings are valid. Press Connect to connect to the selected library.

Connect to selected library:
Select a different library: ANIQ RAMAN_FULL -
Change connection settings: Change Settings

Spectra Manager: list of spectra

Double-click a substance to select/deselect it as target. Then select and add the spectra you want to build the model, or use Auto-Select.

Change Display Settings

[] {# Benzeneacetaldehyde, a-methyl- -
[7] £# Benzoic acid, 2-acetyl-

[ &# Benzeneacetic acid, 2-methoxy-

[ &# Acetyl chloride, 2-phenosxy-

[ # Acetamide, N-(4-hydroxyphenyl)-

Df,ﬂ Benzeneacetonitrile, 4-methyl-

[ i# Acetamide, N-phenyl-

fo Acetic acid, lead(2+) salt, trihydrate (8CLICT)
[ &# Acetic acid, 2-methosy-

Df,ﬂ Acetic acid, sedium salt (1:1)

[ &# Acetic acid ethyl ester

[ {# Acetonitrile

[ §# Acetyl bromide

[] {# Acetic acid, chloro-, 2-propenyl ester (9CT)
fo Acetic acid, ammonium salt (1:1)

Df,ﬂ Acetic acid, pentyl ester

Df,ﬂ Acetic acid, barium salt (2:1)

Dfﬁ Benzeneacetic acid, a-oxo-

71 f# Acetic acid_nhenulmethul ester 2

m

T Target substance §# Substance &= Compenent

“* Pure Spectrum 47 Mixture Spectrum

Figure 31: Searching for spectra by substance name

The Find button above the list of spectral contents can be used to search for spectra
by substance name. Once you start typing in the search box as shown in Figure 31,
the list of Spectrum will adjust according as you increase the number of letters in
your search as shown in Figure 32.
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Spectra Manager Settings

The current connection settings are valid. Press Connect to connect to the selected library.

Connect to selected library: @ Connect
ANIQ_RAMAM_FULL hd
Change connection settings: Change Settings

Spectra Manager: list of spectra

Select a different library:

Double-click a substance to select/deselect it as target. Then select and add the spectra you want to build the model, or use Auto-5elect.

Change Display Settings

aceto

(]

[] £# Benzeneacetonitrile, 4-methyl-
[] i# Acetonitrile

T Target substance £# Substance &= Component

©F Pure Spectrum 4 Mixture Spectrum

Figure 32 Searching for spectra by substance name

5.2.1.4 Select a Training Dataset of Spectra

To add an individual spectrum to the dataset, click on the box at the start of the
branch for that spectrum and then click the Add button (see Figure 33). After each
addition or removal of spectra from the current dataset, the details under the dataset
window are updated to show the current number of samples in the dataset and the
breakdown between those containing the target substance and those not containing
the target substance (provided the target has been selected). Figure 33 shows that the
current dataset contains a single spectrum, which is of a sample that contains the

target, DMF.
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Figure 33: Adding a single spectrum to the training dataset

All of the spectra associated with one constituent can be added to the dataset by
selecting the box at the start of branch for that constituent, followed by clicking the
Add button (see Figure 34).

() Mixture/Pure Target
il 2171 DMF (103226L-326K1989...  ‘Yes {100,

=[] T' 000068-12-2::Formarnide, M,N-dimethyl- ~ 21;2 m:z:a:: ::: Eg:g
=-[]&= 143:aldrich: 1 270547 117530 2174 Mixture Yes (90,0
¥ 1800lear: iR 100.0 2175 Mizture ‘es (80,0

=& 42_33::Aldrich::22?056::00202MP 3};? m:ﬁﬂ:g E: Ezg:g

o 239nClear::MfR::100.0 | 2t7e miture Yes (50.0

=[] &= 333::8ldrich:: 227056::502814-021 2179 Mixture Yes (40.0
4? 3525Clear:NfR:100.0 2180 Mixture ‘es (30,0

=-[H] &= 1388::EDH:: 103226L::326K1 9890598 2181 Mixture Ves (20,0
2182 Mixture es (10,0

¥ 21710 Clear MR 100,0
% 21721 :Clear:MjR09.0 Aubo-Select

[E%F 2173::Clears:MjR.:95.0
B4 2174::Clear::MjR.::90.0
F 21750 Cear MR E0.0
F 217enClearn R 700
F 21770 Clear NR:E0.0
[E]%F 2178::Clear:NjR.::50.0 v
3 ) < >

Target: DMF (103226L-326K19890598)

Figure 34: Adding all spectra associated with an individual constituent to the dataset

Finally, all of the spectra for a substance can be added to the current dataset, by first
selecting the box at the start of the branch for that substance, and then clicking the
Add button. This is shown in Figure 35.
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F 2177 ClearnNiR60.0
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4 L < >
Target: DMF { 103226L-326K128090598)

Figure 35: Adding all spectra for one substance to the training dataset

5.2.1.5 Auto-Select Feature

A convenient and powerful alternative to selecting spectra individually or in groups is
to use the Auto-Select feature. This automatically constructs a training dataset based
on the target substance that has been selected. To use this feature, select a target
substance and click on the Auto-Select button.
automatically selecting a range of mixtures from the database, some of which contain
the target substance and others that do not contain the target substance. The dataset
is also constructed to contain pure samples of the target substance and pure samples
of the diluents, if present in the database. The automatic dataset construction feature
is a proprietary Analyze IQ technique that is useful when comparing the performance
of different classification or quantification methods over a single dataset.

Acetonitile

Find

T 000075-05-B:Acetonitrile
Idrich::27,071-7:00301009
JA:N/A
& ::270717:00301009
3 000093-8: anone, 1-phenyl-

2% 000506-06-T::Acetyl bromide

2 000079-06-1::2-Propenamide

28 000124-04-9:Heanedioic acid

2 000202-72-T::Alanine

% 001118-84-9::Butanoic acid, 3-oxo-, 2-propen-1-yl ester
£# 000106-95-6::1-Propene, 3-bromo-

% 002916-14-5::Acetic acid, chloro-, 2-propenyl ester (9CT)
2% 000109-75-1::3-Butenenitrile

% 000109-57-9::Thicurea, N-2-propen-1-yl-

% 000555-31-7::2-Propanol, aluminum sat (3:1)

i 007784-2 tic acid, aluminum salt, nonahydrate BC19CT)

2% 0010096 zeneprepaneic acid, a-methyl-

3 005329-1. famic acid

3 0025823 bonic acid, compd. with hydrazinecarboximidamide (1:1)

£ 010308-82-4:Hydrazinecarboximidamide, nitrate (1:1)
2# 000631-61-8:Acetic acid, ammonium salt (1)
0

<

T Tergetsubstance ¥ Substance &= Compenent

“* PureSpectrum 47 Mixture Spectrum

= Add 1062 Mixture Yes (60.0...
R rv—— 1064 Misture Yes (50.0...
\—I 1065 Mixture Yes (40.0...

A dataset is constructed by

©® Qualitative ) Quantitative

D Midure/Pure Target -
164 Water No

437 Methanol (BDH-29192B.. Mo

1027 Mixture Ves (990...

1029 Mixture Ves (950..

1031 Misture Ves (900..

1033 Misture Ves (800..

1038 Misture No

1058 Misture Ves (70.0,

1068 Mixture Yes (30.0...

1069 Mixture Yes (200...

1070 Mixture Yes (10.0..

1102 Methanol (BDH-20192B... MNe

1110 Water No

1200 Water No

1213 Methanol (BDH-29192B... Mo

1214 Mixture No

115 Mixture No e

Target: Acetonitrile, Cysnomethane

No. of Samples (Target/Non-Target): 72 (52/20)

Figure 36: Using the Auto-Select feature
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An example of the operation of the Auto-Select feature is shown in Figure 36. In this
case, acetonitrile is selected as the target substance. After clicking the Auto-Select
button, a dataset is constructed, which comprises 72 samples in total: 52 containing
acetonitrile and 20 without the target substance. The Auto-Select feature is the most
convenient way to quickly create a dataset.

After selecting a dataset, either manually or using the Auto-Select feature, press the
Next button to move on to the next step, which is to apply pre-processing to the
dataset; see Section 5.3.

5.2.1.6 Removing Spectra from the Selected List

To remove an individual spectrum from the selected list, click on it in the list on the
right-hand side of the screen, and press the Remove button, highlighted in Figure 37.

To remove all spectra from the selected list, type Ctrl-A to select all, and then press
the Remove button.

jin] Mixture/Pure Targe
Acetonitrile, Cyanomethane  Yes (1

Waker Mo
Methanal (BDOH-29192BL-K... Mo
MMisckure Yes (9
IMixcture es (9
IMixcture es (9
IMlixcbure es (3
Iixcbure Mo
IMlixcbure es (7
IMlixcbure es (6
IMizture es (5
Mixture es (4
Mixture es (3
Mixture Yes (2
Mixture es (1
Methanal (BOH-29192BL-K... Mo
Waker Mo
Waker Ma
Methanal (BDOH-29192BL-K... Mo
Mixture Mo
T!XEWB .I\!D v

Figure 37: The Remove button

5.2.1.7 Change Spectra Manager Display Settings

To change the display settings for data from a Spectra Manager library, click on
the blue underlined Change Display Settings link shown previously in Figure 27.
This opens up the window shown in Figure 38. This window shows the different
fields that can be displayed at each level of the library data view: Substances,
Components (which is an alternative term for Constituents) and Spectra. To have a
particular field displayed in the list of data, click on the checkbox beside the field
name. For example, you can list the CAS Number and common for each substance in
the library.
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f « Preferences (Filtered e SR

|5 | Display Preferences v
Display Preferences
Substances
[] Show CAS Mumber
Show IUPAC Mame

[ Show Commen Mame

Components

Show Component ID
Show Manufacturer
Show Catalog

Show Lot

Spectra

Show Spectrum ID
[ Show Colour

[] Show Consistency
[] Show Smell

[] Show Channels
Show Concentration

’ Restore Defaults] ’ Apply ]

[ ok || conce |

Figure 38: Display Settings for Data from Spectra Manager
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5.2.1.8 Change Spectra Manager Connection Settings

Note that it is not normally advisable to change the Spectra Manager connection
settings. Howeuver, this feature can be used if an organization or department wishes
to maintain central libraries that multiple users can work with.

The Spectra Manager server connection settings can be changed by clicking on
the Change Settings button, as shown in Figure 39.

 Analyze IQ Lab - Build New Model

File
= ¥ o
5 [ % Build New Model | @ Apply Model

EE Model Generator

Back - - - .
\LI The current connection settings are valid. Press Connect to connect to the selected library.

Mext Connect to selected library: ‘ 3 Connect |

Model Batch Help

Spectra Manager Settings

Select a different library: | ANIQ_RAMAN_FULL -|

Change connection settings: | Change Settings M

Figure 39: Change settings for connecting to a Spectra Manager Server

Clicking on the connection link opens up the window shown in Figure 40. The
following settings must be specified:

1.

Host Computer: The hostname or IP address of the spectral database
server. If the spectral database is located on the same computer that Analyze
IQ Lab is running on, enter ‘localhost’, as shown in Figure 4o0.

Instance Name: You must specify either an instance name or a port
number (see next). The default instance name is ANALYZEIQ. You should
not change this unless advised by Technical Support.

Port Number: You must specify either a port number or instance name. By
default, the instance name is used and the port number is left blank.

Main Database: The primary database for your installation. You should
not change this setting from its default value of ANIQ_MAIN, as shown in
Figure 40, unless advised by Technical Support.

Username/Password: Enter your spectral database server username and
password. Note that this username and password is different to the
Windows username and password. The administrator of the spectral
database server may provide your username and password.
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Host Computer: | Jocalhost
Instance Mame:  AMALYZEIQ
Port Mumber:

Main Database:  ANIQ_MAIN
Username: 52

Password: Frh R

Defaults QK | | Cancel

Figure 40: Database connection settings

5.2.2 Import from Single File

Section 5.2.1 has described how to construct a spectral dataset from data stored in
Analyze IQ Spectra Manager, the spectral data management software package.
The alternatives are to import spectral data from a single file containing a table of
data, as described now, or to import spectra from a folder containing multiple
spectra, as will be described in Section 5.2.3.

Users commonly store their spectral data in spreadsheets using programs such as
Microsoft Excel or OpenOffice Calc. Therefore, this section describes how to export
data from Microsoft Excel in a format suitable to be imported into Analyze IQ Lab.
Another common option is to transfer data into Analyze IQ Lab from a
chemometric package such as Unscrambler; that procedure is described later in
Section 5.2.4.

To import a spectral dataset from a text file, select the Import option and then click
on the Next button. The user is then presented with two import options (as shown in
Figure 41): Sample Per Row and Sample Per Column. In either case, the file may be
a .txt file or .csv (comma separated variables) file. Note that when importing
data, the first spectrum in the file must be the pure target, or “best”
example of the target material.

To explain the format of the file for the Sample Per Row and Sample Per Column
options, the procedure for importing a spectral dataset from an Excel spreadsheet in
both scenarios will be outlined.
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 Analyze IQ Lab - Build New Model =aeE &1
File Model Batch Graph Help
= ¥ oy (5
E_‘f Apply Model
G

5% Model Generator 5 B B =8

Options for Dataset Preparation

The first step in building a model is to select a dataset of spectra to be used as input to the model building method. The following options are available.

\N;m/ Spectra Manager

@ dmport from Single Filg

Impert from Multiple Spectrum Files
@ Sample Per Row
Sample Per Column

Mote that when importing data, the first spectrum in the file must be the pure target, or 'best’ example of the target material.

Figure 41: Import from Single File Options

5.2.2.1 Sample Per Row Spectral Dataset File

Sample Per Row is the default option for importing a spectral dataset. In this format,
each row of the text file stores the information for one spectral sample, with the first
row containing information pertaining to the entire dataset. A sample dataset in
Sample Per Row format, as seen in an Excel spreadsheet, is shown in Figure 42. The
details of the Sample Per Row format are as follows:

e The first entry in the first row of the dataset file (Cell A1 in Figure 42) contains
the name of the target substance (for classification or quantification). The
example in Figure 42 shows that acetonitrile is the target substance.

e The second entry in the first row of the dataset file (Cell B1 in Figure 42) is a
descriptive label that should indicate whether this dataset is to be used for a
classification or a quantification task, e.g. Target Present for a classification
dataset or Concentration for a quantification task. Note that this label is
descriptive only.

e The remaining entries in the first row of the dataset file (Cell C1 to end of Row
1 in Figure 42) indicate the recorded wavelengths or wavenumbers for each
spectrum in the dataset. Note that each spectrum in the dataset must have
been recorded over an identical set of wavelengths or wavenumbers.

e The second and subsequent rows contain data for individual spectra, as
described next. Note that the first spectrum (i.e. the one in Row 2) must be the
pure target, or “best” example of the target material.

e The first entry in all rows of the dataset file, with the exception of the first row
(Cell A2 to the end of Column 1 in Figure 42) stores the ID of each sample in
the dataset.

e The second entry in all rows of the dataset file, with the exception of the first
row, (Cell B2 to the end of Column 2 in Figure 42) stores the target label,
which differs depending on whether the dataset is to be used for classification
or quantification:
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o In classification, this entry contains the text ‘Yes’ or ‘No’, indicating the
presence or absence of the target substance in the sample
corresponding to that row.

o In quantification, this entry contains a value from 0 to 100 (inclusive),
which indicates the percentage concentration of the target substance in
the sample corresponding to that row.

The sample dataset shown in Figure 42 is a dataset prepared for the
classification of acetonitrile.

e The third entry in all rows of the dataset file (with the exception of the first
row) stores the intensity recorded at the first wavenumber or wavelength for
each spectral sample. The fourth entry in all rows of the dataset file (with the
exception of the first row) stores the intensity recorded at the second
wavenumber or wavelength for each spectral sample, and so on.

1o/

E‘i] File Edit wiew [Insert Format Tools Data  Window Help Typeagquestionforhelp - - & %

DEEHRS @ LR-F/9-/&=-4lle @ w0 - B 7 UISESSHBwEE-S-A B

i fa % € © @ =] =] B
Al hd #& Acetonitrile

A | B [ ¢ [ o T E [T F T & [T H T 1 T 4 K|L|M|N;|
1 |Acetonitrile I TargetPresent 349.734| 3508541 351.9741) 363.0942) 354.2142) 3553342 3564543 357 5743 35586944 350.8144 ) 3609345 3520545
| 2 |Spectrum 2273 Yes 0.081931 0.085725 0.089324 0.091905 0.095017 | 0.100475 0.1068525 0.113441 0120062 0126505 0137418 0.143148
| 3 |Spectrum 2275 fes 0117683 012025 0122809 0124699 0126962 0.130803 01348608 0.139229) 0145421 0162737 0160353 0.168104
| 4 |Spectrum 2286 fes 0134926 0137816 0.140830) 0143693 0146609 0149804 0154205 0.160354 ) 0166559 0172734 0180633 0.153954
| 5 |Spectrum 2316 Yes 0079952 0.082745 0.08586 0090035 0.024434 0093163 01035 0.108301) 0114581 012195 0130872 0.140096
| B |Spectrum 2337 Yes 0071275 0.074507 0077672 0.081848 0.085064 0.090353 0.035558 0.102105 01095 0117413 01257420 013431
| 7 |Spectrum 2291 Yes 0.087457  0.090011 0.092735 0096151 0.029316 0.105088 0109405 0112472 0117992 0126018 0133036 0.141442
| 8 |Spectrum 2376 Mo 0.035026 0.048532 0.054863 0.050154  0.051367 0.047424 0.045295 0042834 0044475 0.04596593 0.050627 0.050324
| 9 |Spectrum 1213 MNo 0020205 0020885 0.02106 002035 0.019772 0.019526 0019836 0.019782 0.019242 0.018408 0.018024 0.017733
| 10 | Spectrum 1200 Mo 0.206601 0.278806 0.267165 0268601 0270163 027088 0267536 0.260222 0260096 0260027 0271245 027243
| 11 | Spectrum 1027 fes 0060214 006296 0.06531 0070108 0.074565 0.079552 0004906 0.090796) 0.097492 0104684 0113555 0.122855
| 12 | Spectrum 2310 Yes 0120992 0121422 0121004 0127724 0133805 0.137092) 00142173 0150027 | 0157044 0163547 | 0170265 0177243
| 13 | Spectrum 2279 Yes 0070181 0.073893 0077552 008122 0085371 0.091581 0.09779 0.104| 0.111808 ) 0120596 0.128666 0.135845
| 14 | Spectrum 2329 Yes 012078 0124177 0.127766) 0.135056 ) 0.140806 0139665 0.132544 0141957 0148748 0158407 0167142 0175331
| 15 | Spectrum 2335 Yes 0.073429 0.078114 0.083386 0.085975 0.085649 0.0931653 0.098524 0.105401 0.111856) 0.118054 0125733 0.133824
16 | Spectrum 2325 fes 0149685 0151981 0.154004| 0156262 0158188 0164219 017085 0.176381 0181037 0.1858034 0195178 0.208267
| 17 | Spectrum 1219 Mo 0026111 0.026474 0.027037 0026362 0.025789 0.025769 0025455 D.024711) 0.02469 0.0257112) 0.025354 0.0266039

| 18 | Spectrum 2094 Mo 0.039361 0.032573 0.038625 0.039925 0.040012) 0039186 0038005 0.039779 0039167 0.037708 0037742 0037353 -
W 4 r M|\ AcetonitrileTrain 1ol | ol

Ready LI i

Figure 42: Sample dataset in Excel in Sample Per Row format

When a set of spectral data samples has been arranged according to the above rules
in an Excel spreadsheet, it can then be exported into a .txt file (remember to select
the comma as the separator) or a .csv file, ready for importing into Analyze IQ Lab
under the Sample Per Row option. For importing Excel data into Analyze 1Q Lab,
it is recommended to export the data to a .csv file.
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Back The first step in building a model is to select a dataset of spectra to be used as input to the model building method. The following options are available.
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(1 Import from Multiple Spectrum Files
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() Sample Per Column

Mote that when imperting data, the first spectrum in the file must be the pure target, or 'best’ example of the target material,

¢ Open File
@le » _» OS(C) » AnahzelQV2 » Lab » SampleData
Organize ~ New folder
it Favorites i | AcetonitrileClassificationFull Dataset
| AcetonitrileClassificationTestDatasetl
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Figure 43: Importing a dataset using Sample Per Row option

To import a spectral dataset file saved in Sample Per Row format, select the Sample
Per Row option (as shown earlier in Figure 41) and click on Next. The user is then
prompted to select the dataset file (.txt or .csv), as shown in Figure 43. After selecting
the dataset and clicking the OK button, the contents of the dataset are presented in
tabular form (see Figure 54 in Section 5.3).

Refer to Section 5.3 for the next steps in the model building process.

5.2.2.2Sample Per Column Spectral Dataset File

For the case where the spectral samples are too large for Excel? to store on a sample
per row basis, a spectral dataset may be stored in Sample Per Column format. In the
Sample Per Column format each sample occupies a separate column of the
spreadsheet, as shown in Figure 44.

2 Excel 2003 and prior versions have limit of 256 columns, which would only allow for the storage of
spectral samples recorded over 254 wavelengths or wavenumbers.
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E2 Microsoft Excel - AcetonitrileTrain-SamplePerColumn.csv

@ File Edit Yiew Insert Format Tools Dakta Window Help
B8 Sy $Bl v @ = 543 2 e ST ===
Al j =| Acetonitrile
A B © D E F G H
1 Acetonitrile 1 Spectrum 2332 | Spectrum 1065 | Spectrum 2331 | Spectrum 2273 | Spectrum 2261 Spectrum 13 Spectrum 1215
2 | TargetPresent Yes Yes Yes Yes Yes Yes Mo
3 349.734 0.090919 0.116382 0.103408 0.070181 0.093606 0.065257 0.021209
4 350.85406 0.093338 0.112897 0.105897 0.073693 0.097433 0.068504 0.021378
5 3519741 0.095417 0.123485 0.110985 0.077552 0101147 0.071922 0.021666
5 353.09415 0.095033 0125748 0.114584 0.08122 0.103993 0.076373 0.02188
7 3542142 0.102734 0.130374 0.118627 0.085371 0.107172 0.051094 0.021917
g 355.33423 0.108573 0.135576 0.123644 0.091581 0111785 0.086554 0.021395
g 356.45428 0.111487 0.140867 0127918 0.09779 0.117061 0.092391 0.021253
10 357 5743 0.117952 0.14E5291 0131103 0.104 0.123309 0.097603 0.021657
1 358.60437 0124224 0182577 0137415 0.111808 0131512 0.104009 0.02212
12 350.81442 0130377 0.155392 0.145644 0.120596 0.140914 0111147 0.0226519
13 360.93445 0.135681 0.1689492 0.152743 0.128666 0149121 0.120726 0.022045
14 3620545 0141217 0.178973 0.155783 0.136545 0.157376 0.130829 0.021258
15 363.17456 0.154605 0.185735 0170167 0.145929 0171186 0.141668 0.02051
16 3642946 0167325 0.194436 0.180057 0.163295 0.185165 0.153401 0.019842
14| 4 » [ M} AcetonitrileTrain-SamplePerColu / [«]
Ready UM

Figure 44: Sample dataset in Excel in Sample Per Column format

The Sample Per Column format is the same as the Sample Per Row format that was
described above in Section 5.2.2.1, except that the rows and columns are
interchanged. The details of the Sample Per Column format are as follows:

The first entry in the first column of the dataset file (Cell A1 in Figure 44)
contains the name of the target substance (for classification or quantification).
The example in Figure 44 shows that acetonitrile is the target substance.

The second entry in the first column of the dataset file (Cell A2 in Figure 44) is
a descriptive label that should indicate whether this dataset is to be used for a
classification or a quantification task, e.g. Target Present for a classification
dataset or Concentration for a quantification task. Note that this label is
descriptive only.

The remaining entries in the first column of the dataset file (Cell A3 to end of
Column 1 in Figure 44) indicate the recorded wavelengths or wavenumbers for
each spectrum in the dataset. Note that each spectrum in the dataset must
have been recorded over an identical set of wavelengths or wavenumbers.

The second and subsequent columns contain data for individual spectra, as
described next. Note that the first spectrum (i.e. the one in Column 2) must be
the pure target, or “best” example of the target material.

The first entry in all columns of the dataset file, with the exception of the first
column (Cell B1 to the end of Row 1 in Figure 44) stores the ID of each sample
in the dataset.

The second entry in all columns of the dataset file, with the exception of the
first row, (Cell B2 to the end of Row 2 in Figure 44) stores the target label,
which differs depending on whether the dataset is to be used for classification
or quantification:

o In classification, this entry contains the label ‘Yes’ or ‘No’, indicating
the presence or absence of the target substance in the sample
corresponding to that row.
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o In quantification, this entry contains a value from 0 to 100 (inclusive),
which indicates the percentage concentration of the target substance in
the sample corresponding to that row.

The sample dataset shown in Figure 44 is a dataset prepared for the
classification of acetonitrile.

e The third entry in all columns of the dataset file (with the exception of the first
column) stores the intensity recorded at the first wavenumber or wavelength
for each spectral sample. The fourth entry in all columns of the dataset file
(with the exception of the first column) stores the intensity recorded at the
second wavenumber or wavelength for each spectral sample, and so on.

When a set of spectral data samples has been arranged according to the above rules
in an Excel spreadsheet, it can then be exported into a .txt file (remember to select
the comma as the separator) or a .csv file, ready for importing into Analyze IQ Lab
under the Sample Per Column option. For importing Excel data into Analyze 1Q
Lab, it is recommended to export the data to a .csv file.

¢ Analyze IQ Lab - Build New Model == P
File Model Batch Help

B Xy

E_‘f Apply Model

E% Model Generator =5

Options for Dataset Preparation

The first step in building a model is to select a dataset of spectra to be used as input to the model building method. The following options are available.
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@ Import frem Single File
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MNote that when importing data, the first spectrum in the file must be the pure target, or 'best’ example of the target material.
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Organize = New folder g2~ 0 @
=, Recent Places i || AcetonitrileClassificationFul Dataset
| AcetonitrileClassificationTestDatasetl
i Libraries || AcetonitrileClassificationTestDataset?
j Documents || AcetonitrileClassificationTrainingDatasetl
J Music L

AcetonitrileClassificationTrainingDataset?

*d Homegroup

=
& os(C)
a Data (E)

File name:  AcetonitrileClassificationTrainingDatasetl SampleperColumn - lAllImport Files (*.csv; *.bxt) vJ

[ open |v] [ conca |

Figure 45: Importing a dataset using Sample Per Column option

To import a spectral dataset file saved in Sample Per Column format, select the
Sample Per Column option (shown earlier in Figure 41) and click on Next. The user
is then prompted to select the dataset file (.txt or .csv), as shown in Figure 45. After
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selecting the dataset and clicking the OK button, the contents of the dataset are
presented in tabular form (see Figure 54 in Section 5.3).

Note that when a file in Sample Per Column format is imported, its data is rotated
automatically so that it its contents are presented in rows on screen.

Refer to Section 5.3 for the next steps in the model building process.

5.2.3 Import from Multiple Spectrum Files

This option allows you to build a model from data in the form of a folder containing
multiple spectrum files. The spectrum files may be in any of the formats supported
by Analyze IQ Lab; refer back to Section 4.2.2 for a list of them.

When you select this option, you must to provide two pieces of information, as shown

in Figure 46:
1. The name of the folder containing the spectra; use the Browse button to select
this

2. A list of all spectrum file names to be imported, along with the target value
corresponding to each one; use the Select button to select this.

= ® o
By Apply Model
5= Model Generator

Options for Dataset Preparation

The first step in building a model is to select a dataset of spectra to be used as input to the model building method. The following options are
available.

o

Spectra Manager
Import from Single File
@ Import from Multiple Spectrum Files

Folder Containing Spectra:

Browse

List of Spectra with Target Values:

| Select | | Create

Figure 46: Preparing a Dataset from Multiple Spectrum Files

The list of spectra with target values must be a text file with comma-separated values,
with either a .csv or .txt extension. Each line of the file must contain two items,
separated by commas:

Spectrum file name, target value for model
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Note that the first line of the file can optionally be a header. Figure 47 shows an
example of a file like this, as viewed in Microsoft Excel:

A B

1 |File name Value

2 Acetonitrile-Methanol {30-50).aig 50
3 Acetonitrile-Methanol-Water (10-70-20).aig 10
4 | Acetonitrile-Methanol-Water (10-80-10).aig 10
5 |Acetonitrile-Methanol-Water (20-20-60).aig 20
6 Acetonitrile-Water (50-30).aig 50
7 Methanol-Water (80-20).aig 0
8 Methanol-Water (95-1).aig 0
9

Figure 47: Example of a List of Spectra with Target Values

If you do not have a file like this prepared, you can use the Create button to create
one. This operates as follows:

1. It prompts you for a file extension (for example, SPC or AIQ)
2. It scans the folder you selected for all files with that extension
3. It creates a CSV file containing all of the names

One thing that Create cannot do is specify the target values; this will depend on your
model’s target. Therefore, after creating the file, you must edit it. The button label
changes to Edit, and when you click on Edit, the file is opened in whatever program
you normally use to edit CSV files (typically Microsoft Excel). After entering the
target values corresponding to each spectrum, please take care to re-save the file in
CSV format, not any other format such as XL.SX or XLS.

After having done that, press the Next button to proceed to the next step in the model
building process, as will be described in Section 5.3.

5.2.4 Importing Data From Unscrambler

To import data from Unscrambler, take the following steps (the example of a
classification dataset is used):

1. Open the data file in Unscrambler, as shown in Figure 48.
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The Unscrambler - [CH3CN-NormRun1Fold1-all]
f| File Edit “iew Plot Modify Task Results Window Help

DislE] e s 2] 2% sl et )l Bl A Bl Bl lel] =lalo]

[argetPresen] Fresence [attrih249.734]trin350.85400tri 261, 87 1ftrin352.0841 fttrib 364,214 i 355,334 2 Jttrib 256,454 2ptirin 357,57 4 i 368 634 2 itrib 359.8144]

1 2 | 3 | 4 | 5 | 6 | 7 | 8 | 3 | 10 | " | 12 |

Instance 40 |40 1.0000 YES 0.1201 0.1228 01258 01283 0.1303 01303 01322 0.1369 01415 0.1462
Instance 41 |a1 1.0000 YES 71275e-02 7.4507e-02 7.7672e-02 B.1848e-02 G.6064e—02 9.0353e-02 9.5558e-02 01021 0.1095 01174
Instance 42 |42 1.0000 YES 6.2352e-02 65457202 68439002 72324002 75534202 8202702 27672002 0354302 01002 04074
Instance 43 [48|  —1.0000 NO 26111e-02 26474e-02 27037e-02 26362802 25789202 25760002 2.5455e-02 24711e-02 2.4680e-02 2.5112e-02
Instance 44 [aa|  —1.0000 NO 5.5270e-02 4.56868-02 5.6211e-02 5.63848-02 5.6372e-02 5.5617e-02 5.5261e-02 5.5481e-02 5.5314e-02 5.4887e-02
Instance 45 |a5 1.0000 YES 7.9518e-02 8.2578e-02 8.5330e-02 0.9395e-02 9.3212e-02 9.5850e-02 9.9664e-02 01052 01115 01183
Instance 46 |48 1.0000 YES 57004e-02 5.9668e-02 6.2787e-02 6.2234e-02 62079e02 63972002 6.5050e-02 6.8432e02 7.0021e-02 7.3480e-02
Instance 47 |47 1.0000 YES 5.91876-02 0.1028 0.1058 0.1086 01115 01158 01211 01279 01344 0.1408
Instance 48 |48 1.0000 YES 0.1496 0.1520 01540 0.1563 0.1592 01648 01707 01764 01810 0.1850
Instance 49 |a9 1.0000 YES 7.9982e-02 8.2745e-02 9.5860e-02 0.0088e-02 9.4434e-02 9.9163e-02 01038 0.1083 0.1146 01220

Figure 48: Spectral dataset in Unscrambler

2. Delete the column of numerical values (which correspond to Yes/No) and
delete any spectra not to be used for building the model. You should then be
presented with the dataset shown in Figure 49.

File Edit Y%iew Flob Modify Task Resulks Wwindow Help
D6 5[%l0] Sl 8 2%l -Bla xl=] 8l =5l Al Bl olo]| klele] 2lalel|
[TargetPresent|attrib349.734 [#rib350. 854 Diatirib 35197 41}trib353.0841 fatirib 354.21 43 ttrib355.334 2 trib356.454 2atrib 357674 Htrib 3526043 JHtrib350.21
1 [ 2 \ z \ 1 \ 5 \ ) \ 7 [ ) [ a [ 10 [ T

Instance 40 [40[VES 0.1201 01229 0.1258 01283 0.1303 0.1303 01322 0.1369 01415 0.1
Instance 41_|#1|vES 71275e-02 7.4507e-02 7.7672e-02 B.1848e-02 B5.6064e-02 9.0353e-02 9.5558e-02 0.1021 0.1095 0.11
Instance 42 [42|VES 6.2352e-02 6.5457e-02 6.843%e-02 7.2324e-02 7.6534e—02 8.2027e-02 B.7672e-02 8.3543e-02 0.1002 0.1
Instance 43 [48[nN0 26111e-02 26474e-02 27037e-02 26362e-02 2.5789e-02 2576902 2.5455e-02 2.4711e-02 2.4690e~02 2.5112e
Instance 44 [aa[nO 5.5270e-02 55686e-02 56211e-02 5.6384e-02 5.6372e-02 5.5617e~02 5.5261e~02 5.5491e-02 5.5314e-02 5.4367e
Instance 45 [46[VES 7.9518e-02 B82578e-02 B85330e-02 5.9385e-02 9.3212e-02 9.5850e-02 0.3664e—02 0.1052 01115 0.11
Instance 46 |46 |YES 57004e-02 59668e-0F 627687e-07 62234e—07 62070e-07 6.3877e-07 66059e-02 68437e—02 7.0921e—02 73460
Instance 47 |47 [YES 89187202 01029 01059 01086 01115 01158 01211 01279 01344 0.14
| [inslance 45 [a8[vES 01406 01570 01540 01563 0159 01649 01707 01764 01810 01

Figure 49: Spectral dataset in Unscrambler, with first column showing TargetPresent
as a category variable (Yes/No)

3. Under the File menu, select Export, to open the export dialog shown in Figure
50. Select ASCII Files as the format, enter the filename and click on Export.
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Laok ir: | = PuniFold1 | | ﬁf| b
Mame | Type | Creator | M odified |
[Z] AcetanitrileclassMar..  Text Dacument 12/07/2007 1744
[£] AcetanitileclassMar..  Text Dacument 12/07/2007 1744

File narne: |EH CW-MomBunFaldl-al

Expart I

Expart as type: IASCII Files

Infarmation:

j Cancel |

Data Name: CHICH-NormPunlFoldl-all

-

Directory: F:YAR-inalyzell\Hazard-I0\Walidat

Creator: Guest
Date: 1Z/07/Z007 19:20
Software Wersion: w8.0

Type: Non-desiogm data

Size: 74 Samples, 1476 Variables

% Extracted ! Hates

I]

Figure 50: Unscrambler Export window

4. The Export ASCII window shown in Figure 51 is then opened. Select the
settings shown in this figure: File format = Wide ASCII (Include variable

names, Include sample names); Name qualifier =

qualifier = None; and Item delimiter = Comma.

x
—Set
° oK I
Sample zet;
IAII Samples [?4]ﬂ Define... | Cancel I
Wariable set: Help |
ISpectra [1474] j Defire... |

— File format
 Flat &5C1 [stream]
& wide ASCI [Block]

¥ Include variable names

¥ Include sample names

—Mame qualifier Mumeric qualifier

% Double quote  Double quote

' Single quote " Single quote
 Mone & Mone
— Item delimiter
& Comma  Tah
" Space ) CR/LE
" Semicolon e Dther:l

String reprezentation of missing data:

—

Figure 51: Unscrambler Export ASCII window

Double Quote; Numeric
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5. Open the file exported by Unscrambler in a text editor; Figure 52 shows a text
file exported by Unscrambler as viewed in Wordpad.
~lofx|

File Edit View Insert Format Help

D(@] 2[R ] o=@ ] )|

|"TargetPresent","attrib349.734","attribSSD.SSQDS","attrib351.9741","attrib353.09415","attrih354;j]

"Instance 1",1.0000000,9.0919003e-02,9.33375998e-02,9.5417000e-02,9.9039003e-02,0.1027340,0.10657
"Instance &",1.0000000,0.1163520,0.1198970,0.1234850,0.1267450,0.1303740,0.1355760,0.1405670,0.1
"Instance 3",1.0000000,0.10340580,0.1065970,0.1109550,0.1146540,0.1156270,0.1256440,0.1279150,0.
"Instance 4",1.0000000,7.018099%Ye-02,7.3693000e-02,7.7551995e-02,8.1220001e-02,8.5371003e-02,9.1
"Instance 5", 1.0000000,59.3606003e-02,59,74365992e-02,0,1011470,0,10359990,0,1071720,0.,1117850,0.117
"Instance 6",1.0000000,6.52569958e-02,6.585035998e-02,7.192199%7e-02,7.6373003e-02,58.10935997e-02,8.6
"Instance 7",0.0000000,2.1209000e-02,2.13775999e-02,2.1666000e-02,2.15860000e-02,2.1917000e-02,2.1
"Instance &",0.0000000,2.0456001e-02,2.0858001e-02,2.147759959e-02,2.1167001e-02,2.09055995e-02,2.0
"Instance 9", 1.0000000,6.0214002e-02,6.29595999e-02,6.55810002e-02,7.01075996e-02,7.4565001e-02,7.9
"Instance 107,1.0000000,0.1537920,0.1571050,0.1601220,0.1643560,0.1685550,0.17245830,0.17745980,0.
"Instance 11",1.0000000,0.1333850,0.1355620,0.1350640,0.1408910,0.1443900,0.15065950,0.1571210,0.
"Instance 12",1.0000000,7.3085003e-02,7.3431998e-02,7.35583998e-02,7.5646002e—-02,7.8047000e-02, 7.
"Instance 13",1.0000000,0.1257370,0.1289520,0.1328010,0.1347690,0.13795820,0.1466410,0.1534200,0.
"Instance 14",1.DDDDDDD,?.QD?QQQSE—DZ,?.6958999&—02,8.DDQDQQQE—DZ,8.4503002&—02,8.SQDTDDSE—DZ,ij:J

K1 3
For Help, press F1 MNUM

Figure 52: Text file exported by Unscrambler

6. Make the following modifications to the dataset text file:

a. Enter the target name followed by a comma, e.g. “Acetonitrile,” at start
of the first line.

b. In the second column (under “Target Present”), replace each 1.000000
with the word “Yes” and each 0.0000000 with the word “No”. It is not
recommended to use an automatic Search/Replace utility to carry out
this, as there is a danger that spectral intensity values may be
inadvertently altered (especially in the case of spectral datasets that
have already been normalised or baseline-corrected).

Note the above modifications could also be carried out in Excel and then
exported to a .txt or .csv file (as described in Section 5.2.2.1). The step of
replacing each 1.000000 with “Yes” and each 0.0000000 with “No” is more
easily done in Excel without errors, since you can do a Search & Replace on a
single column of data.

The final text should look similar to that shown in Figure 53. This text file is
ready for import under the Sample Per Row format option (see Section
5.2.2.1).
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B Test4.1T - wWordPad =0l x|

File Edit Yiew Insert Format Help

D[S|E] SR # o [=l@|-] B

"ioetonitrile®, "TargetPresent”, "attrib349.734", "attrib350.585406", "attrib351.9741", "artrih3 53, 094157, "attrib354.2142", "attrit
"Instance 1", Yes,9.0919003e-02,9.3337998e-02,9.5417000e-02,9.9038003-02,0.1027340,0.1065790,0.11145870,0.1179520,0.1242240,
"Instance 2",¥es,0.1163520,0.11958570,0.1234350,0.1267480,0.1303740,0.1355760,0.1408670,0.1462910,0,1525770,0.1593920,0. 16399
"Instance 3", Yes,0.1034080,0.10658570,0.1109350,0.11465840,0.1156270,0.1236440,0.1279180,0.1311030,0.1374150,0.1456440,0.15274
"Instance 4", Yesz,7.0180997e-02,7.3693000e-02,7.7551998.-02,8.1220001e-02,5.53710032-02,9.1581002e-02, 9, 7790003 2-02 , 0. 1040000
"Instance 5", Yesz,9.3606003e-02,9,7435959%-02,0.1011470,0,1039990,0.1071720,0.1117850,0.1170610,0.1233090,0.1315120,0.1409140
"Instance 6", Yes, 6.5256998e-02,6.85039598e-02,7.1921997e-02,7.6373003e-02,58.10939972-02, 8. 6854003e-02,9,239095%-02,9. 7603001
"Instance 7", No,2.1208000e-02,2.1377995e-02,2.1666000e-02, 2. 15860000e-02,2.1917000e-02,2.1398000e-02,2.12529958e-02,2.1656999:
"Instance 5", No,2.04536001e-02,2.0885001e-02,2.1477399e-02,2.1167001e-02,2.0905999e-02,2.0943001e-02,2.0535000e-02, 1.9456999e
"Instance 9", ¥esz, 6.0214002e-02,6.2959959e-02, 6.5510002e-02,7.0107396e-02,7.4565001e-02,7.9552002e-02, 5. 4905937e-02,3.0796001
"Instance 10", ¥es,0.1537920,0.1571050,0.1601220,0.1643560,0.1685550,0.1724830,0.1774980,0.1541050,0.1915790,0.1935770,0.2073

FTnarance 11" ¥es N 1333880 N 1355470 0 1%ANA4N N 1408910 N 1443000 0 1SNASSN N 1571210 N _1A3FFAN N 1707800 N 17AR7AN N 1RjLI
<| *
For Help, press F1 MUM 2

Figure 53: Text file ready for import into Analyze IQ Lab

5.3 Apply Pre-processing to Dataset

After importing a dataset or generating it from Spectra Manager, the contents of
the dataset are presented to the user, as shown in Figure 54. For the purposes of
continuing the example of building a classification model, we assume that the dataset
was drawn from Spectra Manager, with acetontrile as the target and auto-
selecting 72 spectra.

As part of the model building, the user can specify any pre-processing steps that will
be carried out on the dataset before passing it to the classification or quantification
algorithm.

When building a new model, all of the same pre-processing methods are available as
when viewing a spectrum. Refer back to Section 4.3.1 for details.

Note that pre-processing steps can be applied repeatedly if desired; Analyze 1Q Lab
will keep track of the sequence of pre-processing steps applied.
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« Analyze IQ Lab - Build New Model =[5 [ |

B X i
==
B Model Generator

4
HI

Select All
Deselect All

Plot Selected
Export Selected

File Model Batch Help

[ | % Build New Model Apply Model

Dataset Pre-processing

T| @ E

Select a pre-processing method and click on the "Apply” buttan. The pre-processing methad will be applied to the entire dataset.

Target Substance: Acetonitrile

Sample Target
] Sample 164 No
] Sampled37 No

[ Sample1027  Yes
[ Semple1020  Yes
[ Semple1031  VYes
[[] Sample1033 Yes
[C] Sample 1039 No
[C] Sample 1059 Yes
] Sample 1062 Yes
[] Sample1064 Vs
[ Sample1065  Yes
[] Semple1068  Yes
[ Semple1069  Yes
[[] Sample 1070 Yes
[C] Sample1102 No
] Sample 1110 No
] Sample1200 No
[] Sample1213  No
[ Samplel21d  No
[ Semple1215  No
[ Semplel219  No
[[] Sample1222 No
[C] Sample1224 No
«

250 252 254

3187 3117.0.. 31401,
1442 1424 14237..
2286 23238.. 22328..
2470 24419.. 23776..
2677 25140...  25148..
2734 26499.. 26125..
2605 25120.. 25170..
2562 25258.. 24627..
2621 2605.8.. 2517.8..
2661 2579.8.. 24834..
2716 2704.7...  25438..
2887 27699...  27000...
2930 27900...  2806.6...
3138 3009.0...  30605..
2318 22418.. 21651..
3275 32048.. 31541
3285 32740...  33006..
2452 24518.. 23758..
2498 25259..  25156..
2429 24540...  24598...
2669 25419.. 25355..
7 26009... 2558.7..
2651 25130.. 25181..

256

3182625
13493..
21876..
2260.5...
24571
24959...
25334..
23598...
2464.8..,
24689...
2504.7...
2708.5...
2694.1...
29045...
22125..
3200.2...
3164.8...
23148..
24019...
2391.7..
23539...
24535..
25798...

258

3080.3...
1437.8...
2107.0...
21498...
2261.1...
2491.5...
23928...
23131..
24369..,
24584...
2450.7...
2609.1...
27224..
2808.2...
21008...
30134..
3173,
27838...
2384.6...
2330875
23520...
2589.3...
2534.7..

260

2974 8...
14124..
21236..
21227,
22809...
24050...
23728..
2336.3..
2428.2..
2353.8...
2403.6...
2642.5...
2619.5...
28471..
2088.0...
31035..
3179.2..
2251.5...
2313.0...
2307 5...
2358.7..
2454.0...
24944,

262

29499,
1331.0...
20724...
2080.8...
27725...
2406.0...
2344.2..
22355...
2318.0...
23337..
2363.0...
2580.6...
25576...
27231..
2094.8...
30334...
3063.6...
2190.9...
2328.0...
22418...
2319.5...
23290...
2406.3...

26
29|
13/
19
20
22

22
paty
23
23
22.
25
25
28
19
el
30.
2L
23
22
221
23
23~

Pre-processing Methods

S % = 0

Smooth (5-G)
Derivative (5-G)
Normalize

Std Normal Variate
Equal Area Scale
Internal Std Mormalize

Truncate

Appl Undo

Applied

Figure 54: Spectral dataset prior to applying pre-processing

To apply normalization, select the Normalization option in the list of pre-processing
methods and click on the Apply button, as shown in Figure 55. Note that there are no
parameter settings for normalization.

Figure 55: Applying the Normalization pre-processing method

Pre-processing Methods

Smooth (5-G)
Derivative (5-G)

Std MNormal Variate
Equal Area Scale
Internal 5td Mormalize
Truncate

= Apply Undo
Appli

After applying any pre-processing method, the contents of the spectral dataset shown
in the table are updated and the list of already applied methods is also updated;
Figure 56 shows the current dataset after applying normalization.

Page 55/106

Analyze 1Q Lab Version 3.0

User Manual



Intelligent

( Cl’nalyzeIQ Analytical Chemistry

Software

« Analyze 1Q Lab - Build New Model SRACE X
File Model Batch Help
B X i
Ej Apply Model
07 Model Generator T mE® v =0

Dataset Pre-processing

Back Select a pre-processing method and click on the "Apply” buttan. The pre-processing methad will be applied to the entire dataset.

4
HI

Target Substance: Acetonitrile

Sample Target 250 252 254 256 258 260 262 26 * | Pre-processing Methods
[7] Sample164 Ne 031518 030764 031012 031471 030476 029231 0.28963 0. Smoocth (5-G)
[7] Sample437 Ne 003998 003934 003933 003668 003983 003893 003603 0 Derivative (5-G)
[7] Sample 1027 Yes 000936 000953 000912 000892 0.00856 000864 000841 0L | | Mormalize
[7] Semple 1029 Yes 001066 001053 001024 000969 000918 000905 000886 00 | | Std Normal Variate
[7] Semple1031 Yes 001163 001082 001083 001054 000957 0009657 000963 0 Equal Area Scale
[7] sample1033 Yes 001289 001242 001322 001257 001255 001207 001208 0 Intemal Std Normalize
[7] sample1039 Ne 007075 006796 006811 00686 00644 00638 006294 0C Truncate
[7] Sample 1058 Yes 001701 001677 001637 00157 00154 001555 00149  0C
[7] Sample 1062 Yes 001912 001901 001833 001792 001771 001764 00168 0
[7] Ssmple 1064 Yes 00238 002303 002212 002198 002188 002094 00207  0C
[7] Sample 1065 Yes 00339 003375 003166 003115 003044 002091 00293  0C
[ Sample1068  Yes 004422 004234 004122 004136 003976 00403 00393  0C Nermalize
[7] Semple 1069 Yes 006294 005981 006018 005766 00583 0056 005461 0L
[7] sample1070 Yes 010857 010382 010572 009998 009643 009786 009332 0C
[7] Sample1102 Ne 003833 0037 003567 003649 003455 003433 003845 0O
[7] Sample1110 Ne 031789 031027 030474 030976 028343 029923 02916 0
[7] Sample 1200 Ne 034256 034133 034432 032905 032372 033067 031769 0:
[F] Sample1213 No 003745 003745 003618 003517 003465 003411 003311 0C
[7] Sample1214 Me 003663 003714 003697 003509 003431 003373 003387 00
[7] Semple1215 Me 003935 004039 004049 003929 003821 00378 003664 0C
[[] Semple1219 Me 00478 004537 004525 004179 004175 004188 004113 0C

flotSelected [] sample1222  No 005542 005150 005067 004838 005133 004861 004567  0C
[ Sample1224  No 006373 QOG0L1 006024 006186 006065 005862 00573 00~
Export Selected = 5

Figure 56: After applying normalization to the dataset
(note that numeric values have been scaled)

Any applied pre-processing step may be undone by clicking on the Undo button, as
shown in Figure 57. The most recently applied step is undone first.

Pre-processing Methods

Smooth (5-G)
Derivative (5-G)
MNormalize

Std Mormal Variate
Equal Area Scale
Internal 5td Mormalize
Truncate

= Apply "_“"&ﬂ
Applied

MNormalize

Figure 57: Undoing the Normalization pre-processing

When the pre-processing has been completed, click on the Next button to move the
selection of classification or quantification method, described in Section 5.5.
Alternatively, before proceeding to the next step, you can plot or export spectra, as
described next.
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5.4 Plotting and Exporting Spectra

5.4.1 Selecting Spectra for Plotting or Exporting

When you are at the Data Pre-processing page, you can select spectra and plot them
and/or export their data.

To select spectra, use the check-boxes beside their sample names, as shown in Figure
58. You can also use the Select All and Deselect All buttons.

Sample Target 250 252 254 256
7] Sample 164 No 3187 31170, 31401, 3182625
] Sample437 No 1442 1424 14237.. 1349.3..
[ Sample1027 Vs 2286 23238.. 22328. 2876
] Sample1020  Ves 2470 24419.. 23776.. 22605..
] Sample1031 Vs 2677 25140.. 25148. 24571
[ Sample1033 Vs 27734 26499, 26126.. 24959.
] Sample1033  No 2605 25120.. 25170.. 25334
] Sample1058  Ves 2562 25258.. 24627.. 23598..
] Sample1062  VYes 2621 26058... 25178.. 24648..
[ Samplel064  VYes 2661 25798, 24830.. 24689..
Sarple1065  Ves 2716 27047.. 25438. 25047..
Sample1068  Yes 2887 27609...  27000.. 2708.5..
Samplel069  Yes 2030 27900.. 28066.. 26041..
S Sarple1070  Ves 3138 30000.. 3060.5.. 20046..
;] Sample1102 Mo 2318 22418, 2651 22125..
" Deselect All Samplelll0 Mo 3275 32049, 31541.. 3200.2..
Sarmple1200 Mo 3285 32740.. 33006.. 31648
Sample1213 Mo 2452 2451 8.,  23758. 2314E..
I @}Samplelﬂ-’i No 2498 25258.. 25156.. 24019.
Plot Selected 7] Sample1215 No 2429 24540.. 24508. 23917..
———————— | [[] Sample121®  No 2660 25419.. 25355.. 23538..
Export Selected 7

Figure 58: Selecting spectra for plotting/exporting

After selecting spectra, you can use the plot or export them, as described next.

5.4.2 Plotting Spectra

The Plot Selected button opens the window shown below in Figure 59. The spectra
are plotted with the currently-selected pre-processing options. Note that you can
resize this window to make it bigger if you wish, by dragging its corners.
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Plot of Samples for Analyze 1Q Model

Selected Samples Plot Options
80,000 1 [ Colour based on labels
75,000 1 [¥] Show plot legend
Baseline Offset:
70,000 |
65,000
55,000 1

50,000 1
45,000 1
40,000
35,000

30,000 1

25,000 1
20,000 1
15,000 1

10,000 §

250 500 750 1,000 1,250 1,500 1,750 2,000 2,250 2,500 2,750 3,000 3,250
Sample 1065 (Yes) — Sample 1068 (Yes) — Sample 1069 (Yes) — Sample 1070 (Yes)
— Sample 1102 (Mo) — Sample 1110 (No) —Sample 1200 (No) —Sample 1213 (No)

Figure 59: Plot of samples selected from a dataset

As the figure shows, there are several controls beside the plot to change its
appearance:

e Color based on labels: For a qualitative model, this colors all spectra labeled
‘Yes’ in blue and all spectra labeled ‘No’ in red. For a quantitative model,
spectra are assigned a color along the blue/red spectrum, with values close to
0 being colored blue and those close to 100 being colored red. An example is
shown in Figure 60.

e Show plot legend: This allows you to turn on/off display of the legend below
the plot.

e Baseline offset: This allows you to specify a baseline offset for spectra in the
plot, so that different spectra can be seen more easily. In Figure 60, an offset
of 5000 has been applied. Naturally, you should choose a baseline offset
appropriate to your data.

e Properties: This opens a dialog box that allows you to change many properties
of the plot display, including changing the title, specifying X and Y axis labels,
entering X and Y ranges, and even changing fonts. These properties are spread
over 3 tabs, as shown in Figure 61.

e Reset Zoom: You can zoom in on an area of the plot by clicking and dragging
on it. The Reset Zoom button returns to the original zoom setting.
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e Save As: This allows you to save the graph as an image in PNG format.
e Print: This allows you to print the graph.

[« o]

Plot of Samples for Analyze IQ Model

Selected Samples Plot Options
100,000 [¥] Colour based on labels
95,000 Show plot legend
90,000 Baseline Offset:

85,000

75,000 -

70,000

|

60,000 |
55,000 ‘
50,000 ‘
45,000 |l

40,000 J|M \ __"_’/| |

35,000 | |
30,000 | h %-TJVL
25,000 k

20,000 —__J"‘———\_‘*
15,000
10,000
Save as.
5,000 t__ JL
1]

250 500 750 1,000 1,250 1,500 1,750 2,000 2,250 2,500 2,750 3,000 3,250

— Sample 1065 (Yes) — Sample 1068 (Yes) — Sample 1069 (Yes) — Sample 1070 (Yes)
— Sample 1102 (No) —Sample 1110 (No) — Sample 1200 (No) —Sample 1213 (No)

Close

y
-

Figure 60: Plot of spectra with ‘Colour based on labels’ option and a baseline offset

Chart Properties B | [ Chart Properties 5| [ Chart Properties ===
Title | Plot | Other | Title | Plot | Other | Title | Plot | Other |
General: XV Plot: General:
Show Title: Domain Axis | Range Axis | Appearance | Draw anti-aliased
Text:  Selected Samples General: Backgroundpaint | |
Font:  1[Tahoma[l5.0[L[WINDOWS[L{00[00[700[0ja) Label:

Font: 1{Tahoma[10.0L[WINDOWS/L/0[0[0j0[70

Other

[¥] Show tick labels
Tick label font: 1[Tahoma|9.0[0/WINDOWS]|
Showtick marks

Ok ] [ Cancel ] [ ok ] [ Cancel ] [ ok 1 Cancel

Figure 61: Plot Properties are organized into 3 tabs
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5.4.3 Exporting Spectra

The Export Selected button prompts you for the name of a CSV (comma-separated
values) to which the spectral data are written. The spectral data are stored with the
currently-selected pre-processing options.

The CSV files exported here can be opened up in spreadsheet packages such as
OpenOffice Calc and Microsoft Excel. They can also be used to build future Analyze
IQ models, using the Import from Single File option (refer back to Section 5.2.2).

5.5 Select Classification/Quantification Method

After clicking Next in the Dataset Pre-processing page, the set of available
classification or quantification methods, along with their corresponding parameter
settings are displayed; Figure 62 shows the list of methods available for building
classification models. Note that the decision as to whether -classification or
quantification model is being built is determined in the dataset preparation step (see
Section 5.2).

I € Analyze IQ Lab - Build New Madel o | B || )
File Model Batch Help
=2
[7 (# Build New Model | @ Apply Mods!
5= Model Generator T | 15 % sy o0
Ba—ck Select Method Parameter Settings
Select method for generating model Set the parameters of classifier component. Default values are shown.
Linear Regression Ne Classifier Selected

SVM Classifier
Polynomial Kernel
REF Kernel
Euclidean Distance
Weighted Spectral Distance
Sigrmoid Kernel
Weighted Spectral Linear
k-Mearest Meighbors
Spectral Attribute Voting
PCA
Linear Regression
SVM Classifier
Polynomial Kernel
REF Kernel
Euclidean Distance
‘Weighted Spectral Distance
Sigmoid Kernel
Weighted Spectral Linear
k-Mearest Neighbors

Method Evaluation
Select a test option for evaluation of the method
@ Training
Import Test File
Cross-Validation 1 10

Percentage Split 1 66.6

Figure 62: Select classification method
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Some methods can have different variants selected, e.g. the kernel of the SVM
Classifier or the base classifier of the PCA method. To select variants of a method,
choose an entry from the sub-tree of the classifier. In the example shown in Figure
63, a SVM Classifier with Weighted Spectral Linear kernel has been selected.

Select Method Parameter Settings
Select method for generating model Set the parameters of classifier component. Default values are shown,
Linear Regression SYM Classifier

4 SVM Classifier
Polynemial Kernel
4 RBF Kernel
Euclidean Distance
Weighted Spectral Distance
Sigmoid Kernel Window Size 100
Weighted Spectral Linear
k-MNearest Meighbors
Spectral Attribute Voting
a PCA
Linear Regression
4 SVM Classifier
Palynomial Kernel
a RBF Kernel
Euclidean Distance
Weighted Spectral Distance
Sigmoid Kernel
Weighted Spectral Linear
k-Mearest Neighbors

C 10

Weighted Spectral Linear
Pure Target Index 0.0

Figure 63: Selecting SVM Classifier with Weighted Spectral kernel

Note that many classification and quantification methods have parameter settings
that can be adjusted by the user. Every combination of parameter settings will result
in a different final model. For example, the SVM C parameter and Weighted Spectral
Linear window size parameter could be changed in Figure 63. For this example, the
default values are being used.

Refer to Section 9 for details of all of the Analyze IQ Lab classification and
quantification methods and their associated parameters.

5.6 Evaluate Selected Method

5.6.1 Evaluation Procedure

After selecting the method that you will use to build the model, you must select one
of the following three methods3 for evaluating the method (see Figure 64):

3 A fourth method, Percentage Split, it not currently activated.
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Method Evaluation

Select a test option for evaluation of the method
@ Training

Irnport Test File Select F

Cross-Yalidation 1 10

Figure 64: Methods for evaluating chosen classification or quantification method

1. Training: the entire dataset is used to build a model with the selected
method. The resulting model is then tested by using the model to classify or
quantify each sample of the training dataset in turn.

2. Import Test File: the entire dataset is used to build a model with the
selected method. The resulting model is then tested by using the model to
classify each sample of a separate dataset, selected by the user. For this type of
evaluation, select the Import Test File option and click on Select File button to
import the dataset. Note that only files in the Sample Per Row format are
allowed for this import step. See Section 5.2.2.2 for details on the format of
this file. Figure 65 shows the window that is opened after a file been selected
for evaluation. As this window indicates, the test dataset is pre-processed
using the same pre-processing techniques that have already been applied to
the training dataset. The training dataset is the dataset prepared in Section
5.2.1. As can be seen in Figure 65, the functionality for selecting and plotting
spectra is available here as it is when preparing the training dataset; refer back
to Section 5.4 for details.

3. Cross-validation: the entire dataset is divided into k segments or folds. A
model is built using data from folds 2 to k and this model is tested on the data
from the first fold. Then the second fold is left out of the training (which is
now based on folds 1 and 3 to k) and used as the test dataset. This process is
repeated until all folds have been held out as a test set. In this way, the
method is tested on samples of the dataset in a single cross-validation run.
The number of folds, k, is specified by the user (default number is 10). To
carry out a more robust evaluation, a number of cross-validation runs may be
used, in which the division of the dataset into folds differs between each run.
For example, in Figure 66, a 10-fold cross-validation has been selected and
this is to be repeated 5 times (abbreviated as 5x10-fold cross-validation).

Section 5.7.1 has some additional comments on the implications of choosing between
these evaluation procedures.
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Impaorting Test Dataset @1
Test Dataset Import
The following test dataset will be imported. The test dataset will be pre-processed using the same pre-processing techniques that have been to the training dataset
Sample Target 250 252 254 256 258 260 262 264 266 Fi Options
] Sample 164 No 3187 31170.. 31401.. 3182625 30903.. 29748.. 2949.09. 29433.. 29791..
[] Sample 437 No 1442 1424 1423.7.. 13493.. 1437.8. 14124, 1331.0.. 13320.. 13358..
[7] Sample1027 Yes 2286 23238.. 22328.. 21876.. 2107.0.. 21236.. 20724. 19994.. 19435..
[7] Sample1029 Yes 2470 24419.. 23776.. 22805.. 21498.. 21227.. 2080.8.. 20036.. 20304..
[] Sample1031 Yes 2677 25140.. 25148.. 24571.. 22611.. 22809.. 22725.. 22205.. 21753..|%
[7] Sample1033 Yes 2734 26499.. 26126.. 24959.. 24915.. 2405.0.. 2406.0.. 22953.. 22:32..
[7] Sample1039 No 2605 25120.. 2517.0.. 25334.. 23928.. 23728.. 2344.2. 22558.. 22420..
[7] Sample1059 Yes 2562 25259.. 24627.. 23598.. 23131.. 2336.3.. 22355.. 21810.. 21900..
[] Sample1062 Ves 2621 26058.. 25178.. 2464.8. 24369.. 24282, 2318.0.. 23249. 23171..
[7] Sample 1064 Yes 2661 25798.. 24839.. 24B689.. 24584.. 2359.8.. 23337. 23040.. 22090..
[7] Sample 1065 Yes 716 27047.. 25438.. 25047.. 24507.. 24096.. 2363.0.. 22459.. 22394..
[] Sample 1068 Yes 2887 27698,  27000.. 2708.5.. 26091.. 26425. @ 2580.6.. 2542.2.. 2463.7..
[7] Sample 1069 Yes 2930 27900.. 28066.. 20941.. 27224.. 2619.5.. 2557.6.. 25151.. 24264..
[7] Sample1070 Yes 3138 30090.. 30805.. 29046.. 2808.2.. 28471.. 2723.7. 2B148. 26924..
[7] Sample1102 No 2318 22418.. 21851.. 22125.. 21009.. 2088.0.. 2094.9. 19737.. 20469..
[] Sample1110 No 3275 32049.. 31541.. 3200.2.. 30134.. 31035. 30334, 29635.. 20124,
[7] Sample1200 No 3285 32740.. 33006.. 31848.. 31173.. 3179.2.. 3063.6. 30263.. 29598..
[7] Sample1213 No 2452 24518.. 23758.. 23148.. 22838.. 2251.5.. 21909.. 21886.. 21505..
[] sample1214 No 2498 25258.. 25156.. 2401.9.. 23846.. 23190.  2328.0.. 2327&.. 2203.7..
[7] Sample1215 No 2429 24540.. 24598.. 23917.. 2330875 2307.5.. 22418. 22217. 21931..
[7] Sample1219 No 2669 25419.. 25355.. 23539.. 23520.. 2358.7.. 2319.5. 22685. 21193.
[7] Sample1222 No 77 26009.. 25587.. 24535.. 25893.. 2464.0.. 2329.0.. 23329.. 23131..
[] Sample1224 No 2651 25130.. 25181.. 2579.8.. 2534.7.. 24944, 24063.. 23268.. 24119..
[7] Sample1226 No 2735 26438.. 25608.. 25226.. 24381.. 24585.. 23931.. 22937.. 22632.
[] Sample1227 Mo 2801 27289.. 26678.. 25044.. 24663.. 25381.. 24148.. 23976.. 23554..
[] sample1229 No 2749 27138.. 2664.8.. 2603.9.. 25935.. 25141.. 2386.7.. 2361.2.. 2389.9..
S ZB__ |21 |08 | 28I | BB5- | 2l 201.-_| 2612 e

Figure 65: Import Test File evaluation method

Method Evaluation

Select a test option For evaluation of the method
() Training
{3 Import Test File

(%) Cross-Yalidation Mo, Runs | 5 Ma, Folds | 10

Figure 66: 5x10-fold cross-validation evaluation

After selecting the classification or quantification method and the method of
evaluation, click on the Next button to run the evaluation.

The results of the evaluation are then displayed. Figure 67 shows the results of
evaluating the SVM classifier with Weighted Spectral Linear Kernel using a single 10-
fold cross-validation test. In the classification setting, the actual class of each sample
(whether it contains the target or not) is shown alongside the class predicted by the
method under evaluation. A summary of the results is also shown at the top of the
page, including details of the method under evaluation, the number of samples in the
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training dataset and the accuracy achieved by the evaluated method. In Figure 67,
the classifier achieved an error rate of 0% (i.e. 100% accuracy).

5
« Analyze IQ Lab - Build New Model = | B |
Eile Model Batch Help
= X e
57 [ % Build New Model | @ Apply Model
BZ Model Generator T ‘ A E%w|WmsS =0
Method Evaluation Results
Results of the evaluation of chosen methed.
Method Evaluated: SVM Classifier; Polynomial Kernel
Parameter Settings: C=1.0; Exponent=1; Use Lower Terms=False
Training Dataset Size: 72
Test Type: Training
Me. Test Runs: 1
Error (%6Mlisclassification): 0%
Average Mo. Incorrect: 0
Sample Target Prediction =
Sample164 Mo MNo
Sample 437 Mo Mo L
Sample1027 Yes Yes
Sample1029 Yes Yes
Sample1031 Yes Yes
Sample1033 Yes Yes
Sample 1033 Ne No
Sample1059 Yes Yes
Sample1062 Yes Yes
Sample 1064 Yes Yes
Sample1065 Yes Yes
Sample 1068 Yes Yes
Sample 1069 Ves Yes
Sample 1070 Yes Yes
Sample1102 Ne Ne
W Sample1110 Mo No
[_PlotResuts | Sample 1200 Nao Mo
[Bpothests | | 277700 o i -

Figure 67: Method evaluation results window

5.6.2 Plot Classification Model Evaluation Results

Pressing the Plot Results button opens the window shown in Figure 68. For a
classification model, the results are summarized in a bar chart with 4 segments. As
indicated in the figure, they are counts of the following categories of results:

e True Positives: samples that are predicted to have the target present
(positive), and this prediction is true

e False Positives: samples that are predicted to have the target present
(positive), and this prediction is _false

e True Negatives: samples that are predicted not to have the target present
(negative), and this prediction is true

e False Negatives: samples that are predicted not to have the target present
(negative), and this prediction is false

In the example shown, since there are no errors, the bars for False Positives and
False Negatives have heights of 0.
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Plot of Results for Analyze IQ Model

525 |
50.0 1
4751
45.0 1
42.5 1
40.0 1
375
35.0 1
325

8300

%2?.5 -

£25.0
225
200 1
175
15.0 1
125
100 1

7.51
5.0 1
2.5 1
0.0°

True
Positives

True
Negatives

False
Positives

False

Negatives

Plot Options

Positive

Negative

Target

ETruc M False

Save as.

Figure 68: Plot summarizing the results of evaluating a model

This plot window has several options:

Properties: Configure various properties of the plot
Reset Zoom: If you have zoom in on an area, reset to the default view
Save As: Save the graph as an image in PNG format
Print: Print the plot to a printer

Close: Close the window

Refer back to Section 5.4.2 for further explanation of these controls.

As will be discussed in Section 6.2, the results of quantitative analyses are presented
differently from this.
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5.6.3 Export Model Evaluation Results

As indicated in Figure 69, the Model Evaluation Results page has a button labeled
Export Results.

When you press this, you are prompted to save the results in a CSV file, which is
suitable for opening subsequently in Microsoft Excel, OpenOffice Calc, Matlab, or
other programs. All of the data from the Model Evaluation Results page is written to
this file.

i @ Analyze IQ Lab - Build New Model o= |
File Model Batch Help
& Xy
B Apply Model
5= Model Generator T | cRER=IR R =R

Method Evaluation Results

Results of the evaluation of chosen method.
Method Evaluated: SVM Classifier, Weighted Spectral Linear

Parameter Settings: C=1.0; Pure Target Index=null; Window Size=10
Training Dataset Size: 72

Test Type: 10-fold Cross-validation

Mo. Test Runs: 1

Error (%:Misclassification): 0%

Average No. Incorrect: 0

Sample Target Prediction i
Sample 164 No Mo
Sample 437 MNe Ne L
Sample 1027 Yes Yes 1
Sample 1029 Yes Yes
Sample 1031 Yes Yes
Sample 1033 Yes Yes
Sample 1039 MNe Ne
Sample 1059 Yes Yes
Sample 1062 Yes Yes
Sample 1064 Yes Yes
Sample 1065 Yes Yes
Sample 1068 Yes Yes
Sample 1069 Yes Yes
Sample 1070 Yes Yes
Sample 1102 Mo Ne
Sample 1110 No Mo
Sample 1200 Mo Ne
Sample1213 Mo Ne
Sarmnlz 1714 R Rin

Figure 69: Method evaluation results window, indicating Export Results button

5.7 Understanding and Reducing Classification
Error Rates

5.7.1 Choosing an Evaluation Procedure

The purpose of a classification model is, of course, to determine whether a target
substance is present in a given sample. As was described above, one of the steps in
building a new model is to evaluate it on a set of test data, where we know the correct
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answers. By measuring the model’s performance on test data, we gain insight into
how reliably we can expect the model to perform in the future, when it will be used to
determine whether the target is present in substances for which the correct answer is
unknown.

Just like the dataset that you use to build a model (see Section 5), the test dataset
must consist of spectra for which you know in advance whether or not they contain
the target substance.

In fact, you can evaluate the model simply using the training dataset (see Section
5.6.1), though this is not sufficient on its own, as it will produce an overly optimistic
measure of model performance, and cannot identify models that are overfitted to the
data. However, it can be useful as a first step in trying out a model-building method:
if the method performs badly on the training dataset, it will perform even worse
when evaluated more rigorously.

The preferred alternative is to use repeated cross-validation (also described in
Section 5.6.1), to get an unbiased estimate of model performance, when building and
refining models, and to perform a final evaluation on a holdout set, which you can
specify with the Import Test File option that is also described in Section 5.6.1.

5.7.2 Understanding Results of Evaluation

The evaluation procedure is as follows:

e For the purposes of the test, the correct answers (i.e. whether or not the target
substance is present) are withheld, and all samples in the test dataset are
presented to the newly-built model as if they were unknown.

e The model reports as to whether or not it has detected the target in each test
sample.

e It is an error if the model detects that a target is present when it is not (false
positive), or if it does not detect that a target is present when it is (false
negative).

e The number of errors is counted. If repeated cross-validation runs are
performed, the average number of errors over all runs is computed.

e The percentage of errors is computed from the number of errors divided by
the number of test samples.

Figure 70 shows a close-up view of a section of the evaluation report from Figure 67.
On the lower part of the figure, there is a list of test spectra. Under the heading of
‘Target’, the correct answers are listed: ‘Yes’ means that the target is actually present
in a sample and ‘No’ means it is not actually present. Similarly, under the heading of
‘Prediction’, the model’s answers about whether it detected the presence of the target
are listed. In the case shown, all of the model’s answers are correct, which is why 0%
error rate is reported: “Error (% Misclassification): 0%”.

Note that the percentage accuracy of a model may be computed from:
Accuracy% = 100% - Error%
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Method Evaluation Results

Results of the evaluation of chosen method.

Method Evaluated: SVM Classifier; Polynomial Kernel
Parameter Settings: C=1.0; Exponent=1; Use Lower Terms=False
Training Dataset Size: 72

Test Type: Training

Mo, Test Runs: 1

Error (%Misclassification): 0%

Average Mo, Incorrect: ]

Sample Target Prediction
Sample 164 Mo Mo
Sample 437 Mo Mo
Sample 1027 Yes Yes
Sample 1029 Yes Yes
Sample 1031 Yes Yes
Sample 1033 Yes Yes
Sample 1039 Mo Mo

Figure 70: Close-up of evaluation results

5.7.3 Reducing Evaluation Error Rates

In the example shown in Figure 70, the error rate is 0%, and so cannot be reduced.
However, it is possible that more stringent evaluation, using repeated cross-
validation, would yield a non-zero error rate.

There are several strategies for generating improved models with lower error rates:

1.

Improve the training data set.

This is the most important strategy: since models are built through analysis of
the training dataset, a model can only be as good as the dataset with which it
was built. If you require a model that works well at a large variety of
concentrations and with a large variety of diluents or contaminants, then you
should include appropriate samples of these, so that the model will be
constructed to deal with them. Conversely, if your dataset contains data that is
labeled inaccurately or collected sloppily, then it will be difficult to generate a
high-quality model from it.

Use appropriate pre-processing on the data set.

This is another way of improving the dataset. For example, smoothing can
help to reduce the effects of random noise, normalization can help to improve
consistency if samples were collected with different exposures, and first-order
derivatives can help to reduce the effect of baseline offsets.
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3. Select a different model building method.
Analyze IQ Lab provides a range of different model building methods. No
one method is best in all situations, although the SVM Classifier with
Weighted Spectral Kernel (see Section 9.1.1) and the Spectral Attribute Voting
(see Section 9.1.4) are specifically designed for the task of spectral data
analysis, and are therefore the recommended choices.

4. Adjust the parameters of the chosen model building method.
Just as selecting a different model building method can make a difference,
adjusting parameters can improve performance.

One final point: it is possible to reduce the reported error by testing on the training
set or eliminating problematic spectra from the testing set. Needless to say, these
actions may make scores look better, but do not improve the underlying model.

5.8 Model Details

After evaluating the selected classification or quantification method, click on the
Next button to move to the next step, in which the new model details will be shown,
as shown in the example in Figure 71.

{0 Analyze IQ Lab - Build New Model (B S

File Model Batch Help

=

f-j’ Apply Model

5= Model Generator T | =Rl = |

Maodel Details

Back Review and make any changes before finishing

Model ID Aceton_YN_SVMW_001
Meodel Name Acetonitrile YN SVMW 001

Model Description  Cjassification model for identification of Acetonitrile, created by Martha on 27/02/14 08:37. The model was generated with SYM
Classifier with Weighted Spectral Linear and the following settings: C=1.0; Pure Target Index=null; Window Size=10. The training
dataset had 72 samples (52 Yes, 20 No), from ANIQ_RAMAM_FULL library. The pre-processing methed applied was: Normalize,

Figure 71: Enter model details

Analyze IQ Lab automatically proposes a model ID, model name and description
for you, but you are free to edit these details as you wish. The details are:

e Model ID: This is the unique identifier for the new model. If a model
already exists with the same Model ID, you will be prompted to enter a
different name. Note that the following characters are allowed in the Model
ID: ‘A-7, ‘a-2, ‘0’-‘9’, *_’ and ‘.’ For example “Cocaine_Model1” is valid
Model ID, where as “Cocaine Model1” is not, as it contains a space. In addition
“WSLinearSVM_ Acetonitrile” is not valid, as a model with this ID already
exists. In the example in Figure 71, we have gone with the default Model 1D,

“Aceton_ YN _SVMW_oo1”.
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e Model Name: The title of the new model. Note that, unlike the model ID,
this name does not have to be unique and it may contain spaces.

e Description: A short description of the new model. The one automatically
generated by Analyze IQ Lab includes the target substance, the method used
the build the model, the parameter settings, the size of the training data set,
and the pre-processing methods applied. Again, however, you are free to
change this.

5.9 Generate Final Model

After entering the model details, click on the Finish button to generate the model.
After the model is generated, the message shown in Figure 72 is displayed. Clicking
on Yes switches the application to the Apply Model page.

& Job finished 23]

| The model was built successfully. Do you want to switch to the Apply Model page
now?

Yes | | Mo

Figure 72: Model generation complete

When you switch to the Apply Model page, a new tab is added to the bottom centre
window of the page, showing the new model (see Figure 73). Refer back to Section
4.2 for details on how to use this or other models for the analysis of spectra.
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« Analyze IQ Lab - Apply Model

" m@g

File Model Batch Display Help
& Xy B o= EF

[ % Build New Model (@ Apply Model

7 File Contents

There is no spectrum file open

=8
New Model

5] PCR_Acetonitr... | =] SAV_Acetonitr... | ] WS _Linear SV... |5 WsLinears¥M_...| = O
IwSLinearSVM_Acetronitrile2 !
IDescription :
I

Sample model for the identification of Acetronitrile. Model was generated using =
| Weighted Spectral Linear Kernal SVM method. SYM C parameter = 1 and WS Linear
I window size = 10. I
| The training dataset comprised of 72 spectrum, The following pre-processing methods |
| ere applied. Nermalization. -
1 |
= S S S S |

[E? Results =g

B[] Pre-processing =g

WSLinearSVM_Acetronitrile2

This model has not been applied yet

There is no spectrum file open

Figure 73: New model added to the Apply Model page
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5.10 Deleting a Model

It is possible to delete that you have previously built, for example if it is no longer
needed or if you are replacing it with a newer one. To do this, simply press the
‘Delete’ button on the lower left side of the model window which is highlighted in the
figure below.

] PCR_Acetonitrile | ] saV_acetonitrile | T WS_Linear_SVM_Acetonitrile =0

PCR Acetonitrile

Description

Sample model for the identification of Acetonitrile, Model was generated using the PCA +
Linear Regression (Principal Component Regression) method, & PCs were used, The training
dataset comprised 72 spectra. The following pre-processing methods were applied:
Mormalisation

=

Figure 74: Deleting a model

The Model Manager, which will be described later in Section 8, provides you with
additional functionality for backing up, restoring, and deleting models.
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6 Build and Apply a Quantification Model

The detailed description of the analysis and model building steps in Sections 4 and 5
have used classification examples. The procedure for building and applying models
for quantification in Analyze IQ Lab is very similar. This section will give a step-by-
step example of the generation and application of a quantification model.

6.1 Building a Quantification Model

For this example, the dataset is drawn from Spectra Manager.

1. Switch to the Build New Model page (see Figure 75)

 Analyze I Lab - Build New Model =R X
File Model Batch Help
=
E-j' Apply Model
T EEw BB =0

o=
0= Model Generator
-

Options for Dataset Preparation
‘ Bac The first step in building a model is to select a dataset of spectra to be used as input to the model building methed. The following eptions are available.

@ Spectra Manager

‘ Import from Single File

Import from Multiple Spectrum Files

Figure 75: Building a quantification model: switch to Build New Model page
2. Select Next and click on the Connect button (see Figure 76).
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| Analyze IQ Lab - Build New Model s D S
File Model Batch Help
& K i |
¥ | 48 Build New Model Apply Model
5= Model Generator sl=he =8
Spectra Manager Settings
Press the button to connnect to the database. Click the link if you need to change connection settings first.
TR i
Spectra Manager: list of spectra
Double click a substance to select/deselect it as target. Then select and add the spectra you want to build the model, or use Auto-Select.
Change Connection or Display Settings
[<Enter material here>) Find @ Qualitative () Quantitative
# 000086-37-7::Cyclopentane, methyl- - D Midure/Pure Target

. 007533-40-6::1-Pentanol, 2-amino-4-methyl-, (25)-
# 002142-01-0:1 H-lscindole-1, 3@H)-dione,

. 000696-50-3::Furan, tetrahydro-2,5-dimethoxy-

# 000104-76-7::1-Hexanol, 2-ethyl-

. 000087-61-0::Pentancic acid, 2-methyl-

# 00274
% 000156-87-6:1-Propanol, 3-amino-

# 002417-90-5::Propanenitile, 3-bromo-

- 1 b hyl
# 000611-94 4
. 000134-84

% 000108-90-7::Benzene, chloro-

4 002002-24-6::Ethanol, 2-amino-, hydrochloride (1:1)

. 001608-26-0::Phosphorous triamide, N,N,N, N N",N"-hexamethyl-
' 000108-10-1:2-Pentancne, 4-methyl-

¥ 000641-74-7::D-Mannitol, 1,4:3,6-dianhydro-

' 00274
d

acid, 2; -+ (2R3R)-

8 1 hosy
' 006310-21-0::Benzenamine, 2-(1,1-dimethylethyl)-

. 006908-41-4:Benzoic acid, 4-(hydroxymethyl)-, methyl ester

OO0O00000000000O00O0O0OOO
W

T Targetsubstance ¥ Substance &= Component

¥ Pure Spectrum 4 Mixture Spectrum

= Add

Terget:

No. of Samples (Target/Non-Target):

Figure 76: Building a quantification model: connect to database

3. Prepare the Dataset:

a. Enter target substance (acetonitrile) into the text box beside the Find

button and click Find

b. Select acetonitrile as the target substance by double-clicking on the
acetonitrile substance entry in the database viewer

oo

Select Quantitative option in top right-hand area of the page
Click Auto-Select to generate a dataset (see Figure 77; note that

concentration information for each sample is shown under the Target
column of the current dataset table, rather than Yes/No classification

labels).
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Spectra Manager Settings

Press the button to connnect to the database. Click the link if you need to change connection settings first,

idbc:sglserver://localhost:1433: datat Name=ANAIQ

Spectra Manager: list of spectra

Double click a substance to select/deselect it as target. Then select and add the spectra you want te build the model, or use Auto-Select.

Change Connection or Display Settings

acetonitrile © Qualitative uantitative
T 000075-05-8::Acetonitrile - D Midure/Pure Target =
[7] £# 000098-86-2::Ethanone, 1-phenyl- TR 000
¥ 000506-96-7: 1 bromid e
E}:: 000079-06 ‘:ty mm'; 437 Methanol (BDH-29192B..  0.00%
- ropenamide i L
[T £# 000124-04-9:Hexanedioic acid 1027 Miture 99-0:
[F] 5% 000302-72-7::Alznine 1029 fotWE 95-0:?
[ & 001118-84-:Butanoic acid, 3-oxo-, 2-propen-1-yl ester 1031 Mixture 90.0%
[7] 2# 000106-95-6::1-Propene, 3-bromo- 1033 Misture 80.0%
[7]£# 002916-18-5::Acetic acid, chloro-, 2-propenyl ester (9CT) 1033 Mixture 0.00%
[7]£# 000109-75-1:3-Butenenitrile 1059 Mixture 70.0%

hioures, N-2-propen-L-yl- 1062 Misture 500%
Propanol, aluminum salt (3:1) 1064 Mixture 500%
jtric acid, aluminum salt, nonahydrate (BC19CT 1065  Misture 400%
enzenepropanaic acid, a-methyl- 1068 Mixture 300%

[ &% 000108-57:
[ 2# 000555-31
[ 2% 007784-27
[7] &% 001009-67

[ £# 005329-14-6::Sulfamic acid 1069 Midure 20.0%
[ £# 002582-30-1:Carbonic acid, compd. with hydrazinecarboximidamide (1:1) 1070 Minture 100%
[7] 2% 010308-82 ydrazinecarboximidamide, nitrate (1:1) 1102 Methanol (BDH-20192B...  0.00%
[7]£# 000631-61-8::Acetic acid, ammonium salt (1:1) 1110 Water 000%
D.:,! 003012-65-5::1,2,3-Propanetricarbosylic acid, 2-hydroxy-, smmenium salt (1:2) 1200 Water 000%
D«f 003458-72-8:1,2 3-Fropeneticorboyic ocid, 2-hydroxy-, smmonium salt (13) 1713 Methanol (BDH-20102E...  0.00%
[ £# 006009-70-7::Ethanedivic acid, ammonium sakt, hydrate (1:2:) ) o
3P 000628-63-T::Acetic acid, pentyl ester - 1214 | Mbcture 000%
& - " P 1215 Mixture n00% i
T Target substance J# Substance & Component Target: Acetonitrile, Cyanomethane
¢ Pure Spectrum ¥ Mixture Spectrum Mo. of Samples (Target/Non-Target): 72 (52/20)

Figure 77: Building a quantification model: prepare dataset

4. Click on Next to view the spectral samples of the dataset. As shown in Figure
78, for this example we will apply the Standard Normal Variate transform.
(Refer back to Section 4.3.1 for details of the pre-processing methods.)
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[  Analyze 1Q Lab - Build New Madel S
File Model Batch Help
=g T
B Apply Model
OF Model Generator T | 7 5% W%y =0

Dataset Pre-processing

Select a pre-processing method and click on the "Apply” butten. The pre-processing method will be applied to the entire dataset.
Target Substance: Acetonitrile

Sample True Value 250 252 254 256 * | Pre-processing Methods

[7] sample164 0 049947 045712 0ATL09  0.496: Srmooth (5-)

[[] Sampled37 0 -0.23217  -0.23774  -0.2378 -0.26( Derivative (5-G)

[[] Sample1027 a9 0.09267 -0.08977 -0.09675 -0.10¢ i

[[] Sample1029 a5 007469 -007696 -0.08216 -0.090 =

[[] Sample1031 a0 -0.06602 -0.08005 -0.07998 -0.08 Equal Area 5cale

[7] Sample1033 a0 0.0473  -005537 -0.05895 -0.07 Internal 5td Normalize

[7] Sample1059 70 0.0208  -002484 -003191 -0.04 Truncate

[7] Sample1062 &0 0.00018 000717  -0.00458  -0.010

[[] Sample1064 50 006744 005430 003897  0.036. = Apply | | = Undo

[7] Sample1065 40 016497 016263 012898 01200 Applied

[7] Sample1068 30 0.27356 024375 022596 0228 il o

[] Samplel0gd 20 045974 04099 041584 0375 td Normal Variate

[[] Sample1070 10 070203 063546 066205 0581
[[] Sample1102 -0.0822 -0.09399 -010588  -0.0%
[[] Sample1110 042679 038728 035863 0384

0
0
Select All 7] Sample1200 0 070946 070253 071933 0633
[] Samplel213 0 009135 -009137 -010256 -011
Deselect All
[7] Sample1289 0

-0.1055  -010041  -0.10089 010!

[7] Sample 2248 100 -0.09187  -0.09963  -0.09844 0100
[F] Sample 2249 10 -0.09785  -010218  -011264 012
Plot Selected [7] Sample 2250 10 -0.07628  -0.08279  -0.083835 -010¢

[[] Sample 2251 10 -0.02668  -0.03751  -0.04071 005 _

Export Selected q '

Figure 78: Building a quantification model: dataset pre-processing

5. Method Selection & Evaluation:

a. Click on Next to move to the method selection and evaluation step

b. Select a quantitative analysis method: here we choose SVM with
Polynomial Kernel, as shown in Figure 79

c. Enter the parameter settings: here we set the parameter C=10, and use
a second-order polynomial, i.e. Exponent=2 and we choose to Use
Lower Terms (1 means Yes); some preliminary experiments indicated
that these settings work reasonably well

d. Select an evaluation method evaluation method: in Figure 79 we select
Training, as we are performing a preliminary analysis
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Select Method

Select method for generating model

Parameter Settings

Linear Regression
SVM Regression
Polynomial Kernel
RBF Kernel
Euclidean Distance
Weighted Spectral Distance
Sigmoid Kernel
Weighted Spectral Linear
k-Mearest Neighbor Regression
PCA
Linear Regression
SVM Regression
Polynomial Kernel
RBF Kernel
Euclidean Distance
Weighted Spectral Distance
Sigmoid Kernel
Weighted Spectral Linear
k-Mearest Neighbor Regression

Method Evaluation

Select a test option for evaluation of the method

raining:
() Import Test File Select File
() Cross-Validation 1 10
Percentage Split 1 66.6

Set the parameters of classifier component. Default values are shown.

SVM Regression
C 10

Polynomial Kernel

Exponent 2

Use Lower Terms 1

Figure 79: Building a quantification model: selecting method and evaluation

6. Click on Next to carry out the evaluation. The results of this evaluation are

shown in Figure 80.

« Analyze IQ Lab - Build New Madel

Eile Model
B X g
9 [ % Build New Model | @ Apply Model

EE Model Generator

Batch  Help

Method Evaluation Results

T mE@W BE O

Results of the evaluation of chosen method.

Method Evaluated:  SVM Regression; Polynomial Kernel
Parameter Settings:  C=10.0

Training Dataset Size: 53

Test Type: Training
No. Test Runs: 1
Error (RMSEP): 0
Sample True Value Prediction -
: Sample 164 0.0 0.0017844028392678035
Sample 437 00 0.0020465425707101303 E
Sample 1027 99.0 99.00147160652963
Sample 1029 95.0 05.00162737017641
Sample 1031 90.0 90.00103514633226
Sample 1033 80.0 80.00181073448411
Sample 1059 70.0 70.00173564 784694
Sample 1062 60.0 60.00376369083048
Sample 1064 50.0 50.00220573068408
Sample 1065 40.0 40.0016470542284
Sample 1068 30.0 29.598439570040816
Sample 1068 200 20.003157003433266
Sample 1070 100 10.002428965453994
Sample 1102 00 0.0022469149070616368
Export Results Sample 1110 00 -2.570616692278149E-4 .8

Figure 80: Building a quantification model: results of evaluation
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6.2 Plot and Export Quantification Results

6.2.1 Plot Quantitative Model Evaluation Results

On the Model Evaluation Results page, as can be seen in Figure 80, there are buttons
labeled Plot Results and Export Results.

When you press the Plot Results button, a plot window as shown in Figure 81 is
opened.

[« ===

Plot of Results for Analyze [Q) Model

105
100 1
95 1 Properties...
90 1
85
80
75
70
65
60

Plot Options

Rezet Zoom

5 s
o
5 50
2 45
o
401
351
30
25
20
13
10
3
D
0 10 20 30 40 a0 a0 70 80 an 100
True Values

Figure 81: Plot of results of evaluating a quantitative model

This plot provides a visual comparison of true values (plotted on the horizontal axis)
for the test data versus values predicted by the model (plotted on the vertical axis).
For reference, a black diagonal line corresponding to X=Y is also included in the plot.
In the ideal case, the model’s predicted values should match the true values, and so
all points on the plot should lie on the diagonal.
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In the case of the plot shown in Figure 81, there is very good agreement. Looking
back at the table of results in Figure 80, it can be seen that this is indeed the case. Of
course, these results are from testing the model on its training data, so it is not
surprising that they are good. For further validation of the model, it should be tested
using repeated cross-validation runs, and/or a hold-out dataset.

As before, this plot window has several options:

Properties: Configure various properties of the plot

Reset Zoom: If you have zoom in on an area, reset to the default view
Save As: Save the graph as an image in PNG format

Print: Print the plot to a printer

e C(lose: Close the window

Refer back to Section 5.4.2 for further explanation of these controls.

6.2.2 Export Model Evaluation Results

As before, the Model Evaluation Results page has a button labeled Export Results.
When you press this, you are prompted to save the results in a CSV file, which is
suitable for opening subsequently in Microsoft Excel, OpenOffice Calc, Matlab, or

other programs. All of the data from the Model Evaluation Results page is written to
this file.

6.3 Completing the Model

When you are satisfied with the model that you have built, click Next and enter new
model details (see Figure 82).

Model details
Plugin ID SVM_Acetonitrile_Cone
Model Name SVM Acetonitrile Concentration

Model Description Quantitative Model for estimating concentration of Acetonitrile in mitures, built from data for Acetonitrile auto-selected
from Spectra Manager (59 samples), with SNV transform and SVM with Polynomial Kernel (C=10, Exp=2, Lower Terms=1).

Figure 82: Building a quantification model: enter model details

7. Click Next and switch to the Apply Model page t (see Figure 83).
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[ « Analyze IQ Lab - Apply Model = | Bl [
File Model Batch Display Help
B X B o= B
Ej % Build New Model
5% File Contents =0 = O Results =0

3¥YM Acetonitrile Concentration

This model has not been applied yet

[Fe] Pre-processing =0
There is no spectrum file open

New Model

1 PCRAce... | SAV_ Ace.. | ] SVM_Ace.. T W5_Linear..| = 3
There is no spectrum file open

IDescription

I Quantitative Model for estimating concentration of Acetonitrile in - »
I mixtures, built from data for Acetonitrile auto-selected e
I from Spectra Manager (59 samples), with SNV transform and SVM i
I with Polynomial Kernel (C=10, Exp=2, Lower Terms=1).

Figure 83: New quantification model added to Apply Model page

6.4 Applying a Quantification Model

Open a spectrum file and click the Apply button of the new quantification model (see
Figure 84). Figure 84 shows that the new model predicted a concentration of 20.04%
acetonitrile, where the sample actually contained 20% Acetonitrile (based on the file
name). Given the data set on which this model was constructed, this estimate is good.
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File Model Batch Display Graph Help
& X ea 5 ;R EE E
Y % Build New Model Apply Model
5% File Contents =4 Acetonitrile-Methanol-Water (20-20-60) 52 = O || |7 Results =0
Acetonitrile-Methanol-Water Acetonitrile Quant SVM 001
(30.30.60) Results for Aceton_Quant_SVM_001 . _ "
—_— re-processing
Select one of the following to see the MOdEI _—
details 17.54 All spectra were pre-processed with the following settings
5 Owverview 15.0 1 Number of points 1474
@ " —
£y Instrument Settings rlz 5] Minimum range  250.0
5 Sample & Measurement [
= Maximum range 32000
2100 "
= Methods Std Mormal Variate =
= 7.5
@
5 5ol Model Results
T Substance(s) tested by the model.
= 2.5
Q ] Substance Predicted Quantity Confidence
) Acetonitrile 20028396 N/A
3,000 2,500 2000 1,500 1,000 500 |4
(BT E T (ErH) Pure spectra of the target substance(s)
|_ TestSpectrum — Acetonitrile | The spectrum was tested for the following substance(s). Select a
Original Spectrum | Aceton_Quant_SVM_001 Results checkbox to see the pure spectrum of each.
Select an option .
5 Aceton_Q..| 51 PCR_Acet...| =1 SAV_Acet..| O WS_Linear...| — O Acetonitrile i
Acetonitrile Guant SvM 001 ¥ Pre processing =8
Description
Pre-processing Methods o
Quantitative model for estimation of Acetonitrile, created by Michael =~
on 01/03/14 17:50. The model was generated with SVM Regression Smooth (5-G) i
with Pelynomial Kernel and the following settings: C=10.0. The Derivative (5-G) 3
training dataset had 72 samples, from ANIQ_RAMAN_FULL library. Normalize
The pre-processing method applied was: Std Normal Variate. Std Normal Variste
- Equal Area Scale
Internal Std Mermalize

Figure 84: Applying a new quantification model to a sample spectrum

6.5 Understanding and Reducing Quantification
Error Values

The purpose of a quantification model is of course to estimate the concentration of a
target substance in a mixture. By measuring the model’s performance on test data,
we gain insight into how accurate we can expect the model’s estimates of
concentration are likely to be in the future, when it will be used to analyse substances
for which the true concentration is unknown.

The evaluation results for quantification models are computed using the same
procedure as for classification models, as was described earlier in Section 5.7.2: for
each test spectrum, the model reports its estimated concentration, and these are
compared with the true concentrations. However, for quantification models, the Root
Mean Squared Error in Prediction (RMSEP) is computed.

Figure 85 shows a close-up view of a further evaluation that was performed when
building this model, in this case performing 5 runs of 10-fold cross-validation. For
this example, the RMSEP is 1.96%. This means that for this model, estimates of
concentration are expected to be within 1.96% of the true value.
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To understand how RMSEP is computed, look to the list of test spectra in the lower
part of Figure 85. Under the heading of “True Value’, the correct answers are listed,
while under the headings of ‘Prediction’, the model’s answers in each cross-
validation run are listed. Thus, for Sample 1027, the true concentration of
acetonitrile is 99% and the model predicts a concentration of approximately 99.4%.
For this sample, the error is the difference: 99.0% - 99.4% = -0.4%. Since errors may
be positive or negative, all individual errors are squared, their mean is computed,
and the square root of the mean is computed (hence: Root Mean Squared Error).
Since this is done for ‘predictions’ or estimates on previously unseen data, it is
termed the RMSE in Prediction.

Method Evaluated: SWM Regressien; Polynomial Kernel

Parameter Settings: C=100

Training Dataset Size: 50

Test Type: 10-fold Cross-validation
Na, Test Runs: 5

Average Error (RMSEP): 1.96

Sample True Value Prediction (Run 1) Prediction (Run 2} Prediction (Run 3) Prediction (Run 4) Prediction (Run 5) '
Sample 164 0.0 1.415847433126455  1.27425421646755... 1.92123627237748... 1.86633429619651... 1.88544458878334...
Sample 437 0.0 1.58124162261776...  3.09935806245264... -0.0047485932238... 0.76258668883212... 0.80664734414722...
Sample 1027 93.0 09,39953496279804  98.80944756798135 98.87831179848078 98.68977127001284  98.84875592323073 |&
Sample 1029 95.0 04,18982235459839  93.82141883985514 93.4132079114465 93.90257903753297  93.98198208812329
Sample 1031 90.0 §7.09778275241865  87.82159040240504  §7.30915182384749  87.4155558051873 §7.32113197404414
Sample 1033 80.0 78.24061807605176  80.30392205242424  79.87779035117003  80.38747535391951  78.64910811704095

Figure 85: Results of evaluating a quantitative model with 5x10-fold cross-validation

Whether or not an error rate of 1.96% is acceptable depends entirely on the specific
application domain. For example, it may be reasonable when testing drug seizures in
law enforcement, but not when testing materials on a production line. There are
several strategies that may be used to improve the accuracy of quantification models;
refer back to Section 5.7.3 for a discussion of them.
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7 Batch Analyze

With Batch Analyze, you can analyze multiple spectra with multiple models:

e You specify a set of M spectrum files

e You select a set of N Analyze IQ Lab models

e Analyze IQ Lab automatically analyzes all spectra with all models, and
output a table of MxN predictions

¢ You can optionally provide correct answers, in which case it will also output a
table indicating whether each prediction is right or wrong, and overall
performance metrics.

7.1 Performing a Batch of Analyses

To begin, choose the Batch—Batch Analyze menu item, as shown in Figure 86. This
opens the Batch Analyze window, as shown in Figure 87.

¢ Analyze I Lab - Apply Model

Eile Meodel | Batch | Display Help
= ¥ fy Batch Analyze...

Figure 86: Starting a Batch of Analyses

Batch Analyze ﬁ

Mote: If you select a List of Spedira with Correct Answers, the Models to Apply will be read from it and the File
Extension is not needed,

Models to Apply

PCR_Acetonitrile

SAV_Acetonitrile Add
SVM_Acetonitrile_Conc

W5_Linear_SWVM_Acetonitrile Remove

Input Source

Folder Containing Spectra: File Extension:
:

List of Spectra with Correct Answers (Optional):
’ Select ] [ Create ] |

Output Destination
Destination: View Predictions

Prefi View Performance

Load/ Save Settings

load ||  Save | [ Run || Close

Figure 87: The Batch Analyze window
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As described in the sub-sections that follow, there are two different modes in which
you can run a batch of analyses:

1. Blind testing: correct answers are not provided
2. Model validation: correct answers are provided.

7.1.1 Running Analyses Without Providing Correct Answers

To run Batch Analyze without providing correct answers for the analyses, you do the
following:

1. Select a set of models
Browse to the folder containing the spectra that you wish to analyze, and
choose their file extension

3. Provide a prefix that will be used for storing the list of predictions (this
defaults to the current date & time)

4. Press the Run button

An example of this is shown in Figure 88: four models are selected, the folder
containing spectra is set to be the Analyze IQ Lab SampleData folder, the file
extension chosen is AIQ, and the default prefix is chosen.

Batch Analyze @

Mote: If you select a List of Spectra with Correct Answers, the Models to Apply will be read from it and the File
EBxtension is not needed,

Models to Apply

PCR_Acetonitrile
Add SAV_Acetonitrile
SVM_Acetonitrile_Conc

WS5_Linear_SVM_Acetonitnle

Input Source

Folder Containing Spectra: File Extensicn:

C\Analyze IQ V2\Lab\SampleData ig] -

List of Spectra with Correct Answers (Optional):

[ Select l ’ Create

Output Destination

Destination:  Ch\Analyze IQ V2\Lab\5ampleData View Predictions
Prefic: 2011-03-12-18-39 e Sa—

Load/ Save Settings
Load l ’ Save l [ Run l ’ Closze

Figure 88: Running Batch Analyze without supplying correct answers
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When you press Run, the models and spectra are loaded, and an information window
is displayed, as shown in Figure 89, confirming that all spectra have been loaded and
all models are ready for the analyses. If there were any problems, they would be
displayed here.

© N
Preparing Models and Spectra [ﬁ

Leading Infoermation

Source Directony: ChAnalyze [Q V2\Lab\SampleData -+
File Extension: aig

Total number of spectra listed: 7
Successfully loaded: 7

Total number of models: 4
Successfully prepared: 4

Start

b

Figure 89: Confirmation that all models and spectra are ready for the analysis

If there are no problems, press the Start button to start the batch of analyses.

As the analyses are preformed, a progress bar is displayed (though if the number of
models and files is not big, it will appear only briefly). When the analyses are
completed, a message is displayed as shown below:

Message ﬁ

Batch Analysis was successfully completed.

b

Figure 90: Message displayed when batch of analyses is complete

7.1.2 Viewing the Results

When the analyses are performed, the predictions generated by all models on all
spectra are written to a file determined by the Destination and Prefix: it is stored in
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the folder specified by Destination, and its name is Prefix_Predictions.csv.
Therefore, for example, if the Destination is C:\Program Data and the Prefix is 2011-
01-01, the Predictions.csv file will be C:\Program Data\2011-01-01_Predictions.csv.

The Predictions.csv file is structured like the following:

Predictions Modell Model2 Model3
Filenamel.spc Yes Yes 51.0
Filename2.spc No Yes 80.5

Figure 91: Structure of Predictions.csv

Here, each Qualitative model produces a Yes/No result, and each Quantitative model
produces a numerical result.

After the analyses are complete, you will notice that the View Predictions button,
which was disabled before the run, becomes enabled (in fact, it is enabled whenever
the Destination and Prefix specify a file that exists).

Clicking on View Predictions opens the Predictions.csv file in whatever program you
normally use to edit CSV files (typically OpenOffice Calc or Microsoft Excel). This is
shown in Figure 92. As can be seen in the figure, for each spectrum there is a result
for every model. For qualitative models such as PCR_Acetonitrile, the result is ‘Yes’
or ‘No’, whereas for quantitative models such as SVM__Aceotonitrile_Conc, the result
is a number.

A9 - )5 2011-01-01-12-00_Predictions.csv - Microsoft Excel =B
Home Insert Page Layout Formulas Data Review View @ - T X
J L) Page Break Preview |J.3 '_ ) E-\J 35 New Window [ (1] =|
Ig Custom Views \ ----- o] = g Arrange All - 2| 'fu;‘ =2
Mormal| Page Show/Hide | Zoom 100% Zoomto Save Switch Macros
Layout = Full Sereen - Selection ;EI Freeze Panes ~ [] | +14 Workspace Windows ~ -
Workbook Views Zoom Window Macros
Al - fx | Predictions ¥
A B c D E K
1 |Predic‘ti0ns |PCR_Acet0nitriIe SAV_Acetonitrile SVM_Acetonitrile_Conc WS_Linear_SVM_Acetonitrile
2 | Acetonitrile-Methanol (50-50).aig Yes Yes 50.000683 Yes
3 | Acetonitrile-Methanol-Water (10-70-20).aig Yes Yes 10.025723 Yes =
4 | Acetonitrile-Methanol-Water (10-80-10).aig Yes Yes 10.005249 Yes
5 |Acetonitrile-Methanol-Water (20-20-60).aig Yes Yes 20.041817 Yes |
6 |Acetonitrile-Water (50-50).aig Yes Yes 49.99817 Yes
7 |Methanol-Water (80-20).aiq No No -1.6054115 No
8 |Methanol-Water (99-1).aig No Mo 0.4350903 No
9
10
11
4 4 » »| 2011-01-01-12-00_Predictions < %] [ [ il | (]']
Ready MEEE ST NS ===y (+) o

Figure 92: Predictions.csv open in Microsoft Excel
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7.1.3 Running Analyses With Correct Answers Provided

If you provide correct answers, Batch Analyze will compare its predictions to the
correct answers, and output a second file listing the performance of all models on all
spectra, including overall error rates for each model.

To run Batch Analyze with correct answers provided, you do the following:

1. Browse to the folder containing the spectra that you wish to analyze

2. Select a list of spectra with correct answers (usually called Correct.csv, but you
can give it any name)

3. Press the Run button

Note that in this use-case, you don’t have to select the models to apply: they are read
from the Correct.csv file that you specify. Figure 93 highlights the controls needed to
supply the inputs in this case.

Batch Analyze ﬁ

Mote: If you select a List of Spectra with Correct Answers, the Models to Apply will be read from it and the File
Extension is not needed,

Models to Apply

PCR_Acetonitrile

SAYV_Acetonitrile
SVM_Acetonitrile_Conc
W5_Linear_SVM_Acetonitrile Remove

Input Source

Folder Containing Spectra:  Select folder containing spectra File Extension:

B -
rowWse e

Select Correct.csv file, if you have one

List of Spectra with ect Answers (Optional):

[ Select ] [ Create ] |

If you don’t have a Correct.csv file, use this
Qutput Destination to create it and then to edit it, to fill in the

correct answers for all spectra & models.
Destination: View Predictions

Prefie: View Performance

Load/ Save Settings

Load ] [ Sawve ] Run l ’ Close

k.

Figure 93: Controls needed for a run where you are providing correct answers

The structure of the Correct.csv file is identical the structure of the Predictions.csv
file, as was shown in Figure 91. The only difference is that Correct.csv must contain
the correct answers for all cases, whereas Batch Analyze will create Predictions.csv
with model predictions which may or may not be correct.
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If you do not have a Correct.csv file, you can select a list of models and press Create
to create one, as indicated in Figure 93. The lists of models and files are written into
it, but you must edit it to fill in the correct answers. After it is created, the Create
button changes to Edit. When you press this, it is opened in the program that you
usually use to edit CSV files (e.g. Microsoft Excel or OpenOffice Calc). When you are
finished editing it, make sure to save it again in CSV format, not in Excel’s XLS,
XLSX or any other format.

Once you have the appropriate data selected, you run the batch of analyses by
pressing the Run button, as described before. An information window is displayed to
let you know how many files were parsed and if there were any problems in parsing
them. If there are no problems, proceed by pressing Continue.

7.1.4 Viewing the Results
As was described in Section 7.1.2, when the batch of analyses is performed, the
predictions generated by all models on all spectra are written to a file named

Prefix_Predictions.csv.

In this case, an additional file is created, Prefix_Performance.csv. It is structured
as follows:

Performance Modell Model2 Model3
Filenamel.spc Right Wrong 0.01
Filename2.spc Right Right -0.02
Model Error 0.0% 50.0% -0.0158
Error Type % Error % Error RMSE

Figure 94: Structure of Predictions.csv

The differences between Performance.csv, shown above, and Predictions.csv, which
was shown in Figure 91, are:

e For each result, Performances.csv has an entry saying whether it is Right or
Wrong (if qualitative) or giving the difference between the predicted and true
values (if quantitative)

e Performances.csv has two extra lines of entries at the end: the first is the
overall error rate for each model across all spectra tested, and the second is
the type of error; for qualitative models, the percentage error is computed,
and for quantitative models, the root mean square error is computed.

After the analyses are complete, the View Predictions button and the View
Performance buttons are both enabled. As before, these open the corresponding files
in your default program for editing CSV files.
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8 Model Manager

This section describes the Model Manager feature in Analyze IQ Lab. There are
three functions performed by the Model Manager:

1. Backing up Models
2. Restoring Models
3. Deleting Models

You can use these functions to archive models when you are finished a project and
restore them later. You can also use them to transfer models between computers,
because Analyze IQ model backup files can be copied and emailed.

You can pick any of the three functions from the Model menu on the top left hand
side of the application window (see Figure 95).

.

 Analyze IQ Lab - Apply Model
File | Model | Batch Display Help

[ Tasks b
B Backup Models... f‘ﬂd'ﬂ
o= F Delete Models... = B

Restare Models...

Figure 95: Model Manager menu items

8.1 Backing up and Deleting Models

The Backup Models and Delete Models menu commands both open the same
window, because these two options are closely linked. If you wish to delete models
from Analyze IQ Lab, it is recommended that you back them up first.

8.1.1 Overview of the Backup/ Delete Window

The window for backing up and deleting models, as shown in Figure 96, has three
main elements:

1. Short help messages on the left side
2. List of available models within Analyze IQ Lab in the centre
3. The Information Area on the right side
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Backup/Delete Models

S50

» Select Models

Use Checkboxes to select
models for backup
or deletion.

» Backup

Add a note to the backup
file, then click Backup to

create backup file for the
selected models

» Delete

Click Delete to delete the
selected models

[] PCR Acetonitrile
[] SAV Acetonitrile
[] WS Linear SVM Acetenitrile

Select all

[ Deselect all

Information Area

—

l Add Mote...

(scen) (b (sl

Help messages

Figure 96: Backup/Delete window

The help messages are a brief description of how to back up and delete models. They

are there to assist you in the steps to take.

List of available models

The list of models in the centre of the window is loaded on starting the Model
Manager. This list consists of all current models in your copy of Analyze IQ Lab.

The Information Area

This area displays the information associated with a model. If you click on any model
in the list, its Description, Pre-Processing and Substances to be identified
information will be displayed in the information area, so that you are aware what this
model does and if you would like to back it up or delete it. Figure 97 shows this.
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Backup/Delete Models ﬁ

» Select Models

Use Checkboxes to select [T] PCR Acetonitrile ID: PCR_Acetonitrile -

models for backup SAV Acetonitril
or deletion, 0 cetonitnie Mame: PCR Acetonitrile

[] WS Linear SVM Acetonitrile

Description

Sample model for the identification of Acetonitrile,
Maodel was generated using the PCA + Linear Regression
(Principal Component Regression) method. 6 PCs were
used, The training dataset comprised 72 spectra. The
following pre-processing methods were applied:
Mormalisation

» Backup

Add a note to the backup
file, then click Backup to
create backup file for the

selected models Pre-Processing

Number of points: 1474
Minimum Point: 2500

Maximum Peint: 3200.0
Methods: Mormalisation

» Delete Substances to be identified
Substances: Acetonitrile
Click Delete to delete the Concentrations: No
selected models
Select all [ Deselect all l Add Note... l Backup l l Delete l l Close l

Figure 97: Model details displayed in the Information Area

8.1.2 Selecting Models to Backup or Delete

You can select models using the tick boxes to left of each model name (see Figure
98), and you can also use the Select all and Deselect all buttons. You can select as
many models as you wish.

PCR Acetonitrile
[] SAV Acetonitrile
[] WS Linear SVM Acetonitrile

Figure 98: Checked and unchecked models

8.1.3 Adding a Note

If you are making a backup, you have the option to add a note to the backup file. To
do this, click on the Add Note button; this opens a new window for you to enter your
note, as shown in Figure 99. It can be helpful to add a detailed note to each backup,
for future reference when restoring these models.
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Add description to backup Iﬁ
Enter a note about this backup. -
12/03/2011 15:33:58 ’ 0K ] ’ Cancel ]

Figure 99: Adding a note to the backup file

8.1.4 Backing up selected models

Once you have selected the models you want to backup, and optionally added a note
for the backup file, click on the Backup button. This opens a standard Save As dialog
box to allow you to specify the name and location of your backup file (see Figure

100).
 Save As.. @
@uv| . b Computer » OS5(C:) » AnalyzelQ V2 » Lab » - | ¢¢| Search Lab jsi [
Organize = Mew folder 4= - iﬁl
[ Recent Places = Mame Date modified Type Size
. . cenfiguration 12/03/2011 11:47 File folder
4 o Libraries PR .
= , Documents 10/03/2011 21:44 File folder
> j Documents . R )
) lic 10/02/2011 21:45 File folder
> ,J’. Music ~ ~ .
- ) logs 10/03/2011 21:44 File folder
¢ = Pictures = i ~ ~ . .
= ) . plugins 12/03/2011 15:00 File folder
> E Videos R )
. SampleData 10/03/2011 21:45 File folder
. workingdir 10/03/2011 21:45 File folder
> %) Homegroup
a8 Computer
& :
> i 05 (C) | 1 b
File name: ModelBackup.aigm -
Save as type: | Analyze IQ Files *.aigm v]
+ Hide Folders [ Save ] [ Cancel ]

Figure 100: Picking a location to save your backup file

After doing this, a model backup file will be created, containing your selected models.
When the backup is finished successfully, a message is displayed as shown in Figure

101.
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[ Message &r

4 model(s) have been successfully backed up to ChAnalyze IQ
V2'Lab\ModelBackup.aigm

Figure 101: Notice to show the job was successful

8.1.5 Deleting selected models

Once you have selected the models you wish to delete, click on the Delete button. To
ensure that you do not accidentally delete a model, you will be presented with a
dialog box to ask you to confirm that you want to delete the models. If you delete
models without having backed them up immediately beforehand, you will be asked if
you want to delete them without backing them up first, as shown in Figure 102.

-,

Delete Model —

The fellowing model(s) have not been backed up:
PCR_Acetonitnle

SAYV Acetonitrile

W5_Linear_SVM_Acetonitrile

Are you sure you want to delete with cut backing up first?

ves || No

L

Figure 102: Notice that models have not been backed up

After you click Yes to the confirmation message, the models will be deleted and
removed from Analyze IQ Lab, and a message will be displayed (see Figure 103).

[ Message Iﬁ‘

3 model(s) have been successfully deleted!

L

Figure 103: Notice that deletion was successful

Page 93/106 Analyze 1Q Lab Version 3.0 User Manual



Intelligent
( Cl’nalyzeIQ Analytical Chemistry

Software

8.2 Restoring Models

8.2.1 Overview of the Restore Window
The Restore window consists of four main elements (see Figure 104):

1. Short help messages on the left side

2. An area at the top to select a backup file

3. List of models contained in the selected backup file, in the middle

4. An Information Area that displays the note in the selected backup file

r ™
Restore Backed Up Models u

» Select AIQM file R ;
_uws <t
Click the Browse... button fuowse sstore from

to pick an AIQM file to Information Area -
restore from.

» Restore

Select the models you wish
to restore from the list and
click the Restore button to
add the models to Analyze
10 Lab.

# Backup note

If a note was attached to
the backup file, it is
displayed in the
information area on the
right.

’ Select all HDe_selectall

[ retwe | [ o=

Figure 104: Restore models window

Help messages

The help messages are a brief description of how to restore models. They are there to
assist you in the steps to take.

Picking your backup file

To the top of the window, you will see the Browse button with a line of text beside it.
To pick a backup file to restore models from, click the Browse button. A window will
open for you to pick the appropriate .aigm file (see Figure 105).
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@le ;v Computer » O5(C:) » AnalyzelQV2 » Lab » v|¢¢ Search Lab p'
Organize * Mew folder == ~ [ IZE}ZI
Bl Desktop i MName Date modified Type Size
Downloads
- - . . configuration 12/03/2011 23:11 File folder
= Recent Places
B . Documents 10,/03/2011 21:44 File folder

) lic 10,/03/2011 21:45 File folder

7 Libraries

[E Nl

B . logs 10/03/2011 21:44 File folder
j Documents - . I . .
] 3 . plugins 12/03/2011 18:20 File folder
.J"- Music o .
. . SampleData 12/03/2011 21:48 File folder
= Pictures L . .
B Vi . workingdir 10/03/2011 21:45 File folder
ideos
% ModelBackup.aigm 12/03/2011 15:42 Analyze IQ Lab M... 3
#& Homegroup
M Computer
& :
- 05 (C) — [ e T L
File name: ModelBackup.aigm - IAnaIy’zeIQ Files (*.aigm) v‘

| Open |v] | cance |

Figure 105: Selecting a backup file to restore from

List of models in a backup file

Once you have selected a backup file to restore from, the models contained in it are
shown in the central pane.

Displaying the note from the backup file

When you select the file you want to backup file, as well as the list of models being
displayed, the note that was added during backup is shown in the information area
on the right side of the window.

8.2.2 Restoring the models

Using the checkboxes, you can choose to select some or all models to be restored, and
then click on the Restore button. The selected models will be added into Analyze 1Q
Lab.

If you attempt to restore a model that has the same ID as a model already in
Analyze IQ Lab, you will receive an error message to alert you to the problem. If
the model is successfully added to Analyze IQ Lab, you will get a message to
acknowledge that the selected models have been added.
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9 Classification & Quantification Methods

This section describes the classification and quantification methods available in the
current version of Analyze IQ Lab, along with a description of their corresponding
parameters.

9.1 Classification Methods

9.1.1 Support Vector Machine (SVM)

The support vector machine is a powerful machine learning tool that is capable of
representing nonlinear relationships and producing models that generalize well to
unseen data. For binary classification, a linear SVM (the simplest form of SVM) finds
an optimal linear separator between the two classes of data. This optimal separator is
the one that results in the widest margin of separation between the two classes, as a
wide margin implies that the classifier is better able to classify unseen spectra. To
regulate overfitting, SVMs have a complexity parameter, C, which determines the
trade-off between choosing a large-margin classifier and the amount by which
misclassified samples are tolerated. A higher value of C means that more importance
is attached to minimizing the amount of misclassification than to finding a wide
margin model.

To handle non-linear data, kernels (e.g. radial basis function, RBF, polynomial or
sigmoid) are introduced to map the original data to a new feature space in which a
linear separator can be found. A kernel is effectively a function that compares two
spectral samples and returns a value that indicates how similar the two spectra are.
The SVM uses a kernel in the building of a model and when classifying test spectra.
Different kernels may have a number of parameters associated with it.

In addition to the standard kernels, Analyze IQ Lab provides the unique Weighted
Spectral Kernel (WS Kernel). The WS Kernel is a custom kernel that is designed
specifically for the comparison of spectral samples. The WS Kernel utilises
information about the spectrum of a target material (in pure form) that is to be
identified or quantified. Modifications of the standard Linear and RBF kernels have
been developed using this approach:

1. Weighted Spectral Linear Kernel: Select SVM Classifier and Weighted
Spectral Linear.

2. Weighted Spectral RBF Kernel: Select SVM Classifier, RBF Kernel and
Weighted Spectral Distance.

See Cristianini & Shawe-Taylor [2] for details on the SVM and the standard kernels
(RBF, Polynomial and Sigmoid).
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9.1.1.1 Parameters

C: Complexity parameter. A higher value of C means that more importance is
attached to minimizing the amount of misclassification on the training set than
finding a more generalized or wide margin model.

Kernel: Select one of the following kernels, each of which has its own set of
parameters. (Default = Polynomial).

e Polynomial Kernel:
o Exponent: the degree of the polynomial kernel. (Default=1, which is
specifies a linear kernel).
o Use Lower Terms: If equal to zero, lower terms are not included in
the polynomial kernel equation. If equal to one, the lower term is
included. (Default = 0.)

e RBF Kernel:

o Sigma: the width of the RBF kernel. (Default = 0.01.)

o Distance: the distance calculation used. A Euclidean distance or
Weighted Spectral Kernel distance may be selected. (Default =
Euclidean.) If Weighted Spectral Kernel distance is selected, the
Window Size and Pure Target Index must be set; see Weighted
Spectral Kernel below for a description of these parameters.

e Sigmoid Kernel:
o Phi: the offset value added to the inner product in the hyperbolic
tangent function used in a Sigmoid kernel. (Default = 0.)
o Gamma: the inner product coefficient in the hyperbolic tangent
function used in a Sigmoid kernel. (Default = 0.75.)

e Weighted Spectral Kernel:

o Pure Target Index: the index, beginning at zero, of the pure target
spectrum in the training dataset. (Default = 0, i.e. the first spectrum in
the dataset corresponds to the sample containing 100% of the target
substance.)

o Window Size: when determining the similarity of two spectra,
segments of this length are compared in order to perform on overall
comparison of the profiles of the two spectra. (Default = 10.)

9.1.2 Principal Component Analysis (PCA) Classifiers

Two characteristics of spectral data that can lead to poor accuracy in prediction are
the high dimensionality and high collinearity of the data. PCA is a classical statistical
method for transforming attributes of a dataset into a new set of uncorrelated
attributes called principal components (PCs). The key idea is that this allows
reduction of the data to a smaller number of dimensions, with low information loss,
simply by discarding some of the PCs. Each PC is a linear combination of the original
inputs and each PC is orthogonal, which therefore eliminates the problem of
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collinearity. Analyze IQ Lab uses the Non-linear Iterative Partial Least Squares
(NIPALS) PCA method, which is described by Geladi & Kowalski [3].

Principal Component Regression (PCR) is a chemometric technique that is widely
used for the classification of spectral data. PCR is a two-step multivariate regression
method, in which PCA of the data is carried out in the first step. In the second step, a
multiple linear regression between the PC scores obtained in the PCA step and the
predictor variable (the Yes/No label) is carried out.

To select PCR for classification in Analyze IQ Lab, go to the PCA section and select
Linear Regression under it(see Figure 106).

Select Method Parameter Settings
Select method for generating model Set the parameters of classifier component. Default values are shown.
Linear Regression PCA

4 5VM Classifier
Polynomial Kernel
4 RBF Kernel
Euclidean Distance
Weighted Spectral Distance
Sigmoid Kernel

Mo, of PCs 10,0

Linear Regression

Mo Parameters

Weighted Spectral Linear
k-Mearest Meighbors
Spectral Attribute Voting
a PCA
Linear Regression
4 SVM Classifier
Polynomial Kernel
4 REF Kernel
Euclidean Distance
Weighted Spectral Distance
Sigmoid Kernel
Weighted Spectral Linear
k-Mearest Meighbors

Figure 106: Selecting PCR (PCA + Linear Regression) in Analyze IQ Lab

Analyze IQ Lab also allows for the combination of the PCA transformation
technique with two other classification methods: the SVM Classifier, including
multiple variants thereof (see Section 9.1.1 for details); and k-Nearest Neighbors (see
Section 9.1.3 for details). As with PCR, two steps are involved: reduce the data to a
set of principal components; build classification model using the principal
component scores as input to the selected base classifier. When using a PCA-based
classifier, the No. of PCs parameter must be set in addition to any parameters that
are required for the base classifier.

9.1.2.1 Parameters

No. of PCs: The number of principal components retained for building the
classification model. (Default = 10.)

Base Classifier: Select Linear Regression, k-Nearest Neighbors or SVM Classifier.
(Default = Linear Regression.)
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Base Classifier Parameters:
e No parameters for Linear Regression.
e See Section 9.1.1 for SVM classifier
e See Section 9.1.3 for k-NN

9.1.3 k-Nearest Neighbors

k-Nearest Neighbors (k-NN) is a learning algorithm that classifies a test sample by
firstly obtaining the class of the k samples that are the closest to the test sample,
where k, the number of neighbors, is a value chosen by the user. The majority class of
these nearest samples (or the nearest single sample when k=1) is returned as the
prediction for that test sample. The Euclidean distance measure is used to compute
nearness. In practical terms, each spectrum is compared to every other spectrum in
the dataset. At each spectral data point, the difference in intensity between the two
spectra is measured (distance). The sum of the squared distances for all the data
points across the full spectrum gives a measure of how close the spectra are.

9.1.3.1 Parameters

No. of Neighbors: The number of nearest neighbors used in the determination of
the class of a test sample. (Default = 3.)

9.1.4 Spectral Attribute Voting (SAV)

SAV is a proprietary Analyze IQ machine learning technique developed specifically
for spectral analysis. It is an ensemble-based approach that accounts for the locally
correlated nature of spectra and also uses the shape of the spectral profile (i.e. peaks
and troughs) in the generation of models.

9.1.4.1 Parameters

No Parameters.

9.1.5 Linear Regression for Classification

With this technique, a multiple least squares linear regression between the variables
(spectral intensities) of the spectral dataset and the predictor variable is carried out.
The predictor variable is a value that is chosen to represent the presence or absence
of the target in a sample. Analyze IQ Lab uses the value 1 to represent target
presence and —1 to represent target absence. When classifying a test sample, if the
regression model returns a value that is closer to 1 than —1, the sample is predicted to
contain the target; otherwise, the test sample is classified as non-target.
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9.1.5.1 Parameters

No Parameters.

9.2 Quantification Methods

9.2.1 Linear Regression

Given a target value (such as the concentration of a compound in a mixture) and a set
of attribute variables (such as spectral intensities), the goal of Linear Regression is to
find an equation that describes the target in terms of the attributes. For a given
training set, attribute weights are calculated which minimize the squared error
between the predicted and actual target values. If an attribute has a weight of zero
then it will have no effect on the outcome. The regression model returns a prediction
of the target value for an unknown sample. Using Linear Regression on its own can
perform very poorly if the number of samples is not greater than the number of
dimensions per sample. Therefore, in spectral analysis, Linear Regression is usually
used with dimension reduction techniques such as PCA (see Section 9.2.4).

9.2.1.1 Parameters

No Parameters.

9.2.2 Support Vector Machine (SVM) Regression

The SVM approach can be applied to regression, maintaining the maximal margin
aspect of the SVM classifier. SVM regression is a form of linear regression that is
derived from the SVM classification technique. As with standard least squares
regression, SVM regression minimizes the sum of the square errors between the
predicted and actual values (e.g. concentrations) for each sample in the training
dataset. In addition, SVM regression ignores errors that fall within a certain band
around the target function, in order to produce a regression model that better
generalizes to unknown data. See Cristianini & Shawe-Taylor [2] for more details on
the SVM algorithm.

9.2.2.1 Parameters

See SVM Classifier parameters (Section 9.1.1).

9.2.3 k-Nearest Neighbours Regression

This algorithm works as described in Section 9.1.3, except that in this case it is not
the majority class that is being predicted, but the target value of the nearest
neighbors, and it is computed by averaging the corresponding values of the nearest
neighbors. For example, if we are using the 3 nearest neighbours of the test sample
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and their target values are 50, 60 and 70 respectively, the prediction that is returned
will be an average of these values. The algorithm will return 60 as the target value
prediction for the example above.

9.2.3.1 Parameters

See k-Nearest Neighbors parameters (Section 9.1.3.1)

9.2.4 Principal Component Regression (PCR)

In this method, two steps are involved. Firstly, the data is reduced to a set of
principal components, as described in Section 9.1.2, using PCA. A regression model
is then built using the principal component scores as input to the selected base
regression algorithm.

9.2.4.1 Parameters

No. of PCs: The number of principal components retained for building the
regression model. (Default = 10.)

Base Regression Algorithm: Select Linear Regression, SVM Regression or k-
Nearest Neighbors Regression. (Default = Linear Regression.)

Base Regression Algorithm Parameters:
e No parameters for Linear Regression.
e See Section 9.2.2 for SVM Regression
e See Section 9.2.3 for k-NN Regression

9.3 Choosing Algorithms and Selecting Parameters

There is no “one size fits all” algorithm available for carrying out chemometric
analysis. The success of a particular algorithm will always depend on the structure of
the data in question and appropriate parameters being set. We will now take a closer
look at the specific details of some of the algorithms available in Analyze IQ Lab.

9.3.1 Linear Regression

Linear Regression can give very poor predictions if the number of samples is smaller
than the number of dimensions per sample. This is often the case in chemometrics
and therefore this algorithm is not often used on its own. It can, however, be worth
using if the dataset has relatively low dimensionality. Its other main drawback is that
it assumes linearity. It has the advantage of being a very simple method with no
hidden complexities and with no parameters to set. It can provide good results when
used in conjunction with a dimension reduction technique such as Principal
Component Analysis, provided that the linearity assumption is reasonable for a
dataset.
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9.3.2 Support Vector Machine (SVM)

SVMs can provide very good results and can handle high dimensional data. However,
there is an element of model selection involved. An appropriate kernel must be
chosen with the right kernel parameters and an effective value for the complexity
parameter C.

The C parameter trades off minimizing errors on the training set versus finding a
classifier that has better generalization. This value will depend inversely on the scale
of the data. Setting the value to 1 is a good starting point if the data are normalized.
This value should be reduced it if the scale of the data is larger. The value should be
adjusted in powers of 10, for example: 0.0001, 0.001, 0.01, 0.1, 1, 10, 100, 1000,
10000. Increasing C will reduce the level of misclassification on training data where
as reducing it will increase the generality of the model that is generated.

It is always worth considering simpler forms of a model before moving on to more
complex ones. A simple measure of complexity could be to check how many
parameters there are to be set. However, you should be aware that some types of
kernel can have greater or less complexity depending on their parameters. In
particular, increasing the exponent in the Polynomial kernel for SVM increases the
complexity of the decision boundary that it can represent. Therefore, the exponent
should first be set to 1 when experimenting with a variety of C values before moving
onto setting the exponent to 2 etc.

9.3.2.1 Setting Kernel Parameters

Polynomial Kernel

This parameter corresponds to the degree of the
polynomial. If this is set to 1 it means that it is linear.
The usual range for this parameter is from 1 to 3.
Increasing the polynomial will increase the complexity
of the model. It will be able to fit more complex data
but there will a greater risk of over-fitting.

Exponent

This is a binary decision. For an exponent that is
Use Lower | greater than 1, it is a decision of whether or not to

Terms include lower polynomial terms. It is recommended
that these are included.
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RBF Kernel

This parameter is the width of the RBF kernel. The
‘natural’ setting for this depends on the scale of the
data in question. It is recommended to begin with a
Sigma value such as 0.01 for normalized data. This value
could then be doubled or halved in order to evaluate
what effect it has. A common range would include 5
steps (doubling/halving each time) starting from 0.01.

The standard distance metric that is used in the RBF
Distance kernels is Euclidean. Weighted Spectral Kernel
distance can also be chosen.

Sigmoid Kernel

This value is the offset added to the inner product in
the hyperbolic tangent function used in a Sigmoid

R kernel. This value should be varied in powers of 10,
typically in a range from 105 to 105.

This value is the inner product coefficient in the

Gamma hyperbolic tangent function used in a Sigmoid kernel.

This value should be varied in powers of 10, typically
in a range from 105 to 105.

Weighted Spectral Kernel

Pure Target | This value is the index (from 0) of the pure target
Index spectrum in the training dataset.

Segments of this length are compared in order to
perform on overall comparison of the profiles of two
spectra. A good value is approximately the number of
points in one peak.

Window Size

9.3.3 k-Nearest Neighbors (k-NN)

The k-NN algorithm can be particularly relevant when the concept to be classified is
not coherent (e.g. “toxic/non-toxic”). The algorithm works best when it is dealing
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with lower-dimensional data. For this reason, when carrying out spectral analysis it
is recommended that you use k-NN in conjunction with a dimension reduction
technique such as Principal Component Analysis (PCA).

k-NN is sensitive to pre-processing of the data. It is important to note that similar
spectra will have large distances between them if there is a baseline offset or if the
scales of the samples are different. The pre-processing techniques of Normalization,
Equal Area Scale or Standard Normal Variate are recommended when using the k-
NN algorithm.

There is one parameter to be set which is the number of nearest neighbors to use
(No. of Neighbors). Simply selecting a value of 1 corresponds to doing a direct search
and using the label of the closest match as the label of the unknown sample. In
binary classification problems it is helpful to choose the No. of Neighbors as being an
odd number as this avoids tied votes. Typical values for the No. of Neighbors are: 3,
5, 7 or 9. If the No. of Neighbors is a large value, the effect of noise on the
classification is reduced, however, this makes the boundaries between the classes (or
differing target values) less distinct.

9.3.4 Spectral Attribute Voting (SAV)

This method is only used for classification problems. It is an ensemble method that
involves constructing small local classifiers for each section of the spectra. All the
classifiers that are better than random become part of the final ensemble in which a
vote is carried out to arrive at the final decision. Ensemble methods have good
theoretical properties and, as long as individual classifiers are independent and
better than random, the ensemble as a whole will be better than the individuals. This
is because individual errors tend to cancel each other out. This method works well
with high dimensional data and assumes the presence of local correlations (as found
in spectral data). There are no parameters to be set so, if this method works well,
then it is very easy to use.

9.3.5 Principal Component Analysis (PCA)

This dimension reduction technique finds a transformation of the data that accounts
for maximum variance in its first component, and then continues to account for
additional variance in subsequent components. There is one component for each
original dimension. This method is used as a data pre-treating step before the use of
other analysis methods.

PCA should be considered when there is a requirement to capture most of the
variance in the data, while greatly reducing the dimensionality. It is particularly
useful with methods that do not work well with high-dimensional data, such as,
Linear Regression and k-Nearest Neighbors. It should be noted that this technique is
‘blind’ to the data labels and, in some situations; the major variance may not be
associated with the question of interest. For example, it may not work well if it is
required to measure small variations in an active ingredient.
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10 Technical Support, Sales and Services

For assistance and technical support queries relating to Analyze IQ Lab, please go
to the User Area of the Analyze 1Q website, http://www.AnalyzelQ.com, or send an
email message to support@AnalyzelQ.com.

For information on extending an evaluation license or purchasing a full license for
Analyze IQ Lab, please contact our Sales Department by sending an email message
to sales@AnalyzelQ.com.

In addition to software sales and technical support, Analyze IQ Limited provides the
following services for customers:

Software training

Data validation and analysis

Chemometric model development

Custom software development, including custom analysis solutions
Integration of Analyze IQ chemometric models in third-party software
Development of Instrument Interfaces

OEM licensing

For information on these services, please contact our Sales Department by sending
an email message to sales@AnalyzelQ.com.
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12 Patent, Copyright & Trademark Notices

This software is protected by international patent filings.

Analyze IQ, Analyze IQ Lab, and Spectra Manager are trademarks of Analyze 1Q
Limited. Other product names and brand names are trademarks or registered
trademarks of their respective owners.

No part of this manual may be copied or reproduced in any form without prior
written consent from Analyze IQ Limited.

Copyright © Analyze IQ Limited, 2008-2014. All Rights Reserved.
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