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Introduction

Partial Least Squares (PLS) is a multivariate data reduction technique used in
classification and quantitative analysis of infrared spectra. This manual is not meant to
explain PLS itself. There are many fine sources for this information, please see the
References section. This document explains how to use the PLS tool in Essential FTIR.

Installation and Licensing

PLS is installed with Essential FTIR. The latest release of Essential FTIR can be
downloaded from http://www.essentialftir.com/download.html. Installation of Essential
FTIR is explained in the Essential FTIR manual, which can be downloaded from the
same site.

Although included in the Essential FTIR installation, PLS is an add-on package requiring
an additional license. Please contact essentialFTIR @tds.net to get a PLS license.

Overview

The Toolbox

The PLS tool is installed into the ‘Analysis’ tool category in Essential FTIR. In Essential
FTIR the toolbox occupies the lower left corner of the program:

Data
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b anipulations
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Analyziz
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Compare Spectra
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PLS
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PLS can also be accessed from the ‘Tools’ menu:
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The PLS tool has these ‘tabs’:

tethods lSpectra l.-’-‘-.nal_l,ltes l Pre-Proceszing l Regionz l"v"alidaticun l Batch Process l Tools l Seftings l

Methods Methods are created, saved and deployed
Spectra Add calibration and test data to the method
Analytes Define the chemical species and properties you need to quantify

Pre-Processing

Define preprocessing steps to be automatically performed during the
calibration and analyses

Regions Assign analysis regions for each analyte

Validation Test the model against known data to find problems with the method
such as spectral outliers

Batch Using the model, analyze spectra from disk

Prediction

Tools Convenient utility functions are collected here

Settings Various model parameters are collected here

Each of these tabs is covered separately.




The Method Tab

The method tab allows loading and saving of PLS methods. A method is the collection
of data and settings that define an analysis.

tethods lSpectra I.ﬁ.nal_l,ltes l Pre-Processing \ Regiohs l‘v‘alidatian I Batch Process l Toolz I Settings l

Current Methad: |

Load Method... | Create a Mew Method | Save Method | Save bz |

Method Saving Ophions
[ Embed Spectral [ata in the method file.

[ Pratect the spectral data from being expaorted.
[ Do not allow uzers to madify the method settings.

[ Do not allow users to add new data to the methad.

Description of Buttons:

Load Method... Load a previously saved PLS method from disk

Create a Mew Method | | Creates a new (blank) method.

Save Method Save the method to disk using the previously assigned filename
Save As... Save the method to disk under a new filename.

ESSENTIAL FTIR PLS method files are saved with the extension of “.Essential
FTIR_pls”. At a minimum, the .Essential FTIR_pls file contains lists of all the analytes,
pre-processing steps, analysis regions, and spectral data files. There are additional options
for controlling what and how the method is saved. These options help in reliably and
securely deploying the method and releasing it to users in the field.

The Method Savings Options:

[ Embed Spectral Data in the method file. This puts all of the data listed in the
‘Spectra’ tab, that is, all the calibration and
test data, directly into the .Essential
FTIR_pls file. This allows you to easily
transport the method and associated data to
different computers

[~ Protect the spectral data from being exported., If you choose to ‘Embed Spectral Data in
the method file’, you can also check this
box to prevent users of the method from




exporting the spectra out of the .Essential
FTIR_pls file to individual spectral data
files. This allows users in the field to
modify the method, and examine the
spectral data, but the individual calibration
and test spectra cannot be exported from
the .Essential FTIR_pls file. This protects
your investment in the original data that
comprises the method. Also, the data
placed in the .Essential FTIR_pls file is
encrypted. Be careful with this option
because; always maintain a backup of your
original datafiles because this step is
irreversible and even the makers of
Essential FTIR cannot recover protected
data.

[ Daonot allow ugers ta modify the method settings.

When deploying a method, you may not
want to allow users to change anything
associated with the method.

[ Donot allow users to add new data ta the method.

As new data is acquired, that data can be
added to the method. If you check this
box, users in the field cannot add new data
to the method.

These deployment options are irreversible. Therefore, if you are the method developer,
you should not use any of these options while developing the method. If you lock down
the method, you will not be able to make any changes to it.




The Spectra Tab

Adding spectra and their associated concentration information is by far the most tedious,
time-consuming and error-prone part of creating PLS methods. Often the required
information is in different files, and those files may be in different formats. For instance,
the spectral files of calibration standards may be in any number of formats, and the
concentration information about those spectra is usually stored externally in another file,
often an Excel spreadsheet or tablulated text file. Chemometric practitioners often use a
combination of Excel, scripting languages, batch files, and various specialized editors to
manage this information and insert it into analysis programs. Essential FTIR tries to
make this process as easy as possible by including a number of features to simplify the
tasks that are involved.

Methods | Spectra l.-'-‘-.nal_l,ltes l Pre-Frocessing | Redgions | “alidation Batch Process l Toal: l Settings

Add Samples...> | Change Path+ | Set Sample Mumbers... SetSelected - Ewport - |

Remove Sample | Yiew Spectra« Set Data Set... Flip Test<>Calibration

Description of Buttons:

Add Samples... «

The downward facing arrow on this button gives a menu of choices:
v Import JZAMP Mulki-File. ..
Impart PLS-I0) Mulki-File

Individual Spectra. ..

Ertire direckary. .,

Import JCAMP Multi-File Collections of data are sometimes
distributed in what are called multi-files,
which are many spectra (sub-files)
contained in one large file, hence the name
‘multi-file’. JCAMP multi-files can also




contain information about the
concentrations of analytes for each
spectrum, so this is an easy way to enter all
that information from a single file.

Import PLS-IQ Multifile PLS-IQ is the name of a PLS program from
Galactic Industries, now part of Thermo
Scientific. This option allows you to easily
import existing data from PLS-1Q

Individual Spectra Select one or more files using the Essential
FTIR multi-selection file browser
Entire Directory Choose a directory and import all of the

spectra in that directory.

After adding samples to the method, they will appear in the table in rows:

2 |Data Set  |Sample |Path Filename |Subfile
3 | calibration - 1| C:/Documents and SetiingsAAl U sers/Docurents /EFTIRAPLS Autorial  (Trial Maspa I

Under the ‘Data Set’ column is a drop-down list that includes these items:
| calibration |

: calibration
test
exclude

The spectrum can be assigned to the calibration set, the test set (this is covered in the
‘Validation’ section), or excluded from both test and calibration sets.

The ‘Sample’ column contains the sample number. Often, replicate measurements of
the same sample, or of samples of the same concentration, are included in the method to
model instrument-to-instrument variation or sample mixing variation. Mathematically, it
is necessary to treat these replicate samples as a group. This column displays, and can be
used to edit, the sample number assigned to a spectrum.

The ‘Path’ column tells what directory the spectral file is in. This is needed because
while developing the method you may switch between poplulations of data that share the
same filenames, but are in different directories on the computer. (The ‘Change Path’
button allows you to switch between directories).

The ‘Filename’ column contains the root name of the spectral datafile, without the
path.

The ‘Subfile’ column contains the subfile number when the spectrum is from a
multifile. In this case, the spectrum is in a single-spectrum datafile, and the subfile is 0.

Remove Sample




After selecting a row or multiple rows in the table of spectra, click this button to remove
the spectrum from the method. Select single rows in the table by left-clicking on the left-
most column of numbers in the table. To select multiple rows, left-click and drag the
mouse in the left-most column of numbers.

Change Path =

L

The arrow signifies there is a menu of choices for this operation:

Change FPath -

v For &l

Far Selected

While developing and testing a method, you may switch between populations of data that
share the same filenames, but are in different directories on the computer. This Change
Path function allows you to modify the path to the selected spectra. The usual Window
‘Directory Selection’ dialog will appear:

i= Find the directory containing the data files.

Look in: | =3 merts and Settings/&ll Users/Documents/EFTIRS v | 4= B =
K E=] | Size | Type | D ate |.-i'-.ttril:|utes -
- Diir 7/14/2008 5:05:08 &M Read-only

[ydata Drir FA2342003 12:26:58 PM Read-write

[y ennulator Drir 2M10/2003 5:44:02 PM - Read-write

| araphics Diir 31342003 17:25:18 AM Read-write

|=)PeakTables Cir 1/17/2008 2:49:22 PM  Read-write

I)PLS Diir FA25/2008 2:458:52 &M Read-write

[yregions Drir 4/23/2003 1:19:27 P Read-write

|hreports Drir 54342008 5:48:47 &M Read-write

I =cnipts Dir F423/2008 11:55:37 &AM Read-write

| )zequences Cir B/22/2008 12:07:43 PM Read-write

[hworkspaces Dvir B/22/2003 3:42:35 AM  Read-write j

Directory: || QK.

File tupe: | Directaries J Cancel

B ookmark:z | C:/Documents and Settingzal Users#Dncumerﬂ b aintain Bookmarks. ..

Take care to choose a directory that actually contains the files you are changing the path
to, or you will get read errors when trying to use those files.

Yiew Spectra~



This button allows you to view the selected spectra, or all spectra, in an Essential FTIR
workspace. See the Essential FTIR manual for a complete description of the data
workspaces and how change the display of spectral data.

Set Sample Mumbers. . |

Clicking this button will cause this dialog to appear:

E Set Sample Numbers E|E|

" Set zample numbers;

Spectra per Sample: |1

f* Set Sample Mumbers from Filename:

Highlight the portion of the filename below that represents the sample number;

Trial [ila

2k, Cancel

This dialog is used to assign the numbers in the ‘Sample Number’ column in the spectra
table. On this dialog are two options for setting the sample numbers associated with
spectra in the spectra table. ‘Set sample numbers’ radio button merely numbers the
spectra sequentially, starting at 1, and grouping the spectra into sample groups using the
‘Spectra per Sample’ setting. For instance, if this is set to ‘3’, the first three spectra in the
table will be given sample number 1, the second three spectra sample number 2, and so
on.

Very often, the file names contain the sample number information, but that information
can be anywhere in the filename, in different formats. The second choice on this dialog,
‘Set Sample Numbers from Filename’, allows you to select, in a sample filename, the
portion of the name that includes the sample number. In this case, it is the ‘01’ portion of
the filename. If you select this choice the portion of the filename you select as
representing the sample number is used to create a pattern that is then used to extract the
sample number from the filename for every spectrum in the spectra table.

Set Data Set..

Clicking on this button causes this dialog to appear:

10



I3 Set Data Set E| Pg|

Selection Method | Block-wise || How to select the test samples
Firzt Test Sample I'Ii The first gample to mark as test, if 'Selection Method' iz 'Block-Afize"
Block, Length I'Ii Huaowa marw zamples [block] after first' b mark, as 'test’, if 'Selection Method' iz ‘Block wize'
gap I'Ii Howe mary zamples [gap) between each test' block, if "Selection Method' iz Elockwize'
R andom Percentage |257 R andomly &z=ign this percentage of the data o ‘test’, if 'Selection Method' iz 'R andom’
Leave Excluded ~ F.eep the excluded zpectra 'excluded’

OF. Canizel

This is used to assign the values in the ‘Data Set’ column for spectra in the table, that is,
to assign spectra to be in the ‘calibration’ or ‘test’ data sets.

Keep in mind that spectra are grouped into ‘samples’, and spectra with the same sample
number are treated by the software as an indivisible group. If you had two spectra with
the sample number ‘1°, you cannot assign one of them to the test set and the other to the
calibration set. The numbers in this table for ‘First Test Sample’, ‘Block Length’, and
‘gap’ refer to sample numbers, not individual spectra.

Selection Method: this drop-list has the values: Block-wise or Randomly. If you choose
‘Randomly’, the ‘Random Percentage’ determines how many samples are assigned to the

test set.

Usually the data sets are assigned using ‘Block-wise’ selection, where again a ‘block’ is a
group of spectra with the same sample number. Here are some examples:

To assign every other ‘sample’ to ‘Test’, starting with sample 1:
First Test Sample: 1; Block Length: 1; Gap: 1.

To assign all samples to ‘Calibration’:
First Test Sample: 1; Block Length: 0; Gap: 1.

To assign all samples to ‘“Test’:
First Test Sample: 1; Bock Length: 1; Gap: 0.

To assign test / calibration samples in the ratio of 1:2, starting with sample number 2:
First Test Sample:2; Block Length: 1; Gap: 2

11



Set Selected -

The buttons’ drop list has these selections:

| Set Selected -

To calibration

To excluded

The selected row or rows in the spectra table can be manually assigned to a data set using
this function.

Hllp Terbes el lonefiony |

Spectra assigned to ‘test’ become the calibration set, and those assigned to calibration
become test. Any excluded spectra are left alone.
Ewxport -

The menu choices for this button are:
Export -
To Excel

To Clibioard

To Unscrambler 5%
To OPLS C5Y

This exports all of the data in the table directly into Excel; to the Windows Clipboard, or
to a .csv (comma-separated-value) file. The last two choices allow you to interchange
data with Unscrambler or OPUS. Unscrambler is a multivariate statistics package, which
includes PLS and is very popular among chemometricians. OPUS software is from the
FTIR manufacturer Bruker. For these two options, the spectra table is exported to the
windows clipboard with the correct column information to allow direct pasting (via the
clipboard) into these other software packages.

The Analytes Tab

An analyte is a chemical compound to include in the analysis method.

12



kethodz l Spectra . Analytes lF're-F'rn:nc:essing Reqions | “alidation Batch Process l Toal: l Settings

Add Analpte... | Femove .-“-‘-.nalyte|

On this tab you manage the Analytes, which are the chemical species, sometimes referred
to in this document as ‘compounds’. These are the species that the PLS method is being
used to analyze the composition of unknown spectra for.

Add Analyte...

This dialog appears:

i=1 Add Analyte

Enter the name far the new Analyte:

Ok

You simply give the analyte a name.

After adding an analyte, in this case “Water’, the table will look like this:

2 | Analyte: Status: Factors: Units:
3 |water | include Rl 22

The ‘Analyte’ column has the name you gave on the dialog. You can edit it directly in
the table by double clicking in the cell and editing the name.

Status: This droplist has ‘include’ and ‘exclude’ as the choices. You can exclude an
analyte from the calibration and prediction by setting this to ‘exclude’.

13



Factors: this is the number of factors to use in calibrating this analyte. The default
value is 10, which is probably too high for most situations. This number is ‘tuned’ in the
Validation step.

Units: the units to label concentration values with for this analyte. You can edit directly
by double clicking in the cell.

Femove Analyte

The selected row or rows in the analyte table will be removed from the method. Before
they are removed, you will be asked if you really want to do this.

14



The Pre-Processing Tab

Data can be processed in various ways before the quantitative analysis is performed, in
order to bring out the information in the data.

Methods l Spectra l.i'-.nal_l,ltes | Pre-Processing lHegiDns l‘v’alidatinn l Batch Process l Toolz l Settings l

Analyte: | FAEEETTE Apply These Settings To All Analytes |

v Mean-Center data for this Analyte [recommended for Spectral Data)

D ata Pre-Processing Steps: Launch Sequence Editing Dialog... | Yiew Pre-Processed Data... |

Each analyte can have separate pre-processing steps defined.
Choose the analyte you want to work with from the ‘Analyte’ list.

Iv Mean-Center data for thiz Analyte [recommended for Spectral Data)

The Mean-Center check box is checked by default because this operation is appropriate
for most cases using spectral data. If you do not want to mean-center the data, uncheck
this.

Launch Sequence Editing Dialog. ..

This dialog will appear:

15




{5 Build a Pre-Processing sequence for Acetonitrile

Sequence:
Auwailable Commands: 5
Mame Remowe
| Add To Sequence »» | —
Dlerivative

Canstant Offzet Momalization Remove Al
Mowve Up

Min-td &= Momalization
Smaothing

Straight Line Subtraction
‘Wector Wormalization

kil

Morve Down

Help

i |

Cancel

Settings lHegions ]

Derivative Order |1 il The order of the dervative, 1-4
Smoothing Paintz |5 il The number of smoothing points, 5-39
Smoothing Method | Quadratic/Cubic Savitsky-ﬁola_l,ﬂ How to do the zmioothing

This dialog is very similar to the ‘Batch Sequence Editor’ in Essential FTIR, please see
the Essential FTIR manual for more information. This dialog just presents a certain
subset processing operations that are useful for PLS pre-processing.

On the left side of the dialog is a list of the available pre-processing operations. The list
in the middle of the dialog is the operations that have been added to the pre-processing
sequence for the given analyte.

To create a pre-processing sequence, highlight an Available Command (in the figure
above, ‘Derivative’ has been highlighted. Then click ‘Add To Sequence’ to put it into
the ‘Sequence’ list. The settings and regions tab allow you to set parameters needed for
any particular step highlighted in the Sequence list. When done, click ‘OK’. The
sequence will be automatically added to the PLS method for the analyte.

In this example, after clicking OK, the ‘Pre-Processing’ tab for the analyte will look like
this:

16



tethodz l Spectra l.-'-‘-.nal_l,ltes . Pre-Processing IFlegiDnS l‘u"alidation ] B atch Process l Tools l Seftings l

Analpte: | Acetonitrile » | Apply These Settings To All Analptes |

[v Mean-Center data for this Analyte [recommended for Spectral D ata)

['ata Pre-Processing Steps: Launch Seguence Editing Dialog... | Wiew Pre-Proceszsed Data... |

Derivative: Smoothing Pointz= 50 erivative Order= 1:5moothing Method= Quadratic/Cubic 5 avitzky-Golay

A summary of the pre-processing steps is displayed.

Apply These Settings To All &nalytes

Usually you want to apply the same pre-processing steps to all the analytes. The ‘Apply
These Settings to All Analytes’ button will propagate the settings for the selected analyte
to all the other analytes in the method.

Yiew Pre-Processed Data...

To see what the pre-processing will do to the data, click this button. All of the spectra in
the Spectra table will be pre-processed and displayed in a pop-up dialog that embeds an
Essential FTIR workspace:

Trial 01 a.spa: Quick Collect Integrating 5phere Sample 06-12-2008 10:13:44

W |>< |Filename =

v I

W [ |1: tutorialTrial 01b.spa 0.024

v [ |2 tutonialTrial 01c.spa

v I |3 tutorialTrial 03a.spa

v [ 0.014

v I

IV [ |6 tutorialTrial 04a.spa %

W ™ |7 tutariahTrisl 04bspa —|[ 5 0.00

A £

v I |9 tutorialTrial 06a.spa

@ ™ [10: tutorislTrisl D6b spa Wi

v [ |11: tutorialTrial 06c.spa

v I

A 0024

v [ |14: tutarialTrial 07c.spa . ; . . T T T
WV I [15: tutorialTrial 09a.3pa 10000 3000 2000 Foon EOOO 5000 4000
A W avenumbers

v [ |17 tutarialTrial 09c.spa . B O =] @ ﬁ : !ﬁl E |

v ;IJ 551668 0041 Wil I - [Gdh A b vapdbIe [ LUl SE-

17



The Regions Tab

Analytes usually have spectral regions that contain information specific to that analyte.
Specifying spectral regions, rather than full-spectrum analysis, can improve the results
and make the analysis faster.

M ethods l Spectra l;‘-‘mal_l,ltes l Pre-Proceszing ' Reqgiors l‘vfalidaticun l Batch Process l Toolz l Settings ]

Analyte: | Acetanitrile | Apply These Settings Tao All Analytes |

Wiew Spectraw | Create Regions Interactively on any data window with the right mouze butban.

[w Lz the Full Spectum far thiz Analpte (do ot use analyziz regions)

Wavenumber. .. | “Wavenumbe  Load a Reqion Table... |

Save thiz Hegion T able |

Fiemove Selected Row |

Fermove Al Bows |

On the Regions tab, you assign analysis regions for each analyte.

Regions are assigned interactively in a spectral display workspace; please see the
Essential FTIR manual which has an entire section about creating and changing region
selections. Basically, you create regions markers by right-clicking in the spectral display
window. For PLS you can create as many regions as you need. Region markers can be
moved by dragging with the left mouse button and removed by clicking on it with the
right mouse button.

The creation of regions is covered in detail in the tutorial section of this document.

Yiew Spectra»

To assign analysis regions for an analyte, you need to display some spectra. This button
places data from the spectra table into a workspace.

Apply These Settings To All Analptes

You may want to apply the same analysis regions to all analytes in the method. This may
seem an unlikely thing to want to do, but there may be regions of the spectra that you
want to exclude for all the analytes, for instance the spectra may contain information
from beyond the detector cut-off.

[v ze the Full Spectrum far thiz Analyte [do not use analysis regions)

18



This check box allows you to toggle between full-spectrum and region analysis. Even if
you have defined analysis regions, you can tell the software not to use them.

Load a Region Table... |  Sawve this Region Table | Remowve Selected Row Femove All Bows

These buttons are covered in detail in the Essential FTIR manual, but their functions are
self-explanatory. The same functions are available by clicking on the ‘Wavenumber...’
column headers in the wavenumber table.

19



The Validation Tab

Validation means testing the PLS method against known data.

Methods l Spectra l.-'-‘-.nal_l,ltes l Pre-Processing l Regions | alidation lBatch Frocesz l Toolz l Settings ]

Analyte; Acetonitnle Max Fank (4 El:

Diagnostic Test: | Predicted vs True | Yigw Plot |

Drata ta wze for validation:
¢ CrossValidation  Murmber of 'Leave-Out' Samples: |1

(" Test SetMalidation [Jze Test Samples]

The functions on this tab are used to tune the method for optimal performance. The
purpose of validation is to find the optimum number of factors for an analyte and to find
outlying samples in the method. Samples can be concentration outliers or spectral
outliers.

First you must select which data to use for the validation.

¢ Crosz Validation
(" TestSetalidation [ze Test Samples]

Validations are performed using all of the calibration spectra in a ‘Cross Validation’, or
using the spectra identified as ‘“Test’ spectra on the spectra table. Cross validations can
be very time consuming for large datasets. A number of samples in the calibration set are
removed from the calibration set, which number is set in this edit field:

Murnber of Leave-Out’ Samples: |1—

The method is calibrated without those N samples, and the N removed samples are
treated as unknowns and their concentrations are predicted using that calibration. Then
those temporarily removed calibration samples are put back into the calibration set, and
the process is repeated for every sample.

Test set validation, on the other hand, only has to perform one calibration, using the

calibration data set, and then all of the test set spectra are predicted against that
calibration.

Max Bank (10 El:

For any given diagnostic test, results are computed up to ‘Max Rank’.
The results for all ranks up to ‘Max’ can be displayed without forcing a re-calibration.

20




After selecting the test to perform in the ‘Diagnostic Test’ list,

Diagnostic Test: | Predicted vs True |
Click the ‘View Plot’ button

‘View Plot |

to perform the selected test and to display the test results.

Equations for the diagnostics:

In the following equations, M is the number of samples in the training or validation set, f
is the number of factors, Cp is the predicted concentration, Ck is the known

concentration. Ck 1is the average of the known concentrations.

SSE

Sum of Square Errors: The sum of the squared concentration residuals.

M _
SSE =) (Cp, - Ck)’
i=1
R-Squared: r*
The Coefficient of Multiple Determination : sometimes called Explained Variance.

There is variance in the known concentration values; this tells how much of that variance
is reproduced by the predicted values. Higher values indicate a better correlation.

SSE

R*>=100-{1—-— —
> (Ck, - Ck)®
i=1

RMSECYV: Root Mean Square Error of Cross Validation
RMSEP : Root Mean Square Error of Prediction.

This measures the precision of the test analysis.
These are calculated using the same formula, except that in RMSECYV the Cp are from
cross validation and in RMSEP the Cp are from calculated from the test samples.

21



M
> (Ck, - Cp,)’
RMSECV ,RMSEP = |-

M

SpecRes: SpecRes (sometimes called RMS(residual)) is the square root of the sum of
the square of the spectral residual, where the spectral residual is the difference between
the original spectrum and the theoretical spectrum derived from the PLS factors. The
residual can be created additively, by adding in the contributions of each factor, or by
subtracting the contribution of each factor from an unknown spectrum. In the PLS
prediction, the contribution of each factor is subtracted from the spectrum, and the
spectrum that is left at each step of this process of iterating over the factors is called the
‘spectral residual’. This is a measure of how well the method is modeling the spectral
data, and can be used to spot spectral outliers. Samples with spectral residuals greater
than the other samples may be spectral outliers and should be excluded from the method.

Smaller values are better, and indicate that the model explains more of the spectral
structure. This value can be used to identify spectral outliers. In the following formula,
M is the number of frequency values in the spectrum, and the residual is calculated over
all the frequencies, denoted by subscript ‘j’.

M
Specres = \/ z (Measured ; — Re constructed ; )?

j=1
Mahalanobis Distance

This measures the scaled distance of a sample point from the mean of all the remaining
points. The distance is scaled in all dimensions by the range of variation in the points.
The Mahalanobis Distance measures the reliability of an analysis.

In the following equation, X is the matrix of spectral scores from the calibration; there is
one for each calibration spectrum at each factor. t are the scores calculated during the
prediction step for an unknown. Superscript T stands for matrix transposition; superscript
-1 means matrix inversion. Subscript ‘i’ is the factor number.

Mah.Dist.; =t (X" -X)™" -1,

The Mahalanobis Distance tells how well a spectrum matches the spectra in the
calibration set. It is in units of standard deviations from the centroid comprised of all the
calibration spectra.
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The available diagnostic tests
The interpretation of these will be discussed in the tutorial section.

Predicted vs. True: This is the first test that is usually done because of its simplicity
and ease of interpretation. The predicted concentration values are plotted against the
actual concentration values for each spectrum. This can be used to spot concentration
outliers.

Difference vs. True: The difference between the predicted and actual concentrations
is plotted for each spectrum (that is, the concentration residual). This is useful in spotting
concentration outliers; samples with larger concentration residuals are probably
concentration outliers and should be excluded from the calibration.

Sample Number vs. SpecRes: See above for a description of SpecRes. This test is
used to spot spectral outliers. Smaller values of SpecRes are better.

Sample Number vs. Mah. Dist... ‘Mah. Dist’ is Mahalanobis Distance and is
described above. In Essential FTIR, any point with a Mahalanobis Distance more than
three standard deviations from the mean of the others is flagged as an outlier.

Sample Number vs. Score:
The ‘Score’ is a measure of how much

Rank vs. R2:

Rank is the factor number, and R2 is R-Squared, described above.

Rank vs. RMSE[CV,P]:

RMSECYV is ‘Root Mean Square of Error for Cross Validation” and RMSEP is ‘Root
Mean Square of Error in Prediction’. RMSEP is obtained when doing a test set
validation” RMSECYV for Cross Validation.

RMS(residual) vs. Mah. Dist.:

The spectral residual is plotted against the Mahalanobis distance. This is useful for
spotting outliers.

Calibration Scores:
Prediction Scores:

These are ‘score plots’, using the PLS scores for the Calibration or Prediction spectra.
This diagnostic allows plotting one factor’s score against another factor. The score plot is
examined to see if is consistent with the data, because it shows the relationship of
samples to each other in the new variable space. For instance, in this plot of Factor 1 vs.
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Factor 2 for the tutorial example, which contains 3 replicates of each sample, notice how
the replicates group together. It would indicate a problem if they did not. Also, the
samples with concentrations of in the middle of the concentration range are in the center
of the plot.

PC 1 vs PC 2 for Acetonitrile

P(;2
o
o
an
[&
O

1

2

i

O PC 1 vs PC 2 for Acetonitrile

3

T T T T 1 T 1 T 1 T
-g -G -4 -2 0 2 4 g
PC1

Weight Vector:
Loading Vector:

Regression Coefficients:

These take the form of spectra because the X axis of these is the same as the calibration
spectra. These are the actual calibration data from the PLS algorithm, and they allow you
to examine how PLS ‘sees’ the data; that is, how it is modeling the spectra.

Typically, at higher factor numbers, these ‘spectra’ look more and more noisy. As the
number of factors in the analysis increases, more of the noise in the system is being
modeled.
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The Batch Prediction Tab

Batch Prediction is used to analyze spectra from disk files.
Methods l Spectra l Analytes l Pre-Processing l Feqgions l Yalidation | Batch Prediction |T|:u:u|$ l Settings

: l Results l

Predict. .. [ Include zample statiztics in resultz table
Decirnal Places | 4 j How many decimal places to report for results
Source of Data | Pick Files From Disk | "WWhat ta 'Fill List' with
Fill the list Click ta Fill | Fill the ‘List of Files to Process'

Lizt of Files to Process:

This tab allows you to analyze disk files using the method.
The ‘Source of Data’ allows you to choose which files to analyze:

| Pick Files From Digk |
Yisible Files in Current Window
Al files in Current Window
i Pick Files From Disk,
Entire Directary

The ‘Include sample statistics in results table’ will include Mahalanobis distance,
Spectral Residual, F-Value and F-Prob statistics for each sample.
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The Tools Tab

Miscellaneous utility functions are collected here.

Methods l Spectra l.-’-‘-.nal_l,ltes l Fre-Proceszsing l Regionz l"»-"alidatiu:un Batch Process | Tool lSettings ]

Save Calibration Arays to C5W files | Copy Spectra... |

Description of Buttons

S ave Calibration Amrays to C5W files

All of the internal calibration matrices that are computed are saved as Comma-Separated
Value (CSV) files and placed in the same directory as the method file. After the
operation, a dialog summarizing the files that were created is displayed. This feature is
very useful if you want to import the arrays into a different program, or to use the
calibration matrices to perform predictions in a different program. Together, these arrays
are everything that is needed to perform validation and prediction of samples.

Using Acetonitrile from the tutorial as an example, the following files are created. The
PLS terminology is always confusing, different texts use different terms.

Acetonitrile_W.csv The weight loading vector.

Acetonitrile_T.csv The spectral scores vector (aka ‘latent variable”)
Acetonitrile_V.csv The chemical loadings.

Acetonitrile_B.csv The spectral loadings.

Acetonitrile_Bhat.csv | For ‘short prediction’, see Martens p. 122
Acetonitrile_b0.csv For ‘short prediction’, see Martens p. 122
Acetonitrile_cmean.csv | The mean-centered concentrations.
Acetonitrile_xmean.csv | The mean-centered spectra.

Copy Spectra...

Use this to copy all of the files referenced in the ‘Spectra’ tab to another directory. This
is a way to aggregate all of the data to a single location. Also, sometimes users will want
to ‘branch’ the spectra and modify them in ways not available in the PLS tool. You can
copy the spectra, modify them, and then use the ‘Change Path’ button on the Spectra tab
to use the modified data in the method.
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The Settings Tab

Sometimes the spectra used in a PLS method are from different sources, and have to be
made compatible. This table of settings controls the spectral range and digital resolution
of the data. By default, when the first spectrum is added to the method, these values are

set to reflect that spectrum.

b ethods l Spectra l.-’-‘-.nalytes l Pre-Frocezsing l R egionz ]‘-.-’alidati-:un l Batch Process ] Todls | Settings

Starting 3 value  [39.639893 | First 3¢ value. If 0, use first standard

Ending ¥ value 10102832 | Last & value. If 0, uze first standard

Delta  value Im Exact Digital rezolution [data point zpacing)
Template File - || Match starting, ending and delta # from this file

Reset To Template | Click... | Beset starting, ending and delta  values to the template fil
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Tutorial

The tutorial data is available as a separate download. Please download
setup_eftir_pls_tutorial.exe from http:\\www.essentialFTIR.com/tools.html and install it
on your computer.

The data is installed into the directory “C:\Documents and Settings\All
Users\Documents\ESSENTIAL FTIR\PLS\tutorial”. The actual location of this may be
different depending on your operating system; the so-called ‘Shared Documents’ folder is
called different things in different versions of Windows.

PLS method files are given the extension “.eftir_pls”. In the tutorial directory is a file
named ‘tutorial.eftir_pls’ which you can load directly into Essential FTIR. However, the
purpose of this tutorial is to teach you how to create a method from the beginning.

The tutorial method is made up of Near Infrared spectra of a mixture of Water, Methanol
and Acetonitrile. There are 21 mixtures with different concentrations of these, and three
repeat measurements were made of each mixture.

Create a new method.

You could just load the method file that is installed with the tutorial, named
tutorial.eftir_pls, but the goal of this tutorial is to show how to create a method from the
beginning.

Click on the Method tab.
Spectra | Analtes | Pre-Processing l Regons | Waldation | Batch Process l Toolz l Settings

Click on the ‘Create a New Method’ button.
Create a Mew Method |

Add analytes.
Click on the Analytes Tab.

kethodz l Spectra . | Pre-Frocessing | Regions | “alidation | Batch Process l Tools l Settingz l

Add Water as an analyte.
Click on the ‘Add Analyte...” button:

Add Analyte...

In the dialog that appears, type ‘Water’, and click ‘OK’.
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R0 ANALYILE

Enter the name far the new Analyte:

|'W'ater

ok

Do the same steps to add ‘Methanol’ and ‘Acetonitrile’. It is important to add them in
this order, because later we will paste in a concentration table that is formatted this way.
After adding Water, Methanol and Acetonitrile, the Analytes table will look like this:

1 |2 E |4 5
1 C:/Documents and Settings/All Uzers/Documents/EFTIR /PLS ftutonal/tutonal 1.eftu_pl
2 |Analyte: Status: Factors: Units: Mah. Limit
3 |water include ~|jo el 20
4 |Methanal include ~|ja el 20
5 |Acetonitile include ~|jo el 20

In this table, you can directly edit the properties associated with the analyte. In
particular, you will have to establish the correct number of Factors (aka ‘Rank’) to use for
each analyte. This is discussed in the tutorial section. The ‘Mah. Limit’ column specifies
the Mahalanobis Distance limit for the analyte. For all analyzed samples, a Mahalanobis
Distance is computed, and if that distance is greater than the limit, the sample is flagged
as an outlier, meaning that the analysis may not be valid for that sample.

Adding Spectra.

This is without a doubt the most tedious and error-prone step. Fortunately, Essential
FTIR has feature to minimize the tedium.

Click on the ‘Spectra’ tab.
Methodz l Analtes | Pre-Processing l Regions l"»-"alidatiu:un l Batch Process l Toolz l Settings

Click on the 'Add Samples' button.

Add Samples... «

From the drop-down menu, click ‘Individual Files’:
v Import JAMP Mulki-File, .
Import PLS-I Mulki-File

Individual Spectra. ..

Ertire direckary. .,

The Essential FTIR file selection dialog will appear. To simplify things, set the ‘File
type’ to ‘Grams’, and then select the first tutorial file, ‘tutorial_standard_Ola.spc’.

29



{= Choose one or multiple files

Look ire |{Z3) C:/Documents and Settings/&l Users/Documents/EFTIR/PLS Mtutorial/ x| @& £% B :E EF
[ tutorial_standard_04b.spc tuil| tutorialitutorial_standard 01 a.spe: Sample 1: Water 19.13
[ pure tutorial_standard_Odc zpc tulf
[Chtrials tutorial_standard_05a.zpc tul| 1.2
R T B T M e | btorial_standard_05b.spe bt 10
jal_standard 05c.zpc but| § ’
ot terermE— [ i | S 0.6
= ot Bz
4, 2 Selectthe A ., |F 05
4 first ‘tutorial’ file, Bul| .
E ttopakstandand U by sl lu|i
tutorial_$tandard_ﬂ?c.spc tuI§ 0.2 ; ; ; T T ;
[0 tutorial_standard_08a.spe [t 10000 9000 8000 7000 GOO0 5000 4000
tutorial_standard_[lda.s tutorial_standard_DEb.spc tul: il me
4] | | 57304 0245 P # 1l I - S v

File name: i"tutnrial_standard_ﬂ'l a.%gc”
Fils type: | GRAMS SPC [Mspe] N =l Cancel
Bookmark z % Jhdata _:] b airtain Bookmarks...

Next, use the horizontal scroll bar on the file list to scroll to the end, hold down the Shift
key and click the left mouse button on ‘tutorial_standard_21c.spc’. Then click the ‘OK’
button:

{= Choose one or multiple files

Look ire |{Z3) C:/Documents and Settings/&l Users/Documents/EFTIR/PLS Mtutorial/ ] . £F & HE]
- 1 tutonialstutorial_standard 07 a.zpe: Sample 1: Water 19.13
m 1.24
= o 1H
o g
= 2 08

(=]
au] _E’J
= < (0.6
- 2. Hold down the shift key
and click the left mouse

button onthe lastfile. Yooy sdoo  eoon 7000 eooo  s000 4000

Wi avenumbers

[+ ]| 999153 0056 P2 ¥ il IF v S -

Fil onial_standard_27a.zpc’ “tutorial_standard_21b.spc” "tutonial_standard 21c zpe”

1. Scrollto the
right using this -
- scroll bar.

Fil

Canhcel
b airtain Bookmarks...

3. Click 'Open’

Bo




Again, it is important to get the files in the right order. The spectra table will now contain
63 spectra and look like this:

1 2 E [4 [5 B |7 8 -
1
2 |Data Set  |Sample |Path Filename Subfile |Water Methanol |Acetonitrile
3 calibration ~| 1| C: /D ocuments and Ytutonial_standard_0la.spe - m m m
4 calibration hd 1| C: /D ocuments and Stutonial_standard_01b.zpc - Om m m
5 calibration hd 1|C:/Documents and Jtutonial_standard_01c.spe Om m m
B calibration hd 1| C: /D ocuments and Sutonial_standard_02a.zpc - 0 m ™
7 |[calibration ~| 1|C:/Documents and {tutorial_standard_02b.spe - 0/m m m
] calibration hd 1| C: /D ocuments and Stutonial_standard_02c.zpc - O m m
g calibration hd 1| C: /D ocuments and Stutonial_standard_03a.spc - Om m m
10 ||calibration hd 1| C: /D ocuments and tutonial_standard_03b.zpc - 0w m m
11 ||calibration hd 1| C: /D ocuments and Stutonial_standard_03c.spc - Om m m
12 ||calibration ~| 1| C: /D ocuments and Ytutonial_standard_04a.zpc - m m m
13 ||calibration hd 1| C: /D ocuments and Stutonial_standard_04b.zpc - Om m m
14 |lcalibration hd 1|C:/Documents and Jtutonial_standard_04c.spe Om m m
15 ||calibration hd 1| C: /D ocuments and Stutonial_standard_05a.zpc .- 0 m ™
16 |[calibration ~| 1|C:/Documents and {tutorial_standard_05b.spe - 0/m m m
17 ||calibration hd 1| C: /D ocuments and Stutonial_standard_05c.zpc - O m m ﬂ

Part of the table is highlighted in yellow. These are the concentration information. The
table is filled with ‘m’ because those values are missing. Any cell in the table with an ‘m’
(any non-numeric character(s) will do, such as ‘?” or ‘N/A’ or ‘missing’) is marked as
‘missing’ and that spectrum will be excluded from the data set for that Analyte.

Entering the Sample Numbers

As mentioned, the table contains three repeats of each sample. The three repeats have to
be assigned each to the same ‘Sample’. In the table shown above, the ‘Sample’ column
contains nothing but ‘1’ for each spectrum. You can edit each cell directly by double-
clicking on it, but there is a much easier way.

Click the ‘Set Sample Numbers’ button:

Set Sample Mumbers. .

And this dialog will appear.

L4 Set Sample Numbers

1. Choose 'Set
Numbers from
Filename

" Set zample numbers:

Spectra per Sample: ]1

{+ Set Sample Mumbers from Filename:

2. Hightlight the
number portion
of the filename

Highlight the portion of the filename below that represents theg

‘tuturial_standard_@a

3. Click 'OK!

k. Cancel
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Select the radio button labeled ‘Set Sample Numbers from Filename’, then use the left

mouse button to highlight the numeric portion of the filename that is displayed, in this
case ‘0O1’. It’s important to include the leading ‘0’. Then click OK.

The spectra table will now look like this. Note how the ‘Sample’ column has been filled
in correctly.

Note that in in this case, because there are the same number of repetitions for each

sample, the ‘Set Sample Numbers’ could have been filled in this way and it would have

had the same effect:

Spectra per Sample; |3

i Set Sample Mumbers

f* Set sample numbers:

" Set Sample Murnbers from Filenanme:

Highlight the portion of the filename below that represents th

'set sample
numbers' is
checked, and
'‘Spectra per
Sample' is set
to 3.

tutorial _standard O1a

ok

Cancel

Setting the Data Set.

1 |2 E |4 |5 [& |7 | & -
1
2 |Data Set |Sample Path Filename |Subfile Water Methanol |Acetonitrile
3 calibration hd 1| C:/Documents and {tutorial_standard ... | a0 1313 11.93 65.83
4 calibration hd 1|C:/Documents and Etutorial_standard; 0 1913 11.99 62.83
5 calibration hd 1| C:/Documents and {tutorial_standard ... | a0 1313 11.95 E2.83
B calibration hd 2| C:./Documents and Etutorial_standard; 0 18.72 25.46 h5.82
7 calibration hd 2|C:/Documents and {tutorial_standard ... | a0 1872 2848 55.82
8 ||calibration hd 2|C:/Documents and {tutarial_standard - | 0 1872 25.45 55.82
g calibration hd 3| C:/Dacuments and {tutorial_standard ... | a0 1552 3844 46.03
10 ||calibration hd 3/ C:/Documents and {tutarial_standard - | a0 15.52 38.44 46.03
11 ||calibration hd 3|C:/Documents and $tutorial_standard - | I 15.52 3844 46.03
12 ||calibration hd 4/C:/Documents and {tutorial_standard ... | a0 1561 4356 34.83
13 ||calibration hd 4| C:/Documents and Etutorial_standard; 0 15.61 4556 34.83
14 ||calibration hd 4/C:/Documents and {tutorial_standard ... | a0 1561 4356 34.83
15 ||calibration hd B C:./Documents and Etutorial_standard; 0 14.32 B2 2368
16 ||calibration hd 5| C:/Dacuments and {tutorial_standard ... | a0 14.32 E2 238
17 ||calibration = 5| C:/Documents and {tutarial_standard - | 0 14.32 62 23.68 LI

In a PLS method, it is common to split the data into calibration and test data sets. This is
the reason that sample numbers for repeat samples are important, because you don’t want
the same samples in both the calibration and test sets. Using a test set also speeds up
validation, because cross-validation has to be performed if all the spectra belong to the
calibration set, and cross-validation can be very time consuming for large data sets.
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To assign data to the calibration and test sets, click the ‘Set Data Set’ button:
Set Data Set...

This dialog will appear:

L= |

1 =1 Set Data Set

Selection Method Block-wisell How o select the test samples

First Test Sample 1 The first zample to mark az 'test, i "Selection Method' iz Block-wize"

Block Length 1 How marny samples [block] after first' to mark, ag test’, if 'Selection Method' iz 'Block-wise'
gap 1 Howe many zamples [gap) between each test’ block, if 'Selection Method' iz 'Block-wize’
Random Percentage |25 Randomly Azsign this percentage of the data to test’, if "'Selection Method' is 'R andom’
Leave Excluded I~ F.eep the excluded spectra 'excluded’

ok

Cancel

Just click ‘OK’. The spectra table will now look like this:

1 |2 |3 | 4 |5 |6 |7 |8 -
1
2 |Data Set  |[Sample Path Filename |Subfile Water Methanol |Acetonitrile
3 test hd 1|C:/Documents and $tutorial_standard - | I 1913 11.99 62.83
4 test hd 1| C:/Documents and {tutorial_standard ... | a0 1313 11.95 E2.83
5 test hd 1|C:/Documents and Etutorial_standard; 0 1913 11.99 62.83
B calibration hd 2|C:/Dacuments and {tutorial_standard ... | a0 18.72 25,48 55.82
7 ||calibration hd 2|C:/Documents and {tutarial_standard - | 0 1872 25.45 55.82
g calibration hd 2|C:/Dacuments and {tutorial_standard ... | a0 1872 2848 55.82
(9 |test hd 3/ C:/Documents and {tutarial_standard - | a0 15.52 38.44 46.03
Mtest hd 3| C:/Documents and {tutorial_standard - | a 1552 3844 46.03
1 st hd 3/ C:/Documents and {tutarial_standard ... | 0 1552 38.44 46.03
12 ||calibration hd 4| C:/Documents and Etutorial_standard; 0 15.61 4556 34.83
13 ||calibration hd 4/C:/Documents and {tutorial_standard ... | a0 1561 4356 34.83
14 ||calibration hd 4| C:/Documents and Etutorial_standard; 0 1561 49.56 34.83
(15 |Jtest hd 5| C:/Dacuments and {tutorial_standard ... | a0 14.32 E2 238
Mtest hd 5| C:/Documents and {tutarial_standard - | 0 14.32 62 23.68
17 ltest hd 5| C:/Documents and {hutorial_standard - a0 1432 B2 2368 LI

Note how all three spectra for sample 1 are assigned to the ‘test’ set, the three spectra for
sample 2 are in the ‘calibration’ set, and so on.

Entering the Concentration Information.

You can double-click the left mouse button on any of the yellow cells to directly enter the
concentration information. Here is the table of concentrations:

Mixture #

O WND =

% Water

19.13
18.72
15.52
15.61
14.32
15.69

% Methanol

11
25
38
49
62
72

% Acetonitrile

.99
.46
44
.56
.00
.40

68.89
55.82
46.03
34.83
23.68
11.91
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7 30.99 11.73 57.29

8 30.35 23.94 45.71

9 30.72 35.16 34.13
10 30.68 46.59 22.73
11 30.72 57.91 11.37
12 44.74 11.28 43.98
13 44.48 22.45 33.07
14 43.89 33.97 22.14
15 44.27 44.68 11.05
16 57.01 10.82 32.18
17 56.79 22.02 21.19
18 56.93 32.45 10.62
19 68.35 10.75 20.90
20 68.39 21.29 10.32
21 79.64 10.28 10.08

Note that there are 63 spectra; there are three repeats for each mixture.
Here is the same table, with the repeats added:

19.13 11.99 68.89
19.13 11.99 68.89
19.13 11.99 68.89
18.72 25.46 55.82
18.72 25.46 55.82
18.72 25.46 55.82
15.52 38.44 46.03
15.52 38.44 46.03
15.52 38.44 46.03
15.61 49.56 34.83
15.61 49.56 34.83
15.61 49.56 34.83
14.32 62.00 23.68
14.32 62.00 23.68
14.32 62.00 23.68
15.69 7240 1191
15.69 7240 1191
15.69 7240 1191
30.99 11.73 57.29
30.99 11.73 57.29
30.99 11.73 57.29
30.35 23.94 45.71
30.35 2394 45.71
30.35 23.94 45.71
30.72 35.16 34.13
30.72 35.16 34.13



30.72 35.16 34.13
30.68 46.59 22.73
30.68 46.59 22.73
30.68 46.59 22.73
30.72 5791 11.37
30.72 5791 11.37
30.72 5791 11.37
4474 11.28 43.98
4474 11.28 43.98
4474 11.28 43.98
44.48 22.45 33.07
44.48 2245 33.07
44.48 22.45 33.07
43.89 33.97 22.14
43.89 33.97 22.14
43.89 33.97 22.14
44.27 44.68 11.05
4427 44.68 11.05
44.27 44.68 11.05
57.01 10.82 32.18
57.01 10.82 32.18
57.01 10.82 32.18
56.79 22.02 21.19
56.79 22.02 21.19
56.79 22.02 21.19
56.93 3245 10.62
56.93 3245 10.62
56.93 3245 10.62
68.35 10.75 20.90
68.35 10.75 20.90
68.35 10.75 20.90
68.39 21.29 10.32
68.39 21.29 10.32
68.39 21.29 10.32
79.64 10.28 10.08
79.64 10.28 10.08
79.64 10.28 10.08

The easiest way to add the concentrations is to copy this table to the clipboard. This table
is also installed in the tutorial directory as ‘concentrations.txt’. You can load
concentrations.txt into any word processor and then copy the table to the windows
clipboard. After the 63 lines of the complete concentration table are on the clipboard,
right click on the first yellow cell in the spectra table in Essential FTIR, and choose
‘Paste’. The visible part of concentration table will now look like this:
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G 7 8 |

Water Methanol |Acetonitrile
| 1913 11.39 £5.89
] 19.13 11.99 £8.89
| 19.13 11.99 £8.89
] 18.72 25.46 55,82
] 18.72 25.46 EE.82
] 18.72 25.46 55,82
] 15.52 38.44 46.03
] 15.52 38.44 46.03
] 15.52 38.44 46.03
] 15.61 49,56 34.83
] 15.61 4956 34.83
] 15.61 49,56 34.83
] 14.32 £2 2368
] 14.32 £2 2368
] 14.32 g2 2368

That was a lot easier than editing each cell individually.

Save the method.

Click on the ‘Methods’ Tab:
Cpectra | Analytes |P're-F'ru:u:essing Regons | Waldation | Batch Process l Toolz l Settings

And click the ‘Save As...” button:

Save bz,

In the dialog that appears, type ‘tutorial 1* and then click ‘Save’
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Choose an Method FEile

Savein || tukarial :J i £ El-
_;% ipure
i ICtrials

My Recent tutu:urial 1.eftir_pls
Documents tutDriaI.eFtirJ:uls

_‘['.'

Desktop

|

3

by Documents

1. Name the 2 Click 'Save'

method here

@

ty Computer

T
"

Y ' e
by Metwoarl: File namme: tutn:nrial 1.eftir plg ﬂ | Save |

Flaces
Save as ype: IEFTIFE PLS Method File [*.eftir_plz]

Cancel

Testing and validating the method.

Click on the ‘Validation” Tab
Methodz l Cpectra | Analytes |P're-F'ru:u:essing l Regions l Batch Process l Toolz l Settings

Choose ‘Acetonitrile’ as the Analyte, Choose ‘Predicted vs. True’ as the Diagnostic test,
choose ‘Test Set Validation’, and then click ‘Validate’

Methads I Spectra ]Analytes ] Pre-Processing ] Regions Walidation lBatchPrediction ] Tools ] Settings ]

Analpte: [ Acetoritrile v MaxFiank [10_ 3 | 1. Choose 'Acetonitrile’ .

Diagnostic Test: ] Predicted vz True _.____;.L___Validate _J

Data to use for validation: f 2 Choose 'Predicted vs. True' 1

{7 Cross Validation  Number of ‘Leave-Dut' Samples: |1

& Test SetValdation [Use Test Samples)

[ 3 Choose Test Set Validation' | r 4_Click on 'Validate'

The method will be calibrated with the calibration samples from the Spectra table, and
the method will be used to predict the concentration of Acetonitrile for the test samples.
The resulting data will be plotted, as shown here:
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i rsorMade Predicted vs True | Acetonitrile 1 10 Expot =

[ selscton 8 ey Sample | Filename Actusl | Predicted [Diff 4]
= RMSEP: 1.082544 1 1|tutona_stardard_012 | 688300 67,6717 12153
_J”DE” 2 1| utorisl_standard_D1b | £8.8900  67.4701) 1.4133
sl | o 3 1|tutoria_standard_01c | 688300 67,3164 15736
o 1 3tutoria_standard_03a | 46,0300 445073 15227
Und Expands | 5 3tutorial_stardard 030 | 460300 457335 02905
. B 3 tutorial_standard_03c | 46.0300 45,7303 0.2997
Zoon e 7 5 utorisl_standard_05s | 236800 23.4123 02677
J = . 8 5 tutorial_standard_05b | 236800 233654 03146
"""""" ﬁ 40 El 5| tutorial_standard_05c | 23.6800 234203 02597
H 10 7|tutoria_standard_07a | 57.2900 55,1034 21366

,L‘ 1‘ lj N & 11 7|tutoria_stardard_076 | 57,2900 545110 27790—
« o » 12 7|tutoria_standard_07c | 57.2900 545378 26322
= 13 9 tutoria_standard_032 | 341300 342878 01578
l ’ ’ il . 14 9 tutorial_standard 095 | 34.1300 34.4972| -0.3672

15 9l tutorial_standlard 08 | 341300 345233 03933
Rank e B 16 11|tutorisl_standard_ 113 | 113700 103084 10636
TendLne 17 11|tutorisl_standard_ 11 | 113700 105932 07768
Evpenied e | R [ Predicted s True | Acetonitrile /10 18 11|tutoria_standard_T1c | 113700 106827 06373
Show Labels | 0 10 2 B o £ o o e 13 13{ttoria_standard_132 | 330700 321383 03317,
Actual ] I»

There is a lot of information here.

In the center of the window is the plot of Predicted vs. True.

On the right is a table of the values that are in the plot. The ‘Export’ button can export the
table to Excel, a disk file, or the Windows clipboard.

On the left are a variety of controls for handling the plot.

— Curzar Mode

Selection

Expand Cursor Mode determines
how the mouse interacts
Seroll with the plot
IJndo Expands

Zoorm Level Zoom in and out to see

more ar less detail

Scroll the plot using the
arrows.
The center button will
autoscale the plot
50 all the data can be seen.

+ A

E L,

¥ o

Rank

Trend Line

=y
=
HEP

These controls will
change with the
Diagnostic Test

Expected Line
Show Labels

miiEii
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In the center plot, a pop-up “Tool-Tip’ will appear when the mouse hovers over a data
point:
Predicted vs True | Acetonitrile / 10

g0

R2: 99.6641T8
RMSEP: 1.062544

G0

404

Predicted

Ey
x mh

|tutu:uria|_stanu:laru:|_EISa: 23.680000, 23.412323

[ Predicted vs True / Acetonitrile /10
D T T T T T T T 1 1 T I T T T

0 10 20 30 40 =0 B0 7o a0
Actual

Note that some of the points are drawn in red, this means the software has flagged the
sample as an outlier (more on this below).

On some of the diagnostic plots, if you left-click on a data point, a dialog will appear:

Set the zample status

Sample Murnber |5

Filename |tutn:nrial_standard_DEa.spn::

¥ valug 2368

Y value |23.41 23232703

Statusz | best ﬂ

Help | ] 4 Cancel |




The important thing in the above dialog is the last line, labeled ‘Status’. This allows you
to change the sample’s status between ‘test’, ‘calibration” and ‘excluded’. This allows an
interactive way to flag samples as outliers and exclude them from the calibration and test
sets.

Outliers are draw in red, but in this particular case the red samples are not outliers. That’s
because the data is over-fitted by the selection of 10 as the number of factors to use. For
each analyte there is an optimal number of factors (also known as ‘rank’) to use for
analysis.

Determining the Optimal Rank.

In the ‘Diagnostic Test’ list box, choose ‘Rank vs RMSE(CV,P). This will plot the ‘Root
Mean Square of Prediction’ against rank, up to the number in the ‘Max Rank’ box. Here
is what you should see:

RMSEP | Acetonitrile

15
O
RMSEP
10 reaches a
minimum at
a Rank 4
&
2
5-
|
O
I:l — —
O O u O DIITIMSEPITJLCEtDnitriIE
I:l T 1 T 1 T 1 T 1 T 1 T
] 2 4 5] ] 10 12

It would appear that Rank 4 will give the best results for Acetonitrile. Returning to the
‘Predicted vs. True’ plot, now there are no outliers detected.
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Cursor Mode

Selection
E=pand
Scrall

Undo Expands

Zoom Level

Rark

|
Trend Line |
Expec:.ted Line |7
SHow Labelz |—

Doing the same analysis for Water and Methanol, the optimal number of factors (rank)

Predicted vs True I Acetonitrile [ 4

&0 [R2: 99.755619
RMSEP: 0.923474

O
J’/
60 et
- ’ﬁ
-
Display Results at Rank o
3 4 by entering '4' in this ,»U
£ 40 box. L#
= e
E .
!!
P
-
-
= M
0 g
EH
iz O Predicted vs True / A itrile / 4
L - - - Ideal Line
u] 10 20 30 40 a0 (=01} 70

Actual

a0

for these was determined to be 3 and 5, respectively. On the ‘Analytes’ tab, enter these
numbers in the Analyte Table:

M ethods l Spectra . Analytes lPre-Prucessing ] Reqionz ]‘Jalidatiu:nn l B atch Prediction l Toolz l Sethings l

Add Analyte. ‘ Remaove Analyte |

And save the method to disk by using the ‘Save Method’ button on the ‘Methods’ tab.

There is of course a lot more to say about testing and validating a PLS method. Please

refer to the texts in the References section for in-depth discussions of this topic.

1 |2 E | 4 |5 |
1 C:/Documents and Settings/All Users/Documents/EFTIR/PLS /tutonal/tutonal 1. eftir_pl
2 |Analyte: Status: Factors: Units: Mah. Limit
3 |water Jinclude |z =il 2.0
4 |Metharol linclude ~| - 3.0
5 |Acstonitile linclude -|l4 2 2.0
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Batch Prediction

Now that we have a working method, we can apply it to some unknowns. Click on the
‘Batch Prediction’ tab and pick some files to analyze.

hethods l Spectra ]Anal_l,ltes l Pre-Froceszing ] Reqgions ]Validatinn | Batch Prediction lTu:u:uIs l Settings l

Data ‘Hesults ]

Predict... [ Include sample statistics in results table

Decimal Places | 4 j Haow mary decimal places to report for results
Source of Data | Pick Files From Disk ||what to Fill List with
Fill the list Click ta Fill i

- Ihe source of data is 'Pick
Files From Disk' and then
click this button.

List of Files to Process:

There is a ‘trials’ subdirectory in the PLS tutorial directory:

L% Choose one or multiple files

il (<)

Loak in: |aents and Settings.-".i'-.llL|sers.-"D-:u:uments.-"EFTIFE.-"F'LS.-"tutu::riaI.-"triaIs.-"ﬂ =] |=j€ i 55 o B
=] [ Trial 09_8.spc trialz\Trial 09_1.spc: Sample 9: Water 30 725
[=l Trial 09_1.spc =) Trial 09_9.spc 15
] 4] .
[ Trial 09_10.spc 2 1.0
- m
=l Trial 09_2.spc o 08
2 2 0B
< 04
0.2 =7 T T T T
10000 9000 8000 7000 &O00 S000 4000
EI Trial 09 W avenumbers
m| Trial 09 7 =
k= I S 249043 0164 10 ¥ ]l I - £
File name: |' "Trial 09_5.spc" "Tral 09_E.zpc" "Trial 09_7.zpc" "Trial 09_8.zpc"’ "Trial 09_9.zpc" Open
File type: | ANl Files %] | Cancel
Bookmark.s | C:ADocuments and Settingzhall Uzers\DocumentzhEFTIR ﬂ b aintain Bookmarks. .. |

Choose all nine files and click ‘Open’. The ‘List of Files To Process’ will be filled with
the names of these files. These 9 files are repeats of the same mixture, containing these
percentages of the analytes:

% Water % Methanol % Acetonitrile
30.72 35.16 34.13
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Then click the ‘Predict’ button and the results table will be filled with the calculated

concentrations:
tethods l Spectra ]Anal}ltes ] Pre-Processing ] Regions ]'\-"alidatiun Batch Prediction ‘Tu:uuls l Settings l

Data | | l
1 2 3 4

1 |File YWater Methanol |Acetonitrile

2 |Trial031 3.0208 353787 335577
3 |Tral 0910 3.0733 35,4077 36177
4 |Trial09_2 309655 35,3452 337230
5 |Trial09_3 309828 354347 336263
B |Trial09 4 31,0432 353410 33.5970
7 |Trial09.5 30,9385 35,4073 336769
8 |Tial09.6 30174 35.3519 336918
9 |Tral09_7 1.0603 35,3909 335818
10 |Trial 09_8 31.0402 354242 336129
11 |Trial 099 31,1408 35,3046 335216
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