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1 Introduction

1.1General

This operating manual describes the Multi®eradyzer software packagdt addresses
customers who aralready familiar with the basics of chemical sensing comliinetthe
numerical recognitiaigorithms.

MultiSens Analyzer is distributed in different versions that include different sets of
functionalitiesDepending on your version functionality dieedriin this manual may not be
available.

MultiSens Analyzer is constantly improved. New functionality may be introduced, that is not

already described in this manual.

1.2Installation

Typically this program is delivered as an executable setup file (sebtgriaxg)setup.exe will

guide you through a simple set of dialogs to install MulkiGa&gzeion your PC.

If the installation was carried out successfully, you can continue directly to work with your
system. A rstart of Windows is not required.

When pu are first running MultiSens Analyzer, you will be prompted with a licens¥alialog.
might be asked to provide a license.lic and license.txt file.

Information |. il

.'0‘. Please load license.lic file!

Both files are typically provided via EniRildasetere both files to your hard disiMultiSens
Analyzer willpresent a file dialog to locate the.fidsase note that file dialogs do look different
depending on Windows version and language.




proceed,

Views ~ [ Mew Folder

‘ Organize =

Date modified Size

30.07.2009 23:11

MName

=] Licenselic

Type

License

Favorite Links
E:, Documents

| Recent Places
& Computer
& Recently Changed
Bl Desktop

, SVN

J TemporaryFiles

) Bilder

More »

Folders ~

File name: License lic - [MuItiSens Analyzer license file V]

[ Open IVJ [ Caneel ]

you have to enter the Li
Licenze Information
Enter License Key: 123-123
Registered for
Mame Demo
Company Demo
Expires
Copyright (C) 2004-2009 JLM Innovation Dr. Jan Mitrovics, All Rights Reserved, -
BEFORE PROCEEDING WITH THE INSTALLATION AND USE OF THIS SOFTWARE,
CAREFULLY READ THE FOLLOWING TERMS AND COMDITIONS OF THIS LICENSE =
AGREEMENT AMND LIMITED WARRANTY {The “Agreement”). 1
BY INSTALLING OR. USING THIS SOFTWARE YOU INDICATE YOUR. ACCEFTAMCE OF T
THIS AGREEMENT. IF YOU DO NOT ACCEPT OR. AGREE WITH THESE TERMS, YOU MAY
MOT INSTALL OR. USE THIS SOFTWARE!
LICEMNSE
This software, induding documentation ("Software™) is owned by JLM Innovation Dr.
Jan Mitravics ("JLM Innovation™). This Agreement does not provide you with title or
ownership of the Software, but only a right of limited use as outlined in this license
agreement.
ILM Innovation hereby grants you a non-exdusive license to use the Software: -
’ Cancel ] [ QK. ]
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[ () Load MultiSens Analyzer License File ﬁ
QQ | . < Licenses » Demo - | ‘f| | Search o

When both files license.lic and license.txt are found the license information is sindamto

cense

Special versions of MultiSens Analyzer are distributed-BIO®IDr USBStick and require no

Key

explicit installation via a setup program. Thesen®nsiay directly be started by clicking on

MultiSensAnalyzer.exe. Trial versdisplay the license dialog at every start of the program and

may run without entering a license key.




MultiSen&nalyzer Manual Version 0.99 2009/08/06

1.3 Checking for updates

MultiSens Analyzer is continually improved. Weihelueled a function in MultiSens Analyzer

which automatically checks for updates, whenever the program is started. Your computer needs
to be connected to the internet, as this function will fetch information from our servers.

You can disable this functiby selectingdelp & Check for Updatesfrom them menu and
disabling h e o Automatiaally check for updates during program staét .

SelecHelp & Check for Updatesat any time to check for updates manually.

If an update has been found you can downlwatlai nst al |l t he update by

button.

1.4System Requirements

MultiSens Analyzer will run on a computer with Windows XP, Vista or 7.
A processor with 1 GHz, 512 MB RAM, and 100 MB free disk space is the minimum
requirement. For complextdaets faster processors (> 2GHz) and more RAM (@B) are

recommended.
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2 MultiSens Analyzerstep by step

2.1The first evaluation

MultiSens Analyzemain purpose is to evaluate measurement data from multi sensor
instrumentsTwo different types of evaluatsoare available in MultiSens Analyzer: Classification
and Regression (the version MultiSens Analyzer Basic only includes Classification).
Classification is used to assign measurements to a specific class from a set of Alggiees (e.g.
Orange or Bananwhile Regression is used to calculate a value that describes a quantifiable

property (e.g. a concentration)

Step 1: Creating a newlassification
From the main menu seleeiie 1 Newi Classification Alternatively you can usée icon bar.
Through the icon bar you have fast access to the most important menu confBligkas the leftmost
icon in the icon bar. A menu pops up. In this menu chGtessification

&3 MultiSens Analyzer

File Edit Options Window Help
Do &)

Cla%ﬁcatiun
Regrssion

Hint: If the mouse cursor remains over an icon for a few monwetheut clicking, a short descriptive
text will appear.

An evaluation compares sevenabsurementsith each other, or with reference data. What
exactly are reference data? Reference data contain those measurements that were used to builc
the mathematitanodel that is used as the frameworlpriedict new measuremenis is
impossible to build a model without reference data. When creating a new evaluation, designating
reference data (which must already exist at this time!) is the first step. Condeguently

corresponding page is automatically activated:
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9 MultiSens Anshyeer s T Exaheation Lemi = | |
File Edit Evaluation Options Window Help
Ded &l LRt = HEE B
& Classification - New Evaluation 1.xml [ =S

Fiefererice Data | Test Data | Fiters | Feature Vector | Projection | Classification

Mo |Measurement Sample Date

=

-

JHiEm

Show

i Plat

Class

Sam.-»Class

Add

> Test Data

Delete

|Status

Messages

Step 2: Introducing reference data:

Click on theAdd button. A new dialog window will appeaultiSens Analyzer can import data in a
number of formats. By default tdefault import settingare activated(which can be defined via the
Options menu)Depending on the file format a single file may contain several or only a single
measurementn this tutorial, we want to open an xml fllise the drop down list in the lower right
corner to select XMfile, thenfind the DemoClass.xml fiend click Open Please note, that while
MultiSensAnalyzeris available only in English thidialog will use the language of your windows

installationand also depends on the version of windows

€9 Open =5
QQ | |« MultiSensAnalyzer » Example - |‘f||Sear~:b o

iews + BB New Folder

‘ Organize =

Date medified
7/31/2009 5:43 PM

Favorite Links Name

E Documents

L
= Recent Places

ca?
| =] DemoClass.xml

Computer
Recently Changed
Desktep

Maore »

&
.

Folders
. Datafiles
| Example

W

Type q
XML Document

Fs

. HelpFile < m

| b

File name: DemoClass xml

» [ XMLile (o, * zmi)

7]

[ Open IVJ [ Cancel ]

Hint: You canrepeat this procedure a number of times in order to add further measurements to your
reference dataYou may also import several files in one step. To highlight many files at once,
either clickdrag the mouse to draw a marquee around the desired numbide afames, or

highlight the first file name, then shitick on the last file name.
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Finally, the result should look similar to the example shown below. The sequence of samples is of
no importance.

i "

(} Classification - Mew Evaluation 1.xml El@
Reference Data | Test Data I Filterz | Feature Yector | Projection | Elassificatinnl
Mo |[Meazurement Sample Date Clazs - -
1
2 |Anizal 1h Anizol B/15/2000 3:24: ! Flat
3 |Toluene 1a Toluene 5/415/2000 11: 2.
4 [Toluene 1b Toulene 5M15/2000171:5
5  |Propanol 1a Fropanol 5/E/2000 5:54; Clazz
6 (Propanol 1k Propanol AAME2000 6:24:
7 |Cyclohexanon 2a Cyclohewanon  71/2000 718
8  |Ceclohexanon 2b | Ceclohesanon | 74742000 748
9 [Anizol 2a Anizol TA220001 24
10 |Anizal 2b Anizol FA2420007:18:;
11 |Taluene 2a Toluere 7/12/2000 4:18: gt
12 |Taluene 2b Taluena TA2/2000 4:48;
13 |Propanol 2a Fropanol FA242000 104
14 (Propanal 2B Propaniol FA2200017:78 = Delete

Eachmeasurement contains the entire responsd sshsors to one sample. Obviously, the
complete response curve contains a lot of redundant information. For many types of pattern
recognition algorithms, this is problematic and will in any case increase the processing time
drastically. Hence, it is desirablgreatly reduce the amount of data to be processed.

This is achieved by extracting certain traits (e.g. the maximum of the response curve) from the
raw signal. Such traits Asmalyzrsoftnware. Thedentitefset @ft ur e ¢
feat es i s called the O6feature vectordo. The of
from the sensorsd reaction to one sampl e.

An optional step might be to remove noise or other influences with a filter before extracting
features. In this sharitroduction we will not use filters and extract features directly from the
Sensor responses.

-10-
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Step 3: Generating a feature vector:
Click on the tab labeleBeature vector This will bring the corresponding page to the foreground.

&) Classification - Mew Evaluation 1.xm = o=

| Reference Data I Test Data I Filters | Feature Yector | Projection I Classificationl

Mo |Featurs Device

Delete

III}
[= 8
o

Edit

At this point, the fature vector does not contain any features yet. The logical next step is to first
select the sensors to use, and to then define the type of feature extraction to apply. It is not
necessary to use the same type of feature extraction for all sensors.

Step 4:.Choosing the sensors:
Click Add. You will be presented with a new dialog windeith a tree view of all devices in the
measurements of the evaluati@iick the + sign to expand a node. Selected sensors are represented by
alitlightbulb nexttoitt Foour exampl e, eQUBaoddledt, ha nmdo@Bll ecd al |
sensorsQ1-Q8). Clicking on a decive / module will select/deselect all contained sensors. When done,
click OK:

Select Devices (|

4 - 1 MOSES 1) ~| [ o

- @ Input module
49 (OME module Cancel

o
B2
g 03
- G4
@ 05
@ OB
g 07
S
@ MO module i

m

As discussed above, the next step is the choice of feature extraction method.

Il n this step we wil/l define which value will
MultiSen®Analyzesoftware makes a number of different options available to you which we will
discuss in more detail later. For the time being, let usejusteusf the simple methods, i.e. we

will justextractt he curvesd peak values. The correspo

SgBase (shorthand for oO0signal mi nus baselinec

-11-
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Step 5: Choosing the feature extraction method:
In the list selecBig-Baseand confirm your choice by clickifgK:

Feature Extraction Method X ]

Areadt - ¢ s
Areatd an

Baze x

Bazed
EndDev3
EndDevh
FindSig

b aw

b ax - Min

b anlresy
kir
PazcalScript
Sig/Basze -
Sin/Bazed

Sigat

Siﬁt-E azedt

Cin-Basel S

m

This will add eight entries to the list of features, i.e. one feature c8lés® $0g each sensor.

i

€ Classification - Mew Evaluation 1.xml [ = |[ 5[]
| Reference Data | Test Data I Filters | Feature Yectar | Projection | Elassificatinnl

Mo [Featurs Device

1

2 |Sig-Baze [z

3 |Sig-Baze [13

4  |SigBaze (4

5  |Sig-Baze 15

E |Sig-Baze LG

¥ |Sig-Baze a7

3 |[Sig-Baze 13

&dd

Delete

Hint: The composition of a feature vector can be chosen very liberally. It is possible to choose only one
type ofsensoror even one single sensor only. Identical or different features from one sensor can
be present several times in one feature vector. Obvioildyinfluence of one particular sensor on
the final result increases with its number of appearances in the feature vector.

By now, we have defined what measurements to evaluate and how to extract one value (feature)
from every VB sensor in the measuretheNow we will select the right parameters for the

evaluation. Click on tiirojectiortab in thgparametewindow.

-12-
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£ Classification - Mew Evaluation 1xml El@
Reference Data | Test Data | Filters | Feature Vector | Projection | Classification
Description
Algorithm PCA, -
Components [T
Features
Uze Directly
Center
@ Standardize
Maorm Sample

Step 6: Set the number of components:
On the Parameter tab set the numbe€Componentdo 3.

All other parameters should be left at thiiset default value for the time being. The parameter
Componentsdetermines how many principal components are calculated during the evaluation.
Before we actually perform the evaluation, let us elaborate a bit more just how the MultiSens
Analyzerimplements the evaluation. In th®rsion of the MultiSenAnalyzer Principal
ComponentAnalysis (PCA) is built in as the standard processing algorithm.

Maybe surprisingly, there is no explicit command to launch the evaluation. Muléisees

will automatically recognize which actions are required to achieve what you mean to achieve.
Hence, to have the evaluation executed, all you have to do is to request the display of the results
of the PCA. The program will notice that the principal comgorieave not yet been
determined, and will automatically launch the required algorithms. All final and intermediate
results will be stored in memory. This will make recalculation a lot faster because the results from
a previous calculatioreyrbe reused.

The scores plot is by far the most popular type of display for the results ofThd>Sores

plot shows the different samples with respect to two principal components (normally, the first
and second PCs are shown). Similar samples turn out to beedasedther. Different samples

lie further apart.

Step 7: Showing the scores plot:
From the menu, seleBivaluationi Scores plator click the corresponding icon.

The program will now create a new window to contain the scores plot. Since the data have no
been yet calculated, this is going to take place now. The first step is the extraction of features
from the measurements. Once this has been completed, the principal component analysis proper
will be performed. On a decently fast computer, the wholedprecwill only take a few

seconds.

-13-
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The result should be similar to the example shown next:

i

&3 MultiSens Analyzer - New Evaluation 1xml SHACEL X
File Edit Evaluation Graph Options Window Help
Ded & Btk @B L EBEE A e B8R %y 1 ¥ oW
& Classification - Mew Evaluation 1.3m [= = | &2
| Reference Data | Test Data | Filters | Feature Vectarl Projection | Elassiﬁcatiunl
Dezcription P ‘
&2 Scores - Mew Evaluation 1.xml == =]
Algorithm PCA -
Components I F 15 L] #
Features 10
1 Use Dirgctly
F =
) Center o 05
=
X o
@ Standardize 5 oo t
Marm Sample [ 05 @
-1.0 w B
T T T T T T T
-3 -2 -1 - 1 2 3 4
PC1: 90.0%
Status Messages

. 4

The resulting scores plot shows several groups of measurements. We could identify the individual

samples by printing their measurement names next to them ¢§Gralpbld Measurement)
however a better way is to assign the measurements to specifiédhalestss information is
not used in a PCA to calculate the model, the graph will identify measurements belonging to

differert classes with different colors.

Step 8: Assigning classes to measurements:
Go back to th&Referencedatda ab and c¢ | i cSam:pGlassi .h eT biud twinl IR copy th
information the class for all measurements

& Scores - New Evaluation 1.xml = EEh==
1.5
Cyclohexanon
1.0
g 05
@
o
[&]
e 0o ot
-0.5
Toluene
-0 ‘G&:%
Anisol
T T T T T T T
-3 -2 -1 -0 1 2 3 4
PC1: 50.0%

-14-
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The scores plot will automatically reflect the changes. The diffesses are indicated by
different colors and by special ellipses drawn around the measurements belongitasso one
The class names a@rawn next to the ellipses.

Finally we need to save the evaluation.

Step9: Saving the evaluation:
From the menuwselectFile i Save asLike in the previous examples of saving files, select the directory
that you wish to save the evaluation file to, enter a descriptive name, an8aliek

This concludes the creation of your first evaluation.

2.2lmporting your data

MultiSens Analyzer includes import functionality for a number of different file formats.
Whenever you add measurement data to an evaluation you may choose in the file open dialog
between the various import formats. Please refer to the appendix for mm&tiorfan the

various input formats.

A typical format that is often used for measurement data is text data (ASCIl). However it is
necessary, to define in detail how the text data within the file is structured. MultiSens Analyzer
includes somemport functons that read wiltypical text files that we came across (see
appendix). More often you will need to ddiim& toread your text data fil@his can be done

via selectin@ptions d Default Import Settings in the menu. This will bring up following

dialog:

-15-
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Settings for Advanced Text Import ﬁ
File Extension  txt Description  Example
Mumber of lines to ignare 1 %
Separators Dedmal Separator
. .é. . 'II'I
List : 'I'ab Space : Point
(") Comma "
Ignore consecutive separators ) Automatic
Device Mame Demcu|
Parameters
Mame Value Unit |
Heater 5
Interval 200 ms
Data
Columns Count
Number 1 2 3 4 i 0 3
Mame c2 C3 c4
|
Action Value Value Value Value
Type/Unit my my my my r
FR ¢ | | Delete |
Rows contain measurements |:|
o) (oo ]

Enter the extension of the data filest you want to impomto the fieldrile Extension.

Description may contain a short description for the data file. You could enter the name or type

of the instument that generates the data files that you want to import. The content of this field is

shownin file open dialogs

Many data files contain a header that cannot easily be imported. By setting tiéuaher of

of lines to ignoreyou can skip thesedmduring import.

Separatorgdefine how individual values are separated. Enter any chartuitest to set them

as separators. Additionalllab and Space may be activated as separatorsigtiore

consecutive separatorgs activated a new value willyobe generated, if a non separator

-16-
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character is read from the text filelgfore consecutive separators is not activate@very

separator will create a new egaluat may be empty.

The Decimal Separatordisciminates the integral from the fractional part in a numeral value.

Either apoint "." or comma "," may be chosen. If setAatomatic the first comma or point,
found in the numeral value, will be taken as decimal separator. Thousands separators are not

supprted!

Device Nameletsyou set the name of the detlta is used to generate the data.

Parametersis a list of arbitrary parameters that you can add to the import. These are fixed value

parameters (all imported files will have the same values {aritesatialog).

The measurement data in the text file is expected to have the form of a two dimensional array.
The format is defined undeata:

If Rows contain measurementds checked, then each row in the data array contains an
independent measuremeRdr each sensor/device only one measurement point is included in
the file. IfRows contain measurementgs not checked, then only one measurement is included

in the file, but for each sensor/device a complete response curve may be included.

The input gridColumns contains the definitions for the column of the data matrix in the text

file. The number of columns in this grid must match the number of columns in the text file.

For each column we have to assiyarae and optionally &ype/Unit .

Action defines what to do with the data in the column. Following actions are available:

Action Description Format

Value Sets the Value of the sensor/device. Decimal number
Measurement | Sets the name of the measurement. String

Ignore Ignores the column. -

DateTime Sets date and time of the measurement. | Date and time according

Windows language setting

Date Sets date of the measurement. Date according to Windov

language settings

Time Sets time of the measurement. Time accaling to Windowsg

language settings

Year Sets the year of the measurement. number

Month Sets the month of the measurement. 1..12

-17-
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Day Sets the day of the measurement. 1..31

Hour Sets the hour of the measurement. 0..23

Minute Sets the minute of the measurement. 0..59

Second Sets the second of the measurement. 0..59

Sample Sets the name of the sample. String
Parameter Sets the content of a parameter. String

Float Sets the content of a parameter. decimal number
Parameter

Integer Sets the content of a parameter. number
Parameter

Class Sets the class that the measurement is ag String

to

Target Value

Sets the target value that the measurem

assigned to.

Decimal number

-18-




MultiSen&nalyzer Manual Version 0.99 2009/08/06

3 Detalled description

3.1The concept of the MultiSeAAralyzesoftware

MultiSendAnalyzer allows performing of many different analysis mellexgste this multitude
of functions we have focused on an easy usaliliata of an evaluation is stored altogether in
a single fd. Several evaluatides can be kept open and active simultaneously.

The evaluation files are stored in a well defined XML format.

3.1.1 The most important command:File - New

Since MultiSemsnalyzewuses a file based concepty evaluations are createdthecommand

to create a nefile. This command can be reached in two ways:

First, by selecting tiNew submenu from thEile menu (e.g. by pressing-Rifollowed by N),

&3 MultiSens Analyzer
Edit  Options Window Help
& MNew CIa%ﬁcation
(= Open. Regritssion
Printer Settings...
Evaluations "
Exit
|

and second, by selecting the first symbol from the left in the icon bar.

&3 MultiSens Analyzer

File Edit Options Window Help
D el &

Claﬁficatiun
Regrission

In either casgou can select differemtaluation types

3.1.2 Files and windows within MultiSensAnalyzer

There are several possibilities to represent the contents of a file in MAl@a8eesand to
have several views of one file on the screen simultaneously in different windows. To close all
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windows belonging to one file, seléltse from theFile menu. If you have previously made

any changes to the contents of the respective file, Mui&dymemwill prompt you to confirm

whether you wish to save these changes. If you reply "No", your changes will be lost. If you close
one of several open windows pertaining tsanee file, only the closiofjthe last remaining

window will invoke the pmpt dialogue.

MultiSendAnalyzeis a multiple document application. This means that you can keefilssveral
opened simultaneously. For examptay may want to have tvdifferent evaluationsn the

screen at the same time, making direct comparsgorAéany point, you may simply open the
respective file without having to close what you are currently doing. However, this possibility
should be used sparingly; there is a very real danger of cluttering the screen with dozens of open
windows. Also, a dent monitor size (17 or more inches) is preferable for use with MultiSens
Analyzer

The Window menu lets you change between windows, and provides several possibilities for

arranging windows on the screen @agcade Tile horziontal, or Tile vertical).

& MultiSens Analyzer - New Evaluation Laml |E|EI£_EJ
File Edit Evaluation Graph Options Window Help
Ded & LRt =28 B EEME = e B8 X L X0 W
€3 Classification - New Evaluation 1.xml = || B[ &R €3 Measurement Plot - Anisol 2a - New Evaluation 1.xml = || B &R
Reference Data | Test Data I Filters | Feature Yectar I Projection | Classilicatioml 000 -g:‘a module
No [Measurement |Samn|e ‘Date |Class - S - gi
1 |Anisol 1a Anizol 5/15/2000 7:54:58 Anisal 4000 -0t
2 |Anisal 1b Anisol 5M5/2000 8:24.58 Anisal @ Plot =05
3 |Toluene1a Toluere 5/15/2000 11:24:5; Toluene 2000 =-ae
4 |Toluene 1b Toluene 5/15/2000 17:54: 5 Toluene - g;
5 |Propanal1a Prapanal 5MB/2000 5:54:53 Propanol Class -0 = NOX module
E  |Propancl1b Propanal 5/16/2000 £:24:53 Propanol 0 100 200 300 400 500 600 2;
7 |Coclohexsanon 23 Cyclohexanon 7A1/2000 7:18:32 | Cyclohena
& Reference Data - Mew Evaluation 1xml (=1 > &3 Feature Plot - New Evaluation Lxml = || &3 Loadings - New Evaluation 1xml [ = |[ = |[ 22
g1 oz o3 Joa  [os  [as -
14500 16800 36500 11800 18600 S17.00
Propanol 1a 2000 (3300 11800 11900 8700 12400 &
Propanol 1h 1300 (3300 12000 12000 G800 12500
Cyclohexranon 22 21400 (112000 1333.00 911.00 41200 33300 4 56
Coclohesanon 2b 214,00 | 1116.00_1991.00 |307.00  410.00 | 3378, > L
& Scores - New Evaluation 1 xml El@ - 2 ‘3157 '@P
o *5E Qi
oo
: @ g
o
- \ Cyclohexgnon 2
| Propanol Anigol
G -4
g2
4 (P2 5
Toluene 014" B . B
T T T T T L L - T T T T
Bl -4 -2 0 2 4 1] T T T £ 4 2 0 2 4 6
PC1: 62.5% 13.07.2000 11.08.2000 10.11.2000 PC1: 68.5%
Status Messages

The example above shows an open evaluation with some corresponding windows.

The content of the menu line depends on the currently active window. Most menu commands
refer directly to the active window and its file. The title lhe @fctive window shown in a
different color.

-20-



MultiSen&nalyzer Manual Version 0.99 2009/08/06

It is possible for the menu line to change its contents when you change from one window to
another one (the same is true for the icon bar). In addition, some commands depend on the

contents and state of a file.

3.2The evaluation

An evaluation is used to compare measurements with each other, and/or to classify new
measurements according to previously recorded measurements.

Creating a newvaluation is achieved by creating a newiféed New & Classification (or
Regression) Indead of always starting from scratch you may also choose to load an existing

evaluation, modify it, and save it under a different name.

3.2.1 The basic procedure

MultiSensAnalyzethas anumber of different analysis methods built in. These analysis methods
aregrouped into two main evaluation types.

A Classificationis used to assign unknown measurements to a set of clé&sgiesaionis

used to predict quantitative data. a value gets assigned to an unknown measuidment

choice betwee@lassificationandRegressionis thus based on the type of result that you want

to achieve (qualitative vs. quantitative).

Within each evaluation type there will be a number of different algorithms that you can use to
perform the analysRrincipalComponentAnalysisfCA) andPrincipalComponentRegression
(PCR)are two standard algorithrbsilt in MultiSens AnalyzeiThese algorithms have the
striking advantage of being relatively intuitive and easy to usarddmdyea limited number of
parameters to "tweak”, at@ result is ready for immediate interpretation.

Modern computers afastenough to calculate most algorithms in very little MukiSens
Analyzemakes good use of this property by invoking recalculations automatically as soon as any
parameters haween modified or any data are added or removed. You never have to explicitly
request a recalculatidinere isn't even a command to achieve that. The program will recognize
automatically what needs to be done.

Normally you will want to start evaluati@rkaflow by defining which measurements you want

to include. Then, define a few basic parameters (definition of the feature vector). You will want
to view the result immediately as a scores (scatter) plot. In addition you may want to open further

windows ontaining the features matrix, a loadings plot, etc.
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All these windows pertain to one single file though. They just show different views. Changes
made in any one of these windows will immediately proliferate to all other windows. Hence, you
will hopefullysoon find this an inspiring environment that will encourage you to "play" with your
data in many different ways. Furthermore it is possible to load several evaluations simultaneously

and compare the different results.

3.2.1.1 Reference data

To start an evaluatiorou will need reference data. Those data that are used to construct the
mathematical model on which the evaluation is based are called referenmce ré&taence

data, no model. It is, however, possible to perform an evaluation with only referénee data
without any independent test data)

3.2.1.2 Adding Filters

Filters in MultiSens Analyzer allogcalculatinga complete response curve of a sensor. A
common use for filters is to remove noise from a sensor response.

Within MultiSens Analyzer a filistually is implemented like an additional (virtual) sensor. It
does not alter the response curve of a sensor. Rather a new (virtual) sensor is created that
contains the filtered response curve. This new sensor can then be chosen as source for
subsequentigorithms.

One advantage of this approach is, that you can chain filter algorithms. After creating a Filter you
can choose the output from this filter as source for a new filter.

Another advantage is that you can create graphs that show filteredtarat uddia from one

sensor and thus compare the effectiveness of a filter algorithm. As all graphs are automatically
updated whenever corresponding parameters change, you may even visually optimize filters by
opening suitable graphs and changing thephitemeters.

A list of filter algorithms is included in the appendix.

3.2.1.3 The Feature extraction

Theoretically it would be feasible to feed the raw sensor response curves into a regression or
classification algorithm, with no prior treatment. However, thescaontain a very large

amount of redundant information which would serve no other purpose than to blow up
computation time unnecessarily. By extracting characteristic values (features) from the entire
curve, a much reduced data set is obtained whicHhgpstill retains most of the information

present in the full curve and emphasizes the relevant inforiftaisqurocedure is called feature
extraction.

As soon as the reference data set contains at least one measurement it is possible to define how

to extract the feature vector from the individual sensors responseltervesture vector thus
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defines, which data goes into the subsequent classiticaggression algorithmotiY needto

explicitly choosthe algorithms and sensors to be used.

After the feature vector is defined, the calculdbes not need to be started manually. Again,

the MultiSensAnalyzesoftware will automatically invoke thguneed algorithms.

The most popular feature is the one ded¢rmine®y how much the sensor signal has changed
during the exposition to the gaseous sample. In MuliBaygerparlance, this feature is called
Sig-Base shorthand for Signal minus BaselThis mans that the largest positivenegative

deviation (Signal) from the initial value (Baseline) is extracted.

Features whose name ends in "3" use an additional averaging over three adjacent data points.
Whether or not this averaging makes ssnds on the particular seasmd application.

A list of feature extraction algorithms is included in the appendix.

3.2.1.4 The principal component analysis (PCA)

After feature extraction, each measurement will contribute one or several feature vectors. The
feature vectors span a muditnensional space (feature space) where each measurement is
represented by a point. The features are the base vectors for this space; if only one feature per
sensor is extracted (&SgrBase, the feature space has as manyndiores as there are sensors.

PCA tries to find new base vectors (which are linear combinations of the original base vectors)
for feature space. Thus, drawing an analogy to our familiafitteesional space, PCA rotates

the coordinate system. Obvioualgjmple rotation of the coordinate system will not help a great

deal in reducing the space's dimensionality. Actually, it will not help at all.

The trick with PCA is that the new base vectors are chosen according to the variance of feature
vectors. The ifst base vector will be chosen so that it represents the direction along which there

is the largest variance; the second base vector will show the second largest variance, and so on
The base vectors thus found are then called principal componentst phiedipal component

therefore points in the direction where the reference measurements show the greatest degree of
variation.

This method will only help if the variance of feature vectors is not sufficiently well represented by
the original base vector®his is the case when there is cross sensitivity between sensors, and
when the sensors are not overly selective.

The scores plot (scatter plot) shows data projected onto a plane which is spanned by two
principal components. By default, the X axis iéirsteprincipal component while the Y axis
corresponds to the second PC. As discussed previously, these two PCs represent the bulk of the
variance present in the data set. The distance between samples corresponds directly to their
degree of likeliness a&én" by the sensors.

The scores plot is a display technology to get similarities and differences of samples at a glance.
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3.2.1.5 Classification of test data

Frequently, the goal of an evaluation is the classification of an unknown sample, i.e. to determine
the dgree of similarity with known classes of previarslyyzedsamples. The MultiSens
Analyzersoftware has buiih algorithrs to classifyan unknown new samgased on the class
membersip of theeference data. To this end, the program obviously neleesdld which

classes the individual reference atsurementzlong to.

Onealgorithmis tocalculatelistanceof a new sample the reference datand select the class

most frequently found in the k nearest neighbours, where k igermomseselectable integer

number. This algorithm is also known as the KNN methoeaesheighbours).

Additionally to the classification by the KNN method it is possible to calculate the Mahalanobis
distance. The Mahalanobis distance is a value which gdissitti&arity of a sample in respect

to a certain class. A value of 0 means the sample exactly matches the class. Large values are
indicating a high dissimilarity to a given class.

The computation of the Mahalanobis distance calculates the variatopled sathin a class

around its centre in respect to the distance of the new sample. Consequently the Mahalanobis
distance takes the area of the reference data into consideration. To allow this calculation it is
necessary to have enough reference dadagfeen class. Timeimber of reference data points
alwayshaso be | arger than the di mension of the \
hold the program will give the outfN&N (Not a Number). Since for practical reasons the
number of referece data points is low it is useful to use the scores as input data for the
Mahalanobis distance. The values for the Mahalanobis distalig@ayed next to the sample
description. Here all distances to all classes are shown giving the descriptiolass tfinst

followed by the Mahalanobis distance. Additionally to the sample values the Mahalanobis
distance values for the centres of the classes will be displayed next to the class description.
3.2.1.6 The linear discriminant analysis (LDA)

LDA is an alternate method to calculate a new coordinate system for the representation of the
measurements. In contrast to PCA where the coordinate axes are chosen to represent the
maximum variation within the reference data, LDA will explicitly use information ablassthe c
memberships of the reference data to find a representation that maximizes the distances between
data belonging to different classes and minimizes the distances between data belonging to the
same class.

The number of coordinate axes (equivalent tsctires of the PCA), that an LDA will generate
isdetermined by the number of different classes.
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3.2.1.7 The principal component regression (PCR)

Principal Component Regression is an extension of the Principal Component Analysis. During
calibration for each sarap certain user defined or independently medatgetvalue (e.g. a
concentration value or a quality index) is assigned.

As described before the principal components are calculated. Using these principal components a
multi linear regression is subsatiyeperformed with the user defined values as target data.
Resulting regression coefficients used together with the Loading values of the PCA allows the
prediction of unknown samples.

3.2.1.8 The partial least squares algorithm (PLS)

As an alternative to PCR, tReS algorithm may be used. PLS takes the target values of the
reference data into account when calculating the scores. It optimizes the regression from the

features to the target values by choosing a scores projection that minimizes the regression error.

3.2.2 The Classification
3.2.2.1 The parameters

An evaluation's parameters are collectively displayed on seesralithag one window.aBe

one and twacortain lists of reference and test data, used in the evalldte@mext page
containssettings for thdilters Page four defines tfeature vectorPage fiveontains general
parameterand algorithm selection and the last page contains the settingsldssifieation.

This series reflects the way the algorithms are calculated in sequence. Afteradhge ofefiveti

raw data sets (reference and test data) the filters add new virtual sensors. Then the feature vector
extracts the relevant data which is then fed into the core algorithms. The output of this algorithm

is then used to assign the class to unksamples.

3.2.2.1.1 Reference data

On the Reference datgpage you will enter those measurements that are to be included in the
calculation of the prediction model. When you clicRdlebutton, a dialog window will open

which allows you to open several measurement data files simultaneously by holding down the
SHIFT or CTRL key while clicking on the files one by one, or by drawing a marquee around
several files. In this window you mag elfenge the directory clicking on it or using the symbol
status line.

Measurements can be removed altogether by highlighting the corresponding line and clicking
Delete, or they can be changed from reference to test data by ehckasg data

You may chnge the sequence of measurenbgnitighlighting one line and then etickgging

it to a different place in the lidost analysis algorithms are not affected by changes in the

sequence; however it may help you with entering data or displayingsaptabl@he sequence
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can also be sorted automatically. Right clicking in the list brings up a menu which gives you a
number of choices.

By clickingShow, windows with the measurement parameters for all selected measurements in
the list are opened.

By cliking Plot, plots for all selectedeasurements the listare opened. The same result can

be achieved by double clicking a measurement's file name in the table.

If you want to be able to have newly added test data automatically attributed to asseofain cla
samples, you will need to first define classes of reference data. To do this, highlight all reference
measurements belongingatoertain class, and fill in a descriptive class nameCilagbgeld.
Alternatively you can press 8am:->Classbutton, which will copy the contents of the column
Sample to the column Class.

i =

&) Classification - New Evaluation 1.xml = |- = | ]
Refersnce Data | Test Data I Filters | Feature Yector | Projection | Elassificatinnl
No |Measurement Sample Date Clazs - m
1
2 |Anizol 1b Anigol BARA2000 824 ! Flat
3 [Toluene 1a Toluene 5M5/2000171: 2
4 |Toluene 1b Toulene 5/15/200011:5
5 [Propanal1a Propanol AME2000 554 Clazz
6 [Propanal 1k Propanial BAE/2000 6:24:
7 |Ceclohexanon 2a | Ceclohesanon | 747142000 718 I
8 |CyclohexanonZh | Cyclohexanon | 7/11/2000 7:48: Sam.»Class
9 |Anizol 2a Arnizol FA2420001 24
10 |dnizol 2b Anizol FA2820007:18:;
11 |Taluene 2a Toluene 7/12/2000 4:18: add
12 |Toluene 2b Taluene TA2/2000 4:48; m
13 (Propanal 2a Propaniol FA22000 7104
14 |Propanal 2b Prapanal 71242000 11:1t il l Delete ‘
Column Description
No Number of the measurement.

Measuremer Name of the measurement.

Sample Sample that was measured
Date Date and time when the measurement was taken.
Class Class theneasuremeiftelongs to.

Tip:  You can change the sequence of measurements by highlighting one line and thenagtjcig it
to a different place in the list.

Tip: Right clicking in the list will bring up a popup menu. In this menu yau sart the list by
Measurement / Sample / Date or class. You can also copy the Measurement name or sample to the
class. You can also add the Date to the Class, which will effectively split the class into separate
classes for each day.
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3.2.2.1.2 Test data

On theTest data page you can enter those measurements that you want to process according to
the previously built model (in other words, adding more test data will not change an existing
model). All buttons work in analogy to their Reference data counterparts.rHavodags

cannotbe entered. Iho classificatiohas been selected on Mlassification page (see below

for details), or if no classes have been defined for the reference data, a question mark will appear

in the Class column. Otherwise, the class de&trhy theclassificatiomlgorithm will appear

here.
Column Description
No Number of the measurement.

Measuremer Name of the measurement.

Sample Sample that was measured.
Date Date and time when the measurement was taken.
Class Class theneasurement belongs to.

3.2.2.1.3 Filters

Filters calculate a new response curve based on the responstsamsersuUsing filters is

optional (the Basic edition of MultiSens Analyzer does not contain filters).

New filters can be introduced using Algel button Once you have clickéald you will first

need to choose the device(s) from which you want to create new filters. Finally, select the desired

type of filter. Depending on the filter type a window requiring extra user input may show up.
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