Table Of Contents

1.0 INTRODUCTION....cuuciiiruienennnssensnessnessesssessssssesssessassssssassssssssssassssssaessassasssssssssssassasssassase 2
2.0 USER INTERFACE ARRANGEMENT ......uuuiininrenieninsnesnesaenssessncssssssssssssssssessassnees 3
3.0 SAMPLE TAB....uuoietenrenientinnentessesnesscssesssessssssssssessasssssssessssssssssessassssssasssssssssssessasssses 5
4.0 THE SHIFT TAB......uooitinientinienienensnennesnesssessssssssssessassssssssssssssssssessassssssssssasssssssessasssses 7
5.0 THE QUANTIFY TAB 8
6.0 LINEARITY TAB......cotiiitiniennennennnsnensneseessesssessnsssesssssssssssssssssssssessasssssssssssssssssssssassans 12
7.0 GROUPS & CLASSES TAB ....ooiieiininninnnnnnennnsnessesssssesssessssssessssssssssssssssssssssssassans 14
8.0 PLOT USAGE 15

9.0 BATCH REPROCESS 17




IMACC QUANTIFY

1.0 Introduction

IMACC Quantify is a software application that allows the user to develop spectral processing methods.
The processing method produced is used to analyze spectra determining the concentration of
compounds present. It can also be used to reprocess/batch process a set of spectra. The saved
methods can be used in the IMACC Scripting Environment to process real-time spectra.
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2.0 User Interface Arrangement

The IMACC Quantify application is divided into 2 tabbed panes. The left tabbed pane is for data input
and adding configuration parameters. The right tabbed pane is for output and reviewing the results of

the method.
Input Configuration Tab Corresponding Output Tab(s)
Sample Tab Concentrations, Quantify Plot
Shift Tab Shift Plot
Quantify Tab Quantify Plot, Concentrations
Group & Classes Tab Concentrations
Linearity Tab Linearity Plot

Input Tabs

Sample — Used for adding sample spectra to the method for processing. NOTE: The selected
sample is the active sample for other operations.

shift — Used for defining the shift parameters for the spectra. This is used to properly align
the spectral samples with the references for proper analysis.

Quantify — Used for adding compound references and analytical regions to method.

Group & Classes — Used for defining pseudo compounds based on weighting of analysis
results or for selecting the proper analysis to report based upon concentration ranges.
Linearity — Used for defining linearity coefficients to correct for Non-Beer’'s Law behavior in
the analysis method

Output Tabs

Concentrations — Used for displaying the concentration results of a method and the 2¢
errors.

Shift Plot — Used for displaying the results of a spectral shift of the selected spectra.
Quantify Plot — Used for displaying a selected sample and selected references. This plot
is also used for defining regions and windows within the region for analysis of the selected
sample.

Linearity Plot — Used for displaying the results of linearization for each analyte based
upon a group of concentration references.

The tabs on the user interface are arranged in logical processing and development order. That is
samples are shifted, Quantifyed, and linearized.



The Toolbar

The Toolbar is used for performing major operations.

open ‘ EETT | print | rezet | zhift | quant | doall | do next »> batch samples | batch directary walidate 1efresh

Toolbar

open zave prirt

Open — Open and load an analysis method file.
Save — Save the current analysis method to a specified file.
Print — Print the method’s configuration.

reset zhift quant

Reset — Clear user interface results.
Shift — Shift the selected sample spectrum.
Quantify — Quantify the selected sample spectrum.

da all do next = |

Do All - Shift and Quantify the selected sample spectrum.
Do Next — Shift and Quantify the selected spectrum and move to the next spectrum. This is useful for
stepping through a set of samples to see quantitation results.

bateh samples| batch -:Iirectl:ury|

Batch Directory — Reprocess a whole directory of spectra producing a new gas concentration file.

validate | refrezh |

Validate — verify that all calculation parameters and references are valid and exist on the current
computer.
Refresh — refresh displays

Menu

The file menu displays basic file loading and saving functions. The 2 operations of interest in this menu
are Save to Directory and Auto Find & Replace References.

Save to Directory — Saves entire method including references and samples to a specified
directory. This is useful for transferring or archiving a complete method.

Auto Find & Replace References — Searches the method for missing samples and references.
Missing references and samples are automatically replaced with matching files from a directory and
subdirectories selected by the user.
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3.0 Sample Tab

The sample tab is used to add sample spectra that you wish to work with and analyze. The usage of

the buttons is as follows:

The sample set is a group of spectra. The list on this tab displays the path to the spectrum file and

whether or not it has been found on the system. If it has been found there will be an ‘X’ in the

‘exists’ column.

When a spectrum is selected its parameters will be displayed in the edit boxes to the right of the list
and the actual spectrum will be displayed in the Quantify Plot tab.

To the right of the spectrum list there are edit fields for changing the parameters of the spectrum. You
can alter pressure (Torr), temperature (C), pathlength. The changes will be made permanent

by pressing the ‘set’ button.

L

[#J1MACC Quantify Setup - C:\Documents and Settings'Administrator'DesktopqtiMethod'a_Gen-Air-25C.method.sml P ]
File Help
oen | sve | e | st | st | auem | doal | dones>s | bach sampies| betch drecton| vaidete | iohesh |
sample | shit | quant | croups | ineariy | ik e concentrations | shiftplat auant plet | inearity plot |
-~ Sample Set plattitle
17.673857
| browss I) C\Documerts and Settings'dfflinisretor Deskiop! g 200130529 140630
I*Thu May 23 14:06:30 2003 (GMT-05:00) 16.283779
[[shaitname e fiename Pressure [T) |760.00001 14 905702 -
2003-05-23_142128 »  CADocuments and Settings\dministrat 23
20030529 136731 x _CADocuments and Seltingshddrminishat TEMPEratuIE
o0 0630 % C\Documents and G nisia B3 13521624 -
005 052, 141529 % CAD £ and Fetollessh
02410621
CEpacha 12137545 |
frestamp | 05/29/03
= 10753459 -
v
L 93332
% 40|
b ! 79853136 4 ﬁ
ample List : b
6601236 v
1 i
52171585 | a
add emove | st | saveset | < colkctsample., +
38330809 - =
S 1 Dataspacing Digit Tolerance |2 ’_f
amp C Data Size Difference Tolerance |5 SUEMED T
Attrlbute Background File 1.0643257 o [l
[ Dosnents snd Setings duiistator Desktopha Miethod 57| biowse view>> | =]
-031915188 -
I pres=76(0, temp=23, len=36, con=1, dsp=-0.241062, time=06/28/03 060730 P T T T 1
3992.9443 2792.933 1532.3295 399.92212
2
J L_MM\._ =
031915188 Bi&
" T : I
39995443 2793 9369 16535255 39952212

Spectrum List Buttons

Spectrum
plot

Add — add an single beam (sgl) or an absorbance (abs,spa) spectral file. This opens a file dialog that
can be used to select one or multiple spectra.

Remove — removes the selected spectrum.

Sort — sorts the list alphabetically.

Save Set — saves the set of spectra to a “.set” file so they can be retrieved as a set in the future.

Collect Sample — acquires a spectrum from the FTIR (if attached)

Browse... - the browse button allows you to load a “.set” file.
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Other Fields

Data spacing Digit Tolerance - value that denotes how many digits of the data spacing
variable in the sample spectrum must match the that of the references to be an acceptable sample.

Data Size Difference Tolerance — due to rounding errors it is possible for data from the
sample to not align exactly with the reference spectra and the defined windows of analysis method.
This value represents the maximum number data points you are willing to lose from the sample and

still process it.

Background File — the background file that is used to convert single beam spectra to absorbance

spectra.

View >> - displays the background file in the Quantify Plot tab window.

Convert selected to ABS — displays the resulting conversion of single beam to absorbance in

the Quantify Plot tab window.

Any selected sample spectrum can be viewed on the Quantify Plot tab.



4.0 The Shift Tab

The shift tab and the corresponding shift plot can be used to properly align the sample with a standard
wavenumber base. This shift uses cross correlation between the data and a reference standard. The
peak of the correlation plot represents the position where the two spectra are in optimum alignment. It
is this peak that is used to shift the data to force alignment. However the spectrum is not just moved.
The data spectrum is shifted relative to the fixed laser sampling grid of the FTIR. As a result the shape
of the lines will change based upon the sampling dictated by the sampling grid.

shift Reference — typically a H20 absorbance spectrum, but any spectrum containing the lines
you wish to shift to. These should be well established line positions.

Start, Stop —the spectral range that is used when doing the cross correlation between the
selected sample and the shift reference.

Max Delay — is a cross correlation parameter which represents the maximum shift of the data from it
original position to start the correlation (typically 5). It is the maximum delay.

Interpolate Count — how many orders of interpolation are to be used to more accurately
determine the exact position of the cross correlation peak (typically 7).

Shift Count —how many times you wish to perform the shift operation (typically 3). Each shift will
make a finer and finer correction. A fit to better than 0.001 cm™ should be possible.

Save shifted spectrum — saves the shifted spectrum

Deltas — displays the amount of shift performed for each iteration of the shift routine.
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5.0 The Quantify Tab

The Quantify Tab and its corresponding Quantify Plot tab are used to define references,
analysis regions and sub windows within an analysis region.

Reference Set — the references that are to be used in analyzing the spectra.

Reference Set Buttons

Add - adds a reference file (spa,abs) and its corresponding compound to the analysis procedure.
Remove — removes the selected reference and the corresponding compound

Sort — alphabetically sorts references

Save Set — saves groups of references in a .set file for rapid inclusion in the future

The reference list contains a column “exists” if the reference is in the specified pathon the computer
system you are using, an ‘X’ will appear in this column, if not you will need to locate it or add it. If the
checked box by the reference code name is selected the reference will be plotted on the Quantify
Plot above the data plot for the sample selected. Multiple spectra can be selected.

You may alter the attributes of the references using the following fields.

Reference Attribute Edit Fields

Code Name — name that you wish for this references. This code name will be used when reporting the
concentration results of the method on a sample.

Pressure — pressure of the reference (Torr)

Temperature — temperature of the reference (Centigrade)

Concentration — concentration of the reference (ppm)

Path Length — The path length used in collecting the referenced (m).

Dataspacing — the dataspacing of the reference.

Timestamp — Date & Time stamp showing when the reference was acquired.

Set — assigns the new values to the reference file and writes them to the spectral header record
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Divider Bars
Divider bars are useful graphical tools for defining regions and windows. To show a divider bar press
‘add divider bar’. The whole divider bar can be moved by selecting the center of the bar and



dragging it. Or a divider bar can be expanded or contracted by selecting the edge bars and dragging

them.

Divider Controls

¥ Show Selected Divider
[T Show Al Dividers

add divider bar >

Divider Bar

Show Selected Divider — displays the divider bars for the selected window or region.
Show All Dividers — displays all of the selected windows or regions.
Add Divider Bar —inserts a divider bar.

The divider bars can be used to define a region/window and then add it or update an existing one.
The buttons: add new region, update selected region, add new window, update selected
window, can be used to perform these functions with the coordinates (start-stop points) defined by

the divider bar at the time.
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Regions List
Lists the regions in the sample spectrum that are to be used to do the analysis.

Add - shows an add dialog for adding a new region manually

Remove — removes a selected region

<< Add New Region — uses the divider bars adds a the selected divider bar area

<< Update Selected Region — uses the divider bars and updates the selected region

x|
shart zhop
|1nnn |1 200
Ok, I Cancel |
Adding Region / Window Range
Windows List
Lists the windows within a selected region that are to be used for analysis data outside the windows is
ignored.

Add - shows an add dialog for adding a new window manually

Remove — removes the selected window

<< Add New Window — uses the divider bars and adds a new window.

<< Update Selected Window — uses the divider bars and updates the selected window

Compounds List

Lists the compounds that will be included in the analysis of spectra for the selected region/windows.
Add - shows an add dialog for adding a compounds to the selected region. The dialog containing all of
the current compounds in the method (except those already selected) is displayed. Placing a check by
the compounds you wish to add will add them to the selected region.

Remove — removes a compound from the region.

Compounds X
compounds | Reported
Oco compound
Ocoz Compoundz .
for region
OHC u:-:umpu:uur;uzb/ |
COnzo NHE
O MH3 oz
OJHz0 Interferent
in region

k. I Select Al Caricel
add

remove

Adding Compounds & Selecting Reported Compounds
Placing a check by the compound in the compound list defines the what compound will be reported in

the concentration list (an analyte). The other unselected compounds represent the interferents in the
selected region so they are analyzed for but are not reported.
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Once you have defined the references, regions and windows you can process a spectrum selected in
the sample list by pressing Quantify or do all. The results are displayed on the
concentrations tab.

Quantify — processes the selected spectrum without shifting the selected spectrum.
Do All - processes the selected spectrum with pre-shifting of the selected spectrum.

Residuals

One way of determining how well you have fit the data spectrum in a region is to observe the spectrum
with the calculated concentrations of each compound removed. This is displayed by the residual
buttons.

Save Residuals... - saves all residual values to a CSV file for further processing or analysis.
Region Residuals — displays the selected spectrum on the Quantify Plot showing the selected
region’s gas concentrations subtracted from the spectrum in that region/windows.

Residual Sum - displays a numeric value to give you an idea of whether or not you are improving
the calculation by adjusting the region’s windows and compounds.

zave residuals... region residual >

Fiesidual Sum |335-521 738

Residual

Special Features

Interpolate Count — performs interpolation on the references and the sample spectra increasing
the number of data points in the same manner as zero padding of the interferogram would. This
operation increases the number of data points in the regions by a factor of 2*n. A value of 0 disables
this feature where as a value of 3 increases the number of data points 8 times.

Use Dynamic References — enables reference selection from the group of references listed on the
linearity tab for each specie. This reduces the error in the calculation by properly
substituting a reference that more closely matches the actual feature in the data spectrum. After
dynamic reference selection the spectrum is reanalyzed with the new references.

|nterpalate Count ¢ lterations

I2 [tirmes]

¥ Usze Dynamic References

Special Features
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Regions

Reported
Compounds

Linearity
References
For
Compound

Reference
Attributes

Linearization
Results

6.0 Linearity Tab

The Linearity Tab and the corresponding Linearity Plot are used to define a function which

will accurately calculate a gas concentration when the compounds observed concentration falls far

from the defined reference for the analysis method. Under these circumstances the references may

not follow Beer’s law over the large interpolation range required. This function corrects for the non-

Beer’s law behavior.

Reference standards (spectra) with known concentrations of specific compounds are added to a

compound’s set and these are chosen to span the desired concentration range for the compound.

Selecting an order computes coefficients for that order of a polynomial fit to the data. These
coefficients allow for correction of CLS computed concentrations for any non-linearity present over the
total range spanned. The plot displays the actual concentrations (ppm*m) versus the CLS calculated

concentrations (ppm*m). The red curve is the fit to data for all spectra in the set. Coefficients are

assigned to each compound corrected and used when you Quantify or do all.
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r T T d
1] 45429 436 90858.871 13628831

Linearity Interface

Settings

Error Plot

Linearity
Fit
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Settings
Order — order of the polynomial fit

R~2 — R? for the fit defining the accuracy of the fit

Force Through Zero — forces the calculation to pass through zero

Dynamic References — marks this compound as a dynamic reference. If this is checked and the
use dynamic references onthe Quantify tab is checked the Quantify process will swap
references dynamically to more closely match the reference to the actual observed concentration.
Spectra in the linearity list are available for choice. This reduces CLS errors.

Minimize Percent Error - when checked minimizes the percent of error in the curve fit otherwise
it minimizes the absolute difference value. This will improve the fit to smaller values.

Generate Coefficients —when dynamic reference is selected this button will generate
linearization coefficients for each linearity reference spectrum based on the current order setting. This
assures that when a reference is selected dynamically that is specific linearity function is also selected.
When each reference spectrum in the set is selected with the mouse, its fit and its unique coefficients
are displayed. By stepping through the set it is easy to determine if a reference has a problem which
produces an undesirable fit for that reference.

Each spectrum within the reference set can have varying orders, intercepts, etc. if desired. This is
done by selecting the reference in the reference list and adjusting the settings.

Order R™2

|4 :;Il1

¥ Force through zeno

¥ Dynamic Reference

¥ Minimize Percent Emar
Generate Coefficients I

coefficients -
07206265 o
2 B5A0535:-005 -
0 | »
Linearity Settings
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7.0 Groups & Classes Tab

The Groups & Classes Tab allows you to define new printout parameters that are defined by
multiple compounds and their weightings.

This can be used to:

1)

2)

3)
4)

report a value for a compound based on the PPM values observed for other defined
“‘compounds” and specified concentration validity ranges. For example CO2 can select from
CO2-LO, CO2-MD, and CO2-HI which might be analyzed in separate regions.

CompoundA = CompoundB (if range) | CompoundC (if range) |

report a new parameter value based on a weighted sum of other analytes.

CompoundA= CompoundB*weightB + CompoundC*weightC + ..

Group Class List

Add — adds a new compound
Remove — removes selected compound

Group # Clazz
name |
CO2 ACTLIAL
Group Name El
M ame:

||:|:|2_m:T AL

F. I Cancel

add

Group Class List, Adding a Group

Compounds and Parameters List

Add — adds a compound and parameters to the selected Group
Remove — removes a compound from the selected Group

Compound Weight And Range il
Compaond Weight & tin PP bl ax PP
CH4 x| 100 o i

[f kinPPt==bd 3PP, range iz not uzed.

] I Cancel |

Adding a compound to a Group / Class
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8.0 Plot Usage

The plot is a useful tool for viewing spectral data. This section explains the plot and its tools.

concentratmnsl shift plot  quant plot I linearity plotl
plat title:
3,4302757
] C:\Documents and Settings\Administrator\D scktopbath2003-05-29_140830 sl
21662641 -
. 2 9022576 - '
Plot Window
26382411 -
23742
y 2110218 o PIOt
\ 58 Toolbar
X 18452085 ﬂ
| v/
. A
1 682195 o ,
1.3181635 -
+
1.06541719 - o
Plot Scroll Window o 7016043 | %
w ! =]
0.25213738 N E
3334 5559 3237 5322 3 su 7086 3093 7849 zsss 8612
52715608 Sl
-0.27160016 -
3333 9443 3033 9388 21 ss 9332 1233 9277 393, 3221 2
Plot Toolbar

/Fix Auto Scroll X - scrolls all plots together in x-axis values.
Fix Auto Scale Y — auto-scales plots to max and min y values independently in each window.
Fix Axes X & Y- sets common x and y scales of all plots to the selected plot

Guides — displays horizontal and vertical guides that can be moved to check alignment of data

Cursor Value — shows current datapoint value on selected plot

.Flip X - flips the X axis reversing the plot direction

N B ] ik B

Show Points — displays individual data points in the plot

Auto Scale Y - scales selected plots in Y value

Auto Scale X -— scales selected plot in X-value

Stack Plots — stacks or overlaps plots — toggle button

Scroll Window — scrolls the viewing window left or right

$$ o

:I Stretch Window — stretches the plot within the viewing window, expanding it.

ﬁl'@ Shrink Window — shrinks the plot within the viewing window, compressing it.
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Zoom Box — A left-click of the mouse held down and dragged in any plot window will create a zoom

box. When the mouse button is released the contents of this box will be enlarged to fill the plot
window.
I ||

Hl—H l|

Zoom Box

‘cancentrafiona | shitplot sk B | ineasity ot |
plot e
503 T
[B] C\Drocumeris and 5P
Lk L]

IETINS

A

e 0993308 AN 1men raen2
DOMHHTR

(] € \Dicrsmeras sl St it Db et 10 5P
(04363004
LLEres ] n

' ' ' ir™
o e o b aweR -t =T e f

&8 X mi :E'

] CDiocuments and Setings \Acdminisistor\Diechiopaf Misthod \CHE- 500 574 T

RE .

15.9995655 +

+
BO1GEATe 006 - |=E

; ; ; e

3 43 kot N8R 13999277 E Ly

y SENGEE xomt . -

L= I
s 1=l

m]

muen2

it

e ke R 1EmRn TR

Stacked Plots
The small Scroll Window at the bottom of all plots can be used to define the visible X region of the plot.

The purple divider bars can be dragged to stretch or shrink the visible region. If you click in the center
of the divider bars the whole visible region can be dragged with the mouse without changing its width.

16.332331 K e
7 B4A7547 ‘ ". “*m ‘ IMNI ‘ ' qf(“m @
1.0345214 ==

3999.9443 E?EIEI. 9369 1 EEIEI.EIEEIE 399.9221 2

Scroll Window
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9.0 Batch Reprocess

Batch reprocess is used to process all spectral files in a selected Sample Directory. The loaded
method is used to analyze the spectra and the results are both displayed on the concentrations tab
and written to afile if Ooutput Concentration File is specified. The Background File spectrum
is used to convert single beam spectra to absorbance spectra before analysis.

The Sample Directory is the directory containing spectra to be processed. Wild cards can be used to
limit the spectra processed. For example a manual addition of \*.sgl to the path wil process only
single beam spectra with an sgl extent.

The Output Concentration File is the file to which the gas concentration results should be written. If
it does not exist it will be created.

The Checkboxes

shift — If checked the method shifts the incoming files against the selected shift reference prior to
analysis

Quantify — Quantifys the spectra with the loaded method (if this is not chosen the spectra can be
batch shifted and saved)

Ignore Errors — will not notifiy you when an error is encountered during analysis (this is helpful if a
large number of spectra are being processed).

Quant Directory

Sample Directary [ *.zpa, *.=aql |

II::"uD ocuments and SettingshAdministratorsDeskiophgt browse...

Output Concentration File

Iu::'xl::atu:h.u:u:un browsze...

Background File
IE:'&D ocuments and SettingssadministratorsDeskiophgtibethodySYHEEGR-28-03.5p browsze. ..

v Shift
Save Shifted Files ko Directony

AN

I browse. ..

v Quant
¥ lgnore Emars

Quantify Directory

The Blue Progress Bar shows the percentage complete for the selected spectra.

NOTE: If the Concentrations Tab is selected data will be displayed as it is generated.
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