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TMO12 - Data processing and simple analysis WIRE™ 5

This document aims to show the WIRE™ 5 user how to process single spectra and perform
basic analysis. The following methods are discussed:

¢ Baseline subtraction (processing)

Arithmetic functions on data (processing)

Smoothing (processing)

Zapping (processing)

Peak Pick (analysis)

Curve-fitting (analysis)

Integration (analysis)

e Direct classical least squares (DCLS) component analysis (analysis)

Baseline subtraction

Samples may exhibit Raman spectra with varying degrees of fluorescence or thermal
background. Providing that there is sufficient Raman signal ‘on top’ of the sloping
background, the baseline may be subtracted to yield a spectrum with a ‘flat’ baseline. In
some cases, the measurement can be re-performed with an alternative excitation
wavelength to more effectively remove the effects of fluorescence.

The following methods are available:

e Intelligent fitting
— default intelligent automated option

e Through fixed points
— user controls point positions (XY) and baseline type

e Through chosen points on each spectrum
— user controls X point which the baseline travels through for each spectrum within
the dataset
e Through whole spectrum
— Automatic fitting with no in-built intelligence

With the spectrum open in a Viewer, select Processing...Subtract Baseline.

Intelligent fitting

A new Viewer opens with the spectrum in the top half and the result of the automatically
applied baseline subtraction in the lower half. By default the ‘Intelligent fitting’ baseline is
applied with a polynomial value of 11. This method is Renishaw patented and enables
simple or complex backgrounds to be removed automatically.



TMO012-03-C Data processing and simple analysis

RENISHAW.&

apply innovation™

Using a right click and selecting properties brings up the property page:

-

Subtract baseline Properties

=2

Subtract baseline
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baseling will be fitted to all remaining points in each
spectrum,

‘You can add "exdude regions” in the upper spectrum viewer
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Here the polynomial order can be adjusted if a better fit is needed. The context menu also
enables exclude regions to be added to the spectrum. Excluded regions do not contribute to
the fitting of the baseline.
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Intelligent fitting can be applied to single spectra and multifiles (e.g. mapping dataset). The
baseline will automatically ‘fit'" each spectrum within the multifile.

Through fixed points

Selecting ‘Through fixed points’ as the fitting mode enables the user to manually specify
points in XY to determine the baseline shape.

The user can choose between ‘polynomial’ (and the order) and ‘cubic spline’ options. Cubic
spline is only available if 2 points are added (4 total points). This method can be applied to
single spectra or multifiles, but the baseline is fixed and will not ‘fit’ to different spectra within
multifiles.

It is useful to zoom in, by left-clicking and dragging in either window, and adjusting the points
added in the top window by moving them with the mouse.

Subtract baseline =

28000
27000
26000

25000

Counts

24000

H

23000

22000

21000

20000

T T T
600 700 800 900

Frequency(Raman shift / cm-1)

5000

4000

Counts

3000

2000

1000

600 700 200 900

Raman shift / cm-1



TMO012-03-C Data processing and simple analysis
ALLS

apply innovation™

Through chosen points on each spectrum

Selecting ‘Through chosen points on each spectrum’ as the fitting mode enables the user to
manually add points (vertical lines) to the spectrum which are fixed to the data.

The user can choose between ‘polynomial’ (and the order) and ‘cubic spline’ options. Cubic
spline is only available if 2 points are added (4 total points).

This method can be applied to single spectra or multifiles. When applying to a multifile,
common X positions where no Raman bands are present should be found. The baseline will
optimise based on the X position for each spectrum within the dataset.
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Through whole spectrum

Selecting ‘Through whole spectrum’ automatically fits a defined polynomial order through the
entire spectrum.

The context menu enables exclude regions to be added to the spectrum. Excluded regions
do not contribute to the fitting of the baseline.

This method can be applied to single spectra or multifiles, and is a less intelligent equivalent
to the recommended intelligent fitting option.
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Accepting a correction

When you are satisfied with the correction, either select Accept from the context menu or
close the window, upon which, there will be a prompt asking if you want to keep the
correction.

To save the change to your file use the File...Save or Save as option from WIRE.
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Arithmetic functions on data

A variety of mathematical operations can be performed on single data files. For example,
you can multiply a spectrum by a user defined factor, add files together or subtract one file
from another. It can be an effective method of subtracting a background spectrum or filter
ripple profile.

With a file open, select Processing...Data Arithmetic. A new viewer will open, initially split
into two separate areas showing the sample spectrum in the top half and a blank spectrum
in the bottom half. The ‘Data arithmetic Properties’ dialogue box allows the user to perform
either an ‘Arithmetic’ or a ‘Function’ operation on their sample spectrum. The default option
is to perform an arithmetic operation using ‘No auxiliary data’. Performing such an operation
and clicking Apply will display the resulting spectrum in the bottom half of the data arithmetic
viewer. Choosing ‘Function’ from the drop down list in the ‘Operation type’ field allows the
user to transform their sample spectrum using certain functions.

r ~ r ~,
Data arithmetic Properties &J Data arithmetic Properties [é]
Arithmetic operation selection | Asithmetic operation selection |
Operation type IA!it‘ﬂmEﬁC Y] Operation type IFuncticn -
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Filling Filling
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The ‘Auxiliary data’ field is available only when performing an arithmetic operation. Clicking

the LJ button next to this field opens the ‘Auxiliary data selection’ dialogue box, which
allows the user to navigate to the desired auxiliary data, i.e. the data file they would like to
add/subtract/multiply/etc. their sample spectrum by. Selecting the ‘Use collected data’ option
and clicking OK sets the desired arithmetic operation. Clicking Apply will split the data
arithmetic viewer window into three sections. The upper and lower sections will continue to
display the sample spectrum and resulting spectrum, respectively, and the additional middle
section will display the auxiliary data.
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It can be useful to multiply either the sample file or the auxiliary file by a factor so that the Y
axes are comparable. In the example below, 1* the sample file and 2* the background
correction file have been used to remove the baseline. Accept the change either from the
context menu or by closing the window.
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The options available within the auxiliary data selection dialogue box will differ depending
upon the type of data selected as the sample spectrum and the auxiliary data:

o Where the sample spectrum is a single spectrum and the auxiliary data is a map file,
the user will be forced to choose a single acquisition from the auxiliary map file to
apply to the sample spectrum.
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e Where the sample data is a map file and the auxiliary data is a single spectrum, the
data arithmetic operation will apply the single auxiliary spectrum to optional
acquisitions within the sample map file. Note that upon accepting the data arithmetic
operation, the user will have the option to accept for ‘All datasets’ or the ‘Current
dataset’ only.

e Selecting two maps of different sizes (i.e. each map contains a different number of
acquisitions) as the sample data and the auxiliary data will force the user to choose
a single acquisition from the auxiliary data map file to be applied to every acquisition
within the sample map file. Note this is the case regardless of which of the two map
files is larger.

e Selecting equally sized map files as the sample and auxiliary data will allow the user
to choose a single acquisition from the auxiliary data to apply to every acquisition
within the sample map file. Alternatively, the user can choose to ‘Iterate through
collected data’, in which case each acquisition in the auxiliary map file will be applied
to each corresponding acquisition in the sample map file, i.e. auxiliary acquisition no.
1 will be applied to sample acquisition no. 1, auxiliary acquisition no. 2 to sample
acquisition no. 2, no. 3 to no. 3, etc.

Image arithmetic

A special case of arithmetic is performing operations on Raman image data, i.e. images
created from mapping measurements.

Ratio images can be generated from the ‘Map generation’ option (see TM014). More
complex image arithmetic is performed using the data arithmetic option.

The initial image is loaded into the viewer (data tab of the Navigator...derived data.....right
click..... load dataset). Under Processing...Data arithmetic, select auxiliary data (image)
by browsing for the mapping measurement wdf file, then selecting the image from the drop
down in ‘Use derived data’. Use the value boxes to adjust the Data and Auxiliary scaling.

The format (image or surface) and LUTs of each image (initial, auxiliary and result) can be
adjusted from the context menu (View...View mode and...LUT control). Accept or reject
the result image.
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Smoothing

It can be useful to smooth data. This operation has the effect of improving the signal to noise
ratio but must be used with caution as it degrades the spectral resolution. Smoothing is no
substitute for performing a better measurement, i.e. using longer acquisition times or more
accumulations. When using SynchroScan, the binning function can be used (again, with
caution) to gain a better signal to noise ratio. To perform smoothing, with the file you wish to
smooth open, select Processing...Smooth. A new window will open with the sample
spectrum at the top and the result spectrum below. This data will be smoothed. To increase
or change the degree of smoothing, select Properties from the context menu to see the
Smooth Properties window.
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Smooth Data Properties @

Savitsky-Golay parameters |

4]k

Smooth window 7]

Palynomial order
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The application uses a Savitsky-Golay algorithm. Use the ‘Smooth Window’ and ‘Polynomial
Order’ functions to change the degree of smoothing. Pressing ‘Apply’ performs the change
and ‘OK’ completes the operation. You can use the zoom function to see more closely the
effect of the smoothing. You will be asked if you want to accept the resulting smoothed
spectrum.

Zap

Stray bands can be removed from the spectrum using the Zap function. Generally, these will
be cosmic ray features or other spurious lines. Ideally, the measurement would be re-
performed but you may decide that zapping is acceptable. To remove a band on an open
spectrum, select Processing...Zap. A new viewer will open with the sample spectrum at the
top and the result spectrum below. The upper spectrum has a zap region between two
vertical black lines. Grab each vertical bounding line in turn and adjust the position of the zap
region so it just encloses the band to remove. Then use the zoom function to isolate the
band to zap out. Notice that the result spectrum updates to show the effect of the zap.
Additional zap regions can be added from the context menu.

Add Reqions

Remowve Region
Accepk

Reject

Wiew L4

Tools r
Add
Remove

iz

1300

Cocking

-10 -



TMO012-03-C Data processing and simple analysis

Peak Pick

RENISHAW&

apply innovation™

Peak pick is a quick and simple method to label band positions on a spectrum and enable
these to be printed out together. To initiate peak picking select Analysis > Peak pick, or click
the Peak pick button on the Analysis toolbar.
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Note that it may be necessary to maximise the window containing the active spectrum in
order to see the peak results table window, depending on where it is currently docked.

Peak Pick detects peaks for the active spectrum of the active spectrum viewer using the

current threshold settings and displays the results. It also adds a peak results table to the
current window, which gives details for the picked peaks, which can include some or all of
the following information.

o Centre

e Height

e Width

e Area

e  Absolute intensity
e Low edge

e High edge

-11 -
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Peaks are automatically labelled on selection of the Peak pick option from the Analysis
menu.

Processing Procedures  Tools  Window  Help

Mapping review

Component (DCLS) ; & ]3 1 ﬁ lﬂ .

Curve fit

Dynamic mapping |

Integrate

v Peak pick

v | Visible
Autoset thresholds 2 Single peak
Remove peak label Whole spectrurn

Copy results
Manual peak add 2

Spectrum search

If the peaks are not suitably labelled the following methods can be used to add or remove
the labels:

1. Use the Autoset thresholds > Whole spectrum option. This sets thresholds so that a
limited number of the best-defined peaks will be found, and then performs peak
picking. The maximum number of peaks can be set on the Automatic Thresholding
tab.

2. Use Autoset thresholds > Single peak option. Zoom-in on a single peak (including
some baseline either side of the peak) and then select this option. This function sets
thresholds to locate all peaks in the spectrum that are as well defined (or better
defined) than the displayed peak. Peak picking is then performed.

3. Manual peak addition is performed by using a double left mouse click on, or close to,
the peak to be labelled. Use Manual peak add > Intelligent to enable the software to
locate and label the closest peak within 5 falling points either side of the maximum.
Complete manual control can be achieved by using Manual peak add > Manual. A
double click on the spectrum will add a peak label exactly where the mouse cursor is
located when in this setting.

-12 -
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4. Manual peak removal is performed by right clicking on the relevant peak label in the
peak pick table and selecting ‘Remove peak label’.

The peak result table may be copied to the Windows clipboard by selecting the Copy results
option from its context menu (shown by right-clicking it). From here it may be pasted into
e.g. spreadsheet or word-processing programs.

Curve-fitting

Curve-fitting calculates highly accurate values for simple, single bands but also for complex
band systems where there may be two, three or more bands that overlap. Curve-fitting can
produce a *.wxc file that can be saved and applied later to a spectrum or set of mapped
data.

To fit a curve to a band or series of bands, select Analysis...Curve fit to open the Curve fit
window, zoom in to a region that contains the band and some baseline data either side. A
baseline may be added automatically between the end points of the spectrum. This can be
used, or removed via the context menu. Use the mouse to position the approximate centre of
the band. Click to add the band and repeat for the centres of other bands if part of a system
of bands. You may need to use the context menu and select ‘Add Curves’ if the curve
symbol does not appear with the cursor. Pressing ‘Remove curve’ from the context menu will
remove the last node you added.

-13-
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Curvel 1636.14 143839 117489 49.3765 Mixed 2.30964e+006 1.01113 1
Curve 1607.54 124207 47762 28,5127 Mixed 846212 1
Curve3 1594.75 15,0094 775974 50.5112 Mixed 1.53162e+008

Curved 1579.87 9.28587 21895 309211 Mixed 287534

Curves 1550.1 14,4396 9596.66 0 Mixed 217669 %

Select ‘Start Fit’ from the context menu to fit the added curves to the data. The algorithm will
perform many iterations until the best fit has been achieved.

You can save the curve fit file as a *.wxc from the context menu (Curve parameters....Save
curves). To reapply this saved curve ‘template’, perhaps to a similar sample, start the curve
fit application and use the context menu (Curve parameters...Load curves) and then ‘Start
fit".

You can modify or make changes to the curve fit using the Curve Fit Properties window from
the context menu Properties. This provides greater control over the fitting process instead
of the automatic parameters that are usually used. For example, you can choose to fix a
band centre instead of letting it ‘float’ during the curve fit, or apply limits to parameters. This
can be useful for complex band shapes. Curves can also be named, different types of
baseline can be used or the curve type can be defined. Use the ‘Curve Fit’, ‘Curves’ and
‘Baseline’ tabs to adjust the curve fit.

-14 -



TMO012-03-C Data processing and simple analysis

-

RENISHAW &

apply innovation™

Curve fit Properties
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Curve 1of 6
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The context menu allows the truncation of the fitted region on zooming (Fit viewed region). It
is generally beneficial to have this ticked. If this is not active then the baseline form and
height will be somewhat dependent upon other bands that are present throughout the whole
spectral range. It may be necessary to re-apply the baseline on zooming, as its original

position will be persisted.

A curve-fitting procedure produces a table of data; the columns are selected from the context
menu of the table (Show/hide columns). The table lists the various parameters for each of
the curves. The data in the table can be copied and pasted into a spreadsheet package, for

example (context menu, Copy results).

-

Curve Fit Results Table Properties
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Show / hide result table columns
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Width
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%o Gaussian
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oK || Cancel
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The fitted curves, baseline and result curve (sum of the fitted curves and baseline, if used)
can all be saved and reloaded as ‘spectra’. Once the curve fit has completed, select Save
curve data from the context menu and save to a location. This saves a multifile that can be
opened like a spectrum in WIRE. Use the Data tab in the Navigator and expand the
branches to show the Collected data. Highlight each ‘acquisition’ and right click to show
‘Load dataset’. To save the curves, result, or baseline as a separate ‘spectrum’ or trace,
highlight the trace in the View tab of the navigator and select ‘Save spectrum as’ from the
context menu.

Integration

The integration option provides a method where the total area under the spectrum can be
determined.

The left and right vertical bars determine the region which is being analysed within the
spectrum. The properties are selected by using a right click on the spectrum. These enable
the exact start and end position to be defined and the type of integration (Trapezoid or cubic
spline) to be selected.

Integrate Properties [&J

Integration Properties

Integration Type

@ Trapezoid Area Cubic Spline
Edit Regions
Regions Start End

Region0 | 663.561751 1725.236500

| Allow Owverlapped Regions

[ ok || cancel || Appy |

[%

Trapezoid calculates the area between adjacent points using a trapezium drawn between
the points and the x-axis.

Cubic spline approximates the spectrum with local cubic polynomial models and uses
integration to get an estimate for the area between adjacent points.

In each case the result is the sum of areas across all pairs of points in the region.

- 16 -
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Direct classical least squares (DCLS) component analysis

The ‘Component (DCLS)’ method can be applied to a single spectrum to determine
guantitative information (i.e. fraction estimates) regarding its constituent properties. This
method should be applied where reference spectra are available for all components within
the mixture. Fraction estimates are obtained for each reference spectrum. If only a limited
number of reference spectra are available, DCLS can be used to gain useful but potentially
inaccurate quantitative information.

To perform DCLS on a single spectrum, select Analysis...Component (DCLS) to open the
Component (DCLS) window.

Component Analysis Properties @

Analysis | Components

Method @ Epectrum 1st Derivative 2nd Derivative

Mormalise (@) No normalisation
Mean centre and scale to unit variance

Subtract minimum intensity and scale to unit intensity
sUMm

Differential

3 : Auto-set

Fa

Savitsky-Golay

Background
Include background 0

Calculate percentage lack of fit

[ ok || camesl || emh Help

e

Select the method type. Choose Spectrum for a direct comparison. Using derivative spectra
can be useful if the data contain background offsets and / or slopes. The 1% Derivative option
is suitable for removing backgrounds with a consistent shape but variable offset. The 2"
Derivative option is suitable for spectra where the background changes dynamically for the
same component (e.g. fluorescence quenching).

If the Spectrum method is selected the Include background option is made available to the
user. This is useful to reduce the skewing of the DCLS analysis by the contribution of any
background variation. The Differential options are available only where one of the Derivative
methods is selected. The Normalise options are not available to the user during component
analysis of a single spectrum.

Select the ‘Components’ tab and add reference spectra. Reference spectra can be added
by:

e Selecting ‘File’ and navigating to the file containing your reference spectra,

e Loaded in from an existing library

e A combination of reference spectra and library spectra

17 -
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Component Analysis Properties

Components

Select components from
@) File
7 Library

Remove

[ ok || concel |

Apply

To add a component from a library, the user must initially add the desired library or libraries
to the ‘Libraries’ section of the ‘Select components from libraries’ window (opened by
selecting Library...Add...). Once loaded, WIiRE will remember the library unless it is

removed from the ‘Libraries’ section.

.
f. Select components from libraries

Libraries Componerts from selected library

polymer.LIB
INORGAN.LIB

Selected components

Search criteria

-18-
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Highlighting a library allows the user to remove, view information on, or search for key words
within the selected library. The ‘Components from selected library’ section lists all reference
spectra within the selected library. This list can be reduced by entering key words into the
‘Search criteria’ section. To add component(s) from the library, click on the desired reference
spectra so that they are highlighted. Click the down arrow to add the reference spectra to the
‘Selected components’ section. Components can be removed from this section by clicking to
highlight and selecting ‘Remove’.

4 ™
B Select components from libraries S ﬁ

Libraries Componerts from selected library

INORGAN.LIB

Polyvimylpymrolidone [PVP] - Approx 1
Polyvinyttoluene[Index - 125]
Poly{4-chlorostyrene)[Index - 126]

Selected components

Cellulose acetate [CA] (Acetyl content 39.8%)[Index - 1] {INORGAN LIB)
Polyethylene, medium density [PE] (Density: 0.540 kg/dm3)[Index - 101] (INORGAN.LIB)
[ Add ] [ e ] [ Info ] Poly(ethylene glycol) (Mn: Approx 10,000 g/mol){index - 103] (INORGAN.LIE)

Search criteria

Coca

Clicking ‘OK’ adds the selected reference spectra to the components list. Clicking ‘OK’ again
displays the spectrum being analysed along with the spectra of all components in a plot in
the ‘Component (DCLS)’ window. The spectrum number, component name and fraction
estimation value of each reference spectrum are listed in a table below the plot. To identify
spectra and corresponding components, the Show dataset axis labels must be selected from
the context menu.

See module TMO015 for information regarding component (DCLS) analysis on multi-file data.
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