
 

 

 

 

 

 

 

 

USER MANUAL v1.1 

 

 

KOALA is developed by Dr. Michael Grubb at the University of Bristol.  Please direct 

inquiries and bug reports to michael.grubb@bristol.ac.uk. 

 

 

 

Note:  This manual is only intended to describe how to use the KOALA program.  For a more 

detailed description on how it works, please read the original article:  M.P. Grubb, A.J. Orr-

Ewing and M.N.R. Ashfold, Rev. Sci. Instr. 85 064104 (2014). DOI: 10.1063/1.4884516 
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PROGRAM OVERVIEW 

The KOALA program is composed of three main parts which are highlighted in the image below:  the 

PROCESS DATA panel, the SPECTRAL DECOMPOSITION panel, and the FIT KINETIC TRACES panel.   

 

Each part of the program is composed of a graph accompanied by a sub-panel of controls.  Raw data 

files are first opened in the PROCESS DATA panel and will appear on the PROCESS DATA graph.  The 

data displayed on the graph will change in real time, as various data processing functions are applied 

by using the controls on the sub-panel.  Some processing functions included in KOALA are:  data 

baselining, smoothing, negative time subtraction, chirp correction, and background subtraction.  

After the data has been processed, it can be decomposed into its spectral components in the 

SPECTRAL DECOMPOSITION panel.  The graph in this panel displays a single spectrum from the 

dataset, which can be selected using the slider bar located at the bottom of the graph.  As spectral 

components are added to the decomposition model using the COMPONENT BASIS FUNCTIONS sub-

panel, the component spectra will be overlaid on the graph, along with the total simulated spectrum 

which is composed of the sum of all component spectra in the model.  As the parameters of each 

component are modified, its corresponding kinetic trace will update on the graph in the 

neighbouring FIT KINETIC TRACES panel. 

The KINETIC TRACES panel displays the extracted kinetic traces of the spectral components defined 

on the preceding panel, as well as simple exponential or bi-exponential fits to the traces.  Changing 

parameters on any of these three panels will recompute the results on all three of the program’s 

panels.  This allows real-time monitoring of the effect of changes in the data-processing or spectral 

decomposition model on the resulting time constants describing the component kinetics. 
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I. PROCESSING DATA  
The PROCESS DATA panel graph displays the current state of the data being processed, and will 

be immediately updated whenever a new processing function is applied, or a processing 

parameter changes.  The current plots in the data set are listed to the right of the graph, and 

individual plots may be removed from the analysis and the graph by unchecking the checkbox 

next to their name (which will be their time-delay in a dataset of transient spectra).  All data 

processing functions are reapplied to the raw data whenever a parameter changes (except for 

subtracting reference or background spectra) and therefore  processing steps are reversible 

within the program, and may be switched on and off in any order without accumulating errors.   

 

PROCESS DATA panel 

 

A. Load data file 

Input files must be tab or comma delimited text files, 

with plot names (usually spectral time delays in 

picoseconds) as the column labels, spectral units as 

the row labels (typically detector pixel number, 

wavelength in nm, or wavenumber in cm-1), and 

corresponding spectral intensities (assumed to be in 

ΔmOD).  Once loaded, the full file path of the 

currently loaded file will be displayed in the Title Bar 

at the top of the KOALA window and the loaded 

spectra should appear in the PROCESS DATA graph. 

   

B. Save/load KOALA project 

The currently loaded spectra, as well as all processing and decomposition parameters, 

can be saved as a KOALA project file so that the analysis may be easily revisited.  The 

KOALA file is a binary file and thus will appear nonsensical if opened in any program 

other than KOALA. 

 

 

A. LOAD DATA FILE 

B. SAVE/LOAD KOALA PROJECT 

C. REFERENCE/SUBTRACT SPECTRA 

F. RIGHT CLICK MENU 

D. PROCESSING PARAMETERS 

Color-coded example of accepted data file 
format 

E. CORRECT CHIRP 

G. RECALIBRATION 
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C. Reference/subtract spectra 

The Subtract Spectra button will allow you to load a second data file, which will be 

subtracted from the currently loaded spectra.  If the time delays of these two datasets 

do not match, the spectral intensities of the subtracted spectra will be interpolated to 

match the time delays of the original spectrum.  This feature is used mainly to subtract 

out unwanted background signal which can be measured in isolation, such as signal 

originating from the solvent. 

 

The Apply Reference button is similar in function, but is used when a reference spectrum 

is concatenated to the experimental data and not saved as a separate file.   Pressing this 

button will subtract the spectral intensity of the last half of pixels in each spectrum from 

the first half. 

 

D. Processing parameters 

1. Baseline:  Use the first selection box to choose the number of regions to which 

you want to fit a baseline (1-5).  This will create a pair of vertical colored cursors 

on the graph corresponding to each region.  If the cursors do not appear, they 

may be outside of the current X-axis boundaries of the graph.  In this case, you 

can either resize the X-scale to find them, or hold the Ctrl key and Left-Click on 

the graph window with your mouse to return the cursors to the center of the 

graph window.   

 

Use the second selection box to choose what type of baseline correction to 

apply (No Correction, Flat, Linear, or Quadratic).  KOALA will then fit a function 

of the chosen type through the data points inside each baseline region that has 

been defined by the baseline cursor pairs and subtract that function from the 

spectrum.  Each spectrum in the dataset will be independently fit and baselined. 

 

2. Smooth:  The “Smooth:” property applies a running average to each spectrum in 

your dataset.  The spectral intensity of each pixel will be averaged with n 

neighbouring pixels.  Leave this property equal to zero if you do not wish to 

smooth your data. 

 

3. Correct Pixels:  This property should only be used on detectors composed of 

separate 64 pixel blocks (such as most MCT array detectors), when variations in 

the detection efficiency creates artificial steps in the spectra.  If the” Correct 

Pixels:” property is checked, the a constant value will be added to the spectral 

intensity of each 64 pixel block such that the intensity of the last pixel of each 

block matches the intensity of the first pixel of the neighbouring block. 

 

4. Subtract Negative Time:  If the “Subtract Negative Time:” box is checked, the 

spectrum with the earliest time delay will be subtracted from all other spectra in 

the dataset.  This will be applied before any other baseline correction or 

smoothing, regardless of when this box is checked. 
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E. Chirp Correction 

Checking the “Chirp Correction:” box will apply a dispersion correction to your data, 

based on the information provided in the CHIRP CORRECTION tab.  Either enter known 

values for the absolute phase (ABP), group velocity dispersion (GDD), and third order 

dispersion (TOD), or check the “Fit current data:” box and follow the instructions in the 

program in order to determine these parameters from your currently loaded dataset.  

 

Screenshot of CHIRP CORRECTION tab, demonstrating how to obtain the dispersion parameters form your currently loaded dataset 

F. Right-Click Menu 

Right clicking on the graph in the PROCESS DATA tab brings up a menu with some 

convenient functions. 

1. Auto-zoom(Shift-Click):  Rescales X 

and Y-axis of graph to fit all data 

points 

2. Bring offscreen cursors to 

center(Cntrl-Click):  Returns all graph 

cursors currently offscreen to the 

center of the graph window. 

3. Change X-Axis Label:   

i. Pixels 

ii. Wavelength (nm) 

iii. Wavenumber (cm-1) 

4. Reverse X-scale:  Changes whether the current X-axis is plotted in ascending or 

descending order (depending on your preferred convention) 

5. Invert signal:  Multiplies all data points by -1 

6. Convert nm <--> 1/cm:  Converts data between wavelength and wavenumber, 

by applying an x^2 Jacobian to account for changes in pixel bin size.   

7. Visible Spectra: 

i. Show all time delays 

ii. Hide all time delays 

PROCESS DATA Right-click menu 
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8. Color Palette: 

i. Rainbow 

ii. Green 

iii. Hot/cold 

9. Export Data:   

i. Export graph image to clipboard:  Exports the currently displayed graph 

and plot legend to the clipboard, which can then be pasted as an image 

in another program such as Microsoft Powerpoint. 

ii. Save data as *.csv:  Exports currently all of the currently displayed graph 

plots as a comma delimited text file which can be opened in other 

programs such as Origin or Microsoft Excel. 

 

G. Recalibration 

The X-axis values of your data can be reassigned in the RECALIBRATION tab, if the 

recalibration is linear.  The “Current Calibration” box displays the current initial X-Shift 

(lowest X-value of graph) and Scale (X unit increment per pixel of data).  The calibration 

can be changed using the shift and scale slider bars in the RECALIBRATION box. Changing 

these slider bars will immediately apply the new calibration the spectrum displayed on 

the SPECTRAL DECOMPOSITION graph.  Press the “Apply” button to keep the new 

calibration parameters, or “Reset” button to return the slider bars to original calibration 

parameter values.   

II. SPECTRAL DECOMPOSTION 
The SPECTRAL DECOMPOSITION panel displays only a single spectrum (at a particular time delay) 

from the processed data (solid black line), although the decomposition procedure will 

automatically be applied to all spectra in the dataset.  The current spectrum displayed by the 

graph can be changed using the slider bar at the bottom of the graph.   

 

Before the decomposition process can begin, the user must define a spectral region to 

decompose using the dashed black vertical cursors (A).  If the cursors are off-screen, shift-click 

the graph in order to return them to the graph window.   

A 

D 

B 

C 

E 
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A. Adding new basis functions 

To begin decomposing the spectra, the user must add basis functions to the model.  The 

COMPONENT BASIS FUNCTIONS subpanel (B) lists basis functions currently in the model.  

Clicking the “Add” button (C) will add a new basis function to the model, which will initially 

appear as a Gaussian function centered at the location of the red cursor (D) on the graph.  

The new basis function has four adjustable properties:  Name, Type, Center, and FWHM.   

1. Name:  The Name property is 

simply a label used to identify 

the basis function.  By default, 

this name will simply be the 

center X-axis value of the 

Gaussian basis function, but may 

be edited at anytime. 

2. Type:  Clicking on this property 

will bring up a submenu of basis 

function types.  Basis functions 

can be either Gaussian (G), 

Lorentzian (L), or Error (E) 

functions.  A Shifting (S) basis 

function type has a floating 

center position, while a 

Widening (W) basis function has 

a floating width parameter.  

Custom basis functions (B1…Bn) can be created or loaded from the LOAD/MAKE 

BASIS tab (detailed in Section 2.C). 

3. Center:  The current center position of the basis function, in units of detector pixel 

(making it independent of the current spectral calibration).  If a Shifting type basis 

function is used, the center position will be allowed to float in order to find the 

center position that results in the best fit decomposition.  In this case, the range of 

center positions that will be searched is defined by the Shift Steps and Shift Size 

parameters.  In the above example, the Shifting Gaussian HCN basis function has 

Center = 66.0, with Shift Steps = 4 and Shift Size = 0.5.  The resulting decomposition 

will try Gaussian functions centered at pixels:  64.0, 64.5, 65.0, 65.5, 66.0, 66.5, 67.0, 

67.5, and 68.0.  This parameter is not used for custom basis functions (B1..Bn). 

4. FWHM:  The FWHM parameter defines Full Width Half-Maximum of the basis 

function, in pixels.  If a Widening type basis function is used, the FWHM parameter is 

not used, and the function width will be allowed to float to find the best fit 

decomposition.  The range of FWHM values that will be searched is defined by the 

Width Steps and Width Size parameters, starting from the smallest possible value of 

1.0 pixels.  Therefore if a Widening Gaussian is chosen and Width Steps = 4 and 

Width Size = 2.5, the resulting decomposition will try Gaussian func tions with 

FWHM values:  2.0, 3.0, 4.0, and 5.0.  This parameter is not used for custom basis 

functions (B1..Bn). 

 

 

Basis function types 
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B. Adding spectral components with fixed time evolution 

It is sometimes beneficial to fix the time evolution of particular spectral components, if their 

time evolution has been measured in isolation but other spectral features obscure the signal 

in the dataset being analysed.  This feature is currently only available for custom basis 

functions (see Section 2.C), and is implemented using the subpanel at the very bottom of the 

ASSIGN tab (E).   

1. Name:  Click this property to select a basis function that has been loaded into the 

basis function library.  If a basis function is used here, it should NOT already be 

loaded into the COMPONENT BASIS FUNCTIONS sub-panel. 

2. Grw/Dcy:  This property determines whether the selected component is growing 

(starts with zero signal intensity) or decaying (ends with zero signal intensity)  in 

time. 

3. τ (ps):  This property sets the timescale of the component’s growth or decay. 

4. Scale:  This property sets the maximum intensity of the feature (the final intensity 

for a growing feature or the initial intensity for a decaying feature).  Negative values 

are allowed, which will invert the signal of the component.  

 

C. Loading custom basis functions 

   Currently loaded custom basis functions are listed in 

the BASIS FUNCTION LIBRARY in the LOAD/MAKE 

BASIS tab.  Clicking the “LOAD BASIS FUNCTION” 

button allows a tab or comma delimited text file to be 

opened and stored in the library.  This file must be in 

the form of a two-column tab or comma delimited 

text file, where the spectral units of the first column 

match the spectral units of the transient spectra being 

analyzed.  The X-values of the loaded basis function 

will be interpolated such that they match those of the 

transient spectra.  This means higher resolution 

spectrum files can be loaded as basis functions 

without modification.  Once loaded, the basis 

functions in the library will appear as (B1..Bn) options in the Type parameter of the 

COMPONENT BASIS FUNCTIONS sub-panel of the ASSIGN tab. 

 

D. Saving a transient spectrum as a basis function 

Clicking the “SAVE CURRENT FRAME” button will save the currently displayed spectrum from 

the transient dataset as a text file, as well as add it to the BASIS FUNCTION LIBRARY. 

 

E. Creating a custom basis function 

While in the LOAD/MAKE BASIS tab, custom basis functions of any shape may be created 

from the sum of individual Gaussian functions.  A Gaussian function appears on the graph at 

the location of the red vertical cursor, the intensity and FWHM of which are defined by the 

“Height” and “Width” parameters in the GENERATE BASIS FUNCTION MODE sub-panel.  

Clicking the “Add” button will add the Gaussian to the current custom basis function.  This 

may be repeated any number of times, by moving the cursor and adding Gaussian functions 

LOAD/MAKE BASIS tab 
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of different sizes together, at various spectral locations.  Press the “Save” button to save the 

current custom basis function to a text file, or the “Clear” button to erase all Gaussians that 

compose the current basis function. 

 

F. Singular Value Decomposition (SVD) 

Principle component analysis using SVD can be applied using the SVD tab.  This is a hands-off 

analysis that will decompose the spectra into the smallest number of basis functions that 

best capture the time-dependence of the spectrum.  This mode will ignore any basis 

functions you have declared in the ASSIGN tab.  The number of singular values you wish to 

decompose the spectrum into can be selected using the “Singular Values” property, and the 

percent contribution of each singular value to the total time-dependent signal variance is 

displayed under “Percent Contribution”. 
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III. KINETIC TRACES 
As soon as basis functions are created, their corresponding kinetic trace will appear on the 

KINETIC TRACES panel and accompanying graph (as colored open circles).  

 

KINTETIC TRACES panel 

All points of the trace between the two vertical dashed cursors are fit with an exponential 

function (colored solid lines).  The properties of the fit are defined in the KINETIC TRACES panel. 

A. Color:  The color of the fit/trace can be customized here.  This will also change the color 

of the corresponding basis function in the SPECTRAL DECOMPOSITION graph. 

B. Name:  The name will match the name of the corresponding basis function, and cannot 

be edited. 

C. Time Constant:  The time constant(s) of the (bi-)exponential fit to the kinetic trace is 

displayed here.   

D. Fit type:  Selecting 1 will fit the kinetic trace with a monoexponential function, while 

selecting 2 will fit the trace with a biexponential function. 

E. IRF:  Checking this box will convolute the exponential function with a Gaussian 

instrument response function with a FWHM equal to (H). 

F. Zero time correction:   All time points in all traces will be shifted by this value.   

G. PLOT:  Setting this to Signal will generate traces from the normalized integrated area of 

the corresponding basis function.  Setting this to Shift/Width will generate traces based 

on the time evolution of the center position/FWHM of basis functions with floating 

parameters.   

 

A B 

C 

D E 

H 

F 

G 


