
Manual for the IFORS software (Iterative Fitting of Raman
Spectra)

Installation

Windows

The software was tested under Windows 7 64bit with python 3.6.4 64bit, but it is very likely that it will
also work under Windows 8 and 10.

Go to https://www.python.org/downloads/windows/ and download the current python version (at the
time of writing it is version 3.6.4).

Run the python installer and follow the instructions therein. Be sure to select the tic-mark which says
“ADD TO PATH”.

IFORS requires the following packages: Numpy, Scipy, Matplotlib, PyQt5. Open a command prompt in
Windows and write:

• pip install numpy (hit enter)
◦ this will install numerical python (http://www.numpy.org/)

• pip install scipy (hit enter)
◦ this will install the Scientific Computing Tools for Python (http://www.scipy.org/)

• pip install matplotlib (hit enter)
◦ this will install the Matplotlib plotting library for Python (https://matplotlib.org/)

• pip install pyqt5 (hit enter)
◦ this will install the PyQt5 library for Python (https://pypi.python.org/pypi/PyQt5)

All  needed files  for  the IFORS-software  are  contained in  the  ‘ifors_win.zip’ (Linux:  ‘ifors.tar.gz’)
archive. The archive contains three folders with following files:

• docs\
◦ ifors_default_config.cfg
◦ ifors_manual.pdf
◦ reference_series_data.xls

• test_spectra\
◦ Almandine.txt
◦ KL2-8HS_1_ics.txt
◦ KL2-19_2.txt
◦ KL16_8B_532_1.txt

• ifors\
◦ setup.py
◦ ifors\

▪ ifors_canvas.py
▪ ifors_cli.py
▪ ifors_estimate_temperature.py
▪ ifors_gui.py
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▪ ifors_ifors.py
▪ ifors_optimize_python.py
▪ ifors_readout.py
▪ ifors_run.py
▪ ifors_start_curve-fit.py

Extract the ‘ifors’-folder in a directory of your choice, for this manual ‘C:\Python_scripts\packages’ is
chosen.

• In the command prompt navigate to ‘C:\Python_scripts\packages\ifors’.

◦ cd Python_scripts\packages\ifors
▪ Now the  command prompt  is  active  in  the  chosen director,  e.g.  ‘C:\Python_scripts\

packages\ifors’
• To install the ifors-package type in the command prompt:

◦ pip install . note: the dot (.) and space are part of the command!(Figure 1)
• To uninstall ifors type in the command prompt:

◦ pip uninstall ifors

###### NB! ######
You will have to edit the ‘ifors_default_config.cfg’ file during usage and you will need a text-editor for
this. Notepad++ (https://notepad-plus-plus.org/) is suggested for this purpose, but you can use any other
text-editor. When editing the script files, make sure that you set the ‘Tab-settings’ in your editor
to:  Tab-size  =  4  and  replace  tab  by  space.  You  can  do  this  in  Notepad++  in  ‘Settings  →
Preferences → Tab Settings’. ‘.’ (dot) is used as decimal separator in the ‘.fit’ files (section 1.3).
To interrupt ifors started from the command prompt, type in the command prompt: ‘Strg+C’

OSX (MAC)

Many thanks to Lukas Nibourel (University of Bern) who worked out these detailed instructions for the 
installation of IFORS on a Mac system.

Instructions:

IFORS (version ifors-0.1.1) was tested using a MacBook Pro (13'' Early 2015), OSX El Capitan 
10.11.6, Lukas Nibourel, 2017-06-01

Command line entries are marked with a $, press enter to run a command
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Figure 1: Install the ifors-package using pip.

https://notepad-plus-plus.org/


step 1 get Xcode:
• Download and install Xcode from your Apple Store. You also need to open Xcode agree to the 

license and it will install its components.
• Open your Terminal from: Applications/Utilities/Terminal
• To activate the associated command line tools, go to your Terminal command prompt and run:
• $ xcode-select --install

step 2 download and install Homebrew
Homebrew helps you to download, install and manage complex packages such as Python.

• To download and install Homebrew type:
• $ ruby -e "$(curl -fsSL 

https://raw.githubusercontent.com/Homebrew/install/master/instal
l)"

• If Homebrew is already installed, to update to the latest version type:
• $ brew update
• After installing/updating Homebrew and as suggested in the command line, to check for any 

issues with the installation run:
• $ brew doctor

step 3 download and install python3

• Download Python3 with Homebrew (python2 is installed by default on most Macbooks 
Python2 is installed by default). From your command prompt run:

• $ brew install python3
• This will take a few minutes. Pip (a command that will be used later on) is included the Python3

package when installed with Homebrew.

step 4 create a new virtual environment

The best way to use a specific Python software which requires specific packages (and Python versions) 
is to use virtual environments. They allow you to have a "virtual" Python installation, that does not 
interfere with the main system.

• $ mkvirtualenv --python=$(which python3) ifors
• This will create and enter the virtual environment ifors, indicated by (ifors) in your command 

prompt
• If you need to leave the virtualenv, type "deactivate". If you need to enter it again, type "workon

ifors".
• To verify that python3 is installed on your virtual environment, type:
• (ifors) $ python –version

The ‘(ifors)’ before the $-sign on your command prompt indicates that the virtual environment ‘ifors’ is
currently activated.

step 5 install prerequisites (into the environment, not the system)

• While in the virtual environment, install the following required packages:
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• (ifors) $ pip install PyQt5 numpy scipy matplotlib

step 6 install ifors

• Unpack the attached zip (version ifors-0.1.1), and from that folder (the one with setup.py) run 
local install:

• (ifors) $ pip install .

With that, ifors_run should be ready to use, by following your detailed explanations (see below).

Additional convenient info:
• To find out which python version is installed on your system and used in default mode (outside 

your virtual environment)
• $ python --version
• Check if and which version of python3 is installed on your computer
• $ python3 --version
• To find out where python3 is stored on your computer type
• $ which python3

Linux

Install the following packages: PyQt5, Numpy, Scipy, Matplotlib
Python3 should be implemented in most Linux distributions.
Extract the ifors-folder in a directory of your choice, open the console and navigate to the extracted
ifors-folder, install the ifors-package with pip install . (super-user rights might be necessary if Python is
not installed into a virtual environment)

1. Usage (Windows/Linux)
The usage of the software is command line driven, but only very few commands are needed. In this
manual command line input is written in bold Courier New font. A […] in the command line input
indicates that the following line break is due to text formatting and that the actual command line input
has no line break. Make use of the tabulator-key and the arrow-keys when writing in the command line.
Hitting the tabulator-key triggers the auto-completion, i.e. file- or folder-names will be completed. The
up and down arrow-keys let you cycle through already submitted commands. This avoids repetitive
typing.
The software works with Raman spectra that have been saved in txt-files. These files are from now on
referred to as ‘spectrum-files’. A spectrum-file contains two columns and the first column lists the
Raman-shift values (relative wavenumbers) and the second column lists the associated intensity.

1.1 Curve-fitting with IFORS:
To start a curve-fit with ifors you have to use the command-prompt. Before you start to evaluate your
spectra, it is suggested to keep your folder structure clearly arranged. Therefore, copy or move your
spectra into a specific folder or follow the suggestions of this manual (see below):

• In Windows Explorer create a ‘Raman_data’ folder with four sub-folders. In this example the
following paths are used:
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◦ C:\Raman_data\spectra
◦ C:\Raman_data\results_curve-fitting
◦ C:\Raman_data\ifors_aux
◦ C:\Raman_data\reference_data

• Of course you can use other folders, but it is advised to use a consistent folder structure.
• From the ‘ifors_win.zip’-archive (linux:  ‘ifors.tar.gz’) extract the contents of the  ‘docs’-folder

into the ‘ifors_aux’-folder.
• In the ‘ifors_aux’-folder open the ‘reference_series_data.xls’-file, follow the instructions in the

explanation  box.  Save  the  reference  data  as  a  tab-delimited  txt-file,  name  it
‘reference_series_data_488.txt’ or  ‘reference_series_data_532.txt’ depending on the reference
data you selected from the xls file and move it into the ‘reference_data’-folder. The reference
data is needed later for estimating metamorphic temperatures (see section 3).

• When you start a new project, create a sub-folder in the  ‘spectra’ and  ‘results_curve-fitting’
folders. Here, we will use ‘project_1’:
◦ C:\Raman_data\spectra\project_1
◦ C:\Raman_data\results_curve-fitting\project_1

• Copy your spectrum-files to the  ‘Raman_data\spectra\project_1’ folder (in this example  the
spectrum-files  KL2-8_HS_1_ics.txt  and  KL2-19_2.txt  of  the  test_spectra  folder  from  the
‘ifors_win.zip’-archive)

• In the command prompt navigate to the folder in which you want to save the results of the
curve-fit,  in  this  example  C:\Raman_data\results_curve-fitting\project_1.  By  default,  the
command  prompt  is  active  in  e.g.  C:\Users\currentUser.  To navigate  to  the  results_curve-
fitting\project_1 folder type in the command prompt:

◦ cd .. (hit enter)
◦ cd ..

▪ now the command prompt is active in the root of drive C:
◦ cd Raman_data\results_curve-fitting\project_1

▪ Now  the  command  prompt  is  active  in  the  chosen  directory,  e.g.  C:\Raman_data\
results_curve-fitting\project_1.

• Now you can  start  ifors  by  typing  in  the  command prompt  (continuing from the  example
above):

◦ ifors_run

This will provide you with a short help on the ifors_run command and also produces an error, which
tells you that you need to specify the config_file (Figure 2). The config_file allows you to control the
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Figure 2: Starting ifors with the ifors_run command.



behavior of ifors. See below for details on settings, constraints, options, etc. For now, you use the
‘ifors_default_config.cfg’. The short help text tells you that you further need to provide some options to
the ifors_run command. Possible options are:

• config_file: this is a positional option and must be provided as the first option. It points to the
config_file you want to use with ifors.

• -o: this option takes the value of:
◦ ‘cf’ → to start the curve-fit
◦ ‘ro’ → to readout the data of a finished curve-fit
◦ ‘et’ → to estimate peak metamorphic temperature from data generated with the readout

option

• -f: this option is the file list, you have to specify which files you want to work with. Multiple
files are possible.

• -rd: this option refers to the reference data, you have to specify which reference_data file you
want to use for temperature estimation.

To start a curve-fit, type the following in your command prompt (continuing from the example above):

◦ ifors_run c:\Raman_data\ifors_aux\ifors_default_config.cfg -o cf -f [...]
c:\Raman_data\spectra\project1\KL2-19_2.txt

◦ This command consists of four parts (Figure 3 and 4):
▪ The first part ‘ifors_run’ initiates ifors
▪ The second part ‘c:\Raman_data\ifors_aux\ifors_default_config.cfg’ points to the 

config_file you want to use.
▪ The third part ‘-o cf’ initiates the option ‘curve-fit’
▪ The fourth part ‘-f c:\Raman_data\spectra\project1\KL2-19_2.txt’ initiates the option 

‘file_list’ and points to the spectrum file that you want to evaluate.
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Figure 3: Starting the 'ifors_run' command with the cf option using the command 
prompt.



◦ When you hit enter, a new window will open, showing the live progress of curve-fitting,
from now on named live-view (Figure 5), and some output about the progress of the curve-
fitting is printed in the command prompt (Figure 6).
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Figure 5: The live-view window showing a curve-fit in progress.

Figure 4: Structure of the 'ifors_run' command.



◦ The curve-fit will continue until optimization with the current constraints is reached, or if
you close the live-view window.
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Figure 6: The command prompt output when the curve-fit is finished. As long as 
the live-view window is displayed, you can not enter new commands in the 
command prompt. Close the live-view window to issue new commands.



1.2 The config_file
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Figure 7: The default configuration of IFORS. The default configuration is designed for carbonaceous 
matter spectra, but works also for most mineral spectra.



Figure 7 shows the contents of the default configuration file of IFORS. The configuration parameters
are arranged in six sections, e.g. Control, Constraints, Readout_type, Readout_opts, Mineral_peaks and
Estimate_temp. The default configuration is designed for carbonaceous material Raman spectra.

[Control]:
• start_wn: This  parameter  specifies  the  start  wavenumber  (relative,  or  Raman  shift)  of  the

spectrum. If you choose a value less than the minimum wavenumber of the spectrum, start_wn
is set to the minimum wavenumber. The value must be an integer. (default: 400)

• stop_wn: This  parameter  specifies  the  stop  wavenumber  (relative,  or  Raman  shift)  of  the
spectrum.  If  you choose  a  value  greater  than  the  maximum wavenumber  of  the  spectrum,
stop_wn is set to the maximum wavenumber. The value must be an integer. (default: 2200)

• seed: This parameter sets the seed-value of the random-number generator for live-view curve-
fits. The value must be an integer. (default: 0)

• repetitions: This parameter sets the number repetitions. It determines how often the spectrum is
repeatedly evaluated. It is only used when the ‘Cli’-parameter (see below) is used.  The value
must be an integer. (default: 3)

• plotting:  This parameter applies only if the ‘Cli’-parameter is used and determines if plots of
the curve-fits are saved as pdf- and png-files.  The value must be a string. Options: ‘yes’ or
‘no’ (default: yes)

• Gui: This parameter controls the live-view window. If ‘Gui’ is set to ‘yes’ the curve-fit will start
in  the  live-view window (Figure  5).  The value  must  be a string.  Options:  ‘yes’ or ‘no’
(default: yes)

• Cli: This parameter starts the curve-fit without the live-view window and will save all results
when curve-fitting is finished.  The value must be a string. Options: ‘yes’ or ‘no’ (default:
no)

• smoothing: If set to  ‘yes’, smoothing is enabled and the spectrum will be convoluted with a
Hanning-Window filter. The value must be a string. Options: ‘yes’ or ‘no’ (default: no)

• smooth_win_size: This parameter controls the window size of the Hanning-Window used for
smoothing. The value refers to the number of datapoints included in the window, e.g. 11 → the
window is 11 datapoints wide (not wavenumbers!). It must be an odd integer (default: 11)

• shuffle_peak_pos:  This  parameter  determines  if  the  list  of  possible  peak  positions  shall  be
randomized or not. The value must be a string. Options: ‘yes’ or ‘no’ (default: no)

[Constraints]:
• min_width: This parameter controls the minimum half width at half maximum (HWHM) of the

pseudo-Voigt functions during curve-fitting. The value is multiplied with the spectral resolution
(e.g. the distance between two data-points). The value must be an integer. (default: 1)
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• max_width: This  parameter  controls  the  maximum  HWHM  of  the  pseudo-Voigt  functions
during curve-fitting. The value refers to wavenumbers and must be an integer. (default: 60)

• min_dist: This parameter controls the minimum distance between two pseudo-Voigt functions
during  curve-fitting.  The  value  is  multiplied  with  the  spectral  resolution  (e.g.  the  distance
between two data-points). The value must be an integer. (default: 5)

• baseline_mode: This parameter lets you choose the style of baseline approximation. If set to
‘window_filter’, the  baseline  is  approximated  by a  convolution  of  the  baseline-data  with  a
moving Hanning-window. If ‘baseline_mode’ is set to ‘polynom’, the baseline is approximated
by a polynomial of the order set with the ‘polynom_order’ parameter. If ‘baseline_mode’ is set
to  ‘off’ no baseline will be used during curve-fitting.  The value must be a string. Options:
‘window_filter’, ‘polynom’, ‘off’. (default: polynom)

• polynom_order: This  parameter  sets  the  order  of  the  polynomial  used  during  baseline
approximation. The value must be an integer. (default: 5)

• window_size: This  parameter  sets  the  size  of  the  Hanning-window  used  during  baseline
approximation when baseline_mode is set to ‘window_filter’. The value of ‘window_size’ is
multiplied with the length (e.g. number of data-points) of the spectrum. If the spectrum is 1024
data-points long the Hanning-window will  be of length 205, if ‘window_size’ is  set  to 0.2.
Large values lead to more linear baselines. The value must be a float. (default: 0.2)

• alpha: During curve-fitting, this parameter controls the width of the normal distribution from
which the value is chosen that is added or subtracted from a randomly chosen pseudo-Voigt
function parameter. A ‘alpha’ close to 1 results in small value and thus, chances are higher to
find  a  valid  change  in  parameters,  e.g.  the  time  spent  in  the  mutation-loop increases  (see
Lünsdorf & Lünsdorf 2016 for details). An ‘alpha’ close to zero leads to a larger value added or
subtracted from a randomly chosen pseudo-Voigt function parameter and thus, the duration in
the mutation-loop is shorter. The value must be a float. (default: 0.985)

• sigma_threshold: This parameter controls the duration of the mutation-loop more directly. Legit
values for ‘sigma_threshold’ are from the interval ‘2 > sigma_threshold > 0’. Values close to 2
result in short and values close to 0 in long mutation-loop duration. The value must be a float.
(default: 0.01)

• noise_intensity: This parameter is a multiple of the standard deviation of the estimated noise
distribution. The value must be a float. (default: 2)

• max_peak_number: This  parameter  sets  the  maximum  number  of  pseudo-Voigt  functions
allowed during curve-fitting, e.g. if this number is reached the program stops. The value must
be an integer. (default: 100)

[Readout_type]
• Cm_readout: If set to  ‘yes’ the curve-fit results (‘.npz’-files) are interpreted for carbonaceous

material, e.g. STA-values according to Lünsdorf & Lünsdorf (2016) among other are computed
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and saved to ‘.fit’-files (see section 1.3). These are needed for later temperature estimation. The
value must be a string. Options: ‘yes’ or ‘no’ (default: yes)

• Peak_parameters: If set to  ‘yes’ only the parameters of the fitted pseudo-Voigt functions are
saved  in  the  ‘ifors_peaks.fit’-file.  This  mode  is  used  for  spectra  other  than  carbonaceous
material. The value must be a string. Options: ‘yes’ or ‘no’ (default: no)

• Fitted_values: If set to ‘yes’ all pseudo-Voigt function, baseline and intensity values are saved
together with their respective wavenumbers in the ‘ifors_fitted_values.fit’-file. The value must
be a string. Options: ‘yes’ or ‘no’ (default: no)

[Readout_opts]
• mineral_phases: This parameter controls whether the curve-fit results should be corrected for

Raman  bands  of  mineral  phases.  Applies  only  to  results  acquired  with  the  ‘Readout_type’
‘Cm_readout’. The value must be a string. Options: ‘yes’ or ‘no’ (default: no)

• plot_results: This parameter controls if the curve-fit results should be plotted or not. If set to
‘yes’ a ‘.png’- and ‘.pdf’- file of the curve-fits is saved. The value must be a string. Options:
‘yes’ or ‘no’ (default: yes)

• print_mode: This  parameter  applies  to  the  ‘Readout_types’ ‘Cm_readout’ and
‘Peak_parameters’. If set to  ‘line’ all pV-function parameters of an evaluation are written in
one line in the corresponding ‘.fit’-file. If set to ‘block’ the parameters of each pV-function are
written line by line, i.e. one set of pV-function parameters per line. The value must be a string.
Options: ‘line’ or ‘block’ (default: block)

• STA_range_start: This parameter defines the start value of the wavenumber interval from which
the STA values are computed. The value must be an integer. (default: 1000)

• STA_range_stop: This parameter defines the stop value of the wavenumber interval from which
the STA values are computed. The value must be an integer. (default: 1800)

[Ignored_peak_ranges]
• This section contains intervals of Raman shift values between which ‘Non-CM’-Raman bands

(for instance of transparent minerals like quartz, calcite, dolomite, plagioclase) are present. If
the ‘Readout_opts’ ‘mineral_phases’ is set to ‘yes’ any pseudo-Voigt function is excluded from
further evaluation during readout if it has a center value coinciding with any of the values from
the intervals. The start and stop values of the ranges/intervals can be modified by the user. The
number of ranges/intervals can also be modified by the user by extending the section. The start
and stop values must be integers (default: 0, 0). The range name must be a string (default:
range_1, range_2, etc.) avoid spacebars.

[Estimate_temp]
• p1 = This parameter sets the confidence level of the confidence interval. The value must be a

float. (default: 0.95)
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• p2 = This parameter sets the confidence level of the prediction interval. The value must be a
float. (default: 0.9)

• model: This parameter determines the model used during orthogonal distance regression. If set
to ‘cubic’ a third order polynomial is used if set to ‘linear’ a linear function is used. The value
must be a string. Options: ’cubic’ or ‘linear’. (default: cubic)

• plot: If set to ‘yes’ a plot of the reference data (metamorphic temperature vs. STA) together with
the orthogonal distance regression line, confidence and prediction interval is shown. The value
must be a string. Options: ‘yes’ or ‘no’ (default: yes)
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1.3 Generating Ouput
The purpose of the live-view curve-fit  mode is  to quickly check different curve-fit  behavior when
parameters in the config_file are changed, e.g. control and constraint parameters. This is necessary,
because no universal set of constraint/control parameter values exists. The config_file allows you to
define  control/constraint  parameter  value  sets  for  different  spectra.  You  are  supposed  to  copy  the
‘ifors_default_config.cfg’-file,  change  its  name  according  to  your  project  (e.g.
‘ifors_project_1_config.cfg’) and to save it in the ‘ifors_aux’-folder.
When you have found a satisfying set of control/constraint values, you will have to start the ‘ifors_run’
command:

• Open the ‘ifors_default_config.cfg’-file with notepad++
• In the [Control]-section change the parameter ‘Gui’ from ‘yes’ to ‘no’
• In the [Control]-section change the parameter ‘Cli’ from ‘no’ to ‘yes’
• Save the ‘ifors_default_config.cfg’-file as ‘ifors_project_1_config.cfg’ in the ‘ifors_aux’ folder
• In the command prompt navigate to the folder in which you want to save the results of the

curve-fit, in this example  C:\Raman_data\results_curve-fitting\project_1. (Follow the steps in
section 1.1)

• Once you are in the correct folder, type in the command prompt and press enter (Figure 3):
◦ ifors_run c:\Raman_data\ifors_aux\ifors_project_1_config.cfg -o cf [...]

-f c:\Raman_data\spectra\project1\KL2-19_2.txt

• When the curve-fitting process is completed, the duration is reported and you can again execute
commands in command prompt window (Figure 8).

• When finished, three files are saved in the ‘results_curve_fitting\project_1’ folder which have
the  name of  the  spectrum-file  added  with  the  prefix  ‘fit_’.  In  this  case  the  three  files  are
‘fit_KL2-19_2.npz’, ‘fit_KL2-19_2.pdf’ and ‘fit_KL2-19_2.png’.
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Figure 8: The command prompt window after curve-fitting finished with the ‘Control’-
parameter ‘Cli’ activated.



• The npz-file contains all curve-fitting results, i.e. optimized pseudo-Voigt function parameters,
baseline values, and the spectrum itself.

• The pdf-file shows the plot of the spectrum with the optimized pseudo-Voigt functions, the
baseline,  etc.  and can be  modified  in  any vector-graphic  program (e.g.  InkScape or  Adobe
Illustrator).

• The png-file shows the same as the pdf but can be modified in any pixel-graphic program (e.g.
Gimp or Adobe Photoshop).

1.4 Fitting multiple spectra
If you want to apply curve-fitting for several spectra, you have to move all your spectrum-files into the
same folder (here Raman_data\spectra\project_1) and proceed as outlined in section 1.3:

• Once  you  are  in  the  folder  where  you  want  your  results  to  be  stored  (here  Raman_data\
results_curve-fitting\project_1), type in the command prompt and press enter:
◦ ifors_run c:\Raman_data\ifors_aux\ifors_project_1_config.cfg -o cf [...] -

f c:\Raman_data\spectra\project1\*.txt

◦ ‘*.txt’ passes  a  list  of  all  txt-files  present  in  the  indicated  directory  to  the  ‘ifors_run’
command.

• For each spectrum-file a pdf-, npz- and png-file is created (see section 1.3)
• You can quickly evaluate the quality of your curve-fits by browsing through the curve-fit plots

in the png files.

2. Working with the curve-fit results
The results  of  a  curve-fit  done by IFORS are  stored  in  the  npz-file  (see  section  1.3  & 1.4).  The
following steps concern the results of Raman spectra of carbonaceous material (CM).

2.1 Structuring your output
To keep your ‘project’ folders clearly arranged it is suggested:

• Inside the ‘project_1’ folder create a folder for the npz-files and a folder for the plots, i.e. ‘\
results_curve-fitting\project_1\npzs’ and ‘\results_curve-fitting\project_1\plots’

• Move the npz-, pdf- and png-files in their respective folder.

2.2 Extracting the results from the npz-files
• In the command prompt window, navigate to the ‘project_1’ folder.
• In the command prompt window type and press enter:

◦ ifors_run c:\Raman_data\ifors_aux\ifors_project_1_config.cfg -o ro [...]
-f npzs\fit_KL2-19_2.npz
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Figure 9: Invoking the 'ifors_run'-command with the ‘ro’ option.



• Notice that you have to change the option ‘cf’ of the ‘ifors_run’-command to ‘ro’ for readout.
In this mode the  ‘ifors_run’-command will generate three files in the  ‘project_1’ folder, i.e.
‘ifors_peaks.fit’,  ‘ifors_all_data.fit’  and  ‘ifors_averaged_data.fit’.  These  files  are  space-
delimited txt-files and can be imported into LibreOffice 5 Calc, Microsoft Excel or any other
spreadsheet calculator.

In the following section we will examine the contents and structure of the generated ‘.fit’ files.

2.3 Contents of the   ‘ifors_peaks.fit’   file  
To open any of the ‘.fit’ files in Excel, set Excel to show all files in the open-file-dialog and select the
‘.fit’ file, in this case ‘ifors_peaks.fit’. In the ‘Textconverter-wizard’ select the delimited option, hit next
and in the following step select space as delimiter and hit ‘done’.

Figure 10 shows the content of the ‘ifors_peaks.fit’ file after successfully importing into Excel. Each
line below the header contains the parameters of a pseudo-Voigt function, i.e. the scaled intensity, shape
(Gauss/Lorentz ratio), area, half width at half maximum in cm-1 and the center value, also in cm-1. In
this case on spectrum-file (KL2-19_2) has been evaluated three times (‘repetition’ parameter is set to
be 3 by default (section 1.2)). Thus, all functions with the same eval-number (Figure 10) belong to the
same evaluation. Within each evaluation-block the functions are sorted by ascending center-value.

2.4 Contents of the   ‘ifors_all_data.fit’   file  
To open the  ‘ifors_all_data.fit’ file with Excel proceed in the same way as in section 2.3. Figure  11
shows the contents of ‘ifors_all_data.fit’ after opening it in Excel.
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Figure 10: The content of the 'ifors_peaks.fit' file after importing into 
Excel.



In this file the results, in terms of D_STA, G_STA, G_shape_factor, Dmax_pos, Gmax_pos and the
Dmax/Gmax -ratio, are shown for each evaluation (i.e. one line equals one evaluation). For details on
the  STA-  values  and  the  G_shape_factor  see  Lünsdorf  (2016),  Lünsdorf  &  Lünsdorf  (2016)  and
Lünsdorf et al. (2017).

2.5 Contents of the   ‘ifors_averaged_data.fit’   file  
This  file  is  used  later  for  the  temperature  estimation,  see  section  3.  To  open  the
‘ifors_averaged_data.fit’ file proceed in the same way as in section 2.3. Figure 12 shows the contents
of the ‘ifors_averaged_data.fit’ after opening it in Excel.

The ‘ifors_averaged_data.fit’ contains essentially the same data as the ‘ifors_all_data.fit’ file, but here
the  data  of  each  evaluation,  which  is  given  in  ‘ifors_all_data.fit’,  is  averaged  in  the
‘ifors_averaged_data.fit’ file and the mean values with their associated standard deviation are reported.
Thus, each line in this file represents the averaged evaluation results of one spectrum-file.

2.6 Extracting results from non-CM samples
If you recorded, for instance, a mineral Raman spectrum and you are only interested in the pseudo-
Voigt function parameters, you have to proceed as in section 2.2.

• Open the ‘ifors_project_1_config.cfg’-file, or your own config-file, with notepad++
• In the [Readout_type]-section change the parameter ‘Cm_readout’ from ‘yes’ to ‘no’
• In the [Readout_type]-section change the parameter ‘Peak_parameters’ from ‘no’ to ‘yes’
• Save the ‘ifors_project_1_config.cfg’-file
• In the command prompt window, navigate to the ‘project_1’ folder and type:

◦ ifors_run c:\Raman_data\ifors_aux\ifors_project_1_config.cfg -o ro [...] -
f npzs\fit_KL2-19_2.npz

• This will start the ‘ifors_run’-command and only the ‘ifors_peaks.fit’ file will be generated.

2.7 Extracting the results from multiple curve-fits
If you have curve-fits (i.e. npz-files) of multiple spectrum-files, you can extract the results of each
curve-fit from the respective npz-file (in this case we are only interested in the function parameters).

• In the command prompt window, navigate to the ‘project_1’ folder and type:
◦ ifors_run c:\Raman_data\ifors_aux\ifors_project_1_config.cfg -o ro [...] -

f npzs\*.npz

• In the command prompt the name of each npz-file, that the ‘ifors_run’-command is working on,
is displayed; here KL2-19_2 and KL2-8_HS_1_ics.txt (Figure 13).
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Figure 11: Contents of the 'ifors_all_data.fit' file.

Figure 12: Contents of the 'ifors_averaged_data.fit' file after opening it in Excel.



• Open the saved ‘ifors_peaks.fit’ file in Excel and each pseudo-Voigt function parameter of each
evaluation for the KL2-19_2 and KL2-8HS_1_ics spectrum-files is presented (Figure 14).

• The same procedure is valid if you activate the other  ‘Readout_type’ parameters. Note, it is
advised to only have on ‘Readout_type’ active at one time.

2.8 Extracting the spectrum data, fitted function values and baseline values
If you want to work with the values of the fitted pseudo-Voigt functions, baseline values or Raman
intensity values (for instance plotting in Excel or alike), you can extract these values from the npz-file.
To  do  this,  open  the  ‘ifors_default_config.cfg’-file  and  change  the  ‘Readout_type’ parameter
‘Fitted_values’ to ‘yes’.
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Figure 13: Starting the 'ifors_readout.py', using the '-Peak_parameters' option, for 
multiple npz-files. 

Figure 14: Content of the 'ifors_peaks.fit' file generated from multiple npz-files. Only one evaluation 
was performed for this example.



• In the command prompt window, navigate to the ‘project_1’ folder and type:
◦ ifors_run c:\Raman_data\ifors_aux\ifors_project_1_config.cfg -o ro [...] -

f npzs\fit_KL2-19_2.npz

• This will generate a new file named ‘ifors_fitted_values_fit_KL2-19_2.fit’
• The first column in this file contains the Raman shift values of the spectrum, followed by the

scaled Raman intensity, baseline values of the first evaluation (eval_1_bl), values of function
one of evaluation one (eval_1_f1), values of function two of evaluation one (eval_1_f2), and so
forth (Fig. 15).

• To extract these data from multiple npz-files type in the command prompt window:
◦ ifors_run c:\Raman_data\ifors_aux\ifors_project_1_config.cfg -o ro [...] -

f npzs\*.npz

• For each npz-file present in the ‘project_1\npzs’ folder a ‘ifors_fitted_values_filename.fit’ file 
will be created for further use.
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Figure 15: Contents of the 'ifors_fitted_values_fit_KL2-19_2.fit' file.



3. Estimating peak-metamorphic temperature from computed 
STA-values
To  estimate  the  peak-metamorphic  temperature  from  the  STA-value  of  a  sample  with  unknown
temperature, you have to prepare first a calibration line.
In order to do this you will need to measure the reference samples described in Lünsdorf et al. (2017).
The samples are available (email to:  kluensd@gwdg.de) and of course, you can extend this reference
sample set with your own samples of known temperature.

As an example, the data of the reference sample series described in Lünsdorf et al. (2017), is provided
in the ‘reference_series_data.xls’ file (Figure 16).

3.1 Creating the calibration line
• Measure the reference samples and evaluate the recorded spectrum-files using the ‘ifors_run’-

command with the  ‘Cli’ control parameter activated in the config_file and extract the results
from the generated npz-files with the  ‘ifors_run’-command using the ‘ro’ option (section 1.3,
2.2 & 2.5).
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Figure 16: Temperature values and the associated STA-values of the reference series samples.

mailto:kluensd@gwdg.de


• Open the ‘reference_series_data.xls’ file in Excel or LibreOffice Calc and insert your D_STA,
G_STA  and  G_shape_factor  (Figure  16).  NB:  remember  to  use  the  correct  excitation
wavelength.

• Save the updated ‘reference_series_data.xls’ file and save it also as a ‘tab-delimited.txt’ file in
the ‘Raman_data\reference_data’ folder.

• In the command prompt navigate to your ‘Raman_data\results_curve-fitting\project_1’ folder.
• To create only the calibration line from the reference data, type in the command prompt and

press enter:
◦ ifors_run c:\Raman_data\ifors_aux\ifors_project_1_config.cfg -o et [...] -

rd c:\Raman_data\reference_data\reference_series_data_488.txt

◦ If  the  ‘[Estimate_temp]’-parameter  ‘plot’ in  the config_file  is  set  to  ‘yes’ a  plot  of  the
reference data (Temperature vs. STA) is shown (Figure 17).

◦ Perform a temperature point estimate (optional).
◦ If you answer with no, the script will stop, if you answer with yes, you must enter a STA

value (the range of possible STA values can be seen in the plot-window) and the estimated
temperature will be printed in the command prompt window (Figure 19).

◦ A txt-file  ‘calib_curve_coefs.txt’ will  be  stored  in  your  ‘results_curve-fitting\project_1’
folder.  In  the case  of  a  ‘linear’ model  (see  section  1.2),  the slope  and intercept  of  the
regression line and their respective standard errors are saved, in the case of ‘cubic’ model
the coefficients of the polynomial and their standard errors are saved (Figure 18).
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Figure 17: The calibration line (orthogonal distance regression line), reference data, 
confidence and prediction interval.



• If you change/extend your reference data, the ‘ifors_run’-command will automatically compute 
a new calibration line.

3.2 Estimating the temperature of unknown samples
You can use the  ‘ifors_run’-command together with the  ‘et’ option to estimate the temperature for
multiple samples. If you evaluated multiple spectrum-files and extracted the results with the ‘ifors_run’
-command  using  the  ‘ro’ option,  you  can  then  use  the  ‘ifors_averaged_data.fit’ file  with  the
‘ifors_run’ -command and ‘et’ option.

• In the command prompt navigate to your ‘Raman_data\results_curve-fitting\project_1’ folder.
• To estimate the temperature from multiple samples, type in the command prompt:

◦ ifors_run c:\Raman_data\ifors_aux\ifors_project_1_config.cfg -o et [...] -
rd  c:\Raman_data\reference_data\reference_series_data_488.txt  -f  [...]
ifors_averaged_data.fit

◦ Once  the  script  is  finished,  a  txt-file  ‘temperature_estimates.txt’ is  stored  in  the
‘results_curve-fitting\project_1’ folder. In this file the estimated temperatures are stored for
each sample (Figure 20).
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Figure 18: Contents of the 'calib_curve_coefs.txt' file for a linear model.

Figure 20: Contents of the 'temperature_estimates.txt' file.

Figure 19: Output of the 'ifors_estimate_temperature.py' script.
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