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ImFCS Manual 

ImFCS is a software to perform auto- and cross-correlations of image stacks acquired from camera based 
FCS. The software is programmed to work in Windows© OS with Igor Pro© (Ver 6.0 and later) as front 
end. This software can read image stacks, calculate correlations, fit the curves and display the parameters 
as images. The details of the software can be found here1. 

11..  SSooffttwwaarree  SSppeecciiffiiccaattiioonnss  
 

1.1 Installation and start of software within Igor Pro 

The procedure file must be placed in the Igor Procedures folder which is a sub folder under 
Wavemetrics©. Generally IgorPro is installed in the C:\ drive. If this is the case, then this folder is found 
at  

C:\Program Files\WaveMetrics\Igor Pro Folder\Igor Procedures 

Similarly the *.xop files must be placed in 

C:\Program Files\WaveMetrics\Igor Pro Folder\Igor Extensions 

In order to perform curve fitting, there is a *.exe file. This has to be placed in the Igor pro folder which is 
generally placed at  

C:\Program Files\WaveMetrics\Igor Pro Folder 

1.2 Accessing the software 

Load Igor Pro -> Analysis -> ImFCS 
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1.3 Supported file types 

The program can process only *.tif files. These tif files are generally stored in two formats:  

a. Little endian 
b. Big endian 

This program can process only little endian formats. Little endian is generally the storage format of intel 
processors. Mac processors generally store as big endian. In case, the files were generated using a big 
endian processor, they can be converted to little endian using the open source software ImageJ 
(http://rsbweb.nih.gov/ij/index.html). 

Edit  Options  Input/Output  Save TIFF and RAW in intel byte order 

If the corresponding check box is activated, irrespective of the operating system, the files will be stored as 
“little endian”. The same trick can be used for any kind of file which can be opened using ImageJ. For 
example, if someone is using an older version of Metamorph© which doesn’t have an option of saving as 
a multi plane tiff, then by default the files are stored in *.stk format. This set of files, can be opened in 
ImageJ and they can be re-saved as a tiff file in the little endian format. Please note, though, that the 
instrumental parameters which are stored in the case of a *.stk file are lost during this re-saving step. It is 
better not to overwrite the *.stk file while creating the *.tif file. The *.tif file also has a header which 
stores parameters about the image but *.stk stores information about the camera as well which is not 
stored in a *.tif file. It is assumed that the stack of files to be given as input to the file has uniform number 
of rows and columns. Some other softwares (other than Andor Solis©, Metamorph© or ImageJ) permit 
creation of stacks of tif files of variable dimensions. This correlation software cannot handle these files. 

22..  PPeerrffoorrmmiinngg  aa  ccoorrrreellaattiioonn  ccaallccuullaattiioonn  

2.1 Data input 

Any *.tif file provided to the software is converted into a corresponding intensity stack. This intensity 
stack is correlated at each pixel. It is not necessary to correlate the entire set of frames in the stack. The 
user is given the option to choose the frames to be correlated in the given stack file. This option is 
advantageous since some camera models exhibit decay in the background in the beginning of an 
acquisition. In such a case, the frames which show a change in the baseline need to be discarded before 
the correlation calculation can be done. In some instances, the first set of frames might have been 
acquired without illuminating the sample and the illumination would have started only later, using this 
option one can select only the frames where the illumination is. 

The initial and final frame numbers which are to be correlated are provided in the data entry box, “Initial” 
and “Final”, respectively. The initial and final values should not be greater than the total number of 
frames in the tif stack. The initial value must not be greater than the final value. The program 
automatically checks the number of frames in a stack and if the “initial” or “final” exceed the number of 
frames in the stack, the execution is terminated with an error message indicating the problem (able 1). 

 

http://rsbweb.nih.gov/ij/index.html�
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The next value to be entered is the timestep. This is the time resolution of the camera and for each 
experiment indicates the time per frame read-out. The value is entered in seconds. Presently the default is 
set to 4 ms. Once these data are entered, one can press the “Choose file” button, the user is then allowed 
to choose the *.tif file. . This is the procedure to load the stack file in order to display the intensity trace. 
After choosing the file, the processing occurs and then the message “Proceed on to Correlate the chosen 
file” appears in the command window. Now the “correlate” button will appear on the screen in the ImFCS 
windowThe displayed cursor on the graph can be used to change the position of the pixel and the 
corresponding intensity trace will be displayed. In case, the cursor is removed from the graph, it can be 
dragged from the bottom (shown in figure 1). Only the circular cursor can be used. The square cursor 
cannot be used.  

Message Reason and Remedy 
Proceed on to Correlate the chosen file N.A 
No files selected While choosing the file, the user clicked on 

“cancel” instead of “Open” 
The suggested frames don't exist in this file  The “initial” and/or “final” frames provided for 

correlation exceed the number of frames in the 
chosen stack 

Table 1: Common error and success messages in the program. They can viewed by pressing Ctrl + J to 
display the command window or by choosing Windows  Command Window  

Presently the program performs a variety of auto-and cross-correlations. The various options are 
displayed in a drop down box titled “corr”. The various options in the box are autocorrelation of all the 
pixels, cross-correlation of the center pixel with all the pixels along the horizontal, vertical, along the 
leading and trailing diagonal and combinations of these. Apart from these, the software performs ΔCCF 
which is defined as the differences between the forward and the backward cross-correlation. ΔCCF along 
the horizontal, vertical, along the leading and trailing diagonal and combination of these are performed. 

  

Fig. 1: Panel A shows the window that is displayed upon choosing Analysis -> ImFCS. The first three 
arrowheads show the parameters that might have to be changed for analysis. After this, the user has to 
press “choose file” button indicated by the last arrowhead. The flowchart in B shows the program flow. 
Upon providing, initial frame, last frame and last frame, the user has to press “Choose file” button. The 
user has to choose the tif file in the next step and after this the output consists of the average intensity 
map and the intensity trace. Upon completion, the “correlate” button appears on the data processing 
window.   By moving the yellow cursor, the trace in the intensity panel can be changed. If the yellow 
cursor is removed from the panel, a new one can be dragged from the panel just below the graph. It has to 
be noted that the program cannot work with the square cursor indicated by the arrow.  
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2.2 Background 

There are two ways to enter the background. Either, the background can be manually entered or a file can 
be chosen whose minimum value will be subtracted as background. If the file being correlated has a 
minimum value less than the suggested background, the minimum value of the file being correlated will 
be used instead of the background during the correlation calculations.  

2.3 Bin 

Binning is a process in which surrounding pixels can be added up. In a 3x3 bin, 9 pixels are added up.  As 
seen in the figure, after 3x3 binning, a 10x10 pixel image is converted into 3x3 image. The same image is 
converted into 5x5 upon 2x2 binning. The number of correlations after binning is given by the formula  

floor(rows/bin) × floor(columns/bin). 

 

Fig. 2: A depicts a 10x10 pixel image.The binned regions are highlighted in light green. It has to be noted 
that, if there are extra pixel rows or columns than those necessary for binning, they are just ignored in the 
analysis. Here, to perform 3x3 binning we need only 9x9 pixels, hence the last row and column, 
highlighted in yellow is ignored in the calculation. Similarly B shows a 10x10 image before with 2x2 
binned regions highlighted in green. Note that, the entire information in the original image is utilized for 
binning unlike the previous case since the number of columns and rows in the original image is a multiple 
of the bin size. 

2.4 Correlation algorithm 

Correlation is calculated between frames which are shifted in time. The difference in time between the 
two frames is referred to as lagtime. Correlation is calculated at many lagtimes. The minimum lagtime 
between which a correlation can be calculated is the time resolution of the detector. The maximum 
lagtime between which the correlation can be calculated is the difference in time between the acquisition 
of the first frame and the last frame. Lagtime forms the x-axis of any correlation curve. In the  semi-
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logarithmic scale, the sampling time increases with delay time. This offers the advantage of covering a 
larger range of time scales using fewer calculations when compared with the linear scale correlator. A 
detailed description of the semi-logarithmic scale can be found here2. The first set of points of the 
correlation (referred to as group 1) is calculated similar to the linear format. After a certain number of 
points set by the user, the correlation is calculated at a lagtime twice that of the original. As an example, 
let the time resolution be 1 ms. 

The parameters necessary for carrying out logarithmic correlation are 

1. No of channels in first group (p) 
2. No of groups of lagtimes (q) 

The correlations in the first group are calculated at the minimum time resolution possible which is the 
resolution of the camera. The value of p indicates the number of points in the first channel. Here p = 16, 
hence the first channel has time lags ranging from 0 ms to 15 ms. In the subsequent channels, the 
correlations are calculated at lag times twice, 4 times, 8 times…..of the time resolution. Hence, in the 
second channel, the correlations are calculated at 2 ms interval from 17 ms to 31 ms.  Proceeding along 
the same lines, the lag times in the third channel range from 35ms to 63 ms. This is performed until there 
are q number of different lag times. Here, q= 8, hence the correlation are performed at intervals of 1, 2, 4, 
8, 16, 32, 64 and 128 ms.  The first group of channels has p number of points while the subsequent ones 
have q /2 number of points. Hence the total number of points of correlation = p + (q /2)*(p -1) 

In order to perform semi-logarithmic correlation, a certain minimum number of files, failing which the 
following error message would be displayed,  

“The suggested number of frames is not sufficient to carry out correlations for the chosen number of 
channels in file” 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The minimum number of files can be found from the wave, lagtime_check in root:ITIRFCCS:folder. The 
following table lists the minimum number of files for some of the most commonly used semi-logarithmic 
correlator configurations. In case, the file has frames less than that of the minimum number of files, it is 
advised to reduce the number of groups of lagtimes (q). 

p q Minimum number of frames Number of correlation points 
16 6 511 56 
16  7 1023 64 
16 8 2047 72 
16 9 4095 80 
16 10 8191 88 
32 8 4095 144 
32 9 8191 160 
Table 2: Minimum number of frames and number of correlation points for commonly used values of p 
and q. The configuration of p = 16 and q = 8 is the most commonly used semi-logarithmic correlation.  
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    Fig. 4: A typical output screen. The correlation corresponding to the pixel pointed by the yellow cursor 
is displayed.  

2.5 Fitting  

2.5.1 Fitting Model  

After calculating the cross-correlation, the data has to be fitted to yield quantitative parameters. Presently 
2 fitting models are available in the software (ITIRFCCS and SPIMFCCS). In the case of ITIRFCCS, the 
model is 
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Hence in the case of diffusion and flow, there are six fitting parameters: N, D, vx, vy, σ and G∞.     

For square regions of n×n binning with side length a where a = n×d (where d is the side length 
of a single pixel in object space), the number of particles per pixel is N = <C>a2, C is the 
concentration. The two regions of the same size are separated by rx in the x direction and ry in the 
y direction. 

In the case of light sheet of considerable thickness in z direction, the same model was adapted to 
include the light sheet thickness and is given in 3. 
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[S1] 

Where N = 2<C>a2σz  where σz is defined as the standard deviation of the Gaussian in the z 
direction. It is to be noted that the definitions of N are different in both the expressions. 
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This model has 4 fitting parameters; D, vx, vy and G∞. The value of σ0 is fixed to 0.61 and the 
value of σz can be measured 3. 

A Levenberg Marquardt least square fitting algorithm is used (4). Generally, the fitting is performed by 
minimizing the differences between the fitted curve and the raw data curve. 
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A 2particle fit is included in this newer version of the program. 

2.5.2 Fit Results 

Once the fit is performed, the corresponding fit values are displayed on the screen per pixel. D, N and χ2 
are displayed.  The cursors in each of the plots are linked and if they are moved, they move in 
synchronous fashion and the corresponding fit and pixel values are displayed in the “Fit results” panel. 
The average intensity plot, the intensity trace, and the autocorrelation, the D, N and χ2 plot are displayed 
on the screen. 
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Fig. 5: The fit results are shown in the “Fit Results” panel. By moving the yellow cursor, the different 
pixels on the image can be accessed and the corresponding fit values can be found.  The fitted curve in 
red color is overlaid on the correlation curve in black color. The cursors in the 4 plots are programmed to 
move synchronously with each other. Moving any of them affects the rest as well.  

2.5.3 Weighted fitting 

 

Fig. 6: The standard deviation option is indicated by the arrow heads. The radio buttons below the SD 
check box help in choosing the method used to calculate the SD. 
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Generally, the fitting is performed by minimizing the differences between the fitted curve and the raw 
data curve. 

Minimize 

��𝑦𝑖,𝑑𝑎𝑡𝑎 − 𝑦𝑖,𝑓𝑖𝑡�
2

𝑛−1

𝑖=0

 

The sum of the squares of the residuals is referred to χ2value of the fit. 

To improve the fit, the user has an option to perform weighted fitting. In the weighted fitting, the values 
are weighed with the standard deviation (SD) and the weighted sum of the squares of residuals is referred 
to as χ2

red. 

Here, the operation being performed is this 

Minimize 

��
𝑦𝑖,𝑑𝑎𝑡𝑎 − 𝑦𝑖,𝑓𝑖𝑡

𝜎𝑖,𝑑𝑎𝑡𝑎
�
2𝑛−1

𝑖=0

 

Since a weighted minimization is performed, the χ2
red

   value is expected to be close to 1 for a good fit 2. 

There are presently three ways to calculate the SD of the data 

1. Koppel’s formula 
2. Calculation of SD during the ACF calculation 
3. Calculation of SD by splitting the frame 

2.5.3.1 Koppel’s formula 

Koppel derived an expression for the standard deviation of the autocorrelation function 2. This expression 
needs an estimate of the diffusion coefficient, number of the particles, DC. It has been observed that the 
Koppel’s formula over estimates the standard deviation. Hence it was modified in the following format 2.  

The minimum value of the standard deviation (SDmin) is determined. The corresponding lagtime (τsd,min) is 
noted as well. For lagtimes greater than τsd,min, if the calculated SD is greater than SDmin, SDmin is used 
instead of SD. 

2.5.3.2 Calculation of SD during the ACF calculation 

Each autocorrelation is an average of many values. The standard deviation can be calculated from these 
averages. 

2.5.3.3 Calculation of SD by splitting the stack 
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The provided stack is broken down into at least 10 parts i.e if there are 10000 frames, the stack files is 
broken down into 1-1000, 1001-2000 , …., 9001-10000. The average and standard deviation of 
autocorrelation are calculated from these 10 curves.  

 

Fig. 7: Weighted fitting was done and as pointed by arrow, the chisq is close to 1. The standard error of 
the mean at each point is displayed as an error bar in the correlation curve. 

Calibration: 

By clicking on “save config”, the user can save the values used for analysis for the next set of data 
analysis. After entering the parameters and choosing the file, click on save config. This creates a text file 
with the title “config” in the same folder. The next time, when they have to be reused, choose the file and 
then “load config” has to be clicked. By this, the program knows where to look for the config file. 

Diffusion law 

The diffusion law4 is calculated using the fixed sigxy. The intercept and the slope can be seen in 
the command window. In case, the command window is not visible, it appears by pressing ctrl+J. 
It takes 1 minute to perform the analysis. It calculates by plotting a2/D vs a2 for various values of 
a2. Currently it calculates 1x1 to 5x5 bin. 
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PSF 

The PSF is determined for the data by choosing two different sig values. The slope of D vs a2 
graph is determined and from this, another sigma is determined, which gives a slope of zero with 
D vs a2 graph. It takes 3 minutes to perform the analysis. For details, the interested user is 
referred here5. 

Plot All 

The plot all button plots the entire set of autocorrelation curves in case the data is not fitted. In the case, 
the data is fitted, it fits all the raw data along with the fitted curves. 

Histogram 

All the histograms are automatically calculated. The user can swap between these two versions by using 
the radio button. 

2.6 Useful Waves 

Numberoffiles, numberofrows, numberofcolumns, minimum, maximum are all waves containing data 
respectively to the file name in the wave titled “FolderFileList”. There should be a series of waves called 
firstpixel, secondpixel followed by numerals. These waves, tell the position that was correlated for the file 
of that number. The waves title will be the basename_file number_pos1_pos2. These are found in the 
root:ITIRFCCS: folder. They can be displayed from data browser. If necessary, they can be displayed as a 
table using windows->new table menu item. 

ITIRFCCS folder: 

All the data from the analysis are stored in root:ITIRFCCS folder. All the waves are named as 
basename_file-number_pos1_pos2. 

Waves naming 

Name of wave Description of wave 

Folderfilelist The list of tif files that are analyzed by the 
program. This wave can hold only upto 5 tif files 

Numberofrows, Numberofcolumns The number of rows (columns) in each of the tif 
files corresponding to those listed in the 
folderfilelist wave 

Firstpixel, Secondpixel Generally correlations are carried out between two 
pixels. In the case of autocorrelation, these two 
pixels are the same. These waves store the pixel 
numbers needed for correlation 
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Numberofffiles This stores the number of frames in the stack file 

Maximum, minimum This stores the maximum and minimum values in 
the stack 

Lagtime This stores the delay time of the correlation 
channels 

Lagtime_check This stores the delay time of correlation channels 
with time resolution 1 s.  

Int_* The intensity values are stored here 

Diff_co_*, No_*, chisq_*, sig_*, DC_* Fit parameters 

2.7 Kill Button 

This deletes all waves in the root:ITIRFCCS folder. All graphs will be closed. 

11..  SSppeecciiaall  ffuunnccttiioonnss  

3.1 ACF (Sel Region) 

In this option, the user is allowed to choose a small region within which the correlations are performed. 
The ACFs are calculated for the bin value of “1” within the chosen square box. As depicted in the figure, 
the user is expected to choose, “ACF (Sel Region) in the drop down box. After choosing the file, the 
intensity map pops out. In the intensity map, the mouse is used to drag a square region. In the same time, 
the ITIRFCCS data processing box displays a “Area Chosen” box and the user is expected to click on this 
button. Once this is done, the graphs are displayed on the screen. The buttons involved in this operation 
are indicated with an arrow in the image below. 
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Fig. 8: The user draws the marquee after which the user clicks on “Area Chosen” button. The 
autocorrelation curves are displayed later. Note that, in this option, the binning is always set to 1. 

 

3.2 CCF (Select Region) 

In this option, the user is allowed to cross-correlate between two different regions on the intensity image. 
Once the file is chosen after clicking the “Choose upto 5 files” button, the intensity image should pop out. 
On the intensity image, the user is first expected to draw the box which defines the first area. The box has 
to be drawn edge by edge. Once the first box is completely drawn (The end point of the last edge of the 
polygon must be the first point of the first edge). Once the polygon is complete, the “choose first area” 
button appears on the “ITIRFCCS Data processing”. Once the user clicks this button, the user is expected 
to draw the second polygon in the similar way as the first one anywhere on the graph. Once the second 
polygon is completely drawn, the “choose second area” button appears on the ‘ITIRFCCS Data 
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Processing”.  Once the second button is clicked, the CCF appears on the screen.  It is advisable to avoid 
overlapping regions in CCF calculation due to increased cross-talk between the two regions 6. 

 

Fig. 9: The arrow heads point the important buttons and figures involved in the option. The following 
steps have to be followed sequentially in order to generate the curve at the bottom right, drawing the first 
polygon, clicking on “area 1 chosen”, drawing the second polygon, “area 2 chosen”. The chosen areas are 
highlighted in the next graph and the curve is displayed.  

3.3 Cross-Correlation 

The software performs many different types of cross-correlations. CCF (left_right) correlates the center 
pixels along with the pixels along the left and right of it. CCF (up_down) performs the same in the up and 
down direction. There are two more options, which allows one to correlate the center pixel with the pixels 
along 45 and -45 degrees form the horizontal.  

3.4 dCCF 
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dCCF performs the differences in correlation between the forward and the backward cross-correlations. 
The various dCCFs that can be performed are along the horizontal, vertical, 45º from the horizontal, -45º 
from the horizontal and a combination of all. The dCCF images and plots are displayed after the analysis.  

3.5 Histogram 

This software allows one to display the histogram after fitting. The 
parameters that can be displayed as a histogram after fitting are N, D, chisq, σ 
and G∞. The button to generate the histogram is present in “Curve Fitting” 
panel. A drop down box is displayed in which the user clicks on the 
parameter to be displayed as a histogram. The histogram is plotted for values 
which are separated from the mean by a maximum of 3x Standard deviation. 
Friedman-Diaconis rule is utilized in determinining the number of bins 7. It is 
given by 

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑖𝑛𝑠 =
�𝑁𝑜 𝑜𝑓 𝑑𝑎𝑡𝑎 𝑝𝑜𝑖𝑛𝑡𝑠3 ∗ (𝑀𝑎𝑥 −𝑀𝑖𝑛)

2 ∗ 𝐼𝑛𝑡𝑒𝑟 𝑄𝑢𝑎𝑟𝑡𝑖𝑙𝑒 𝑅𝑎𝑛𝑔𝑒
 

           Fig. 10: The histogram drop down box is pointed by the arrow head 

3.6 Bleach Correction 8 

The intensity trace is fitted to a decaying double exponential. The 
intensity at each point is normalized based on the fit as shown in 
the figure.   

 

 

 

 

Fig. 11: The decaying intensity trace is shown in red and the fitted 
line is shown in black 

 

The newer version includes two different versions of bleach correction. The one discussed above and the 
second one is that of a sliding window. The data set is broken down into shorter segments whose time in 
seconds need to be provided in the text box and the average autocorrelation arising from the 
autocorrelations of individual segments is provided. 
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22..  CChhaannggiinngg  tthhee  ddeeffaauulltt  ppaarraammeetteerrss  

If the program is usually run for the same set of parameters, the user can easily change the defaults and 
store those values instead of changing the parameters manually every time. The table below contains the 
name and description of variables used. 

Name Description 

 Window: ITIRFCCS Data Processing 

FirstFrame The number of the first frame in the stack to be correlated. Minimum: 1. 

LastFrame The number of the last frame in the stack to be correlated. Maximum: Total 
number of frames in the tif stack 

Timelag Acquisition time of the camera in seconds 

Bin The required binning size. Min 1 and Max 7 

 Window: ITIRFCCS Data Processing 

Panel: Background 

Background The value that has to be subtracted as the constant background. In case, the 
program is allowed to choose the background from a different file, the program 
updates this value automatically upon calculation.  

 Window: ITIRFCCS Data Processing 

Panel: Correlation Scheme 

Logarithmiccorrelation By default, it is assumed that the user would perform correlations on a semi-
logarithmic scale. In case, the user wants to perform a linear correlation, this 
parameter can be set to zero which would make linear correlation the default 
one. 

Linearpoints This variable is necessary only if linear correlation is being performed. This sets 
the number of points in the correlation to be calculated 

Channel1 This is the name of the variable which stores the value of Group1_ch_n 

Channel2 This is the name of the variable which stores the value of Group_n 

 Window: ITIRFCCS Data Processing 
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Panel: Curve Fitting 

Pixel size The size of the pixel in the image plane. It is assumed that the pixels are 
squares. There are two ways of entering the value. Either, the user is allowed to 
choose the magnification and the pixel size, the program calculates the pixel 
size in the image plane automatically or the user can enter the value in the pixel 
size box 

Cameraopt Chooses the pixel size of the camera 

Magopt The magnification of the objective lens 

Sigma The point spread function is defined as sigma*lambda/NA 

Lambda emission wavelength of the fluorophore 

NA  numerical aperture of the microscope objective 

N  number of particles in the observation volume, i.e. for each pixel 

Vx and vy  The velocity of flow in the x and the y direction, respectively 

D The initial value of the diffusion coefficient to be used while fitting 
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Fig. 12: The region pointed by the braces stores the values of the variables which have to be changed in 
order to change the defaults. 
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