
   
 

CT-FIRE V2.0 BETA (12/2017) Manual and Tutorials 

LOCI @ UW-Madison 

http://loci.wisc.edu/software/ctfire 

 

Overview: CT-FIRE software allows users to automatically extract collagen fibers from an image and 

quantify fibers with descriptive statistics including: fiber angle, length, straightness, and width.  The 

program reads image files supported by MATLAB and extracts the individual collagen fibers via a 

combined method called CT-FIRE (named ctFIRE in the software implementation).  The approach of CT-

FIRE is described in a publication[1], which combines the advantages of the discrete curvelet transform[2] 

for denoising the image and enhancing the fiber edge features with the advantages of the fiber extraction 

(FIRE) algorithm[3] for extracting individual fibers.  The output may be displayed on the screen and 

written into .csv, .xlsx, .mat data files or .tif image files for further analysis, such as statistical tests or 

image classification.  This software tool does not require prior experience of programming or image 

processing and can handle multiple files, enabling efficient quantification of collagen organization from 

biological datasets.  For more information, please see the primary website listed above. 

  Installation instructions are provided below for common platforms, including Windows 64-bit 

Mac 64-bit, and Linux 64-bit systems. 

 

Windows Standalone Installation Instructions: 
1) Install MATLAB Compiler Runtime (MCR) software version R2014b MCR for Windows-64 bit 

systems.  The MCR package can be freely downloaded from the Mathworks, Inc.: Windows64 

MCR 2014b.  Refer to the following Mathworks website link for more detailed installation 

instructions and troubleshooting.  https://www.mathworks.com/products/compiler/mcr.html 

2) Unzip the downloaded package to a location of user’s choice, and then double click on the CT-

FIRE application named “ctFIRE_V2.0Beta_WIN64_MCR2014b.exe” to launch CT-FIRE. 

3) After steps 1 and 2, the main control graphical user interface (GUI) window will pop up as shown 

in Figure 1A below. 

 
Mac Standalone Installation Instructions: 

1) Install MATLAB Compiler Runtime (MCR) software version R2014b MCR for Mac-64 bit 

systems.  The MCR can be freely downloaded from the Mathworks, Inc.: MAC MCR 2014b.  
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Refer to the following Mathworks website link for more detailed installation instructions and 

troubleshooting.  https://www.mathworks.com/products/compiler/mcr.html  

Please Note: The MCR is compiled with Mac OS X El Capitan, version 10.11.6, and should be 

compatible with older versions. However, there is a notice from MathWorks.com for newer 

macOS versions, “R2014a-2016a does not support macOS Sierra 10.12. If you choose to run any 

of these versions of the MATLAB Runtime on this unsupported macOS version, you might need 

to install a patch to fix an incompatibility issue. Learn more to determine if this incompatibility 

impacts you.” 

2) Unzip the downloaded package to a location of user’s choice, and then right click on the CT-

FIRE APP named “ctFIRE_V2.0Beta_MAC_MCR2014b.app” to launch CT-FIRE as follows: 

 Right click the APP (ctrl -click) ----->Show Package Contents ----> Contents---->MacOS----

>applauncher (right-click and choose open) 

If using double-click to open the APP, the APP would either not open or not run analysis 

properly, e.g. it may not allow the user to load image for analysis.  

3) After 1 and 2, the main control graphical user interface will pop up.   

 

Linux Standalone Installation Instructions: 
1) Install MATLAB Compiler Runtime (MCR) software version R2014b MCR for Linux-64 bit. 

The MCR can be freely downloaded from the following Mathworks, Inc. website link, and it may 

also be consulted for more detailed installation instructions and troubleshooting.  

https://www.mathworks.com/products/compiler/mcr.html 

2) Download the package “ctFIRE_V2.0Beta_Linux_MCR2014b.tar.xz” to a location of user’s 

choice. 

3) Decompress the above tarball package to a working directory of user’s choice with any applicable 

archive manager. 

4) Edit the shell script file "runCTF.sh" and edit the path "/YOUR MCR PATH HERE" on line 9 

with the location of the MCR installation.  Usually, something like 

"/user/local/MATLAB/MATLAB_Compiler_Runtime/v84" (default MCR path for Ubuntu 16.04 

LTS install) 

5) To run CT-FIRE open terminal and set the working directory to the location of ctFIRE executable 

(same as step 2) and run "sh runCTF.sh" to start the standalone application. 

6) After steps 1-5, the main control graphical user interface (GUI) window will pop up as shown in 

Figure 1A below for the extraction of individual fibers. 
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Please Note: These installation instructions assume a general working knowledge of Linux type 

systems.  This version was built and tested with Ubuntu 16.04 LTS.  Bio-Linux 8 (Ubuntu 14.04 

LTS), and Scientific Linux 7.0 (Red Hat Enterprise Linux) were also tested.  Further testing on other 

distributions is pending. 

1 Introduction to CT-FIRE graphical user interfaces (GUIs) 
 Three main GUI windows are shown in Figure 1.  

            

                          A                                                 B                                                 C 

Figure 1. (A): main GUI window of CT-FIRE to extract individual fiber properties including fiber length, 
angle, width, and straightness; (B): advanced output GUI window of CT-FIRE to combine the results 
from multiple images with or without thresholding; and (C): region of interest (ROI) manager window of 
CT-FIRE to do ROI annotation and analysis for a single image.  

1.1 Controls of the main GUI window of CT-FIRE (Fig. 1A) 
Main panel 
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 Batch: (optional) check to import multiple images or data.  
 .mat: check to import the previous CT-FIRE results and parameters saved in the ".mat” files for a 

post-processing. 
 OUT.adv: check (+click on the post-processing button) to use the advanced output control feature 

(see details in Fig 1B description below). 
 Parallel: check to enable parallel computing for fiber extraction on images or stack(s) if multicores 

are available. 
 Reset: reset the GUI to its original status. 
 Open File(s): open Image(s)/Image Stack/ .mat files. 
 
Parameters 
 Load: load parameters for previous or other analysis saved in .csv file 
 Update: update the loaded or default parameters.   
 
Run Options 
 RUN: fiber image processing with selected options.  
select run mode from the following 

 
 Run Options Dropdown Menu:  
 CT-FIRE (CTF): extract fibers from image after performing Curvelet Transform. 
 ROI manager: define and analyze ROI(s) in the individual image. 
 CTF ROI analyzer: run CT-FIRE on defined ROIs for one or more image(s). 
 CTF post-ROI analyzer: run ROI analysis on the CT-FIRE results for one or more image(s). 
 FIRE (original 2D fiber extraction): use this option for comparison between original FIRE and 

CT-FIRE.  These results cannot be further processed in ROI module or advanced output module. 
 
 Post-processing: after fiber extraction of a single image or the import of ".mat" file(s), the output 

settings can be modified for a post-processing.  The OUT.adv checkbox used in conjunction with the 
“Post-processing” button will launch the advanced output module. 

 
Stack image preview 
When a stack is opened, move/drag the slide bar to view slices in the stack. 
 
Slices Range 
 Whole stack: check to process the whole stack. 
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 Slices: check to enter the range of the slices to be processed. 
 
Output Figure Control 
 Minimum fiber length [pixels]: only display/output fibers that are longer than this value in pixels.  
 Image Res.: resolution of the output overlay image in dpi. 
 Fiber line width: the displayed line width illustrating extracted fibers in the overlaid image usually in 

scale range 0-2.  
 Max fiber width [pixels]: filter out outliers on the fiber when calculating the average fiber width, the 

default value is 15 pixels. 
→ MORE...: option to use all the defined fiber central points to calculate average width or select 

certain fiber points based on the mean and standard deviation of the width of all of the fiber 
central points that satisfy the maximum fiber width condition. 

 Histogram bins number [#]: the number of bins used in the histograms of four fiber metrics.  
→ AUTO...: option to estimate the optimal number of bins for the histogram based on the fiber 

number. 
 
Output Options 
 Overlaid fibers: check to display the overlaid image of the extracted fibers on the original image, as 

well as show the CT (Curvelet Transform) reconstruction image. 
 Non-overlaid fibers: check to display the image of extracted fibers. 
 Angle histogram & values: check to show a fiber angle histogram figure and save the corresponding 

values into an Excel spreadsheet file. 
 Length histogram & values: check to show a fiber length histogram figure and save the 

corresponding values into an Excel spreadsheet file.  
 Straightness histogram & values: check to show a fiber straightness histogram figure and save the 

corresponding values into an Excel spreadsheet file.  
 Width histogram & values: check to show a fiber width histogram figure and save the corresponding 

values into an Excel spreadsheet file. 
 MORE: advanced parameter settings or options.   
 
Bottom Information window 
Display command queues, current program status, and other important information. 
 

1.2 Controls of advanced output module window (Fig. 1B) 
Main  
 Batch Mode: check to import multiple images. 
 Stack Mode: check to process an image stack. 
 Reset: reset GUI window and start the process over. 
 Select File: select image file(s) for statistical analysis. 
 Filename: display the name(s) of the opened file(s). 
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 Visualize Fibers: open a new pop-up window for viewing only the selected fibers overlaid on the 
original image.  Selected fiber(s) properties are displayed in a table. 

 Remove Fibers: used to eliminate the over-segmented fibers. 
 Confirm/Update: confirm or update fiber extraction results. 
 
Threshholding 
 Checkbox for Thresholding: check the box if thresholding of fibers is desired.  
 Thresholding Options Dropdown Menu: Methods for thresholding fibers 
 Percentage: percentage of the selected fibers. 
 Absolute Value: actual value of a specified fiber property.  
 Top N: the selected number of fibers with the highest values of a specified fiber property. 
 Bottom N: the seleted number of fibers with the lowest values of a specified fiber property.  

 
 Length: check to enter the length threshold.   
 Width: check to enter the width threshold.   
 Straightness: check to enter the straightness threshold.  
 Angle: check to enter the angle threshold.   
 Threshold Now: display the fibers satisfying the currently chosen threshold criteria.   
 Save Fibers: finalize the  thresholding and save thresholded fibers. 
 
Generate stats  
Select any number fiber properties to be analyzed and saved. 
 Length: fiber length. 
 Width: fiber width. 
 Straight fiber straightness. 
 Angle: fiber angle. 
 Generate Stats: generates a pop-up window allowing user to choose the statistics as well as the raw 

data of the selected fibers. 
 
Status 
Show current status information and prompts during module execution. 

 

1.3 Controls of ROI manager (Fig. 1C) 
Filename 

Display current image file name, in the top left corner of the window. 

 

ROI Table 

Large table on the left side of window lists ROI names associated with the image. 
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Draw ROI Menu 
 New ROI?: Dropdown menu to select the shape of ROI 
 Rectangle: allow the user to place a rectangular ROI. 
 Freehand: allow the user to draw a ROI of arbitary shapes. 
 Ellipse: allow the user to draw an ellipse ROI. 
 Polygon: allow the user to draw a polygon shaped ROI. 
 Specify: allow the user to specify a rectangular ROI of given size and position. 

Note: Once a shape is selected, new ROI can be drawn by pressing the key “D” on keyboard and drawing 
on the image or dragging the current active ROI.  Be sure to quit ROI annotation by pressing the key “X” 
or clicking New ROI? for further operations. 
 
 Save ROI(s): Save the recently drawn ROI.  ROI can also be saved by pressing the key “S” on 

keyboard. 
 Combine ROIs: combine multiple ROIs into one ROI.  

Note: multiple selections of ROIs can be done by pressing “Ctrl” key and selecting the new ROI.  ROIs in 
series can be done by selecting the first ROI, pressing "Shift" key, and selecting the last ROI. 

 Rename ROI: change the selected ROI name. 
 Delete ROI:  delete the selected ROI(s). 
 Measure ROI: calculate minimum and maximum pixel values for the selected ROI(s), Area of each 

ROI (units – pixels) and mean pixel value. 
 Load ROI from Text: allow the user to load ROI coordinates saved in a .csv file. 
 Load ROI from Mask: allow the user to load ROI saved as a mask image. 
 Save ROI Text: save the selected ROI coordinates into a .csv file. 
 Save ROI Mask: save the selected ROI into a .tif mask image file. 
 ctFIRE ROI Analyser: Launch an advanced ROI operations window.  
 Apply ctFIRE on ROI:  apply ctFIRE on the selected ROI(s) to extract fibers within them. 
 Show All: display all ROIs on the image. 
 Labels: display the name of ROIs along with the boundaries. Combined ROI is not labeled. 
 
Message Window  
Show tips and other information during module execution. 

2 Tutorials 
The following tutorials should help users to gain the basic skills required to use the CT-FIRE 

software.  The folder “ctFIRE_v2.0Beta_TestImages” contains all the testing images used in the 

following 5 tutorials.  Tutorials 1 and 2 describe how to extract fibers from a single image and multiple 

images, respectively.  Tutorial 3 describes how to use an advanced output module to visualize, threshold, 
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and combine fibers from the CT-FIRE output files.  Tutorial 4 shows how to use the ROI manager to 

annotate ROIs and analyze them from a single image.  CT-FIRE output and ROI files, which are already 

included in the .zip file, can be used to reproduce the results shown in Tutorial 5.  If user wants to re-

create those files again as practice, the two folders containing those files, “ctFIREout” and 

“ROI_management” need to be moved to other places, otherwise the files in these folders will be replaced 

in the process of following Tutorials 1, 2, and 4. 

Tip: Tutorials 3 and 5 could be explored first, then folders "ctFIREout” and “ROI_management” 

can be copied to a backup location, to prevent example data loss.  Followed by completing Tutorials 

1, 2, and 4 to get the best use out of this tool.   

Tutorial 1: Use CT-FIRE for individual fiber extraction from a single image  
1) Click the “Reset” button in the upper right of the main window (Fig.1A) 

2) Click on the “CT-FIRE” button (Fig.1A), the CT-FIRE GUI window will be displayed as in 

Figure 1B.  Click on the “Open File(s)” button (Fig.1B) to select the image file 

“2B_D9_crop2.tif”, as illustrated below. 

3) Now click the “Run” button, progress information will be displayed in both the information 

window and the command window. 

 
4) After analysis is complete, the output table will be displayed as seen below. 

8 
 



   
 

 
The output files from this analysis are saved in the folder “ctFIREout” in a ".tiff" overlaid image 

file, “.CSV” file, and “.mat” file.  The angle of individual fibers are saved in 

“HistANG_ctFIRE_2B_D9_crop2.csv”, with the overlaid image file named as 

“OL_ctFIRE_2B_D9_crop2.tif”. 

5) Clicking the image name in the output table, pops up the overlaid image (middle), as well as the 

histograms of the 4 measured fiber metrics (right).  An overlay image of highlighted extracted 

fibers in different colors is superimposed on the original SHG image, as seen below.  The 

histogram of angle shows the distribution of the absolute angle in a range from 0 to 180 degrees. 

 
6) In order to analyze a new image “2B_D9.tif”, click on the “Reset” button in the upper right of the 

CT-FIRE GUI window (Fig.1B), then repeat steps 2-5 from above.  The overlaid image will be 

displayed as below. 
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Tutorial 2: Use CT-FIRE for individual fiber extraction from multiple images  
1) To use "batch-mode" CT-FIRE fiber analysis, reset the CT-FIRE module with the “Reset” button 

in the upper right of the window (Fig.1A), then check the "Batch" box (Fig.1A), then select 

multiple images with "Open File(s)" as shown below. 

 
2) To enable parallel computing to process all three images simultaneously, check the “Parallel” 

box (Fig.1A), and a pop-up window will display, prompting the user to enter the number of cores 

to use for this process. 
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3) Click on the “OK” button to accept the default settings.  The progress status of the parallel 

computing toolbox is displayed in the command window.  For Windows systems, this action may 

pop-up a “Windows Security Alert” message similar to the figure shown below, if this is the first 

time running the parallel computing module since opening the software.  Click on the “Allow 

access” button. For other systems, there will have similar alert messages. 

 
4) Click on the “Run” button to run CT-FIRE simultaneously on all the selected images.  Other 

features are basically the same to those described in Tutorial 1.  Please note, resetting CT-FIRE or 

unchecking the “Parallel” will shut down the parallel computing toolbox.  The parallel 

computing toolbox will not speed up the fiber extraction for an individual image, but will save 

time by automating the processing of multiple images. 
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Tutorial 3: Use CT-FIRE advanced output control module (or analysis module) 
to visualize, threshold, and combine CT-FIRE results 

1) Launch the module (right) by checking the “OUT.adv” box and pressing “Post-Processing” 

button. 

  
2) Visualize and measure the individual fibers: a) Click on “Select File” to select image 

“2B_D9_crop2.tif”; b) Click on “Visualize Fibers” to enter fiber number based on the labels in 

the Tab “Original-fibers”, here enter “60 155 279” (use space to separate fiber numbers), the 

measurements and correspond fibers are then displayed. 

 
3) Threshold based on length:  a) Click the “Confirm/Update” button; b) Check the "Thresholding" 

box; c) Choose “Top N” and enter 10 (to keep the 10 longest fibers); d) Click on the “threshold 
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now” button to apply the thresholding conditions just set.  The corresponding figures are shown 

below.  A color bar is added to the overlaid image (right) based on the lengths of the remaining 

10 fibers. 

 
 

4) Generate statistics: a) Click on “Save Fibers”; b) Click on “Generate stats” and click on the 

“OK” button in the pop-up window.  A summary table of statistics for the selected fibers is 

displayed and the Status window lists the location of the output file as below. 

 
 

5) To combine results from multiple images: Starting from step 1) check the “Batch Mode” box and 

select multiple images to be analyzed; Skip step 2); In step 3) thresholding conditions can be set, 

but the buttons “threshold now” and “Save Fibers” are disabled; Per step 4) click the “Generate 

stats” and “OK” buttons. 

 
6) Open the output Excel file, the summary statistics for the previous two images for all of the four 

metrics are listed by default.  Optionally, the individual metrics for each of the selected fibers can 
also be included. 
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Tutorial 4: Use ROI manager to annotate ROI for a single image 
1) In the CT-FIRE main GUI window (Fig.1A), click on the “Open File(s)” button to select the 

SHG image named “2B_D9.tif”, this image will then be displayed as shown below. 
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2) Open the ROI manager by clicking the “ROI Manager” button, then click the “RUN” button, to 

launch the ROI module. 

 
 

3) Click the drop menu to choose “Specify” a rectangular ROI. 
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4) Change the ROI size to 128 by 128 with the pop-up window prompt. 

 
 

5) A yellow rectangle will be displayed on the original image.  Click and drag this ROI to the 

desired position, and then click the “Save ROI(s)” button or press the “S” key, to add this ROI to 

the ROI list.  This ROI is automatically named “ROI1”. 

6) Draw 3 other ROIs by dragging the previous ROI to a new position and save it as mentioned in 

step 5, or repeat steps 3-5 to draw a new ROI.  The ROI table will now list the four ROIs.  Click 

to select all the 4 ROIs in the table and check the box “Labels”, the ROI table and output image 

with theses 4 ROIs positions will be displayed as shown below.  To quit defining ROIs, press the 

“X” key or select “New ROI?” in the ROI shape dropdown menu.  Check the “Labels” box to 

display ROI names on the image. 
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.  

 

The ROI file mapped to the “2B_D9.tif” image is named “2B_D9_ROIs.mat” and is saved in the 

folder named “ROI_management”. 

 

7) Post-ROI analysis of the 4 defined ROIs: a) Click the “ctFIRE ROI Analyzer” button; b) In the 

resultant pop-up window, click the “Check Fibers” button to display fibers within the ROIs; c) 

Click “Plot Statistics” to display histograms of each ROI.  The output figures are displayed as 

follows. 
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8) Alternatively, ctFIRE can be individually applied to the ROIs by clicking the “Apply ctFIRE on 

ROI” button and following the instructions in the pop-up window generated.  The parameters for 

running the CT-FIRE are passed through from the main GUI window (Fig.1A). 

Tutorial 5: ROI analysis for multiple images based on a previous full image CT-
FIRE output 
This tutorial assumes an ROI file and related CT-FIRE output files are available.  If not, use tutorials 

1, 2, or 4 to create those files first. 

1) In the Main GUI window (Fig.1A): a) Check the “Batch” box; b) Open three image files; c) Choose 

“CTF post-ROI analyzer” from the dropdown menu in the Run Options Panel as below. 

 
2) Click on the “Run” button to start the analysis.  Progress information will be displayed in both the 

information window and command window.  After the analysis is done, the information window lists 

the location of the output file, and if clicking the “ROI1” label in the output table for image 2B_D9, 

the overlaid fibers are displayed within that ROI as well as the related histograms of fiber metrics. 
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3 Tips & Tricks 

1) Check the information window and command window to see the status of the processes. 

2) Hover the mouse pointer over buttons or boxes to display pop-up tool tips with more information 

on their functions. 

3) If the program freezes or is not responsive in the middle of analysis, use the “Reset” button to 

reset the tool.  If this still does not work, close the tool by closing the command window or 

simultaneously pressing “Ctrl” and “C” keys.  Then re-launch the application. 

4) If an abnormal issue occurs that the above suggestions do not fix, please see the software website 

http://loci.wisc.edu/software/ctfire for more information or support. 

5) Descriptions are listed in the table below for fiber extraction parameters, to adjust as needed. 

Name Value         Description 

thresh_im2 5 threshold of the background, main adjustable parameter 

s_xlinkbox 8  radius of box to find a local max of the distance function, the smaller the value, 
the more local maximums and more thinner fibers can be identified, another 
main adjustable parameter 
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thresh_ext 70 angle similarity required for a fiber to extend to the next point (cos(70*pi/180)) 

thresh_dang_L 15 dangler length threshold 

thresh_short_L 15 short fiber length threshold 

s_fiberdir 4 number of nodes used for calculating direction of fiber end 

thresh_linkd 15 distance for linking same-oriented fibers 

thresh_linka -150 minimum angle between two fiber ends for linking of the two fibers(cos(-150 
*pi/180)) 

thresh_flen 15 minimum length of a free fiber 
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