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The Laboratory for Individualized Breast Radiodensity Assessment (LIBRA), a software package developed by
the Computational Breast Imaging Group (CBIG) at the University of Pennsylvania, is a fully-automatic breast density
estimation software solution based on a published algorithm that works on either raw (i.e., “FOR PROCESSING”) or
vendor post-processed (i.e., “FOR PRESENTATION”) digital mammography images from two vendors: GE Health-
care and Hologic. Based on an algorithm published in Medical Physics, LIBRA has been applied to over 30,000
screening exams and is being increasingly utilized in larger studies.

LIBRA has two modes of operations:

1. An easy-to-use interactive mode with Graphical-User-Interface where the user is prompted to select either a
single DICOM image or a folder of DICOM images, an output folder for the results, and whether they wish to
save intermediate files.

2. A command-line interface amenable to batch processing and scripting, where the user can explicitly define the
input and output paths.

http://www.uphs.upenn.edu/radiology/research/labs/cbig/
http://www.ncbi.nlm.nih.gov/pubmed/22894417


1 About the Algorithm

The amount of fibroglandular tissue content in the breast as estimated mammographically, commonly referred to as
breast percent density (PD%), is one of the most significant risk factors for developing breast cancer. Approaches
to quantify breast density commonly focus on either semiautomated methods or visual assessment, both of which
are highly subjective. This software package was developed to be a fully-automated density estimation method that
works on both raw (i.e., “FOR PROCESSING”) and vendor postprocessed (i.e., “FOR PRESENTATION”) digital
mammography images,and has thus far been validated to work on GE Healthcare and Hologic digital mammography
systems 1.

Briefly, the software first applies an edge-detection algorithm to delineate the boundary of the breast and the boundary
of the pectoral muscle. Following the segmentation of the breast, an adaptive multi-class fuzzy c-means algorithm is
applied to identify and partition the mammographic breast tissue area, into multiple regions (i.e., clusters) of similar
intensity. These clusters are then aggregated by a support-vector machine classifier to a final dense tissue area, seg-
mentation. The ratio of the segmented absolute dense area to the total breast area is then used to obtain a measure of
breast percent density (PD%).

The software generates both quantitative estimates of breast area, dense area and PD% that are stored in a comma
separated text file (.csv, openable by Excel) as well as a .JPG image of the breast and density segmentations overlaid
on a window-levelled version of the mammogram amenable for publication to a user-defined directory, in addition to
several optional files, as described in the Manual Section.

1 DISCLAIMER: Density estimation on mammograms from other vendors has not been validated, therefore the performance and the quality of
segmentation is not guaranteed. However the breast segmentation algorithm within LIBRA generally works well across all vendors and thus may
be of general use in a research context.



2 Download

2.1 Software License

The LIBRA software is freely available under a BSD-style open source license that is compatible with the Open Source
Definition by The Open Source Initiative and contains no restrictions on use of the software. The full license text is
included with the distribution package and available online.

2.2 Documentation

LIBRA Manual: Online version of this manual.

LIBRA ChangeLog: Summary of changes, new features, and bug fixes.

2.3 Installation

The LIBRA software package is primarily distributed as a pre-compiled, stand-alone executable to ensure platform-
wide compatibility; the MATLAB source files are also provided for development purposes. Currently, the stand-alone
version of LIBRA is available for 64-bit versions of Windows, with solutions for Linux and Mac OS being actively
worked on. Running the stand-alone version will require downloading and installing MATLAB Compiler Runtime
version R2013A (8.1), available for download at MathWorks, Inc. at the link below. Using the MATLAB source files
(for any Operating System) will require MATLAB main license and access to certain toolboxes, listed below with
links to the MathWorks, Inc. product pages describing them.

2.4 Prerequisites - Stand-alone executable

Operating System Requirements

Windows 7, 64-bit. Note: other 64-bit versions of Windows (i.e., XP, Vista and 8) may also be compatible, but have
not been thoroughly evaluated at this time.

Dependency Release Description

MCR (Version 8.1)
R2013A
64-bit MATLAB Compiler Runtime enables program to

run without MATLAB installed.

2.5 Prerequisites - MATLAB source files

Operating System Requirements

Windows 32-bit/64-bit, Mac OS 32-bit/64-bit, Linux 32-bit/64-bit

MATLAB Version Requirements

MATLAB 2012A, 2012B, 2013A, 2014A, and 2014B 32-bit/64-bit. Note: other versions of MATLAB may be com-
patible, but have not been thoroughly evaluated at this time. CAUTION: There is a known bug and incompatibility
to MATLAB R2013b (version: 8.2.0.705) on Windows that the dicomread.m function would randomly crash and
terminate the matlab routine.

http://opensource.org/
https://www.cbica.upenn.edu/sbia/software/license.html
https://www.cbica.upenn.edu/sbia/software/LIBRA/manual.html
https://www.cbica.upenn.edu/sbia/software/LIBRA/changelog.html
http://www.mathworks.com/products/compiler/mcr/


Dependency Description
Curve Fitting Toolbox MathWorks, Inc. MATLAB Curve Fitting

Toolbox
Image Processing Toolbox MathWorks, Inc. MATLAB Image Pro-

cessing Toolbox
Signal Processing Toolbox MathWorks, Inc. MATLAB Signal Pro-

cessing Toolbox
Statistics Toolbox MathWorks, Inc. MATLAB Statistics

Toolbox
Symbolic Math Toolbox MathWorks, Inc. MATLAB Symbolic

Math Toolbox

2.6 Register for Download

Please register online to receive an email with the download links of the software.

http://www.mathworks.com/products/curvefitting/
http://www.mathworks.com/products/image/
http://www.mathworks.com/products/signal/
http://www.mathworks.com/products/statistics/
http://www.mathworks.com/products/symbolic/
https://www.cbica.upenn.edu/sbia/software/LIBRA/download.html#register


3 Manual

3.1 Running the Software - Interactive Mode

When running LIBRA in interactive mode (i.e., by double-clicking the .exe file) the user is first prompted as to whether
they would like to analyze a single DICOM image, batch process all DICOM images in a specific folder, or exit out of
the software. Details on the specific options are provided below.

Interactive Mode - Single Image

If the user chooses to analyze a single DICOM image, they are first prompted to select a DICOM image to analyze via
a standard dialogue prompt.



Second, the user is then prompted to select an output folder where the density scores and density segmentation image
.jpg file will be stored. Note: If the folder already exists and contains density estimates (e.g., from a previous run of
LIBRA.exe), it will append the new results to the results file.



Lastly, the user will be asked whether they wish to store a processing log file and intermediate graphics in addition to
the density segmentation outline which may be on interest for publication or visualization purposes, and are further
described in the Outputs section below.

LIBRA will then begin processing the image; the progress of the software can be monitored via the related command-
prompt window that opens when LIBRA.exe is run. The average runtime for most images is 6-10 seconds. When
analysis is complete, a prompt appears asking the user if they want to open the results folder and if they want to
perform additional analyses.



Interactive Mode - Batch Process Folder

If the user chooses to perform a batch analysis of all the DICOM images within a folder, they are first prompted to
select the folder to analyze via a standard dialogue prompt.



Second, the user is then prompted to select an output folder where the density scores and density segmentation images
.jpg files will be stored. Note: If the folder already exists and contains density estimates (e.g., from a previous run of
LIBRA.exe), it will append the new results to the results file.



Lastly, the user will be asked whether they wish to store a processing log file intermediate graphics in addition to
the density segmentation outline which may be on interest for publication or visualization purposes, and are further
described in the Outputs section below.

LIBRA will then begin processing all the DICOM images; the progress of the software can be monitored via the
related command-prompt window that opens when LIBRA.exe is run. The average runtime for most images is 6-10
seconds. When analysis is complete, a prompt appears asking the user if they want to open the results folder and if
they want to perform additional analyses.



3.2 Running the Software - Command Line Mode

The command-line interface of LIBRA was designed to amenable to batch processing and scripting, so that the user
can explicitly define the input and output paths to the files and folders to be analyzed. To run libra.exe via the
command-line, two input arguments are required along with a third, optional argument. The software will then run
non-interactively and process the single file specified (or all files under the directory provided) by <input>, saving the
results to the specified output folder <outDir>. The arguments are:

input <char> Absolute path to the dicom file or directory containing dicom images (Optional)

outDir <char> Absolute path to the output directory (Required if <input> is specified)

saveIntermediate <bool> Boolean value to save the intermediate output (1) or not (0) (Optional; If not
specified, default: 0, intermediate files are not saved)

An example command-line would take the form of: libra.exe <input> <outDir> <saveIntermediate>

Note: As in interactive mode, if the output folder already exists and contains density estimates (e.g., from a previous
run of LIBRA.exe), it will append the new results to the results file. The interactive-mode interface can also be called
via the command-line when no arguments are passed to libra.exe. This would be equivalent to double-clicking the
libra.exe file.

3.3 LIBRA Outputs

The LIBRA software generates several forms of output all stored in the output directory specified by the user, including
tables containing the density estimates, log-files of the session, and figures for presentation and review. The following
outputs are always generated by the software:

Masks_<Image-Analyzed>.mat: A MATLAB datafile containing a structure array that stores the breast area
(res.BreastArea), dense area (res.DenseArea), and area percent density estimates (res.PD_SVM) for the DICOM



mammography file analyzed (res.dcm_fname). This structure array also stores the binary masks of the breast
(res.BreastMask) and dense tissue segmentations (res.DenseMask), which may be useful for further processing and
analysis.

Density.csv: A comma separated file (open-able by spreadsheet programs like Excel) that stores the breast area, dense
area, and percent density estimates for each mammogram analyzed, listed by file name. The Manufacturer, Laterality
and View-Position of the mammogram are also provided for reference.

Fig. 1: Density.csv

<Image-Analyzed-Filename>_density_segmentation.jpg: In the Result_Images sub-directory, the breast and density
segmentation results are provided for each image analyzed. The breast is outlined in red, the density segmentation is
in green. Note that for visualization purposes, the image is window-levelled to between the 5th and 95th percentile of
the intensity values of the pixels within the breast region.



Fig. 2: <Image-Analyzed-Filename>_density_segmentation.jpg

The following outputs are only generated by the software if the user specifies to save intermediate files:

LIBRA-logfile_<time-stamp>.txt: A log of the programs outputs during the session, this text file is time-stamped at
the start of the LIBRA sessions so that multiple sessions writting to the same output folder each have their own unique
log of events. The <time-stamp> takes the form of <Month>-<DD>-<YYYY>_HH-MM-SS, in 24-hour format. ..
_fig_log_file:



Fig. 3: LIBRA-logfile_<time-stamp>.txt

<Image-Analyzed-Filename>_Windowed_Original.jpg: In the Result_Images sub-directory, the analyzed image
window-levelled to between the 5th and 95th percentile of the intensity values of the pixels within the breast region is
also provided with out the breast density segmentation overlay for comparison purposes.



Fig. 4: <Image-Analyzed-Filename>_Windowed_Original.jpg

<Image-Analyzed>_density_imagesc.jpg: In the Result_Images sub-directory, the image clusters (grouped by colors)
generated by the Fuzzy C-Means stage of the LIBRA algorithm is provided.



Fig. 5: <Image-Analyzed>_density_imagesc.jpg

<Image-Analyzed>_intensity_histogram.jpg: In the Result_Images sub-directory, the breast intensity histogram (z-
scored) and FCM-cluster centers are plotted in this image.



Fig. 6: <Image-Analyzed>_intensity_histogram.jpg

3.4 Running the Software - Using the Source code

Source Package Overview

The package contains:

Source/
|---> Code/ # Main source codes
| |-> libra.m
| |-> libra_exper.m
| |-> libra_run.m
| |-> libra_version.m
| `-> private/
|
|---> Model/ # SVM models used by libra.m
| |-> GE_Processed_SVM.mat
| |-> GE_Raw_SVM.mat
| |-> Hologic_Processed_SVM.mat
| `-> Hologic_Raw_SVM.mat
|
|---> libra_demo.m # Demo/testing program
|---> libra_startup.m # Libra start up command
`---> libra_compile.m # Function to comiple source code into an executable

Sample_Data/ # Data used in libra_demo.m
|-> Case1.dcm



|-> Case2.dcm
|-> Case3.dcm
|-> Case4.dcm
|-> Case5.dcm
`-> ground_truth.mat

Executable/
`-> libra(.exe) # Pre-compiled standalone executable

# (Windows platform extension in parentheses.)

AUTHORS.txt # A list of the people who contributed to this software.
COPYING.txt # The copyright and license notices.
ChangeLog.txt # History and evolution of the software
README.txt # This readme file.
LIBRA_Software_Manual.pdf # Software manual

doc/ # Documentation files for the software pacakge (For Developer)

The Source/Code/ and Source/Code/private/ directories include all the core functions written in MATLAB.
The models in Source/Model/ that are vendor-specific are GE_Processed_SVM.mat, GE_Raw_SVM.mat, Ho-
logic_Processed_SVM.mat and Hologic_Raw_SVM.mat. Note: If a mammogram being analyzed is derived from a
vendor for which no training currently exists (or the vendor is unknown), the system defaults to using Hologic-trained
models. If the presentation intent type (i.e., ‘For Processing’ or ‘For Presentation’) is not defined in the DICOM
header, the system defaults to using ‘For Presentation’ training. It is also worth noting that although training has only
currently been completed for GE Healthcare and Hologic systems, Siemens ‘For Processing’ mammograms has also
been evaluated with the system and have been found to have an acceptable level of performance.

Source/Code/libra.m is a wrapper script that performs density estimation 1) directly on one given mammogram or 2)
loops through (NOT recursively) a given input directory to find out all the image to be processed. libra will output the
result in a given output directory with a Density.csv and a sub-directory Result_Images/ containing final segmentation
and breast mask (optional.) There are two modes: interactive mode with GUI and batch processing mode at command-
line.

Source/Code/libra_exper.m is the main code that executes the breast density estimation pipeline given one input DI-
COM image and one output directory and the output text file.

Sample_Data/ contains sample images and testing ground truth for the sample script libra_demo.m.

doc/ contains Sphinx compatible documentation rst files that can be used to automatically generate website and pdf
documentation. It is reserved for developers.

Usage

The following sections are served as a guideline for users intending to use the LIBRA package from the Source
code. Please be advised to follow the instruction and execute the commands in MATLAB environment. For the
instruciton on Graphical-User-Interface mode, please check out the section “Running the Software - Interactive
Mode ” in LIBRA_Software_Manual.pdf.

In Matlab environment, run:

>> libra_startup

to initialize the environment for the software.

To run breast density estimation, run:

>> RESULTS = libra(PATH_INPUT, PATH_OUTPUT_DIR, SAVE_INTERMEDIATES);



where PATH_INPUT should be a mammogram with dcm as file extension or a directory containing dicom images
(*.dcm) to be processed. PATH_OUTPUT_DIR is a path to the output directory. For example,

in Windows:

>> RESULTS = libra('D:\LIBRA\Sample_Data\Case1.dcm', 'D:\LIBRA\Result\', 1);

or in Linux:

>> RESULTS = libra('/path/to/LIBRA/Sample_Data/Case1.dcm', '/path/to/LIBRA/Result/', 1);

Program returns a cell array RESULTS that has Filename, BreastArea(sqcm), DenseArea(sqcm), and BreastDen-
sity(%) as four columns, as below:

RESULTS =

'File Analyzed' 'BreastArea(sqcm)' 'DenseArea(sqcm)' 'BreastDensity(%)'
'Case3' [ 142.1792] [ 31.4047] [ 22.0881]

You can expect the outputs to be:

PATH_OUTPUT_DIR/
|-> Result_Images/
| |-> Masks_<PREFIX>.mat
| |-> <PREFIX>_density_segmentation.jpg
| |-> <PREFIX>_Windowed_Original.jpg (optional)
| `-> <PREFIX>_density_imagesc.jpg (optional)
|-> Density.csv
`-> SkippedImg.csv (if any failed)

Optional outputs can be saved by setting a boolean variable SAVE_INTERMEDIATES to TRUE (or 1.) By default,
these optional files are not saved.

Output segmentation images will be generated in PATH_OUTPUT_DIR/Result_Images/ while the estimated desity
number will be written in comma seperated file, Density.csv, and failure information, if any, due to lack of re-
quired imaging information in the dicom header to be used in the classification will be written into SkippedImg.csv in
PATH_OUTPUT_DIR. You can find the breast mask and the estimated values in Masks_*.mat file.

By doing:

>> help libra

you will get a full description and usage of the program.

Testing

To test the package with the sample data to see if the package runs correctly on your machine, please change the
directory to the Source/ directory, simply run the following commands in MATLAB environment:

>> libra_startup
>> libra_demo

Output directories “Demo_Test” and “Demo_Test_Batch” will be created inside the source package. For more infor-
mation on the output results please refer to the USAGE section.

The demo not only demonstrates breast and dense tissue segmentations but also tests whether your computing envi-
ronment produces comparable results against precomputed “ground truth”. You may find the ground truth in Sam-
ple_Data/ground_truth.mat and manually compare the numbers with the results in Demo_Test/Density.csv:



>> load ground_truth.mat
>> whos

Name Size Bytes Class Attributes
truth 4x3 96 double

>> truth

truth =

70.6779 52.8680 74.7996 % Ground truth for Case1.dcm
165.6580 12.8664 7.7645 % Case2.dcm
143.0126 32.2381 22.5421 % Case3.dcm
92.6134 21.0520 22.7311 % Case4.dcm
80.3807 26.1074 32.4397 % Case5.dcm

Each row contains three numbers. They are BreastArea(sqcm), DenseArea(sqcm), and BreastDensity(%), respectively.

Compilation

To compile the libra.m into a executable, change the directory to the Source/ directory within the main directory of the
LIBRA package and run the following command in MATLAB environment:

>> libra_compile('D:\path\to\output\executable\folder\') % In Windows

or:

>> libra_compile('/path/to/output/executable/directory/') % In Unix

A stand-alone executable libra (libra.exe in Windows) will be created in the specified directory. When libra_compile is
called without an input argument, an “Executable” directory will be created in Source directory and “libra” executable
will be generated there. This compilation requires MATLAB Compiler (mcc).

After compilation, you can use the stand-alone executable without matlab environment. 2

$ libra PATH_INPUT_DIR PATH_OUTPUT_DIR

2 Note: Matlab Compiler Runtime (MCR) is required. Download a version of MCR that corresponds to the MCC used to compile the executable
from http://www.mathworks.com/products/compiler/mcr/.

http://www.mathworks.com/products/compiler/mcr/


4 FAQ

What is the expected input data format? DICOM files, which do not necessary have extension, if any, .dcm is the
most common one.

What are the DICOM requirements for analyzing mammograms using LIBRA? LIBRA requires the following
imaging physics to accurately estimate the density:

• ViewPosition (0018,5101)

• XrayTubeCurrent (0018,1151) (if missing, LIBRA derives it from ExposureInuAs(0018,1153) and Expo-
sureTime (0018,1150))

• ImagerPixelSpacing (0018,1164)

• BodyPartThickness (0018,11a0)

• CompressionForce (0018,11a2)

• Exposure (0018,1152)

• KVP (0018,0060)

LIBRA also relies on the following fields to choose the best model but would use a default model if missing

• PresentationIntentType (0008,0068)

• Manufacturer (0008,0070)

What can I do if the requirements are not fully met? You may collect the imaging physics and fill in the fields
using MATLAB, pydicom in PYTHON or dcmtk.

Is there a quick way to QC (quality control) large amount of processed data? We usually look at the left-right
reading agreement, and raw-processed agreement to find out if there is any outlier. We sometimes see arond
0.1% to 1% of failure rates from our experience of processing more than 70,000 mammograms.

http://dicom.nema.org/standard.html
https://www.mathworks.com/matlabcentral/answers/27241#answer_35465
http://pydicom.readthedocs.io/en/stable/pydicom_user_guide.html
http://support.dcmtk.org/docs/dcmodify.html
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6 Publications

When publishing results or data derived from this software, please include a bibliographical reference to the 2012
Keller et al. Medical Physics paper (PubMed ID: 22894417) describing the methodology as well as to the 2015 Keller
et al. Breast Cancer Research paper (PubMed ID: 26303303) evaluating the association between LIBRA breast density
and breast cancer risk in a case-control study. Other studies in which LIBRA has been used are also listed in references.
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