
BDP: BrainSuite 
Diffusion Pipeline 

Chitresh Bhushan 



 Quantify microstructural tissue characteristics 

 Structural connectivity – ‘Connectome’ 

 Clinical – Abnormalities in white matter – stroke etc.  

 Multimodal image analysis 
 

Why diffusion MRI? 

Sporns et al. 2005; Wedeen et al. 2008; Hagmann et al. 2007; 
Jones  et al. 2011; Johansen-Berg et al. 2009 

T2 weighted MPRAGE FA map Fiber track 
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 Co-register diffusion and MPRAGE scan 
 Distortion correction – multiple methods 

 

 

 Fit diffusion model 
 Multiple models – Tensor, ODFs 

 

 

 Compute basic ROI-wise statistics 
 Custom ROIs, track based ROIs etc. 

 

bdp.exe – overview 



{ & distortion correction 

Co-registration 
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MPRAGE Coord 
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Diffusion MRI - 
Rigid registration 
is not enough! 



 Diffusion MRI uses fast acquisition – Echo planar Imaging 
(EPI) 

 Susceptibility differences Magnetic field (B0) inhomogeneity 

 EPI is sensitive to B0 inhomogeneity Localized geometric 
distortion 

EPI distortion 

b=0 image (EPI) MPRAGE image Field inhomogeneity map 



 Misalignment with structural scans by several 
millimeters 

 Limits the accuracy of multi-modal analysis 

EPI distortion 

b=0 image (EPI) MPRAGE 
Overlay with edges 



Distortion correction framework 

𝜙 – Distortion/deformation map 

 Somehow estimate/find the deformation map 𝜙 

b=0  image (EPI) 

MPRAGE 



1. Registration based distortion correction 
 Uses structural image to estimate distortion field 

 Does not require any field inhomogeneity map 
 

 

2. Fieldmap based distortion correction 
 Requires field inhomogeneity map 

 Lower computational requirement 
 

 

3. No distortion correction 
 Only Rigid registration to MPRAGE 

 

Distortion correction in BDP 



 (Indirectly) Acquire the deformation map 𝜙  

 Computed from field inhomogeneity map 
(fieldmap) ∆𝐵0(𝑥, 𝑦) 

Fieldmap based correction 

Jezzard 1995, 2011, Bhushan et al. 2012 

Field inhomogeneity map 
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 Accurate correction in “most” regions 

 

 

 

 

 

 

Drawbacks: 

 Additional Data acquisition (fieldmap) 

 Can not be used on data already acquired without field 
map 

 Sensitive to errors in fieldmap acquisition/estimation 

 

Fieldmap based correction 

MPRAGE Fieldmap 
based  

correction 

Distorted 
image 



Registration based correction 

Bhushan et al. 2012 

 No extra data (fieldmap) is required 

 Estimate a deformation map 𝜙 which best aligns 
MPRAGE and b=0 image 
 Uses anatomical information  

 Mutual-information based non-rigid registration 
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 Similar performance to fieldmap method 

 

Registration based correction 

Before Before After After 

Bhushan et al. 2012 



Comparison 

MPRAGE Registration 
based correction 

Fieldmap based 
correction 

Reversed Gradient / 
Interlaced sampling* 

 Be aware of limitation of your dataset and/or correction method 

* To be included in future version of BDP. 
   Bhushan et al., ISMRM 2013, p55 



1. Registration based distortion correction 
 Uses structural image to estimate distortion field 

 Does not require any field inhomogeneity map 
 

 

2. Fieldmap based distortion correction 
 Requires field inhomogeneity map 

 Lower computational requirement 
 

 

3. No distortion correction 
 Only Rigid registration to MPRAGE 

 --no-distortion-correction 

 

Summary: Distortion correction 



 Estimates diffusion tensors  
 FA, MD, color-FA 

 Axial, Radial diffusivity  

 ODFs using FRT and 
FRACT 

Diffusion models 

Haldar et al. 2013   



Tractography & connectivity 

 Combine labels (from MPRAGE space) and diffusion 
information 

 



Tractography & connectivity 

 Fiber tracking in MPRAGE and diffusion space 

 ROI-wise connectivity analysis 

 



NIfTI input (.nii or .nii.gz) 
 

bdp13.exe <BFC File> [Optional Flags] --nii <4D DWI 

NIfTI> --bvec <Gradient file> --bval <b-value file> 
 

 

 BDP expects diffusion gradient direction in voxel coordinates  
 BDP uses NIfTI header matrix extensively for registration  

 

Syntax 



BDP: Flexible flags 

• ~40 optional flags 
• Refer documentation for 

full descriptions and usage 

.T1_coord .D_coord 



Choi et al., “A Multimodal Investigation of 
Neuronal/Axonal Integrity Using Structural 
T1-weighted Imaging, Diffusion Tensor 
Imaging, and H1 MR Spectroscopy”, 

ISMRM 2013, Salt Lake City, p. 1951  

 

Example multimodal study 



 C Bhushan, JP Haldar, AA Joshi, RM Leahy , Correcting susceptibility-
induced distortion in diffusion-weighted MRI using constrained nonrigid 
registration,  APSIPA ASC, Hollywood, 3-6 Dec 2012  

 

 DW Shattuck, AA Joshi, JP Haldar, C Bhushan, S Choi, AC Krause, JL 
Wisnowski, H Damasio, AW Toga, RM Leahy, New BrainSuite13 Tools for 
Image Segmentation, Registration , Connectivity Analysis and Visualization, 
OHBM, Seattle, 2013, p. 1688 

 

 DW Shattuck, AA Joshi, JP Haldar, C Bhushan, S Choi, AC Krause, JL 
Wisnowski, AW Toga and RM Leahy, Tools for Brain Image Segmentation, 
Registration, and Connectivity, ISMRM, Salt Lake City, 2013, p. 2691  

 

 C Bhushan, AA Joshi, RM Leahy, JP Haldar, Accelerating Data Acquisition for 
Reversed-Gradient Distortion Correction in Diffusion MRI: A Constrained 
Reconstruction Approach, ISMRM, Salt Lake City, 2013, p. 55  

 

References 



Download hands-on dataset  

http://is.gd/brainsuite 
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bdp13.exe / bdp13.sh 

 Command line tool 
 Highly extensible using your batch/shell scripts 

 Flexible – numerous flags for custom processing 

 Requires 
 Matlab 2012a MCR 

 Visual C++ runtime package (windows only) 

 

 Documentation 

http://brainsuite.bmap.ucla.edu/processing/diffusion/ 

 

 Detailed flag description 

http://brainsuite.bmap.ucla.edu/processing/diffusion/flags/ 

 



DICOM 
bdp13.exe <BFC File> [Optional Flags] -d <DICOM path> [DICOM path ...] 
 

 Limited support 

 BDP extracts (most) relevant diffusion scan parameters 

 

NIfTI (.nii or .nii.gz) 
bdp13.exe <BFC File> [Optional Flags] --nii <4D DWI NIfTI> --bvec <Gradient 

file> --bval <b-value file> 
 

 BDP expects diffusion gradient direction in voxel coordinates  
 BDP uses NIfTI header matrix extensively for registration  

 
Linux and Macintosh 
      Replace bdp13.exe by bdp13.sh 

 

 

Syntax 



 C:\bdp13p17_win64\bdp13.exe C:\5934\5934.bfc.nii.gz 

-–nii C:\5934\5934.dwi.nii.gz --bvec 

C:\5934\5934.dwi.bvec --bval C:\5934\5934.dwi.bval 

 

 Flags are separated by space 

 If required file are not in current working directory, then 
specify full path to files 

 Any number of flags can be added 

 

 Output files:  

 Many many files…. (see documentation for all details) 

 <fileprefix>.BDPSummary.txt  

• Summary of all the processing with references 

• The command used for future reference 

Example 



 

<fileprefix>.BDPSummary.txt 



 

Command line output 
Command line 
output – Always 
verbose with 
relevant important 
information 



Default flags 

When no optional flag is defined:  

 --tensor 

 --dir=y 

 Registration based distortion correction 

 Only T1-coordinate outputs  

 Outputs are saved in same directory as bfc file 

 --threads=4 

 

C:\bdp13p17_win64\bdp13.exe C:\5934\5934.bfc.nii.gz 

-–nii C:\5934\5934.dwi.nii.gz --bvec 

C:\5934\5934.dwi.bvec --bval C:\5934\5934.dwi.bval 

 



--help or –h 

 Prints out description of all BDP flags 

 Also reports the version of BDP executable being run 

 
--check-for-updates 

 Connects to BrainSuite server to check if a new version of BDP 
is available 

 

All other flags and options are ignored and BDP terminates after 
printing help or checking for updates. 

 

Of course online documentation:  

         http://brainsuite.bmap.ucla.edu/processing/diffusion/ 

 

Help! 



Multiple ‘model’ flags can be used at once: 

 Diffusion Tensor 
 --tensor 

 <name>.eig.nii.gz – saves all eigen value/vectors 

 FA, colorFA, axial, radial, L2, L3, MD 

 ODFs 
 --FRT 

 --FRACT  

 <name>.odf – Load saved Spherical harmonic coefficients 

 Coordinate filename suffix 
 .T1_coord : In T1/MPRAGE coordinates 

 .D_coord : In diffusion coordinates 

Diffusion models 



--dir=<direction> 

Define phase encoding direction 

x  : increases along the Right side of the subject 

x- : increases along the left side of the subject. 

y : increases along the Anterior direction of the subject 

y- : increases along the posterior direction of the subject 

z : increases along the Superior direction 

z- : increases along the inferior direction 
 

Example 
 --dir=y- 

 

 -ve sign is important only for fieldmap based 
correction 

Distortion direction 



Required 
--fieldmap-correction <fname.nii.gz> (in rad/sec) 

--echo-spacing=<t> (in sec) 

Example 
--fieldmap-correction fieldmap.radians.nii.gz  

--echo-spacing=0.00036 
 

Optional 
--fieldmap-smooth3=<S> (in mm) 

--ignore-fieldmap-fov 

• BDP checks for overlap of field of  

     view (FOV) of diffusion scan and  

     fieldmap scan 

• Overrides FOV check 

Example: 
--fieldmap-smooth3=0.75 

Fieldmap based correction 



--output-subdir <directory_name> 

 allows to specify a sub-directory name in which output files 
would be written 

 Example: 

--output-subdir BDPv17 

 

--output-diffusion-coordinate 

 Enables estimation of diffusion tensors and/or ODFs in the 
native diffusion coordinate 

 All native diffusion coordinate files are saved in a seperate 
folder named “diffusion_coord_outputs“ 

 Outputs in MPRAGE coordinates are always saved 

 

Some (more) useful flags 



--generate-stats 

 Requires extraction (& SVReg) output files 

 Writes statistics for white matter(WM), grey matter(GM), and 
both WM and GM combined 

 Outputs in .csv format 

Statistics flags 



Default information:  

 WM/GM from <name>.cortex.dewisp.mask.nii.gz 

 SVReg labels from <name>.svreg.corr.label.nii.gz 

 ROI_ID from brainsuite_labeldescription.xml 
 --custom-label-xml <filename.xml> 

 

Statistics flags 



 BDP detects overlay of field of view (FOV) of MPRAGE and 
diffusion scan 

 Computes missing voxels in each ROI 

 By default does not compute stats for ROI missing any voxel 

 --force-partial-roi-stats  

 Force stats computation in all ROIs 

Statistics – FOV issues 



--custom-diffusion-label <name> 

--custom-t1-label <name> 

 Define custom labels in either coordinates 

 <name> can be either NIfTI filename or directory name 

 Custom labels can be painted in BrainSuite13 
--custom-label-xml <filename.xml> 

 Example: 
--custom-diffusion-label ROI26.nii.gz 

--custom-t1-label T1_labels 

 

 When --custom-label-xml is not used: 

• BDP generates 5-digit ROI IDs for each label found 

• Saves ROI ID maps (to labels found) in an .xml file 
<fileprefix>.BDP_ROI_MAP.xml 

Custom labels 



--only-generate-stats 

--generate-stats-only 

 Refined/manually corrected labels – re-run BDP to only 
compute statistics 

 Skip all of the processing (co-registration, distortion correction 
and tensor/ODF estimation)  

 All of the other flags MUST be used in the same way as they 
were in the initial BDP run 
(<fileprefix>.BDPSummary.txt) 

Re-compute statistics 



--transform-diffusion-volume <name> 

--transform-t1-volume <name> 

 To-and-fro from diffusion and T1-coordinates  

 <name> can be either NIfTI filename or directory name 

 This does not perform any distortion correction 

 

--transform-interpolation <method> 

 Define interpolation method 

 linear, nearest, cubic or spline 

 

--transform-data-only 

 Skip all of the processing (co-registration, distortion correction and 
tensor/ODF estimation)  

 All of the other flags MUST be used in the same way as they were 
in the initial BDP run (<fileprefix>.BDPSummary.txt) 

 

Transform image volumes 



 

Error! 



BDP Documentation: 
      http://brainsuite.bmap.ucla.edu/processing/diffusion/ 
 
Detailed flag description: 
      http://brainsuite.bmap.ucla.edu/processing/diffusion/flags/ 


