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DIPY is an international project which brings together scientists 

across labs and countries …

… to share their state-of-the-art code and expertise in the same 

codebase, accelerating scientific research in medical imaging.

.org

Diffusion Imaging in Python
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• Who is dipy for?
Computer scientists, Engineers, Mathematicians

• Development and testing of new methods

• Sharing code and the support/maintenance of 

that code

• Processing diffusion MRI data with the state-

of-the-art pipeline

• Learning diffusion MRI processing

You need to read and write code
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Eleftherios Garyfallidis, Ph.D.

Founder and lead software engineer
elef@indiana.edu

Some of the Dipy developers
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https://mail.google.com/mail/?view=cm&fs=1&tf=1&to=elef@indiana.edu
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Development team grows and grows …

Currently the largest diffusion MRI development team

60+ contributors, 10+ countries

5



Dipy: From Diffusion Data to Bundle Analysis

Gabriel Girard – gabriel.girard@epfl.ch – CoBCoM2017

Industrial use
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Publications
Citations: 182
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Main website: 

dipy.org

Interactive chat room:

gitter.im/nipy/dipy/

Source code:

github.com/nipy/dipy

Tutorials:

dipy.org/examples_index.html

Dipy Installation:

nipy.org/dipy/installation.html

Follow the instructions for your 

platform.

>> pip install dipy

http://dipy.org/
https://gitter.im/nipy/dipy/
https://github.com/nipy/dipy
http://dipy.org/examples_index.html
http://nipy.org/dipy/installation.html
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• Local Reconstruction

– Diffusion Tensor 

– Constrained Spherical Deconvolution

• Streamline Tractography

– Masking strategies

– Propagation algorithms

• Streamline Bundle Analysis

– QuickBundles

– Regions-based

• Local Reconstruction

– Diffusion Tensor 

– Constrained Spherical Deconvolution

• Streamline Tractography

– Masking strategies

– Propagation algorithms

• Streamline Bundle Analysis

– QuickBundles

– Regions-based
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• Loading DW-MRI data

Load data 

Create the gradient table

Get the data 

from Dipy
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• Local Reconstruction - DTI

Compute a brain mask

DT Model

Save the FA

(Nifti format)

Compute the FA
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• Local Reconstruction - DTI

Fractional Anisotropy

Map
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• Local Reconstruction - DTI

FA MD COLOR-FA
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• Local Reconstruction - DTI

Load the visualization 

package of Dipy

Get the tensors evals/evecs

Get the color from the RGB map
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• Local Reconstruction - DTI
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• Local Reconstruction - CSD
Estimate 

the single 

fiber response

CSD Model
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• Local Reconstruction - CSD



Dipy: From Diffusion Data to Bundle Analysis

Gabriel Girard – gabriel.girard@epfl.ch – CoBCoM2017 17

• Local Reconstruction - CSD
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• Local Reconstruction

– Diffusion Tensor 

– Constrained Spherical Deconvolution

• Streamline Tractography

– Masking strategies

– Propagation algorithms

• Streamline Bundle Analysis

– QuickBundles

– Regions-based
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• Tractography  Masks – TissueClassifier

– Label Image

• Binary Tissue Classifier

– Scalar Image (e.g. FA)

• Threshold Tissue Classifier

– T1 Partial Volume Estimation Maps 

• ACT Tissue Classifier

• CMC Tissue Classifier [Girard et al., 2014]

[Smith et al., 2012]
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• Tractography - Mask

Threshold Tissue Classifier
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• Tractography – Mask from T1 Information

Load PVE maps
e.g. from FSL-Fast or Dipy

WM PVE GM PVE CSF PVE

ACT

Tissue Classifier

[Smith et al., 2012]
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• Tractography - Seeding

Load a brain parcellation

1 seed in each 

voxel of the CC

Seeds is a list of 3D initial positions
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• Tractography Algorithms – DirectionGetters
– ProbabilisticDirectionGetter

• Samples a direction from the SF values in a 

maximum angle θ

– MaximumDirectionGetter
• The direction with the maximum SF value in a 

maximum angle θ

– ClosestPeakDirectionGetter
• The direction of a peak of the SF the most aligned 

with the previous direction in a maximum angle θ

– EuDx
• Tri-linear interpolation of the closest peaks at the 

current tracking position

– BootDirectionGetter
• Sample the direction from the estimated 

uncertainty in the SF

– Particle Filtering Tractography
• ProbabilisticDirectionGetter with prior anatomical 

information

23

S : step size

θ : opening angle

[Cote et al., 2013]

[Berman et al., 2008]

[Girard et al., 2014]
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• Tractography – Direction Getters

Deterministic Maximum Direction Getter from FOD sampled on a sphere

Probabilistic Direction Getter from shm

Closest Peak Direction Getter from shm (Nifti)

Basis:

[Descoteaux et al., 2007]

[Tounier et al., 2012]
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• Tractography - Streamlines

Generate streamlines 

with the selected 

parameters

Save the streamlines 

to the disk
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• Tractography - Streamlines
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• Local Reconstruction

– Diffusion Tensor 

– Constrained Spherical Deconvolution

• Streamline Tractography

– Masking strategies

– Propagation algorithms

• Streamline Bundle Analysis

– QuickBundles

– Regions-based
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• Streamline Clustering with QuickBundle
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• Streamline Clustering with QuickBundles

Apply the QuickBundles

algorithm to the streamlines

[Garyfallidis et al., 2012]
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• Streamline Clustering with QuickBundles

[Garyfallidis et al., 2012]
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• Streamline Clustering with QuickBundles

[Garyfallidis et al., 2012]
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• Label-based bundle segmentation

Superiror

frontal 

gyrus L/R
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• Label-based bundle segmentation

Hemispheres
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• Bundle Density Map

Compute streamline 

density map
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Thank you for your attention!
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• Preprocessing
– SNR Estimation

– Denoising with Non-Local Means

– Volume Reslicing

• Local Reconstructions
– Constrained Spherical Deconvolution (CSD)

– Simple Harmonic Oscillator based 

Reconstruction and Estimation (3D-SHORE)

– Mean Apparent Propagator (MAP)-MRI

– Diffusion Tensor Imaging (DTI)

– Diffusion Kurtosis Imaging (DTK)

– Q-Ball Constant Solid Angle (CSA)

– Diffusion Spectrum Imaging (DSI)

– Generalized Q-Sampling Imaging (GQI)

• Registration
– Image-based Registration

– Affine Registration

– Symmetric Diffeomorphic Registration

– Streamline-based Registration

• Segmentation
– Streamline Clustering

– Tractography Clustering with QuickBundles

– Brain segmentation with median_otsu

– T1 Tissue Partial Volume Estimation

• Fiber Tractography
– Deterministic / Probabilistic Tractography

– Particle Filtering Tractography (PFT)

• Streamline Analysis
– Streamline analysis and connectivity

– Connectivity Matrices

– ROI Intersections and Density Maps

– Streamline length and size reduction

– Linear fascicle evaluation

– Fiber to bundle coherence measures

• Visualization
– Local Reconstructions

– Streamlines

See the code examples: Dipy.org

Questions?


