
Equivariant Spherical Deconvolution:
Learning Sparse Orientation Distribution Functions from Spherical Data

Contribution

Unsupervised Deconvolution Network

fODF Sparsity

Spherical Convolutional Layer

Impact

Better fiber localization 

Better fiber detection 

Better tractography 

Introduction

Diffusion MRI and fODFs

Non-Linear Deconvolution
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Recent methods use Deep Networks to estimate a non-linear constrained spherical 
deconvolution for dMRI, but they suffer three limitations:
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MRI Acquisition
Spherical 

Interpolation
Spherical Graph
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Using only a regularized reconstruction loss, we construct rotation-equivariant 
architecture to retrieve underlying tissue microstructure.

We enforce sparse, directional white matter configurations by imposing a Cauchy loss, 
on the white matter fODF for sharp fODFs alongside accurate reconstructions.

dMRI: Voxel wise spherical signals measuring tissue microstructure.

dMRI signals
Spherical convolution between:

Constrained Spherical Deconvolution
The de facto approach to fODF estimation is CSD, which formulates a deconvolution 
problem on a spherical harmonics basis.  The fODF is constrained to be positive and a 
reconstruction loss is optimized.

We use rotation-equivariant graph convolutional layers which respect the spherical 
structure of dMRI and can be efficiently implemented, requiring only that the signal be 
resampled onto a dense hierarchical spherical grid (HEALPIX).

Degree

Adjacency

Normalized Laplacian Chebyshev polynomials Chebyshev convolution

Supervised methods: use 
gold standard fODFs from 
traditional CSD methods

Euclidean Convolutions: 
do not respect the 
spherical structure of the 
signals

No sparsity constraint: 
the fODF are not well-
localized around the true 
tissue directions.
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Applications:

Tractography Connectogram*

• Number of spherical 
harmonic coefficients

• Voxel wise signal 
analysis

Limitations

fODF estimation: Ground truth → Arrows; Model Prediction → Heatmaps

Synthetic results relative to the number of gradients.

Post-deconvolution tractography for Tractometer. ESD demonstrates clearer 
streamlines with lower noise as opposed to CSD.

• Linear fODF modelling 

a response function a fiber orientation 
distribution function
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