
Figure 2: Example of fiber reconstructions for fiber crossings of 30, 
40, 50, and 60 degrees using CSD and SFRI. 
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Figure 1: Angular error and DNC for reconstructions 
with fiber crossings of 30, 40, 50, and 60 degrees. 
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Target audience: This work is intended for researchers who want to perform tractography analysis using data acquired with a low b-value and few 
measurements (DTI-like). For example, researchers working with older hardware, who want to minimize the acquisition time to increase throughput, 
or want to process legacy data. 

Purpose: The angular resolution of reconstruction algorithms depends on the 
number of q-space samples that are acquired. A typical HARDI acquisition 
geared towards spherical deconvolution uses 64 samples and a b-value of 3000 
s/mm2. However, much of the data acquired in the past two decades was geared 
towards a DTI analysis, typically having only 32 gradient directions and a lower 
b-value. In addition, on older hardware, achieving a b-value of 3000 s/mm2 may 
lead to a low signal to noise ratio and a high angular error. Finally, any reduction 
in the number of gradient directions leads to a proportional reduction in 
acquisition time, which is always desirable. Therefore, a reconstruction 
algorithm that can offer the performance of a HARDI acquisition using a DTI-
like acquisition would be of tremendous importance to the dMRI community. 
We present preliminary results of a new local reconstruction algorithm named 
Spherical Finite Rate of Innovation (SFRI) based on the new sampling theorem 
for non-banlimited signals presented in [1]. 

Methods: In SFRI, the dMRI signal is assumed to follow the typical 
deconvolution model ,  where  contains the angular information 
and  is the response of a single fiber estimated using a tensor model. In contrast 
to deconvolution techniques, we assume  is a sum of weighted Diracs meaning 
its spherical harmonics (SH) are given by ℓ ∑ ℓ ,  [1] where  
is known. To recover the vector of SH coefficients , we find the solution to the 
problem minimize 2 1 2 2 subject to 0 

where 0.005 are regularization parameters, the matrix , 
the vector  contains the measurements, and  is  sparse. The matrix  is a 
spherical harmonic matrix that projects to the discrete locations ,  with 1, … , . Once the solution is known, we then have . Given the SH 
coefficients of , we recover the parameters , , and  using the 
methodology presented in [2]. 

The angular resolution of SFRI was tested with simulated data. Using phantomas 
[3], we generated images with fibers crossing at angles between 10 and 90 
degrees in 10 degree increments. A total of 32 gradient directions were simulated. 
Rician noise was added to the measurements to achieve signal to noise ratios of 10, 20 and 30. The fibers were then recovered using SFRI and, for 
comparison, using CSD as implemented in MRtrix [4]. The mean angular error and the weighted difference in the number of fibers (DNC) were 
computed over 100 noise realisations for each crossing angle.  

Results: The angular error and DNC obtained are illustrated in 
Figure 1. For an angular separation above 60 degrees and an 
SNR above 20, both SFRI and CSD have a similar angular 
resolution and DNC. However, when the angular error is below 
60, CSD quickly loses the ability to distinguish crossing fibers as 
can be seen by the increasing DNC. This situation is also visible 
in the angular error which reaches half of the angular separation 
indicating a single mean fiber was recovered. Conversely, SFRI 
can reliably recover fibers crossing at 40 degrees. Example 
reconstructions are illustrated in Figure 2 for data with an SNR 
of 20 and fiber crossings of 30, 40, 50, and 60 degrees for both 
SFRI and CSD.  

Discussion and conclusion: In summary, we have showed that 
the new sampling theorem of [1] shows great potential for fiber 
reconstruction in dMRI. Our preliminary results illustrate that it 
can be used to recover fibers crossing a very narrow angles using 
only 32 gradient directions and a b-value of 1000 s/mm2. 
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