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Estimation of Intravoxel Fiber-Orientation Distribution via
Non-Convex Regularized Spherical Deconvolution
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Abstract Since the spherical-deconvolution (SD)-based intravoxel fiber-orientation distribution (FOD) estimation
method is highly sensitive to noise, a non-convex regularized SD method is proposed. It constructs a non-convex
spatial regularization based on the FOD similarity between neighboring voxels and resolves the non-convex
regularized SD problem using the modified Richardson-Lucy algorithm. The simulated results based on data in two
tensors model and HARDI (high-angular-resolution diffusion imaging) model show that, compared with the
conventional SD and total-variation regularized SD methods, the proposed method generates FODs with a lower

mean angular error (reduced by 52% and 9%, respectively) and exhibits better noise immunity and detail

preservation of the fiber orientations.
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input: iteration number K, parameter 4, diffusion
weighted signal S

intravoxel fiber orientation distribution F'

output:

T
. RO (L1 L)
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construct matrix H
for k=1to K, do

for each voxel p do
calculate R® using (7)
calculate F**V using (6)

end for

end for
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Fig. 1 Non-convex regularized spherical

deconvolution algorithm
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Fig. 2 Fiber orientation distributions of synthetic data obtained by different methods. (a) Real fiber orientation of the

synthetic data;

(b) synthetic data with four different diffusion weighted gradient directions ( noise free);

(c) synthetic data with four different diffusion weighted gradient directions (signal-to-noise ratio is 17); (d) result

of RL-SD; (e) result of RL-TV; (f) result of the proposed method

TR ZR YT 25 ) 43 A Al T A TS5 30T 38 A R R
ZWE 3 s, 5 RL-SD 7% M RL-TV J5 ik H
LU o A SCT7 1 E 45 Pl M 75 A8 R S5 1R R T 38 R R R
2= AR

o -+ RL-SD

> ~RL-TV
E 20 —s proposed
=

15

£

0 10

g

8§ 5

=

% 20 80 40 50
signal-to-noise ratio
B3 ARy ik 0 7 18 BE R 22

Fig. 3 Mean angular errors of different methods
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Fig. 4 Fiber orientation distributions of phantom data obtained by different methods. (a) Real fiber structure;

(b)-(d) results of RL-SD, RL-TV, and the proposed method on interested region A; (e)-(f) results of RL-TV and
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