Merging squared-magnitude approaches to DWI denoising: An
1 - adaptive Wiener filter tuned to the anatomical contents of the image
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Abstract Challenges and trade-offs in DWI denoising

We present a new method for denoising of Diffusion Weighted Images (DWI) that shares several o : :
desirable features of state-of-the-art proposals: 1) it works with the squared-magnitude signal, CHTA proper denOISIng filter must deal with the Iow—to—very—low SNR

allowing for a closed-form formulation as a Linear Minimum Mean Squared Error (LMMSE) es- of DWI vqlumes, ef_feCtlvely reduc_ln.g the bla_-sla_-nd th? variance In
timator, a.k.a. Wiener filter; 2) it jointly accounts for the DWI channels altogether, being able to the raw signal coming from the Rician acquisition noise.

unveil anatomical structures that remain hidden in each separated channel; 3) it uses a Non- CH2 It should combine the joint information present INn all the DWI

Local Means (NLM)-like scheme to discriminate voxels corresponding to different fiber bundles, : .
being able to enhance the anatomical structures of the DWI. We report extensive experiments ,8223 2 Se Is to account for the actual diffusion structure of the

evidencing the new approach outperforms several related methods for all the range of input
signal-to-noise ratios (SNR). CH3 It should preserve the fine details in small fiber bundles.

Our general model for the estimation of the squared magnitude of Rician noise-corrupted DWIs
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By estimating the squared magnitude, the bias be-
comes signal-independent.

CH1: The filtering is more aggressive (larger averages are performed) for
two reasons:

WlthOUt a better knOW/edge Of the Under/ylng Proposed e We may choose arbitrarily large windows since the expectations rTriStéﬂ'Vega 2010 )

7

signal, the Wiener filter provides the best linear A= BiMPidiftwsion) 207 1 e computed ::':Zevir:zf;:;:f::f :XQ<M2>202~1+<CA2M2><CM2M2>1 <M2<M2>>j
estimator from its mean value and variance. Chie o et o be e s (o v

performed) because we may choose arbitrarily large windows CH2: The jOint information is accounted for by two means:

CH1: The filtering is more aggressive thanks to the combined
averaging of all channels

CH2: Implicitly pursued with neighborhood shapes adapted to the . . . C o o S E
G P & pes adap e The shape of the neighborhoods directly depend on the under- CHz'CIC:HJO'”t TR (5 Eraeeniice] (e Hilenfan e

ance matrices

SomehOW related WO rkS : CH3: Details are preserved since the expectations are computed |ymg e SELEITE CH3: Details are preserved by two means:

in neighborhoods adapted to the fiber bundl : : : . :
\ in neighborhoods adapted to the fiber bundles e The covariance matrices describe the correlations between dif- e The isotropic neighborhoods to compute {-) must be

ferent gradients kept small enough

> G. MCGibney, “Unbiased Si nal'tO'nOise ratiO e The linear correction avoids blurring out those fiber
measure for MR images:! ed. PhyS_, VOl_ 205 pp. CH3: Details are preserved by two means: structures with large signal variability
10771 078: 1,993 . . e The expectations are computed in neighborhoods adapted to
» S. Aja-Fernandez, “Restoration of DWI data using a [ Wiest-Daesslé 2007 the fiber bundles, so they are not mixed
Rician LMMSE eStimatOr,” IEEE Trans. Med. |mag_, r — e The linear correction avoids blurring out those fiber structures rAja—FernéndeZ 2008
vol. 27 PP. 13891403, 2008. A2 = E{M?|ogap2 } — 207 - 1 with large signal variability o \
» N. Wiest-Daesslé, “Non-Local Means variants for \ /

N

\\ A2 = (M?) —20° -1+ k (M? — (M?))
CH1: The filtering may be more aggressive (larger averages are

denoising of diffusion-weighted and diffusion tensor Replace structure with performed) because we may choose arbitrariy large windows [ CHI: Only through larger neighborhoods |

MRI,H in PrOCS_ Of MICCAI, Ser. LNCS, VOI. 4792, Channel Var|ab|||ty CH2: Soméhovvimplicitin th-e variance ofeach channel f . \ CH2: Not pursued at all .
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y . .

in neighborhoods with small variance i o
Jou ) y : : : C e : R ) with large variability channel correlations
» A. Tristan-Vega, “DWI filtering using joint information - g A% = (M?) - 25° 1

for DTl and HARDI,” Med. Imag. Anal., vol. 14, pp. ,‘ f
20521 8, 201 O E:: ;:oui::g:; r;rlalighborhoods

LCH3: Not pursued at all
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Implementation details Some examples (check the full paper for further resulits)
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» The covariance matrices are parametrically estimated mgblﬁm
assuming the channels are fully correlated [10]: e
60

Cazmz = Q<A2>JV<A2>ZV;
Cremz = 6(A®) v (A®)!, +4c°diag((A®) )+ 40" Iy.
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~ The adaptive expectations (-) 4, together with E{M?}, are
estimated as NonLocal Means-like averages, whose weights SO~ SR s e p— ‘
are computed over a RGB map obtained from the projections , | . |  O3|skjaMmsE| '
of the DWIs onto three independent unit directions: 10 20 30 40 50 60 70 8 10 20 30 40 5 60 70

Noise std in the Gaussian domain, o Noise std in the Gaussian domain, o

» Realistic phantom based on regularized real data [13] » MSE describes how well noise is removed
» White matter masking by FA thresholding » QILV describes how well details are preserved [15]
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» The self-similarity of the patches used to compute the NLM
weights is computed from the local mean value and gradients

of each RGB channel, bursting the efficiency of the regular
NLM (a speedup of x20 may be reached [12]):
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