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Increasing SNR in high resolution
fMRI by spatially adaptive smoothing

Struc tural adaptive fMRI analysis FMRI. In order to reduce the noise, improve signal detec t ion and to solve the
mult iple test problem fMRI data is spatial ly smoothed. However, the common
appl icat ion of a Gaussian filter does this at the cost of loss of information on spatial
ex tent and shape of the ac t ivat ion areas. The use of struc tural adaptive smoothing
procedures significantly improves the information on the geometr y of the ac t ivat ion
regions with similar power of s ignal detec t ion.

Data Preparat ion

• Registrat ion
• Motion correc t ion
• Normalizat ion

Linear Model

• Y = Xβ + ε
• prewhitening
AR(1) model
• Ỹ = X̃β + ε̃
• est imate β

Smoothing / Thresholding

• struc ture adaptive
smoothing (AWS)
• define t-stat ist ic
for a contrast
• threshold using RFT

Initial ization:
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Iteration: adaptive weights
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where Kl , Ks are kernel func t ions and
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i s the location and the stat ist ical penalt y, respec tively.
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SNR and spatial resolution For 2D MR images aquired in fMRI:
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where FOVx , and FOVy are the field of view, Nx , Ny the acquis it ion matr ix
s ize, Nave , ν , K , ∆t acquis it ion parameters. Since SNR is propor t ional to 1/σ ,
we get

SNR ∝
FOVx
√

Nx

FOVyp
Ny

which leads to

SNR ∝
FOVx

Nx

p
Nx

FOVy

Ny

q
Ny

or

SNR ∝ ∆x∆y
p

Nx

q
Ny

Location of ac t ivated regions and size of the sim-
ulated signal . Eight different signal-to-noise ra-
t ios, increasing clockwise, coded by gray values.

Upper left figure D efinit ion of the simulat ion data.
Upper right figure Simulat ion of the phantom fMRI data at different resolut ions (matr ix s ize) and different noise levels according to SNR formula. Left - Matr ix s ize: 32x32. Center
- Matr ix s ize: 64x64. R ight - Matr ix s ize: 128x128. Non adaptive smoothing as shown in the upper row achieves the same effec t ive resolut ion at comparable signal detec t ion.
Struc tural adaptive smoothing can reveal fine struc ture even at higher noise levels as i l lustrated in the lower row of the figure!

Experimental data With physiological noise (dominate at high field strength)
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Since σ2
P i s propor t ional to the signal , the influence is higher at lower resolut ions.

Left figure (a,b) Signal detec t ion for the bimanual motor task in one par t icular s l ice at the t wo measured res-
olut ions. Non-adaptive smoothing with Gaussian filter and FWHM=11.25mm has been appl ied to enhance signal
detec t ion. The t ypical ac t ivat ion connec ted with the task can be clear ly seen at comparable effec t ive resolut ion.
(c,d) S ame but with adaptive smoothing as introduced in [1]. Here, the finer struc ture at the higher spatial
resolut ion (r ight) is not oversmoothed.

Conclusions : Adpative smoothing as suggested in [1] is capable to reveal finer ac t ivat ion struc ture in func tional
MRI at higher resolut ions even when the lower SNR needs spatial smoothing to detec t s ignals . Using this method
one should be able to ful ly use the advantages of func tional imaging at higher resolut ions.

S oftware R-package ( Windows, Unix) see cran.r-projec t .org

fmri vers ion 1.2-0 (05/24/07)

Soft ware for s ingle subjec t struc tural adaptive fMRI analyis
This package reads BRIK, ANALYZE, NIFTI , or DICOM datasets. Analysis is done with
simple R-scr ipts. For a t ypical dataset it takes about 5 minutes
on common hardware. No registrat ion, motion correc t ion, or normalizat ion is
provided. The package can write out the results as BRIK and ANALYZE file(s) .
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