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Location of activated regions and size of the sim-
ulated signal. Eight different signal-to-noise ra-
tios, increasing clockwise, coded by gray values.
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Increasing SNR in high resolution cemetseet
fMRI by spatially adaptive smoothing

FMRI. In order to reduce the noise, improve signal detection and to solve the Initialization:
multiple test problem fMRI data is spatially smoothed. However, the common
application of a Gaussian filter does this at the cost of loss of information on spatial
extent and shape of the activation areas. The use of structural adaptive smoothing
procedures significantly improves the information on the geometry of the activation
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For 2D MR images aquired in fMRI:
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where FOVy, and FOV), are the field of view, Nz, Ny, the acquisition matrix
size, Ngye, v, K, At acquisition parameters. Since SNR is proportional to 1 /o,
we get

FOV, FOVy
SNR
VN /Ny

which leads to
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or

SNR o< AzAy \/Ng /Ny

Upper left figure Definition of the simulation data.

Upper right figure Simulation of the phantom fMRI data at different resolutions (matrix size) and different noise levels according to SNR formula. Left - Matrix size: 32x32. Center
- Matrix size: 64x64. Right - Matrix size: 128x128. Non adaptive smoothing as shown in the upper row achieves the same effective resolution at comparable signal detection.
Structural adaptive smoothing can reveal fine structure even at higher noise levels as illustrated in the lower row of the figure!

With physiological noise (dominate at high field strength)

a:g/a%ﬂ»a%-{»a%

SNRg
V1 + A2(SNRg)2

Since o%, is proportional to the signal, the influence is higher at lower resolutions.

SNR =

Left figure (a,b) Signal detection for the bimanual motor task in one particular slice at the two measured res-
olutions. Non-adaptive smoothing with Gaussian filter and FWHM=11.25mm has been applied to enhance signal
detection. The typical activation connected with the task can be clearly seen at comparable effective resolution.
(c,d) Same but with adaptive smoothing as introduced in [1]. Here, the finer structure at the higher spatial
resolution (right) is not oversmoothed.

Conclusions: Adpative smoothing as suggested in [1] is capable to reveal finer activation structure in functional
MRI at higher resolutions even when the lower SNR needs spatial smoothing to detect signals. Using this method
one should be able to fully use the advantages of functional imaging at higher resolutions.

R-package (Windows, Unix) see cran.r-project.org
fmri version 1.2-0 (05/24/07)

This work is supported by

DFG Research Center MATHEON
"Mathematics for key technologies"
www.matheon.de

Software for single subject structural adaptive fMRI analyis

This package reads BRIK, ANALYZE, NIFTI, or DICOM datasets. Analysis is done with
simple R-scripts. For a typical dataset it takes about 5 minutes

on common hardware. No registration, motion correction, or normalization is

* e :
provided. The package can write out the results as BRIK and ANALYZE file(s). H.U. Voss: Weill Medical College of
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