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Struc tural adaptive smoothing
methods for high resolution fMRI

Increasing the spatial resolut ion in func tional Magnetic Resonance Imaging (fMRI) inherently lowers the signal-to-noise rat io (SNR). In
order to st i l l detec t func t ional ly s ignificant ac t ivat ions in high-resolut ion images, spatial smoothing of the data is required. However,
conventional non-adaptive smoothing comes with a reduced effec t ive resolut ion, foi l ing the benefit of the higher acquis it ion resolut ion.
Here, we demonstrate that a struc tural adaptive fMRI analysis is capable to reveal finer ac t ivat ion struc ture in fMRI at higher resolut ions
even when the lower SNR requires to detec t s ignals at al l .

Why it works

. Alternative to non-adaptive
smoothing in the general l inear
model ing workflow

. S equential mult iscale procedures
that adapts to underlying unknown
struc tures

. Avoids loss of spatial resolut ion due
to smoothing

. Compensates increased noise level
caused by higher resolut ion

. Increases both specit iv it y and
sensit iv it y of decis ions

Struc tural adaptive smoothing
64 x 64, non-adaptive 128 x 128, non-adaptive 64 x 64, adaptive 128 x 128, adaptive anatomy
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Workflow:

. Linear model ing / parameter
est imation

. Struc tural adaptive smooth-
ing of parameters or con-
trasts

. Signal detec t ion / threshold-
ing by R andom Field Theor y

Figure 1: Three sl ices through
the primar y motor area with
var ying matr ix s ize and smooth-
ing method. Mult iple test
correc ted p = 0.05. Ar-
rows: Struc tures only vis ible in
high-resolut ion images and well
al igned with the cor t ical grey
matter. Image orientat ion R-L.

S equential algorithm:

. Init ia l izat ion: θi = γi - contrast from linear
model , scale h1 , k = 1.

. Generate weighting scheme ∀i, j
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. Compute new (smoothed) parameter est imates

θi =

P
j wijγiP

j wij

. I terate: k := k + 1, hk = chhk−1 .
I f hk > hmax stop, else continue with
second step.

Ar tificial data

Matrix size
64x64 128x128
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Figure 2: Signal detec t ion probabl i l i t ies for
ar t ificial phantom data.

Adaptive segmentation
Advantages
. combines smoothing and signal detec t ion in one

step

. provides sequential mult iscale test for s ignals
exceeding a minimal s ize

. does not rely on a local constant assumption under
the alternative

. motivated as general izat ion of mult iscale tests
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H - sequence of bandwidths, β depends on df.

Algorithm

. Init ia l izat ion: θi = γi - contrast from lin-
ear model , scale h0 , k = 1,
ζi = 0 - segmentation

. Generate weighting scheme wij ∀i, j ,
adaptive if min(ζi, ζj) = 0,
e lse nonadaptive.

. Compute new (smoothed) parameter est imates

. I f
θ
(h)
i

−δr
Dθ

(h)
i

−C(h̃i) > τ set ζi = 1.

. I terate: k := k + 1, hk = chhk−1 .
I f hk > hmax stop, else continue with
second step.

Figure 3: Comparison of struc tural adaptive
smoothing, adaptive segmentation for minimum
signal s ize δ = 0 and δ = 2 for high resolu-
t ion data (α = 0.05) .

Structural
adaptive smoothing

Adaptive segmentation

δδ == 0

Adaptive segmentation

δδ == 2
anatomic
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S oftware

Within the projec t many soft ware
packages are developed for evalu-
at ion and for usage withing the
(Neuro)imaging communit y.

D ownload at:
http://cran.r-projec t .org
http://www.nitrc .org

The Struc tural Adaptive Smoothing S oftware family in R

Most soft ware is provided as packages for the R Language for Stat ist ical Computing
(http://cran.r-pojec t .org), easy to use and integrate.

. adimpro ( Image processing tools)

. aws (General struc tural adaptive smoothing)

. fmri (Struc tural adaptive analysis)

> data <- read.AFNI("file.BRIK")
> hr f <- fmri .st imulus(107, c(18,48,78), 15)
> x <- fmri .design(hr f )
> spm <- fmri . lm(data, x)
> spms <- fmri .smooth(spm, hmax=3)
> pv <- fmri .pvalue(spms)
> plot(pv)

. dti (Struc tural adaptive DTI analysis) , Poster #257 F-AM

Package fmri :

Features
. fMRI data impor t/expor t .

. fMRI analysis ( l inear model , . . . )

. GUI for easy handl ing

. Struc tural adaptive smoothing

. 2D and 3D visual izat ion

. Publ icat ion-ready images

Perspec t ives
. Group analysis .

. Motion correc t ion.

. . . .

Plugin aws4SPM :

. Integrates struc tural adaptive smoothing into the SPM workflow

. D ownload at: http://www.wias-berl in.de/soft ware/aws4SPM/
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