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Struc tural adaptive smoothing
Diffusion Tensor Imaging data:
the R-Pack age d t i
Diffusion Tensor Imaging (DTI) has become and wil l cer tainly continue to be an impor tant tool in medical research and diagnost ics .
Data obtained with DTI are charac ter ized by a high noise level . Thus, est imation of quantit ies l ike anisotropy indices or the main
diffusion direc t ion may be significantly compromised in cl inical or neuroscience appl icat ions. Noise reduc tion is therefore essential . We
present a new struc tural adaptive smoothing algorithm for diffusion weighted data i ts implementation as the R package dti .

Background

The last t wo decades have seen an impressive ad-
vancement in biomedical imaging faci l i t ies, dr iven
by new insights into physiological processes but
also by paral le l developments in image acquis it ion
and processing technologies.

Mathematic al competence: struc tural adaptive methods
. Aim: Use local homogeneit y assumption to improve image reconstruc t ion

. Model: Yj ∝ Pθ(Xi)
∀j ∈ U(Xi)

. Proper t ies of such algorithms, see [1]:

– Iterat ive: determine U(Xi) + estimate θ(Xi)

– Mult iscale: invest igate struc ture at al l scales

– Data independent tuning parameters

– Propagation within U(Xi)

– S eparation of U(Xi) and U(Xj) i f

Kul lback-Leibler distance K(θ(Xi), θ(Xj))

i s sufficiently large.

Figure 1: Struc tural
adaptation in 1D

Applic ation: Medic al Imaging
. In vivo examination of the human body by

physic ians and researchers

. New chal lenges for spezial ized imaging
modal it ies:

– Significant noise / Weak signals

– High-dimensional data

– Model ing the physics

. New spatiotemporal algorithms demanded
instead of visual inspec t ion.

. For struc tural adaptive fmri analysis see
Poster #386 F-PM

Figure 2: Measured ADC co-
efficient showing detai led
struc ture and significant
noise.

How it works

Figure 3a: Est imated tensor el l ipsoids in sl ices
22-24 of the CIBC dataset (from the NIH/NCRR
Center for Integrat ive Biomedical Computing,

P41-RR12553).

Diffusion Tensor Imaging (DTI)
. Diffusion Weigthed Imaging: MR technique to measure water diffusion in the

white matter region of the brain

. Free anisotropic diffus ion tensor model : D =
`
Dij

´
i,j=x,y,z

with signal

Sb = θ0 exp(−b> ∗ D ∗ b) in direc t ion b: DTI .

. Nonlinear Model

Sb,i ∼ Rice(θ0,i exp(−b
> ∗ Di ∗ b), σ

2
R)

. Correc t bias by solving fixpoint equation

ζk,i = I1(Si,kζk,i/σ̂
2
R)/I0(Si,kζk,i/σ̂

2
R)Si,k

. Parameter est imation:

arg min
θ,D

24R(ζ.,i, θ,D) =
X
b

(ζb,i − θ exp(~b ~D))2

σ2
b,i
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Struc tural adaptive smoothing of DTI data
. Struc tural adaptive smoothing method for DWI data in the contex t of the dif-

fusion tensor model

. heterogeneous variances reflec t proper t ies of
physiological noise

. R ician variance corresponds to termal noise

. Noise reduc tion while natural ly adapt to struc-
tures of interest at different scales, see [1].

. Using heteroscedast ic var iances and correc t ion for
R ic ian bias s ignificantly improves the smoothing
results, see [2].

. Struc tural adaptive smoothing leads to a homog-
enizat ion of regions with simi lar diffus ion tensor
. . .

. . . . without oversmoothing the border of such re-
gions and hence without blurr ing interest ing and
impor tant struc tures!
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Figure 4: Grey value distr i-
bution and error standard
deviat ion as a func tion of
S0 grey values.

Figure 3b: Struc tural adaptive smoothing
apparently leads to homogenizat ion of regions

without blurr ing the struc tural borders [2].

Figure 5a:
Ar t ificial example
from [2]: True
tensor.

Figure 5b:
Voxelwise tensor
est imates suffer-
ing from added
ar t ificial noise.

Figure 5c:
Smoothed tensor
est imates using the
p ackage dti .

S oftware

Within the projec t many soft ware packages are de-
veloped for evaluation 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) , Poster #386 F-PM

. dti (Struc tural adaptive analysis of DWI data)

> grad <- read.table("b-direc t ions.tx t")
> dwdata <- readDWIdata(grad, "datadir/", "DICOM", 66)
> dtobj <- dti .smooth(dwdata)
> dtind <- dti Indices(dtobj)
> plot(dtind, s l ice=30)

Package dti : Features
. DWI data impor t (NIfTI , DICOM).

. DTI analysis (tensor, FA est imation, . . . )

. Struc tural adaptive smoothing DWI data in DT contex t

. Inter face to MedINRIA

. 2D and 3D visual izat ion

. Publ icat ion-ready images

Package dti : Perspec tives
. Fibre tracking

. Struc tural adaptive smoothing method for HARDI data.

. Integrat ion of adaptive smoothing and fiber tracking methods for HARDI data.
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