
1FMR

Introd
Diffus
resona
subjec
metho
for hig
Theory
At the
observ
fields 
consta
distort
spatial
starts b
into th
observ
further
next it
Exper
Diffus
directi
excitat
directi
(HCP)
Result
The ac
the mo
makes
able to
diffusi
106 fir
exhibi

Discus
Previo
data ac
disadv
and m
image
of line
observ
remov
sampl
remain
Referen
[1] Abs
Acknow
The wo

 
A compre

RIB, Oxford, Oxfor

duction 
sion weighted EP
ance field is caus
ct is liable to mo
ods are difficult b
gh b-values. We 
y 

e heart of the me
ved images. We 
and movements

ant in this contex
tions and we den
lly transform dat
by using, possib

he prediction ma
ved images. Θ is
r updated by mo
teration. 
iments 
sion data was co
ions with a b-val
tion (MB3) and 
ion was left-righ
) where the aim 
ts 
cquisition protoc
ono-polar diffusi
s it difficult to es
o estimate and co
ion gradient for 
rst acquisitions (
its both EC indu

ssion 
ous registration b
cquired with opp
vantages associa

make predictions 
es with opposite 
earity (thanks to 
ved differences a
ved that ambigui
ed on the half sp
ning information
nces 
stract 507 [2] MRM
wledgements 
ork presented in th

ehensive Gaus
Jesper L. R. A

rdshire, United Kin

P images suffer 
sed by the subjec
ve during the ac
because of the va
present a new m

thod is a GP bas
denote this by y
 are parameteriz

xt. Each scan in Y
note the set of al
ta from observat

bly, supplied valu
aker that allows u
s updated by mod
odeling them as a

llected on a 3T S
lue of 3000. Mo
in-plane GRAPP

ht to allow for a r
is to acquire hig

col resulted in di
ion gradient) and
stimate and corre
orrect for both. F
the 98 first direc
(8 b=0 and 98 b=
ced scan-scan va

based methods h
posite polarity P
ted with the earl
across shells. Th
polarity diffusio
the second level

are due to a com
ty. The method 

phere (removing
n (GP based pred

M 63:1144-53, 20

his abstract was pa

ssian Process f
Andersson1, Junqui
ngdom, 2Center fo

from off-resonan
ct itself perturbin

cquisition. If unc
arying contrast i

method that solve

sed prediction m
y=GY, where y is
zed by Θ. In addi
Y is associated w
l such parameter
tion space into p
ues for Φ and by
us to make predi
deling the observ
a GP combined w

Siemens Skyra (
no-polar diffusio
PA (iPAT2) wer
reduction of FOV

gh b-value, high 

iffusion weighte
d a high, non-ce
ect for EC distor
Figure 1 shows t
ctions. Blue indi
=3000, 106 PE l
ariations as well

have suggested u
PE [5]. The prese
lier methods. By
he second level m
on gradients, whi
l GP). Using dat

mbination of EC a
is designed to w
 the information
dictions) to perfo

10. [3] NeuroImag

rtly funded by the 

framework fo
ian Xu2, Essa Yac

or Magnetic Reson

nce related disto
ng the field and 

corrected these ar
in images acquir
es this by registe

maker which is ab
s the prediction m
ition there may b
with a set of acq
rs by Ψ. Given t

prediction (ideal)
y assuming that Θ
ictions y= GY* th
ved difference a
with a linear mo

(SC72 gradient o
on scheme was u
re used to reduce
V in the PE dire
angular resolutio

d images with h
ntral χ-distribute
rtions and subjec
the estimated EC
icates PE left->ri
eft->right + 106

l as movement in

using model base
ent method comb
y using a GP inst
model for the EC
ich would be wa
ta acquired with 
and susceptibility

work even if one 
n in [4]) and usin
orm the correctio

ge 16:177-99, 2002

NIH grants U54M

r correcting d
oub2, Edward Aue
ance Research (CM

 

ortions due to the
by eddy current
rtifacts will lead

red with differen
ering Gaussian P

ble to predict wh
made by G given
be a susceptibilit

quisition paramet
the current estim
) space and from
Θ=0 and by usin
hat are transform

as a linear combi
odel. The updated

operating at Gmax
used in order to r
e volume acquis
ction. This proto
on data with sho

ighly variable co
ed noise floor (d
ct movements us
C gradient (Hz/m
ight and red righ

6 PE right->left)
nduced drift, bot

ed predictions [3
bines the inform
tead of the diffus
C fields utilizes t
asteful from an a
opposite polarit
y-induced distor
or two of these s

ng a single PE po
on. 

2. [4] MRM 51:18

MH091657, P41RR

distortions and
erbach2, Steen Moe

CMRR), University 

e low bandwidth
ts (EC) from swi
d to bias and loss
nt direction diffu
Process (GP) bas

hat a diffusion w
n the training da
ty-induced field
ters that determi

mates of Θ there a
m prediction to ob
ng f to transform
med back into ob
ination of the der
d values of Θ ar

x=84 mT/m) with
reduce echo-tim
ition time [2] an
ocol is part of th
ort acquisition tim

ontrast (due to th
due to the 32 cha
sing registration 

mm) in the y- and
ht->left. Figure 2
before (top) and

th of which are c

3], data acquired 
mation from all th

sion tensor mode
the same inform

angular resolutio
ty phase-encodin
rtions, but by inc
sources are miss
olarity (removin

88-93, 2004. [5] N

R008079 and P30N

d movements 
eller2, and Kamil U
of Minnesota, Min

h in the phase en
itching the diffus
s of precision of 

usion gradients. T
sed predictions [

weighted image sh
ata Y. The eddy c
d parameterized b
ine how a given 
are functions f(Y
bservation space

m the observed da
bservation space 
rivatives of the p

re used to reload 

th a 32-channel h
me and hence imp
nd reduce in-plan
he piloting for the
mes.  

he high b-values
annels). The com
based approach

d z-directions ve
2 shows a profile
d after (bottom) c
corrected.  

with opposite p
hree of those sou
el we are able to

mation as [4], but
on perspective, an
ng for EC correc
cluding both sou
sing, so if for exa
g the informatio

NeuroImage 20:870

NS057091. 

in diffusion im
Ugurbil2 
nnesota, Minneapo

ncode (PE) direct
sion gradients. I

f tractography. R
This is particular
[1] to the observe

hould look like g
current-induced 
by Φ, which is c
off-resonance fi

Y,Θ;Φ,Ψ) and g(
e respectively. T
ata Y to Y*. Y* 
using g and com

predictions w.r.t
the prediction m

head coil, 512 is
prove SNR. Mul
ne distortions res
e Human Conne

s), severe EC dis
mbined effect of 
hes. Despite this 
ersus y- and z-co
e through a singl
correction. The o

polarity diffusion
urces, and does s
o make more acc
t without having 
nd without a stro

ction is difficult b
urces in the mode
ample diffusion 

on in [5]) it will s

0-88, 2003.  

mages 

olis, United States

tion. The off-
n addition the 

Registration based
rly problematic 
ed data. 

given a set of 
off-resonance 

considered as a 
ield translates to 
(y,Θ;Φ,Ψ) that 

The algorithm 
is then loaded 

mpared to the 
t. Θ. Θ is then 
maker for the 

otropic 
lti-band 
spectively. PE 

ectome Project 

stortions (due to 
these issues 
our method was

omponent of the 
le slice across th
original profile 

 

n gradients [4] or
so without the 
curate prediction

to acquire 
ong assumption 
because the 
el we have 
directions are 
still use the 

 

d 

he 

r 

s 

2426Proc. Intl. Soc. Mag. Reson. Med. 20 (2012)


