
Introd
On ma
frequen
improv
require
require
Depend
signal. 
identifi
An add
leads to
Materi
All dow
simulat
5Hz. T
decima
First a 
contain
brain m
degree
algorith
in all F
a FFT 
interest
domain
point o
filtered
data p
Subseq
step th
origina
128 sam
Result
From t
algorith
conseq
betwee
oscillat
fitting 
Further
steps li
initial 
introdu
exampl
is unsa
a group
the freq
backwa
conseq
gets am
describ
absorb 
frequen
correct
introdu
hence e
Refere
[1] R A
[2] J C

1In

duction 
any NMR and M
ncies much highe
ve the dynamic ran
ements for anti-a
ements and proce
ding on the actua
In this work two

ied that negatively
ditional third appr
o more accurate an
ials & Methods 
wnsampling proce
ted with an origin
The oversampling
ation of 4kHz. The

noise-free FID c
ned 5 different pe
metabolites. The p
s) to simulate J-co
hm and compared 
Figures). The first 
in the first step, f
t. A second comm
n by averaging eve
of the sample redu
d”) is performed in
points at the beg
quently the data w
he downsampled F
al echo top that w
mples due to filter
ts & Discussion 
the processed data
hm can introduce

quence of the peri
en the last point 
ting can have imp
were the initial

rmore the initial d
ike eddy current c
point in each cha

uces amplitude dis
le peaks like NAA

atisfactory in quan
p delay (3.5 sampl
quency domain. T
ard filtering, whic

quence the dampin
mplified even mor
bed artifacts. Line

distortions due t
ncy response over 
t for linear phase 
uced that avoids tr
enhances quantific
ences 
A de Graaf, in-vivo
 Hoch & A S Stern

nstitute for Biomed

MRI systems the
er than the Nyqui
nge and the sensit
aliasing filters. 
essing time data
al method applied
o common downsa
y impair quantific
roach is introduce
nd artifact free dow

edures were tested
nal bandwidth of 3
g factor was set t
ese values resemb
ontaining a single
aks at 1.0, 2.02, 2
phases of these p
oupling induced p
to an ideal FID ca
downsampling alg

followed by an IFF
monly used procedu
ery 8 samples, corr
uced FID. The pro
n the time domain 
inning and at th

was filtered by a 25
FID is recovered 

was shifted by 384
r groupdelay) samp

a three main artifa
e wiggles at the 
odic nature of the
of the FID and t

pact on data quali
 points of the F
ata points especial
correction or fast 
annel. Moving ave
stortions in the fin

A at 2.02 ppm wou
titative evaluation
les in case of 8 fol

This needs to be co
h leads to zero ph
ng problem with 
re. The novel dow
ear prediction was
to the filter's step
the spectral range
due to the groupd

runcation wiggles,
cation reliability of

o NMR Spectrosco
n, NMR Data Proc

Do
Ale

dical Engineering, 
 

e acquired analog
ist condition wou
tivity [1, 2] of the 
To reduce prob

a is usually dow
d, unwanted artifa
ampling approach
ation of magnetic 
d which does not
wnsampled FIDs.  

in Matlab on a se
32kHz, duration o
to 8, which lead 
ble a typical situat
e peak at 4.7 ppm
2.5, 3.03 and 3.2p
eaks were set to 

phase evolution. B
alculated at the fin
gorithm (Fig. “fre
FT of only data p
ure (Fig. “moving-
responding to the 
oposed improved 
and in a first step 

he end of the FI
57 order Nuttall fi
by cutting out ev

4 (256 samples du
ples. 

acts can be identi
beginning and a

e DFT algorithm 
the first FID poin
ity in processing s
FID are proporti
lly from water scan
coil combination 
erage filter avoid 
nal spectrum due 
uld experience a da
ns. Furthermore mo
ld oversampling), w
orrected either by l
hase delay but also
respect to off-cen

wnsampling scheme
s used to model 
p response. The s
e of interest and an
delay. In conclusi
 phase distortions 
f in vivo and in vit

opy, Wiley 2007 
cessing, Wiley 199

ownsampling 
xander Fuchs1, An
University and ET

g signals are dig
uld demand. This 

acquired signals b
blems related to 
wnsampled to ma
acts can be introd
hes are investigate

resonance spectro
t suffer from these

et of simulated FID
of 1s and an expo

to a target band
tion on a Philips h

m was simulated. T
ppm, covering the 
arbitrary values (
oth signals were p

nal reduced sample
quency domain cu
oints within the li
-average TD”) wa
oversample factor
method for down
involves extrapola

ID using a Linea
ilter with 4kHz ba
very 8th data poin
ue to linear predic

fied. First, the wi
at the end of the
and originate due

nt of half echo s
steps like zero-fill
ional to the con
ns might have infl
algorithms based 
the wiggle artifa

to smooth frequen
amping of about 0.
oving average filte
which appears as s
linear phase corre

o to squared magn
nter frequency com
e “LP TD-filtered
a smooth artificia
subsequently appl
n odd filter order w
ion, a novel down
and frequency de

tro MRS data. 

96 

Strategies for
nke Henning2, and 
TH Zurich, Zurich

gitized at samplin
is done mainly 

but also to relax th
increased storag

anageable amoun
duced into the fin
ed and problems a
oscopy (MRS) dat
es artifacts and th

Ds. All signals we
onential linewidth
dwidth after samp
human MR system
The second data s
frequency range 

(-102, 0, 150, 90,
processed with ea
e rate (shown in bl
ut-out”) consisted 
imited bandwidth 
s applied in the tim
r, to form a new da
nsampling (“LP TD
ating the FID by 2
ar Prediction filte
andwidth. In the la
nt starting from t
tion extrapolation

idely used “cut ou
e FID. These are
e to the signal jum
ampled data. The
ling or time doma

ncentrations prese
luence on processi
on the phase of t

acts but neverthele
ncy response. As 
.58dB (6.4%), whi
ered data experien
small linear phase
ction or by forwar

nitude response. As
mponents like NA

d” prevents all of t
al extension only 
lied filter has sha
was chosen to eas

nsampling scheme
ependent damping

r MRS data 
d Peter Boesiger2 
h, Zurich, Switzerla

ng 
to 

the 
age 
nts. 
nal 
are 
ta.  

hus 

ere 
of 

ple 
ms. 
set 
of 

, 0 
ach 
lue 
of 
of 

me 
ata 
D-

256 
ter. 
ast 
the 
n + 

ut” 
e a 
mp 
ese 
ain 
ent. 
ing 
the 
ess 
an 

ich 
nce 
e in 
rd-
s a 

AA 
the 
to 

arp 
sily 
e is 
. It 

Figures: T
to the beg
from a sin
and the m
The blue li
signal. 

and, 2University an

The first row of su
ginning and the e
gle peak at 4.7ppm

magnitude spectra 
ine in all figures re

nd ETH Zurich 

ubplots in each sec
end of the magnit
m. The second row
of the second sim
epresents the ideal

ction corresponds 
tude time signal 
w shows the real 
mulated data set. 
lly downsampled 

1757Proc. Intl. Soc. Mag. Reson. Med. 20 (2012)


