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An v-space adaptive acquisition technique for MRI from pro-
ections is presented. It is based on the evaluation of the informa-
ion content of a set composed of four initial projections, measured
t angles 0°, 45°, 90°, and 135°, followed by the selection of new
ngles where the information content is maximum. An entropy
unction is defined on the power spectrum of the projections that
s useful for evaluating the information content of each projection.
he method makes it possible to reduce the total acquisition time
ith little degradation of the reconstructed image and it adapts to

he arbitrary shape of the sample. For this reason, it can be
articularly useful in those applications where acquisition from
rojections is strongly recommended to save acquisition time, such
s functional MRI, imaging of species having very short T2, or
ngiography. The method has been tested both on simulated data
nd on experimental data collected by a commercial MRI appa-
atus. The method has also been compared to the regular acqui-
ition method, that is, the standard acquisition method in MRI
rom projections. © 2000 Academic Press

INTRODUCTION

Although reconstruction from projections, RP (1), was the
first technique employed in magnetic resonance ima
(MRI), it has been substituted by the so-called Fourier tr
form methods, FT (2–6). Nevertheless, RP has been rece
revaluated because of some of its important propertie
particular, it is less sensitive to the effects of movement
the FT methods. The artifacts due to movement can be
misleading when MRI is used to perform imaging of abd
inal regions, being essentially due to breathing. In these a
cations, acquisition techniques based on FT methods or
variations produce artifacts and distortions principally a
the direction of phase-encoding. Possible solutions are
based sequences, such as fast spin-echo (7), spiral-scan (8), or
particular applications of echo-planar (9), which allow the
collection of image data in a short time with respect to p
iological movements. However, their use can preclude
utilization of contrast enhancement techniques when the r
ation times are shorter than the acquisition times. Moreov
results in loss of resolution and signal to noise ratio (S/N). In
these cases, acquisition sequences based on RP method10–
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15) can be convenient because the acquisition time is red
by eliminating the phase-encoding step. The motion arti
are also reduced, when using RP, by the fact that the cen
the v-space of the image is oversampled. This fact implie
increase of theS/N ratio of the image when compared with t
obtained by FT methods. Moreover, the center of thev-space
is obtained at the start of the reading time, thus elimina
from the central zone motion artifacts affecting the last pe
of the reading interval. Another advantage of RP metho
the possibility of collecting just half of the data required
reconstruct an image (16, 17); in this way the acquisition tim
can be further reduced.

For these reasons, RP methods are widely used to pe
imaging of species having very shortT2 (18, 19) or in angiog-
raphy where it is important to reduce the artifacts due to b
flow (20, 21). Thanks to these important qualities, a g
number of acquisition sequences support acquisition from
jections (16, 21–23). Some sequences have taken advanta
the reduction of acquisition time to perform dynamic fu
tional studies of some parts of the human body, such as
(23). In these applications, the reduction of acquisition tim
very important and the gain in the reconstructed imag
proportional to the time saved. Nevertheless, there are
temporal limits, both instrumental and physical, that are
possible to overcome further by means of any acquis
technique, whether based on FT or RP methods. In fact,
is a lower limit to the acquisition time per projection and to
minimum number of projections to reconstruct an imag
given dimensions (24). This is true if nothing is known abo
the sample or if the sample does not contain internal sym
tries. However, it is possible to reduce the number of pro
tions if intrinsic properties of the sample can be used.

In the context of continuous wave electron paramag
resonance imaging, an adaptive RP acquisition techniqu
been presented (25) that, without any a priori knowledge of t
sample, is able to obtain a near optimal set of projection
reconstruct an image without loss of information. This is d
by evaluating the information content of the acquired pro
tions using a function called the entropy of the projections.
following projections are collected where the difference
1090-7807/00 $35.00
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198 PLACIDI, ALECCI, AND SOTGIU
information content is greatest. The process ends whe
greatest difference is less than an estimated value. This
tive technique considerably reduces the total number of
jections required if the sample contains some structural
larity or symmetry (24). Because of the continuous wa
acquisition mode, this technique evaluated the informa
content of the projections in the signal space and not in
v-space. Its extension to the reconstruction from project
whose Fourier coefficients are given, would be trivial if
consider the evaluation of the Fourier transform of each
jection before the calculation of the entropy function. Bu
this case, the whole frequency spectrum of the measured
jections is required and the advantage resulting from th
duction of the total acquisition time by using just a few part
the frequency spectrum is lost.

In the present work, we extend the concept of the entro
a projection by defining it directly in Fourier space. In this w
the reduction of the total acquisition time by collecting par
the Fourier space is maintained and a further time reduc
resulting from the use of adaptive acquisition, is obtaine
what follows, a full theoretical description of the method
given and the tests of the new technique, both on simulate
on experimental data, are reported. Moreover, a compa
between the regular and optimalv-space adaptive acquisiti
techniques is also made.

THEORY AND METHOD

Projection Reconstruction Technique: Background

We suppose that the functionf( x, y), defined in a limited
two-dimensional (2-D) domainD, represents an image and t
f( x, y) # M for all ( x, y) [D, whereM is a real constant. Th
projectionpw(r ) of f( x, y) along ther direction is given by

pw~r ! 5 E
2`

`

f~r ,s!ds, [1]

herer 5 x cos(w) 1 y sin(w) ands 5 x sin(w) 2 y cos(w).
Let

pw~v! 5 E
2`

`

pw~r ! e
22pivrdr [2]

e the Fourier transform of the projection taken at an angw.
The Fourier terms of the imagef( x, y), in polar coordinate
are described by

Fw~v! 5 E
2`

` E
2`

`

f~r ,s! e
22pivrdrds
he
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5 E
2`

`

pw~r ! e
22pivrdr

5 pw~v!. [3]

MR imaging from projections consists of the following ste
acquire the real and imaginary parts of the Fourier transfor
a limited set of radial projections; position them at the r
angle positions in thev-plane, according to Eq. [3]; interpola
to obtain a cartesian grid of Fourier coefficients; calculate
2-D inverse Fourier transform to obtain the final image.

By calling Sf the sum off( x, y), at any anglew, we have

Sf 5 E
D

f~ x,y!dxd y5 E
r

pw~r !dr 5 pw~v0!, [4]

where v0 is the central frequency (the DC component)
practical applications,f( x,y) is evaluated at a finite number
pixels, n* n, from experimental data measured at a lim
number of projections, each sampled at a fixed numb
points,n. In this case, the integral of Eq. [4] can be replace
a sum and, without any loss of generality, the value ofSf can
be normalized to 1/n.

The Entropy Function

Due to the properties off( x,y) and to the previous assum
tion, the DC value of each projection is exactly 1/n and the
amplitude of any other frequency component of each pr
tion is less than, or equal to, 1/n. This is an important conditio
and its use will be clear later, when the information conten
each projection is defined.

Let Pww(v) be the power spectrum ofpw(r ), expressed b
the relation

Pw
w
~v! 5 Rw

2~v! 1 I w
2~v!, [5]

where Rw(v) and Iw(v) represent the real and imaginary p
of the projection at the anglew, respectively. To evaluate t
information content of different projections by evaluating
of its power spectrum, we introduce the “entropy”EPww of the

ower spectrum of a projection as

EPww 5 O
i51

n

Pww,ilogS 1

Pww,i
D , [6]

where Pww,i log(1/Pww,i) 5 0 for Pww,i 5 0 and for Pww,i 5 1.
If, as the base of the logarithm, we take the square o

number of points sampled for each projection,EPww assume
values between 1/n2 and 1/n. EPww 5 1/n2 corresponds to th
case in which the power spectrum of the projection is
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FIG. 1. Example of the application of the regular acquisition sequence (A) and of the adaptive acquisition sequence (B).
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200 PLACIDI, ALECCI, AND SOTGIU
everywhere with the exception of the DC component at w
its value is 1/n2. In this case, the projection has constant v
everywhere and it has the minimum information content. W
all the points of the power spectrum of the projection have
same value, equal to 1/n2, thenEPww 5 1/n and the projectio
has the maximum information content. In fact, the projec
corresponds to a Diracd function (maximum information con
tent). The definition given above represents the dual o
definition of entropy of a projection reported in Ref. (25). In
act, both assume that a projection is considered to be

FIG. 2. Digital 256*256 image (A) of an ideal phantom. In (B) the re
reported. The images reconstructed by using 120 projections collected b
shown in (C), (D), and (E), respectively.
h
e
n
e

n

e

re

significant when it gives more details of the distribution
f( x,y) and, as seen before, this occurs for greater values
entropy of the power spectrum of the projection or, equ
lently, for lower values of the entropy of the projection (25).
The functionEPww gives an estimate of the information co-
tent that is independent of the observer: it only depends o
shape of the object to be observed.

When data are obtained by sampling a physical pro
noise is always present. We suppose that the two signal
real and imaginary parts of the FT of the projection, have

nce image, reconstructed using the whole set (1000) of simulated pro
he adaptive method and 125 and 201 projections collected by the regulhod are
fere
y t
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201ADAPTIVE ACQUISITION TECHNIQUE FOR MRI
corrupted by the presence of white noise of variances2 and
zero mean value. In this case, the power spectrumNPww,i(v) is
defined as

NPww,i~v! 5 Rw,i
2 1 nRw,i

2 1 2Rw,i z nRw,i

1 I w,i
2 1 n Iw,i

2 1 2Iw,i z nIw,i

5 Pww,i 1 Pnw,i 1 g~Pww,i,nw,i!, [7]

here nRw,i and nIw,i are the noise contained in the real
maginary parts of the measured projection respectively,w,i

is the power spectrum of the noise (taking into accoun
noise affecting both real and imaginary parts) andg(Pww,i ,
nw,i) is a function including the products between the n
terms and the signal terms. To include the effect of noise i
definition of the entropy of the power spectrum, we can ass
thatNPww,i log(1/NPww,i) 5 0 for NPww,i # 2(mpw 1 spw) and
or NPww,i $ 1/n2 2 2(mpw 1 spw), wherempw andspw are the
mean value and the standard deviation of the noise (defin
the square of the gaussian noise present in the measured
real and imaginary), respectively. The factor 2 is due to
sum of two noise terms, one for the real part and the othe
the imaginary part, having the same power value and ch
teristics. It can be shown thatmpw and spw are related to th
standard deviation of the original noises by the follow
relationships:mpw 5 s2 andspw 5 s2 =3/2=p 2 1. In this

ay, the terms exclusively due to the noise can be com
ated for but not those due tog(Pww,i , nw,i).

The Adaptive Method

The properties of the entropy function,EPww, can be used t
build an adaptive criterion that allows the acquisition of a

FIG. 2—Continued
e

e
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rms,
e
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of projections that, without an a priori knowledge off( x,y),
has the maximum information content. This can allow a
nificant reduction of acquisition time. The choice of the p
jections is made during the acquisition process, taking
account the information content of the previous projecti
The process starts by measuring the projections at four o
tations: 0°, 45°, 90°, and 135°. Then the entropy of the po
spectrum of each of these projections is evaluated and the
projection is measured between the two that present the
imum difference in the entropy function. The procedure e
when the difference inEPww is below a given value« that
represents a terminating parameter. The parameter« is evalu-
ated by collecting a fifth projection at an angle of 4/n rad
which represents the theoretical minimum angular dista
rom the projection of the four initial projections, which has
aximum entropy of the power spectrum. The details o
erivation will be explained in the next section. This algori

s very similar to that discussed in (25), but the function
alculated to apply the procedure are quite different, as i
ormat of the data set they used.

In practice, the function used to select the new projec
rom the i th and (i 1 1)th is

DInf i 5 DEPwi z Dw i z Ki, [8]

whereDEPwi 5 uEPww i11 2 EPww i u, Ki 5 max(EPww i11,
EPww i) and Dw i 5 uw i11 2 w i u.

The factor Ki guarantees that at parity of difference
entropy, the algorithm selects angles corresponding to a g
entropy, namely, to more information. The termDw i guaran-
tees that the angular difference between acquisitions is n
high, reducing the chance that important projections
missed. This could otherwise occur in the proximity of
minima and maxima of the entropy.

An example of the application of the regular acquisi
method and of the adaptive method is reported in Fig.
particular, Fig. 1A shows the timing diagrams for the gradie
the radiofrequency signal, and the acquisition sequence w
regular acquisition sequence is used. Only the gradient v
related to the values 0,p/4, p/2, and 3p/4 are shown. The tot
number of selected projections is chosen at the beginning
process, at uniform angular distances. Moreover, the pr
tions are collected for increasing values of the direction a
Figure 1B shows the timing diagrams for the gradients,
radiofrequency signal, and the acquisition sequence whe
adaptive selection method is used. The gradient values rep
in Fig. 1B refer to some projections that depend on the s
of the sample, have not been chosen a priori, and have no
acquired for increasing values of the direction angle.

The« Parameter

The minimum difference«, at which the process of s
lection of the projections ends, is determined experimen
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202 PLACIDI, ALECCI, AND SOTGIU
by minimizing DInf i , evaluated between the projection t
has the maximum entropy, of the first four, and the
projection measured at 4/n rad from it. This is done jus
before the adaptive acquisition starts. For this purpose
have to consider that the functionDInf i is proportional to th
sum of three terms, one accounting for the differenc
information between two projections, another being pri
pally due to the noise, and one which is a mixture of sig
and noise. In fact, when noise is considered, the expre
for DEPwi becomes

FIG. 3. Difference images from Fig. 2C–Fig. 2B (A), Fig. 2D
t

e

n
i-
l

on

DEPwi 5 uO
j51

n

$@Pww i11, j 1 Pnw i11, j 1 g~Pww i11, j,Pnw i11, j!#

3 log~Ti11, j! 2 @Pww i , j 1 Pnw i , j

1 g~Pww i , j, Pnw i , j!# z log~Ti , j!%u

5 uA 1 B 1 Cu, [9]

here Pww, j , Pnw, j andg(Pww, j ,Pnw, j) are defined as in Eq. [7

ig. 2B (B), Fig. 2E–Fig. 2B (C) are shown in an expanded grayscale.
–F
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203ADAPTIVE ACQUISITION TECHNIQUE FOR MRI
Ti11,j 5 [1/Pww i11 , j 1 Pnw i11 , j 1 g(Pww i11 , j ,Pnw i11 , j)] andTij 5
[1/Pww i , j 1 Pnw i , j 1 g(Pww i , j ,Pnw i , j)], the indicesi 1 1 and
i referring to different projections, and the termsA, B, andC
are defined as

A 5 O
j51

n

$Pww i11, j z log~Ti11, j! 2 Pww i, j z log~Ti , j!% [10]

B 5 O
j51

n

$Pnw i11, j z log~Ti11, j! 2 Pnw i, j z log~Ti , j!% [11]

C 5 O
j51

n

$g~Pww i11, j,Pnw i11, j! z log~Ti11, j!

2 g~Pww i , j,Pnw i , j! z log~Ti , j!%. [12]

The termA is due to the difference between projections,B is
essentially due to the noise alone, andC is influenced both b
ignal and by noise. Lowering of theS/N ratio causes a

increase inB andC and as a consequence an increase in
oscillations inDInf i , which is the uncertainty of the calculat
value ofDInf i . To set a value for« which is less influenced b
noise, we make the following assumptions. The termKi of Eq.
[8] is taken to be equal to 1/n2 which is the minimum value
can assume. The minimum angular distance is taken
equal to 4/n rad.DEPwi is taken to be equal to the differen
in entropy between the two considered projections. In this

FIG. 4. Transversal MRI reconstruction from projections of a phan
omposed of 12 glass tubes filled with water doped with CuSO4. The image
as been reconstructed using the whole set of 512 projections and is u
eference image.
e

be

y,

we take into account both the minimum angular distance
tween projections and the minimum difference of entr
between projections. To reduce the noise level in the pr
tions affecting the choice of«, we subtract from the estimat
value of DEPwi an estimated value ofB. This is done b
substituting in Eq. [11] the level of noise given by 2(mpw 1
spw). The termC, as in the case of Eq. [7], cannot be estima
being a function both of signal and of noise.

The previous definition of« ensures that the minimu
number of projections does not change for differentS/N val-
ues. In the case of images of complex structure, it approxim
to the estimated minimum number of projections,m0. The
number of projections becomes lower when the image
internal symmetries or, being smooth, it is mapped at fe
levels. The use of a conservative value for« guarantees that th
image is reconstructed without any loss of information.

RESULTS

Numerical Results

Thev-space adaptive acquisition method presented her
been tested on simulated data obtained by a 256*256 d
image reported in Fig. 2A. A total set of 1000 FIDs, one
projection, of the phantom was generated using a com
NMR simulation program developed in our laboratory.
program solves the Bloch equations from a map of pixels
theoretical image) to which cartesian coordinates (positio
centimeters), spin density, main field, and relaxation ti
values are assigned. The test image was considered 12.8
cm2, having a resolution of 0.5 mm. We fixed the main fiel
1000 G,T1 5 0.8 s, andT2 5 0.16 s foreach pixel. Th
actions of the pulse sequence and of the gradients are d
in a separate table, called the sequence table. The pro
calculates the real and imaginary parts of the 1000 FID
steps of 0.18°, in thexy plane of the image, described by us
he properxy gradient combination. To preserve the orig
imensions in the reconstructed image, we chose the follo
cquisition parameters: sampling period 40 ms, sampling
.4 KHz, gradient value 0.12 G/cm, and a rectangular p
hape of 10 ms in duration. Without loss of generality, the F
ave been collected considering that the magnetization v
re completely recovered between two consecutive ex
ents (i.e., infinite repetition time). The calculated data s

ree from zero-average white noise.
Subsets of different projections were extracted using e

he adaptive criterion or the regular acquisition method
odified Fourier reconstruction algorithm (26), including an

nterpolation method, has been used to obtain the reconstr
mages with a low number of projections. The images h
een compared both visually and numerically by using
ean square error, MSE, calculated between the image

ested and the image reconstructed by using the whole
rojections. The comparison with the image obtained with

d as
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204 PLACIDI, ALECCI, AND SOTGIU
whole set of projections, and not with the theoretical sta
image, is necessary to eliminate the effects of the recons
tion method from the calculated error of the image un
inspection. The reference image, obtained by using the w
set of projections, is shown in Fig. 2B. The images obtaine
using a set of 120 FIDs, whose orientations are calculated
the adaptive method, and by using a set of 125 FIDs tak
regular angular steps, are shown in Figs. 2C and 2D, re
tively. The optimal number of the projections, 120, has
been calculated by the adaptive acquisition method an
pends on the shape of the original test image (whose info

FIG. 5. Images reconstructed by using subsets of projections extract
econstructed by 57 projections selected by the adaptive method, and b
B), (C), and (D), respectively.
g
c-
r
le
y

ith
at

ec-
o
e-
a-

tion is collected on the difference between the informa
content of the projections). The estimated number of pro
tions is about 60% of the minimum number of projections,
necessary to reconstruct an image having dimensions an
olution of the given test image, without any a priori inform
tion of the sample itself. The image obtained by using the
equally spaced projections is also shown in Fig. 2E.

Figure 2D clearly shows some artifacts on both the exte
and the internal features of the image, due to the low nu
of projections used in the reconstruction. Nevertheless, Fi
resembles very well the image reported in Fig. 2B, althou

from the set by which the image of Fig. 3 has been obtained. In particula
, 128, and 256 projections, selected by regular acquisition method, arewn in (A),
ed
y 64
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205ADAPTIVE ACQUISITION TECHNIQUE FOR MRI
is obtained with 12% of the total number of projections
with 5 projections less than the set used to reconstruct Fig
In particular, Fig. 2C does not show noticeable artifacts
cause of the optimal choice of the angular positions of
collected projections. The differences between the two im
are also evident from the values of the MSE function. In
MSE 5 0.082 for Fig. 2D and MSE5 0.019 for Fig. 2C, i.e
four times lower. MSE5 0.022 for Fig. 2E; this value is high
than that of Fig. 2C although Fig. 2C has been reconstru
using 120 projections and Fig. 2E with 201 projections
order to better show the artifacts due to angular undersam

FIG. 6. Difference images from Fig. 5A–Fig. 4 (A), Fig. 5B–Fig. 4 (
d
D.
-
e
es
t,

ed
n
ng

we report in Fig. 3 the difference images in an expan
grayscale.

Experimental Results

The adaptive method has also been tested on MRI ex
mental data of a phantom composed of a Plexiglas cyl
(internal diameter 4 cm, length 8 cm) containing 12 glass t
8 cm in length and of various shapes and dimensions,
with a 10 mM CuSO4 water solution, coaxial with the princip
cylinder. The tubes were of circular section (2 of 0.65 mm
of 1.85 mm, 1 of 2.75 mm, 1 of 6.5 mm, 1 of 7 mm, 1 of 8 m

Fig. 5C–Fig. 4 (C), and Fig. 5D–Fig. 4 (A) shown in an expanded gray
B),
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206 PLACIDI, ALECCI, AND SOTGIU
1 of 9 mm, 1 of 10 mm in internal diameter), of rectang
section (11.7 by 6.5 mm), and of square section (1 10*10 b
mm and 1 3.5*3.5 mm). The data have been collected us
Varian superconductive MRI instrument, producing a m
magnetic field of 4.5 T, using an acquisition from projecti
sequence. A total of 512 radial projections FIDs (180/5
apart) of a transversal slice, 1 mm thick, were collected
selection gradient of 1.301G/cm and a total readout gradie
2.535G/cm were used. Each FID, of 256 points, was acq
in 5 ms (sampling rate 51.2 KHz). The pulse duration was
and the repetition time was 1 s. The experimental data e
ited aS/N value of about 1000. The resolution achieved in
slice plane was 0.183 mm. The total set of projections was
to obtain the image reported in Fig. 4. This image shows s
artifacts, represented by misaligned profiles in some ext
borders, because the on-resonance condition was not pe
achieved. Moreover, the image shows some little black h
especially near the corner of the two square tubes: these a
to some little air bubbles in the tubes. For our purpose, t
conditions are not disturbing as we used this image
reference image, for comparison. From the total set of pr
tions, subsets of projections were extracted by using the re
method and by using the adaptive acquisition process.
optimal number of projections calculated by the adap
method was 57. Regular sets of projections have been ob
by taking 64, 128, and 256 projections of the total 512 pro
tions. These sets were used to reconstruct the images us
modified Fourier reconstruction algorithm (26). The resulting
images are reported in Fig. 5. In particular, Fig. 5A shows
image obtained using the adaptive set of 57 projections
Figs. 5B–5D show the images obtained by the regular se
64, 128, and 256 projections, respectively. The adaptive
mated number of projections, 57, is about 29% of the minim
number of projections, 201, necessary to reconstruct an i
of the required dimensions and resolution when no a p
information about the sample has been used. The imag
ported in Fig. 5A, although a small number of projections
been used for its reconstruction (11% of the total), resem
very well the image obtained with the total set of projectio
reported in Fig. 4. The image of Fig. 5B, on the contr
exhibits the classical artifacts occurring when a low numb
projections is used for reconstruction, although it has
obtained with 12% more projections than those used to co
the image of Fig. 5A. Moreover, although the image show
Fig. 5C was obtained with more than double the numbe
regular projections with respect to that reported in Fig. 5
also exhibits the effects of the undersampling artifacts. T
effects are absent in Fig. 5D, due to the great numbe
projections used in the reconstruction of this image tha
ceeds the minimum number required, 201. The good res
the adaptive method with respect to the regular method
been also demonstrated by the difference images repor
Fig. 6 and by the values of the MSE evaluated between
images of Figs. 5 and 4. In particular, Fig. 5A has MSE5 0.28,
r
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Fig. 5B has MSE5 0.56, Fig. 5C has MSE5 0.4, and Fig. 5D
as MSE5 0.23.
The extremely good performance of the adaptive acquis
ethod occurs for two reasons: first, it adapts well to the s
f the sample; second, the sample shows a low dynamic
two amplitude levels) and a relatively simple shape. Ne
heless, comparison with the images obtained by using a
lar set of projections shows that, also in the condition of
ynamic range or when the sample exhibits a regular shap
egular acquisition method fails because it does not use
ation on the sample. On the contrary, the adaptive me
as the great advantage of collecting some information o
ample, starting from the first four measured projections
f controlling the following acquisition process by measu

he most informative projections.

CONCLUSIONS

In the present work, the information content of an M
projection directly in thev-space has been defined. Moreo
a near-optimal RP acquisition method has been describe
makes it possible to reduce the total acquisition time,
minimum loss of resolution and the introduction of a
distortions in the resulting image. The method has been t
both on numerical and on experimental data. As shown i
numerical tests reported, the use of the adaptive tech
reduces the number of projections to about 60% of the
retical number of projections required to obtain an imag
given dimensions and resolution, saving 40% of the acquis
time. For the experimental test reported, only 29% of
theoretical number of projections was required, saving m
than 70% of acquisition time. The results of the adap
method have also been compared to those of the regul
quisition method: the latter produces artifacts when usi
number of projections comparable to that used by the ada
acquisition method and, for the experimental data prese
also when using more than double the number of project
The values of the mean square error confirmed the
differences between the two acquisition methods in favor o
adaptive acquisition technique. The good performance o
v-space adaptive acquisition technique in saving acquis
time in addition to that obtained by RP techniques mak
possible to use this method with success in imaging of sp
having very shortT2 or in angiography.

In future, we hope to demonstrate that our method w
well also when imaging moving objects in order to apply i
functional MRI.
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