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(54) MR imaging using parallel signal acquisition

(57) The invention relates to a method of MR imaging
of at least a portion of a body (10) of a patient placed in
an examination volume of an MR device (1). The object
of the invention is to provide an improved, i.e. faster, par-
allel imaging technique. The invention proposes to ac-
quire a survey signal data set (21, 22) at a low image
resolution, which survey signal data set (21, 22) includes
MR signals received in parallel or successively via a vol-
ume RF coil (9) and via a set of array RF coils (11, 12,
13). Spatial sensitivity profiles (23) of the array RF coils
(11, 12, 13) are determined from the low resolution data.
As a next step, a reference scan is performed in which
a reference signal data set (25) is acquired at intermedi-
ate resolution solely via the array RF coils (11, 12, 13).
The spatial sensitivity profiles (27) of the array RF coils
(11, 12, 13) are determined from the data acquired at
intermediate resolution and from the spatial sensitivity
profiles (23) determined before at low resolution. Finally,
a diagnostic scan is performed, in which a diagnostic
signal data set (29) is acquired in parallel via the array
RF coils (11, 12, 13) at high resolution. The diagnostic
signal data set (29) may be acquired in a sub-sampled
fashion. A diagnostic MR image (30) is then reconstruct-
ed from the diagnostic signal data set (29) and from the
spatial sensitivity profiles (27) determined at the interme-
diate resolution, for example by using the SENSE or
SMASH algorithm.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to the field of magnetic
resonance (MR) imaging. It concerns a method of MR
imaging of at least a portion of a body of a patient placed
in an examination volume of an MR device. The invention
also relates to an MR device and to a computer program
to be run on an MR device.

BACKGROUND OF THE INVENTION

[0002] Image-forming MR methods which utilize the
interaction between magnetic fields and nuclear spins in
order to form two-dimensional or three-dimensional im-
ages are widely used nowadays, notably in the field of
medical diagnostics, because for the imaging of soft tis-
sue they are superior to other imaging methods in many
respects, do not require ionizing radiation and are usually
not invasive.
[0003] According to the MR method in general, the
body of the patient to be examined is arranged in a strong,
uniform magnetic field whose direction at the same time
defines an axis (normally the z-axis) of the co-ordinate
system on which the measurement is based. The mag-
netic field produces different energy levels for the indi-
vidual nuclear spins in dependence on the magnetic field
strength which can be excited (spin resonance) by ap-
plication of an electromagnetic alternating field (RF field)
of defined frequency (so-called Larmor frequency, or MR
frequency). From a macroscopic point of view the distri-
bution of the individual nuclear spins produces an overall
magnetization which can be deflected out of the state of
equilibrium by application of an electromagnetic pulse of
appropriate frequency (RF pulse) while the magnetic field
extends perpendicular to the z-axis, so that the magnet-
ization performs a precessional motion about the z-axis.
The precessional motion describes a surface of a cone
whose angle of aperture is referred to as flip angle. The
magnitude of the flip angle is dependent on the strength
and the duration of the applied electromagnetic pulse. In
the case of a so-called 90° pulse, the spins are deflected
from the z axis to the transverse plane (flip angle 90°).
[0004] After termination of the RF pulse, the magnet-
ization relaxes back to the original state of equilibrium,
in which the magnetization in the z direction is built up
again with a first time constant T1 (spin lattice or longitu-
dinal relaxation time), and the magnetization in the direc-
tion perpendicular to the z direction relaxes with a second
time constant T2 (spin-spin or transverse relaxation time).
The variation of the magnetization can be detected by
means of receiving RF coils which are arranged and ori-
ented within an examination volume of the MR device in
such a manner that the variation of the magnetization is
measured in the direction perpendicular to the z-axis.
The decay of the transverse magnetization is accompa-
nied, after application of, for example, a 90° pulse, by a

transition of the nuclear spins (induced by local magnetic
field inhomogeneities) from an ordered state with the
same phase to a state in which all phase angles are uni-
formly distributed (dephasing). The dephasing can be
compensated by means of a refocusing pulse (for exam-
ple a 180° pulse). This produces an echo signal (spin
echo) in the receiving coils.
In order to realize spatial resolution in the body, linear
magnetic field gradients extending along the three main
axes are superposed on the uniform magnetic field, lead-
ing to a linear spatial dependency of the spin resonance
frequency. The signal picked up in the receiving coils
then contains components of different frequencies which
can be associated with different locations in the body.
The signal data obtained via the receiving coils corre-
sponds to the spatial frequency domain and is called k-
space data. The k-space data usually includes multiple
lines acquired with different phase encoding. Each line
is digitized by collecting a number of samples. A set of
k-space data is converted to an MR image by means of
Fourier transformation.
[0005] Recently techniques for accelerating MR acqui-
sition have been developed which are called parallel ac-
quisition. Methods in this category are SENSE (Pruess-
mann et al., "SENSE: Sensitivity Encoding for Fast MRI",
Magnetic Resonance in Medicine 1999, 42 (5),
1952-1962) and SMASH (Sodickson et al., "Simultane-
ous acquisition of spatial harmonics (SMASH): Fast im-
aging with radiofrequency coil arrays", Magnetic Reso-
nance in Medicine 1997, 38, 591- 603). SENSE and
SMASH use undersampled k-space data acquisition ob-
tained from multiple RF receiving coils in parallel. In these
methods, the (complex) signal data from the multiple coils
are combined with complex weightings in such a way as
to suppress undersampling artifacts (aliasing) in the fi-
nally reconstructed MR images. This type of complex ar-
ray combining is sometimes referred to as spatial filtering,
and includes combining which is performed in the k-
space domain (as in SMASH) or in the image domain (as
in SENSE), as well as methods which are hybrids. In
either SENSE or SMASH, it is essential to know the prop-
er weightings or sensitivities of the coils with high accu-
racy. To obtain the coil sensitivities, i.e. the spatial sen-
sitivity profiles of the array RF coils used for signal de-
tection, a calibration pre-scan is typically performed prior
to and/or after the actual image acquisition. In the pre-
scan, which is also sometimes referred to as reference
scan, the MR signals are usually acquired at a resolution
which is significantly lower than the resolution required
for the final diagnostic MR image. The low-resolution ref-
erence scan consists of an interleaving of signal acqui-
sition via the array RF coils and via a reference coil, usu-
ally a volume coil, for example the quadrature body coil
of the MR apparatus. Low resolution MR images are re-
constructed from the MR signals received via the array
RF coils and via the volume RF coil. The coil sensitivities,
i.e. the spatial sensitivity profiles of the array RF coils,
are then computed by division of the array coil images
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by the volume coil image.

SUMMARY OF THE INVENTION

[0006] A drawback of the known approach is that the
acquisition time of the reference scan is rather long. In a
typical application it requires about 30 seconds. This is
partly due to the interleaving scheme of signal acquisition
via the volume RF coil and via the array RF coils. A further
issue is that extra averaging is required to obtain a suf-
ficient signal-to-noise ratio for the volume RF coil, since
the volume RF coil is significantly less sensitive than the
array RF coils, which are usually surface coils.
[0007] From the foregoing it is readily appreciated that
there is a need for an improved parallel MR imaging tech-
nique. It is consequently an object of the invention to
enable faster reference scanning for determination of the
spatial sensitivity profiles of the array RF coils used in
parallel MR imaging.
[0008] In accordance with the invention, a method of
MR imaging of at least a portion of a body of a patient
placed in an examination volume of a MR device is dis-
closed. The method of the invention comprises the fol-
lowing steps:

- subjecting the portion of the body to a first imaging
sequence for acquiring a survey signal data set,
which survey signal data set includes MR signals
received in parallel or successively via

- a volume RF coil having an essentially homogene-
ous spatial sensitivity profile within the examination
volume, and

- a set of at least two array RF coils having different
spatial sensitivity profiles within the examination vol-
ume,

wherein the first imaging sequence comprises RF pulses
and switched magnetic field gradients controlled in such
a manner that the survey signal data set is acquired at a
first image resolution;

- subjecting the portion of the body to a second imag-
ing sequence for acquiring a reference signal data
set, which reference signal data set includes MR sig-
nals received in parallel via the array RF coils, where-
in the second imaging sequence comprises RF puls-
es and switched magnetic field gradients controlled
in such a manner that the reference signal data set
is acquired at a second image resolution, which is
higher than the first image resolution;

- subjecting the portion of the body to a third imaging
sequence for acquiring a diagnostic signal data set,
which diagnostic signal data set includes MR signals
received in parallel via at least a subset of the set of
array RF coils, wherein the third imaging sequence
comprises RF pulses and switched magnetic field
gradients controlled in such a manner that the diag-
nostic signal data set is acquired at a third image

resolution, which is higher than the second image
resolution; and

- reconstructing a diagnostic MR image from a com-
bination of the diagnostic signal data set, the survey
signal data set, and the reference signal data set.

[0009] The gist of the invention is that rather than ap-
plying two different scans as in conventional parallel im-
aging, i.e. the reference scan and the actual diagnostic
scan, three different scans are applied. The first scan,
which can be called survey scan, is of significantly lower
resolution than the resolution of the conventionally ap-
plied reference scan and may consist of an interleaved
scanning via the volume RF coil and the set of array RF
coils. During the first and second scans individual signal
data sets are acquired on a per coil basis, i.e. one signal
data set is acquired for each coil. The second scan is
very similar to the conventional reference scan. However,
during the second scan MR signals are received exclu-
sively in parallel via the array RF coils. No MR signals
are received via the volume RF coil. Therefore, signifi-
cantly less averaging can be applied in order to speed
up the acquisition. The third scan is the actual diagnostic
scan. Further subsequent diagnostic scans may follow.
[0010] The spatial sensitivity profiles of the array RF
coils may be determined in accordance with the invention
at the second image resolution from a combination of the
survey signal data set and the reference signal data set.
The diagnostic MR image can then be reconstructed from
the diagnostic signal data set and from the spatial sen-
sitivity profiles determined at the second resolution. Ac-
cording to a preferred embodiment of the invention, the
spatial sensitivity profiles of the array RF coils are firstly
determined from the MR signals received during the sur-
vey scan, i.e. at the low resolution of the survey images.
This low resolution would be insufficient for reconstruc-
tion of diagnostic MR images, for example by application
of the SENSE or SMASH algorithm. For this reason, the
resolution of the spatial sensitivity profiles is enhanced
after the second scan. The spatial sensitivity profiles of
the array RF coils are determined at the intermediate
resolution, i.e. the second image resolution, from a com-
bination of the set of reference images acquired during
the second scan and the spatial sensitivity profiles de-
termined at the low resolution from the MR signals ac-
quired during the first scan. This enhanced resolution of
the spatial sensitivity profiles of the array RF coils is suf-
ficient for reconstruction of diagnostic images.
[0011] More specifically, the method of the invention
may comprise the following steps:

a) acquiring the survey signal data set;
b) reconstructing a set of survey images at the first
image resolution from the survey signal data set;
c) determining the spatial sensitivity profiles of the
array RF coils at the first resolution by comparing
the images of the set of survey images;
d) acquiring the reference signal data set;
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e) reconstructing a set of reference images at the
second image resolution from the reference signal
data set;
f) determining the spatial sensitivity profiles of the
array RF coils at the second image resolution from
a combination of the set of reference images and the
spatial sensitivity profiles determined at the first res-
olution;
g) acquiring the diagnostic signal data set; and
h) reconstructing a diagnostic MR image from the
diagnostic signal data set and from the spatial sen-
sitivity profiles determined at the second resolution.

[0012] The approach of the invention has several ad-
vantages:
[0013] The total acquisition time required is significant-
ly reduced. The survey scan has significantly lower res-
olution than the conventional reference scan, which re-
sults in a corresponding reduction of acquisition time and
which also allows less averaging. In practice, the survey
scan can be typically 16 times faster than the conven-
tional reference scan as used in SENSE or SMASH im-
aging. Consequently, the typical duration of the survey
scan in accordance with the invention is about 2 seconds.
The subsequent second scan is also significantly faster
than the conventional reference scan, since no signal
acquisition via the volume RF coil and, consequently,
less averaging is required. The total duration of the sur-
vey scan (step a) and the subsequent reference scan
(step d) in accordance with the invention is only a few
seconds rather than some thirty seconds like in the con-
ventional reference scanning approach. A further advan-
tage of the invention is that whenever there is slight mo-
tion of the examined patient relative to the RF coils used
for signal acquisition, the reference scan, i.e. the second
scan (step d) can be repeated, without an unreasonable
extra time burden. Usually, a re-acquisition of the survey
scan is not required. It turns out that slightly outdated
survey signal data do not result in significant image arti-
facts in the finally reconstructed diagnostic MR images.
[0014] A further advantage of the short acquisition time
of the pre-scans according to the invention is that these
scans are short enough to make them unnoticeable for
the user. So the pre-scans do not have to appear in the
user interface of the MR apparatus. In this way, the pre-
scans are perceived by the user only as preparation
phases and not as time-consuming and, therefore, un-
desirable extra scans.
[0015] A further issue in conventional parallel MR im-
aging approaches is that sometimes the set of array RF
coils comprises a very large number of single coil ele-
ments from which only a subset is to be used for the
respective imaging task. Usually MR signals are acquired
and processed via all of the coil elements in the conven-
tional approach because the user is unable to predict
which coil elements are expected to contribute to the MR
image to be acquired and which are not. The subset of
the set of array coils used in step g) can advantageously

be determined by the method of the invention by auto-
matically selecting only array coils, via which MR signal
intensity above a given threshold level is detected in
steps a) (first scan) or d) (second scan). Those coil ele-
ments of the set of array coils can be excluded during
signals acquisition in step g) that contribute negligible
signal amplitude in steps a) or d). In this way, less re-
sources in terms of bandwidth, storage capacity and re-
construction processing are required for all subsequent
scanning. The survey scan (step a) and/or the reference
scan (step d) may be acquired with the full number of coil
elements. But since these scans are short enough the
requirements with regard to the resources of the MR sys-
tem are still moderate.
[0016] An alternative or additional approach in this
context is an automatic reduction of the effective number
of coil elements during image processing by application
of the so-called array-compression technique. In the ar-
ray-compression technique linear combinations of the di-
agnostic signal data acquired via different coils are com-
puted before image reconstruction. In this way, the ef-
fective number of coil elements is reduced which saves
computation time and reconstruction memory usage.
The combination factors can automatically be derived in
accordance with the invention from the data of the survey
and/or reference scans. In other words, rather than se-
lecting a subset of array coils, the signal data of the array
coils are pre-combined in order to lower the effective
number of coil elements during image processing. The
pre-combination (or array-compression) factors are de-
termined in a straight-forward manner from the survey
and/or reference scan data.
[0017] According to a preferred embodiment of the in-
vention, the field of view of the survey and reference sig-
nal data sets is selected to be larger than the field of view
of the diagnostic signal data set. In this way, the pre-
scans, i.e. the first and second scans, can be used for
several diagnostic scans that are positioned somewhere
within the large field of view of the pre-scans. So a set
of diagnostic scans with different geometric positions of
the field of view can share the signal data of the same
survey and reference scans for image reconstruction,
provided that the survey and reference scans are per-
formed with a sufficient field of view.
[0018] The method of the invention described thus far
can be carried out by means of an MR device including
at least one main magnet coil for generating a uniform
steady magnetic field within an examination volume, a
number of gradient coils for generating switched mag-
netic field gradients in different spatial directions within
the examination volume, at least one volume RF coil
which has an essentially homogeneous spatial sensitivity
profile, for generating RF pulses within the examination
volume and/or for receiving MR signals from a body of a
patient positioned in the examination volume, a set of
array RF coils for receiving MR signals from the body in
parallel, the array RF coils having different spatial sen-
sitivity profiles, a control unit for controlling the temporal

5 6 



EP 2 233 941 A1

5

5

10

15

20

25

30

35

40

45

50

55

succession of RF pulses and switched magnetic field gra-
dients, a reconstruction unit, and a visualization unit. The
method of the invention is implemented by a correspond-
ing programming of the reconstruction unit, the visuali-
zation unit, and/or the control unit of the MR device.
[0019] The method of the invention can be advanta-
geously carried out in most MR devices in clinical use at
present. To this end it is merely necessary to utilize a
computer program by which the MR device is controlled
such that it performs the above-explained method steps
of the invention. The computer program may be present
either on a data carrier or be present in a data network
so as to be downloaded for installation in the control unit
of the MR device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The enclosed drawings disclose preferred em-
bodiments of the present invention. It should be under-
stood, however, that the drawings are designed for the
purpose of illustration only and not as a definition of the
limits of the invention. In the drawings:

Figure 1 shows an MR device for carrying out the
method of the invention;
Figure 2 shows a flow chart illustrating the method
of the invention.

[0021] With reference to figure 1, an MR device 1 is
shown. The device comprises superconducting or resis-
tive main magnet coils 2 such that a substantially uniform,
temporally constant main magnetic field is created along
a z-axis through an examination volume.

DETAILED DESCRIPTION

[0022] A magnetic resonance generation and manip-
ulation system applies a series of RF pulses and switched
magnetic field gradients to invert or excite nuclear mag-
netic spins, induce magnetic resonance, refocus mag-
netic resonance, manipulate magnetic resonance, spa-
tially and otherwise encode the magnetic resonance, sat-
urate spins, and the like to perform MR imaging.
[0023] Most specifically, a gradient pulse amplifier 3
applies current pulses to selected ones of whole-body
gradient coils 4, 5 and 6 along x, y and z-axes of the
examination volume. A digital RF frequency transmitter
7 transmits RF pulses or pulse packets, via a send-/re-
ceive switch 8, to a whole-body volume RF coil 9 to trans-
mit RF pulses into the examination volume. A typical MR
imaging sequence is composed of a packet of RF pulse
segments of short duration which taken together with
each other and any applied magnetic field gradients
achieve a selected manipulation of nuclear magnetic res-
onance. The RF pulses are used to saturate, excite res-
onance, invert magnetization, refocus resonance, or ma-
nipulate resonance and select a portion of a body 10
positioned in the examination volume. The MR signals

are also picked up by the whole-body volume RF coil 9.
For generation of MR images of limited regions of the
body 10 by means of parallel imaging, a set of local array
RF coils 11, 12, 13 are placed contiguous to the region
selected for imaging. The array coils 11, 12, 13 can be
used to receive MR signals induced by body-coil RF
transmissions.
[0024] The resultant MR signals are picked up by the
whole body volume RF coil 9 and/or by the array RF coils
11, 12, 13 and demodulated by a receiver 14 preferably
including a preamplifier (not shown). The receiver 14 is
connected to the RF coils 9, 11, 12 and 13 via send-/
receive switch 8.
[0025] A host computer 15 controls the gradient pulse
amplifier 3 and the transmitter 7 to generate any of a
plurality of MR imaging sequences, such as echo planar
imaging (EPI), echo volume imaging, gradient and spin
echo imaging, fast spin echo imaging, and the like. For
the selected sequence, the receiver 14 receives a single
or a plurality of MR data lines in rapid succession follow-
ing each RF excitation pulse. A data acquisition system
16 performs analog-to-digital conversion of the received
signals and converts each MR data line to a digital format
suitable for further processing. In modem MR devices
the data acquisition system 16 is a separate computer
which is specialized in acquisition of raw image data.
[0026] Ultimately, the digital raw image data is recon-
structed into an image representation by a reconstruction
processor 17 which applies a Fourier transform or other
appropriate reconstruction algorithms, such like SENSE
or SMASH. The MR image may represent a planar slice
through the patient, an array of parallel planar slices, a
three-dimensional volume, or the like. The image is then
stored in an image memory where it may be accessed
for converting slices, projections, or other portions of the
image representation into appropriate format for visual-
ization, for example via a video monitor 18 which provides
a man-readable display of the resultant MR image.
[0027] With continuing reference to figure 1 and with
further reference to figure 2, an embodiment of the im-
aging approach of the invention is explained. Each diag-
nostic imaging scan with SENSE or SMASH reconstruc-
tion is preceded by the combination of a survey scan and
a reference scan, as explained above.
[0028] In step 20 the survey scan is performed, during
which a survey signal data set is received in parallel via
the set of array RF coils 11, 12, 13 and, in an interleaving
fashion, via the volume RF coil 9. The signal data re-
ceived at a first image resolution, which is a low resolu-
tion, via the volume RF coil 9 is designated by 21, while
the signal data received via the set of array RF coils 11,
12, 13 is designated by 22. From the survey signal data
set 21, 22 acquired in this way, a set of survey images
is reconstructed at the low image resolution, which
means that one survey image is reconstructed from the
survey signal data received via the volume RF coil 9 and
from the signal data received via each of the array RF
coils 11, 12, 13. Spatial sensitivity profiles 23 of the array

7 8 



EP 2 233 941 A1

6

5

10

15

20

25

30

35

40

45

50

55

RF coils 11, 12, 13 at the low resolution of the survey
scan are then computed by dividing the survey images
of the array RF coils 11, 12, 13 by the survey image of
the volume RF coil 9.
[0029] In step 24, the reference scan is performed at
an intermediate resolution, which is higher than the low
resolution of the survey scan. During the reference scan
a reference signal data set 25 is received in parallel ex-
clusively via the array RF coils 11, 12, 13. The volume
RF coil 9 is not used during the reference scan. Refer-
ence images are reconstructed from the reference signal
data set 25 at the intermediate resolution of the reference
scan for each array RF coil 11, 12, 13. In step 26, an
intensity correction of the set of reference images ac-
cording to the spatial sensitivity profiles 23 determined
at the low resolution of the survey scan is performed. In
this way, intensity variations in the reference images due
to the different spatial sensitivity profiles of the array RF
coils 11, 12, 13 are compensated for. From the intensity
corrected reference images a "reference-coil-like" image
is obtained at the intermediate resolution, for example
by (weighted) superposition of the intensity corrected ref-
erence images. This "reference-coil-like" image, which
essentially emulates a reference MR image acquired via
the volume RF coil 9 at the intermediate resolution of the
reference scan, is then used to compute spatial sensitiv-
ity profiles 27 of the array coils 11, 12, 13 at the interme-
diate resolution. This is achieved by dividing the uncor-
rected reference images associated with the array coils
11, 12, 13 by the "reference-coil-like" image.
[0030] In step 28 a diagnostic scan is performed at
high resolution. During the diagnostic scan a diagnostic
signal data set 29 is acquired again exclusively via the
set of array RF coils 11, 12, 13. A diagnostic MR image
30 is reconstructed, by using the SENSE or SMASH al-
gorithm, from the diagnostic signal data set 29 and from
the spatial sensitivity profiles 27 computed in the preced-
ing steps. Further diagnostic scans may follow from
which further diagnostic MR images are reconstructed
using the same spatial sensitivity profiles 27.

Claims

1. Method of MR imaging of at least a portion of a body
(10) of a patient placed in an examination volume of
an MR device (1), the method comprising the steps of

- subjecting the portion of the body (10) to a first
imaging sequence for acquiring a survey signal
data set (21, 22), which survey signal data set
(21, 22) includes MR signals received in parallel
or successively via
- a volume RF coil (9) having an essentially ho-
mogeneous spatial sensitivity profile within the
examination volume, and
- a set of at least two array RF coils (11, 12, 13)
having different spatial sensitivity profiles within

the examination volume,

wherein the first imaging sequence comprises RF
pulses and switched magnetic field gradients con-
trolled in such a manner that the survey signal data
set (21, 22) is acquired at a first image resolution;

- subjecting the portion of the body (10) to a sec-
ond imaging sequence for acquiring a reference
signal data set (25), which reference signal data
set includes MR signals received in parallel via
the array RF coils (11, 12, 13), wherein the sec-
ond imaging sequence comprises RF pulses
and switched magnetic field gradients controlled
in such a manner that the reference signal data
set (25) is acquired at a second image resolu-
tion, which is higher than the first image resolu-
tion;
- subjecting the portion of the body (10) to a third
imaging sequence for acquiring a diagnostic sig-
nal data set (29), which diagnostic signal data
set (29) includes MR signals received in parallel
via at least a subset of the set of array RF coils
(11, 12, 13),

wherein the third imaging sequence comprises RF
pulses and switched magnetic field gradients con-
trolled in such a manner that the diagnostic signal
data set (29) is acquired at a third image resolution,
which is higher than the second image resolution;
and

- reconstructing a diagnostic MR image (30)
from a combination of the diagnostic signal data
set (29), the survey signal data set (21, 22), and
the reference signal data set (25).

2. Method of claim 1, wherein spatial sensitivity profiles
of the array RF coils (11, 12, 13) are determined at
the second image resolution from a combination of
the survey signal data set (21, 22) and the reference
signal data set (25), the diagnostic MR image (30)
being reconstructed from the diagnostic signal data
set (29) and from the spatial sensitivity profiles (27)
determined at the second resolution.

3. Method of claim 2, the method comprising the steps
of

a) acquiring the survey signal data set (21, 22);
b) reconstructing a set of survey images at the
first image resolution from the survey signal data
set (21, 22);
c) determining the spatial sensitivity profiles (23)
of the array RF coils (11, 12, 13) at the first res-
olution by comparing the images of the set of
survey images;
d) acquiring the reference signal data set (25);

9 10 



EP 2 233 941 A1

7

5

10

15

20

25

30

35

40

45

50

55

e) reconstructing a set of reference images at
the second image resolution from the reference
signal data set (25);
f) determining the spatial sensitivity profiles of
the array RF coils (11, 12, 13) at the second
image resolution from a combination of the set
of reference images and the spatial sensitivity
profiles (23) determined at the first resolution;
g) acquiring the diagnostic signal data set (29);
and
h) reconstructing a diagnostic MR image (30)
from the diagnostic signal data set (29) and from
the spatial sensitivity profiles (27) determined at
the second resolution.

4. Method of claim 3, wherein the spatial sensitivity pro-
files (26) of the array coils at the second image res-
olution are determined by

- intensity correction of the set of reference im-
ages according to the spatial sensitivity profiles
(23) determined at the first resolution;
- dividing the uncorrected data of the set of ref-
erence images by the intensity corrected data.

5. Method of any one of claims 1-4, wherein the diag-
nostic signal data set (29) is acquired by sub-sam-
pling of k-space, the diagnostic MR image (30) being
reconstructed by using the SENSE or SMASH algo-
rithm.

6. Method of any one of claims 1-5, wherein the subset
of the set of array coils (11, 12, 13) used for acqui-
sition of the diagnostic signal data set (29) is deter-
mined by automatically selecting only array coils (11,
12, 13), via which MR signal intensity above a given
threshold level has been detected during acquisition
of the survey signal data set (21, 22) or reference
signal data set (25).

7. Method of any one of claims 1-6, wherein the field
of view of the survey and reference signal data sets
(21, 22, 25) is larger than the field of view of the
diagnostic signal data set (29).

8. MR device for carrying out the method claimed in
claims 1-7, which MR device (1) includes at least
one main magnet coil (2) for generating a uniform,
steady magnetic field within an examination volume,
a number of gradient coils (4, 5, 6) for generating
switched magnetic field gradients in different spatial
directions within the examination volume, at least
one volume RF coil (9), which has an essentially ho-
mogeneous spatial sensitivity profile, for generating
RF pulses within the examination volume and/or for
receiving MR signals from a body (10) of a patient
positioned in the examination volume, a set of array
RF coils (11, 12, 13) for receiving MR signals from

the body (10) in parallel, the array RF coils (11, 12,
13) having different spatial sensitivity profiles, a con-
trol unit (15) for controlling the temporal succession
of RF pulses and switched magnetic field gradients,
a reconstruction unit (17), and a visualization unit
(18), wherein the MR device (1) is arranged to per-
form the following steps:

- subjecting the body (10) to a first imaging se-
quence for acquiring a survey signal data set
(21, 22), which survey signal data set (21, 22)
includes MR signals received in parallel or suc-
cessively via the volume RF coil (9) and via the
set of array RF coils (11, 12, 13), wherein the
first imaging sequence comprises RF pulses,
generated via the volume RF coil (9), and
switched magnetic field gradients, generated via
the gradient coils (4, 5, 6), controlled in such a
manner that the survey signal data set (21, 22)
is acquired at a first image resolution;
- subjecting the portion of the body (10) to a sec-
ond imaging sequence for acquiring a reference
signal data set (25), which reference signal data
set (25) includes MR signals received in parallel
via the array RF coils (11, 12, 13), wherein the
second imaging sequence comprises RF pulses
and switched magnetic field gradients controlled
in such a manner that the reference signal data
set (25) is acquired at a second image resolu-
tion, which is higher than the first image resolu-
tion;
- subjecting the portion of the body (10) to a third
imaging sequence for acquiring a diagnostic sig-
nal data set (29), which diagnostic signal data
set includes MR signals received in parallel via
at least a subset of the set of array RF coils (11,
12, 13),

wherein the third imaging sequence comprises RF
pulses and switched magnetic field gradients con-
trolled in such a manner that the diagnostic signal
data set (29) is acquired at a third image resolution,
which is higher than the second image resolution;
and

- reconstructing a diagnostic MR image (30)
from a combination of the diagnostic signal data
set (29), the survey signal data set (21, 22), and
the reference signal data set (25).

9. MR device of claim 8, wherein the volume RF coil
(9) is a quadrature body coil.

10. MR device of claim 8 or 9, wherein the array RF coils
(11, 12, 13) are surface coils.

11. Computer program to be run on an MR device, which
computer program comprises instructions for:
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- acquiring a survey signal data set at a first im-
age resolution, which survey signal data set in-
cludes MR signals received in parallel or suc-
cessively via
- a volume RF coil having an essentially homo-
geneous spatial sensitivity profile within the ex-
amination volume, and
- a set of at least two array RF coils having dif-
ferent spatial sensitivity profiles within the ex-
amination volume,
- acquiring a reference signal data set at a sec-
ond image resolution, which is higher than the
first image resolution, which reference signal da-
ta set includes MR signals received in parallel
via the array RF coils,
- acquiring a diagnostic signal data set at a third
image resolution, which is higher than the sec-
ond image resolution, which diagnostic signal
data set includes MR signals received in parallel
via at least a subset of the set of array RF coils;
and
- reconstructing a diagnostic MR image from a
combination of the diagnostic signal data set,
the survey signal data set, and the reference
signal data set.
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