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(57) ABSTRACT

In a method and apparatus for the reconstruction of image
data for at least two different chemical substance types, the
reconstruction relates to a defined region of an examination
object and is based on raw data acquired from the defined
region at different echo times by a magnetic resonance scan.
The reconstruction is implemented using a target function
that includes a regularization term that correlates image data
of the different echo times. A method for ascertaining image
data for at least two different chemical substance types in a
defined region of an examination object by an imaging mag-
netic resonance scan can also be implemented.
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METHOD AND APPARATUS FOR
RECONSTRUCTION OF MAGNETIC
RESONANCE IMAGE DATA FOR MULTIPLE
CHEMICAL SUBSTANCES IN MULTI-ECHO
IMAGING

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention concerns a method for the reconstruc-
tion of image data for at least two different chemical sub-
stance types in a defined region of an examination object from
raw data that has been ascertained for the defined region at
different echo times in a magnetic resonance scan. Further-
more, the invention concerns a method for ascertaining image
data for at least two different chemical substance types in a
defined region of an examination object by execution of an
imaging magnetic resonance scan. The invention also con-
cerns an image processing computer for the reconstruction of
image data for at least two different chemical substance types
in a defined region of an examination object from raw data has
been ascertained for the defined region at different echo times
in a magnetic resonance scan. Furthermore, the invention
concerns a magnetic resonance system having such an image
processing computer.

[0003] 2. Description of the Prior Art

[0004] Inamagnetic resonance scan wherein raw data gen-
erated are acquired, by operation of scanner, a magnetic reso-
nance from a region of the inside of the body of an examina-
tion object, the body or the body part to be examined must first
be exposed to an optimally homogeneous static basic mag-
netic field in the scanner, usually called the B, field. The
nuclear spins in the body are thereby oriented parallel to the
direction of the B, field (conventionally called the z direc-
tion). In addition, radio-frequency pulses (RF pulses) are
radiated into the examination object using suitable radio-
frequency antennae whose frequency is in the region of the
resonance frequency, what is known as the Larmor frequency,
of'the nuclei to be excited in the present magnetic field. These
radio-frequency pulses cause the spins of the relevant nuclei,
usually hydrogen nuclei, to be excited in the examination
object such that they are deflected by an amount known as an
“excitation flip angle” from their position of equilibrium par-
allel to the basic magnetic field B,. The nuclear spins then
precess around the z direction and gradually relax again, with
the relaxation being dependent on the molecular surround-
ings in which the excited nucleus is located. The magnetic
resonance signals generated during relaxation are received as
raw data by radio-frequency receiving antennae, and are
entered at respective entry points into a memory. The data in
the memory are called k-space, and magnetic resonance
images (image data) are reconstructed on the basis of the
acquired raw data in k-space. Spatial encoding of the mag-
netic resonance signals occurs with the activation of rapidly-
switched gradient magnetic fields that are superimposed on
the basic magnetic field during emission of the magnetic
resonance radio-frequency pulses and/or the acquisition of
the raw data.

[0005] A generally known basic problem in the acquisition
of'raw data is that the excited nuclei in the body tissue do not
have a uniform resonance frequency in the magnetic field.
Instead these can differ for different tissue types or substance
types according to their chemical surroundings. This is con-
ventionally called a chemical shift. As used herein, a sub-
stance type (or substance for short) means any type of pre-
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defined chemical substance or any type of nucleus in an atom
or molecule having specific magnetic resonance behavior. A
typical example of different substance types are the substance
types fat and water. A substance type can contain multiple
components that have (slightly) different resonance frequen-
cies. For example, the substance type, as described in more
detail below, can be described by a chemical spectral model
having a number of peaks with respect to the resonance fre-
quency. Different substance types thus also encompass within
their meaning more complex chemical compounds or mix-
tures that have different components and possibly also differ-
ent resonance frequencies, but combine to form a character-
istic spectrum. Particularly relevant in magnetic resonance
imaging is the chemical shift of fat tissue in relation to the
conventionally excited water, since fat occurs in significant
quantities in many regions of the body. The chemical shift
between fat tissue and water is approximately 3.4 ppm.
[0006] Various methods are known to create separate mag-
netic resonance images for different substance types, for
example to generate separate water and fat images. A typical
method for this purpose is what is known as the two-point
Dixon method. For this purpose, raw data acquired, using
suitable magnetic resonance sequences, during two different
echoes, for example two different gradient echoes or spin
echoes, with these echoes differing in their echo time.
[0007] For example, for two chemical substance types the
complex-value signals S,(x) and S,(x) at one image point
having the coordinates v can be represented by the equations

S, () =(W(x)+e F(x))e' 1 "
So(x)=(W(x)+coF(x))el 2% o
[0008] Here W(x) again denotes the water and F(x) the fat

content at the respective image point. Basically W(x) and F(x)
can also denote any other chemical substance types. S, (x) and
S,(x) are the intensity values for the first echo and for the
second echo at the respective image point. In the case of
two-dimensional image data, an image point here and below
means a pixel, and in the case of three-dimensional image
data a voxel. For shorthand, x is used to represent the coor-
dinates of the image point, which are multi-dimensional.
Solely for simplicity, the conventional notation for water and
fat will be used since this is the most common application. In
the equations (1) and (2) ¢, and c, are complex-value coeffi-
cients that depend on the echo time and the spectrum of the
second chemical substance (i.e. here as an example the spec-
trum of the fat F). Due to the dephasing each of the recorded
images is slightly different, even if the same region is
acquired in each case, since each chemical substance oscil-
lates slightly differently. In equations (1) and (2), for simplic-
ity, it is assumed, moreover, that a complicated spectrum
exists only for one of the two chemical substance types, here
the fat F. This method may also be expanded to other sub-
stance types. In this case, a complex-value coefficient must
likewise be inserted before the W component in equations (1)
and (2). In addition, it is assumed in equations (1) and (2) that
the phases or phase rotations of the signals are each given by
$,(x) and ¢,(x).

[0009] The exponents ¢, and ¢, in equations (1) and (2)
may be generally described as follows:

D(t,X)=Q(x) 1D Ax)+P(2,x) 3)

[0010] Here ® is the phase accumulation at a specific loca-
tion at a specific time, Q2(x) the local oft-center frequency,
@ (%) the phase accumulation of opposed polarities due to
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eddy currents and ¢(t,x) the phase after excitation. The relax-
ation over time is modeled by a positive imaginary part of
Q(x).

[0011] Various algorithms are known to generate the water
image W and the fat image F from the acquired signals using
equations (1) and (2). Due to possible field inhomogeneities,
gradient delays, eddy currents, etc. it is very important for the
two-point Dixon method to determine the global phase rota-
tion (p between the echo times per image point and to then
take it into account in the reconstruction. For this purpose, it
is conventionally assumed that the variation in the phase
rotation is spatially weak, i.e. that the variation between adja-
cent image points is for example <180°. The conventional
solution methods are based on iteration methods with which
solutions to equations 1 and 2 are ascertained.

[0012] Inmany cases, multi-echo sequences are used in the
imaging method, in which raw data are acquired at many
different echo times T, where e=1, . . ., N with N equal
to the number of echoes. Often the raw data acquired per echo
are undersampled, meaning that not every available data entry
point in k-space is filled. This means the image data has to be
reconstructed from raw data of a number of echoes. The
number of echoes increases the amount of information, and
therefore provides a possibility for compensating the under-
sampling. The phases of the signals between the individual
echo times are subject to changing spatially according to
equation (3), however, which must be taken into account
when ascertaining the image data of the individual chemical
substances.

[0013] In the case of the signal model according to equa-
tions (1) and (2) or an equation system expanded to a number
of'echoes, when the development of the phase accumulation
over time and the disruptive effects, as are described by equa-
tion (3), are to be taken into account, then a non-linear opti-
mization problem is conventionally solved, which converges
only slowly, and it is not guaranteed that there will be a
convergence in the sense of a global minimum.

SUMMARY OF THE INVENTION

[0014] An object of the present invention is to provide a
method and a suitable image processing computer for the
reconstruction of image data for at least two different chemi-
cal substance types, with the method and apparatus being
robust with respect to the described disruptive effects and
with respect to a desired convergence, and being distin-
guished by improved effectiveness.

[0015] In the inventive method image data are recon-
structed for at least two different chemical substance types in
a defined region, for example an ROI or slice of an examina-
tion object, from raw data that have been ascertained for the
defined region at different echo times by execution of a mag-
netic resonance scan, with the use of a target function. The
target function has a regularization term, representing a cor-
relation of respective sets of image data of the different echo
times. Correlation of the image data is in this context means
a spatial and time-related correlation of the image data.
[0016] The inventive method for the reconstruction of
image data is based, inter alia, on decoupling the reconstruc-
tion of image data of the mixture of substances, and the
separation of the image data of the different substances from
each other, so the optimization problems to be solved become
linear.

[0017] A further basis the inventive method for the recon-
struction of image data is that, for image data from a specific
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local region, the phase accumulation is spatially constant or
varies only slightly. This property is taken into account when
establishing the target function by adding a regularization
term to the target function. This term has a value that indicates
a measure of the correlation of the reconstructed image data.
[0018] A first term DK of the target function indicates, for
example, a measure of the consistency of a signal function
S (x) with the raw data D_ (k) acquired in the MR imaging
method in the k-space by the coil ¢ for the echo e in each case:

K="

k.ec

2 @
> i Celx)Se (%) = Do (k)

i

[0019] Here C(x,)1s the coil sensitivity of coil ¢ at location
x,, and the total of u, , is the Fourier transform of the sought
signal function S(T  ,,=S ().

[0020] A secondterm of the target function comprises what
is known as the regularization term R, so the entire target
function Z results as follows:

Z=DK+\*R )

[0021] Here A is a Lagrange multiplier. The Lagrange mul-
tiplier A can be determined using a reference data record. It
may also be adaptively estimated for each reconstruction.
[0022] The result of the reconstruction with the use of the
target function Z is therefore the sought signal function S(T,
«,X)=S_(x), which is not yet separated according to different
chemical substances, however.

[0023] A method, which is based on the Dixon algorithm,
can for example then be used for the separation according to
different chemical substances. The advantage with such a
procedure is that the more laborious image reconstruction
constitutes a convex optimization problem for which efficient
optimization algorithms exist, while established algorithms
can be used for the non-linear separation. In addition, the
regularization during image reconstruction produces an aver-
aging effect which leads to a reduction in artifacts.

[0024] In the inventive method for ascertaining image data
for at least two different chemical substance types ina defined
region, for example an ROI or slice of an examination object,
by execution of an imaging magnetic resonance scan, mag-
netic resonance echo raw data of the defined region are
acquired at different echo times and image data of the defined
region are reconstructed on the basis of the magnetic reso-
nance echo raw data using the inventive method for the recon-
struction of image data.

[0025] An image processing computer for the reconstruc-
tion of image data for at least two different chemical sub-
stance types in a defined region of an examination object from
raw data, which has been ascertained for the defined region at
different echo times by means of a magnetic resonance scan,
requires, inter alia, the following components.

[0026] Firstly an interface is required for acquiring mag-
netic resonance echo raw data of the defined region, which
have been ascertained at different echo times.

[0027] Furthermore, the image processing computer has an
image data reconstruction processor designed to execute an
algorithm for the reconstruction of image data of the defined
region on the basis of the acquired magnetic resonance echo
raw data.

[0028] According to the invention, the image reconstruc-
tion processor is designed (configured) to execute the algo-
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rithm with an optimization procedure that optimizes a target
function, which has a regularization term R, representing a
correlation of image data of the different echo times.

[0029] The image processing computer can also be
designed so as to be suitable for generating separate image
data of different chemical substances as well, so the image
reconstruction processor can also has an image ascertainment
processor that is designed to ascertain the separated image
data for the chemical substance types on the basis of the
optimized, but not yet separated according to substance type,
image data, obtained during optimization for the defined
region ROI. Separation can be carried out, for example, with
the use of a known Dixon method.

[0030] The image processing computer also has suitable
output interfaces, for example to transfer the ascertained opti-
mized raw data to a different processor that can then generate
the image data of the different chemical substance types or, if
the image processing computer itself generates the image
data of the two mutually different chemical substance types,
a corresponding output interface for the generated image
data, so that the image data can then be stored and/or pre-
sented, to an operator and/or be sent via a network to further
locations, optionally for further processing and/or presenta-
tion.

[0031] Apart from a basic field magnet that produces a
basic magnetic field in the patient scan space of the scanner,
a transmitting antenna system, with which the radio-fre-
quency signals are emitted, a gradient system having multiple
gradient coils, a radio-frequency receiving antenna and a
corresponding controller that controls all of the components,
the inventive magnetic resonance apparatus must additionally
have an image processing computer, as described above. A
magnetic resonance apparatus of this kind also has a large
number of further components (not described in detail) that
are known to those skilled in the art.

[0032] Thebasic components ofthe image processing com-
puter can be designed for the most part in the form of software
components, such as components or modules for performing
the image data reconstruction algorithm, the optimization
algorithm and the optional image ascertainment algorithm.
These components can also partly be implemented in the
form of software-supported hardware, for example FPGAs or
the like, if particularly fast calculations are involved. If, for
example, it is only a matter of an acquisition of data from
other software components, the required interfaces can like-
wise be designed as software interfaces. The interfaces, how-
ever, also can be designed as interfaces constructed in terms
of hardware that are controlled by appropriate software.
[0033] As mentioned, an image processing computer of
this kind can be connected independently as an image pro-
cessor to a suitable network, for example a radiological infor-
mation system (RIS), to which the magnetic resonance sys-
tem is also connected, in order to supply the required data
from there to the image processing computer. The image
processing computer may also be implemented within a con-
troller of the magnetic resonance apparatus, since a large
number of the needed components are present there anyway,
and can also be used to perform the inventive method when
configured as described above.

[0034] A largely software-based implementation has the
advantage that conventional image processing computers or
magnetic resonance apparatus controllers that have conven-
tionally been used can easily be upgraded by a software
update in order to function inventively. In this respect, the
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above object is also achieved by a non-transitory, computer-
readable data storage medium, which can therefore be loaded
directly into a memory of a programmable image processing
computer, that has program code to carry out all steps of the
inventive method when the code is executed in the image
processing computer.

[0035] Ina preferred embodiment of the inventive method
the regularization term is based on a correlation matrix which
takes into account the sought image data values at different
echo times and at different image points.

[0036] The correlation matrix I designates the strength of
the signals S(Tj ,x)=S (x)=1,(x) allocated to one specific
location x and one specific echo e having a corresponding
echo time T, for a specific local region having constant
phase accumulation ® and a number of echoes N . The local
region is defined by the voxels {x,},.;, . np Where Np
corresponds to the number of voxels in the local region. The
correlation matrix I therefore has the following form:

Lix)  hx) L) ..
hx1)  hx)

) ©

ei =

Ing (x1) -

[0037] The regularization term R can be based on a nuclear
norm of a local correlation matrix which takes into account
the sought image data values at different echo times and at
different image points of a local region.

[0038] The nuclear norm of the above-described local cor-
relation matrix is:

PN, = spVIPTTPT = 3" o | @
i

[0039] Here o, are the singular values of the matrix 1 in
relation to the i”” local region. P indicates the total of the local
regions. The matrix I¥* is the matrix adjoint to I,
[0040] In a particularly effective variant of the inventive
method the regularization term R is based on a total of the
nuclear norms of a number of local correlation matrices 14,
[0041] Forexample, the regularization term R as the total of
the nuclear norms of all P local regions is

®

R= ) 1P,

M~

i

[0042] The entire target function, on which the inventive
method for ascertaining image data is based, for this embodi-
ment is:

Z=DK+AxR= E

k.ec

2 P
D i Celele0) = Deell) |+ 1P,

7 i=1

[0043] In a preferred embodiment of the inventive method
the image data is reconstructed by optimizing the target func-
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tion under the condition that the correlation matrices have an
optimally low rank. The target function Z according to equa-
tion (9) already takes into account the condition that the
sought correlation matrices have an optimally low rank since
the nuclear norm used in the target function Z is a measure of
the rank of a matrix.

[0044] Additionally or alternatively, the image data can be
reconstructed by optimizing the target function under the
condition that the correlation matrix comprises a rank which
matches the number of number of chemical substance types.
[0045] As an example, the rank of the optimized correlation
matrix is likewise 2 in the case of two different chemical
substance types.

[0046] In a particularly effective embodiment of the inven-
tive method, the target function is iteratively optimized. The
data consistency and the signal-to-noise ratio of the recon-
structed image data is improved by each iteration step.
[0047] The inventive method is preferably used on a mix-
ture of chemical substances, wherein the chemical substance
types include fat and water.

[0048] The inventive method can be applied particularly
effectively and quickly to a substance mixture in which the
number of chemical substance types is exactly 2, as is the
case, forexample, if only the substance types fat and water are
taken into account in imaging.

[0049] Inavery practicable variant of the inventive method
for the reconstruction of image data for at least two different
chemical substance types, the raw data for the defined region
has been ascertained at 4 or 6, preferably 8, different echo
times at least.

[0050] An increase in the number of echoes in an imaging
MR method increases the amount of scan data acquired per
time and therefore contributes to a shortening of the exami-
nation of the patient.

[0051] The inventive method for the reconstruction of
image data for at least two different chemical substance types
can be applied particularly exactly if the local region encom-
passed by the local correlation matrix is chosen such that the
phase error in the local region is approximately constant. As
already mentioned, the division of the local regions is based
on the fact that the phase accumulation according to equation
(3) is sufficiently constant in a delimited local region of a
region to be examined since the phase accumulation can be
ignored in the consideration of the local region in this case.
[0052] Inavariant of the inventive method for ascertaining
image data the local region comprises a region of 10¥10*10,
preferably 5*5*5 image points.

[0053] The inventive method for the reconstruction of
image data for at least two different chemical substance types
can be used particularly effectively if, subsequent to the
reconstruction of an image data record, which comprises
image data corrected of delays and artifacts but not yet sepa-
rated according to substance type, a Dixon method or another
method suitable for separation of the image data according to
different chemical substances is then applied.

[0054] As mentioned, both the convergence and the robust-
ness with respect to image artifacts are improved with a
procedure of this kind. The duration of the inventive method
is also shortened due to the improved convergence.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] FIG. 1 is a flowchart of an exemplary embodiment
of an inventive method for the reconstruction of image data
for at least two different chemical substance types.
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[0056] FIG. 2 is a flowchart of an exemplary embodiment
of an inventive method for ascertaining image data for at least
two different chemical substance types.

[0057] FIG. 3 schematically illustrates a magnetic reso-
nance system according to an exemplary embodiment of the
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS It will hereinafter be assumed,
without limiting the generality of the invention, that
the chemical substances are water and secondly fat.

[0058] FIG. 1 illustrates a method 100 for the reconstruc-
tion of image data W, F for at least two different chemical
substance types in a defined region of an examination object
O according to one exemplary embodiment of the invention.
The reconstruction is based on raw data RD |, RD,, ... RD,
which has been ascertained for the defined at different echo
times by means of a magnetic resonance scan. In step 1.1 start
values I, are fixed for a correlation matrix I that is to be
determined. Optimization can begin at “0”, in other words, all
images are set to zero. Optimization can also be performed
firstly without regularization (and this is quicker) and use the
poor images from this optimization as the start values.
[0059] In step 1.II a target function Z, as is given for
example by equation (9), is then optimized as a function of a
correlation matrix I that is to be determined. The ascertained
raw data RD, RD,, . .. ,RD, is incorporated in the calcu-
lation of the target function, as is illustrated by equation (9).
Optimization of the target function Z can be achieved for
example by a numerical iteration method to minimize a func-
tion. Such iteration methods are, for example, the augmented
Lagrange multiplier method, the split Bregman method or the
proximal gradient algorithm. In step 1.III the ascertained
correlation matrix is subjected to a separation method to
separate image data of different chemical species. As a result
of step 1.1II the image data separated according to different
chemical species is obtained.

[0060] FIG. 2 illustrates a method 200 for ascertaining
image data for at least two different chemical substance types
in a defined region of an examination object by means of an
imaging magnetic resonance scan according to one exem-
plary embodiment of the invention. As shown in FIG. 2, the
method 200 begins at step 2.1 with the acquisition of magnetic
resonance echo raw data RD,, RD,, . .., RD, of a defined
region ROI at different echo times. The remaining steps 2.1 to
2.1V correspond to the steps 1.1 to 1.111, so reference is made
at this point to the description of FIG. 1.

[0061] FIG. 3 illustrates roughly schematically an inventive
magnetic resonance system 1 (hereinafter called “MR sys-
tem” for short), with which the inventive methods can be
carried out. The system 1 includes the actual magnetic reso-
nance scanner 2 having an examination space 3 or a patient
tunnel that extends in the z direction and into which, on a
couch 8, a patient or test person O or another examination
object, in whose body the region of interest ROl is located, for
example a specific organ, can be moved.

[0062] The magnetic resonance scanner 2 is conventionally
fitted with a basic field magnet system 4, a gradient system 6
and an RF transmitting antenna system 5 and RF receiving
antenna system 7. In the illustrated exemplary embodiment
the RF transmitting antenna system 5 is a body coil that is
permanently fitted in the magnetic resonance scanner 2,
whereas the RF receiving antenna system 7 comprises local
coils that are to be arranged on the patient or test person
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(symbolized in FIG. 3 by only a single local coil). The body
coil may also beused as an RF receiving antenna system and
the local coils as an RF transmitting antenna system if these
coils can each be switched into different operating modes.

[0063] The MR system 1 also has a central controller 13
which is used for controlling the MR system 1. This central
controller 13 has a sequence control computer 14 for pulse
sequence control. Using this, the sequence of radio-frequency
pulses (RF pulses) and gradient pulses is controlled as a
function ofa chosen imaging sequence. An imaging sequence
of this kind can be specified, for example, inside a scan
protocol or control protocol which is stored, for example, in a
memory 19 and can be chosen by an operator and optionally
be modified. In the present case the sequence control com-
puter 14 is designed such that any echo pulse sequence can be
carried out for the acquisition of the raw data RD,, RD,, . ..
RD, at different echo times.

[0064] For emitting the individual RF pulses, the central
controller 13 has a radio-frequency transmitter 15 that gen-
erates the RF pulses, amplifies them and feeds them via a
suitable interface (not shown in detail) into the RF transmit-
ting antenna system 5. For controlling the gradient coils of the
gradient system 6 the controller 13 has a gradient system
interface 16. The sequence control unit 14 communicates
appropriately, for example by emitting sequence control data
SD, with the radio-frequency transmitter 15 and gradient
system interface 16 to emit the echo pulse sequence. The
controller 13 also has a radio-frequency receiver 17 (likewise
communicating appropriately with the sequence control unit
14) to acquire magnetic resonance signals, i.e. the raw data
RD,,RD,, ... RD,4, received in a coordinated manner from
the RF transmitting antenna system 7.

[0065] In the present case the central controller 13 has an
inventive image processor 20 which may be implemented, for
example, in the form of software on an arithmetic unit of the
central controller 13, for example a microcontroller or the
like. This image processor 20 takes over the acquired raw data
RD,, RD? . ..RD,, via an interface 11. The acquired raw
data RD,, RD,, . . . RD,; is then transmitted to an image
reconstruction unit 12. The image data reconstruction com-
puter 12 has an optimization stage 23 and an image ascertain-
ment stage 22. The image data reconstruction computer 12 is
designed for the reconstruction of image data W, F of the
defined region ROI on the basis of the acquired magnetic
resonance echo raw data RD,, RD,. First a start value [, fora
correlation matrix [ that is to be optimized is fixed in the
optimization stage 23, and this is then optimized with the aid
of a target function Z, as is shown, for example, in equation
(9). The optimized correlation matrix [ is forwarded to the
image ascertainment unit 22 which is designed to ascertain
image data W, F, separated for the defined region RO], for the
different chemical substance types i.e. water and fat for
example, on the basis of the optimized correlation matrix |
which comprises the signal data S(Tz_,x). Ascertaining the
image data for more than two different substance types is also
possible.

[0066] The central controller 13 can be operated via a ter-
minal having an input unit (monitor) 10 and a display unit 9,
by which the entire MR system 1 may also be operated by an
operator. MR images, in particular the fat and water image
data, may also be displayed separately on the display unit 9,
and scans can be planned and started by the input unit 10,
optionally in combination with the display unit 9.

Aug. 11,2016

[0067] The methods and components described in detail
above are only exemplary embodiments and the basic prin-
ciple may be varied within broad regions by those skilled in
the art, without departing from the scope of the invention. The
inventive MR system 1 and in particular the controller 13 can
also have a large number of further components, not shown
here in detail but conventionally present on such devices, such
as a network interface to connect the entire system to a net-
work and to be able to exchange raw data and/or image data,
but also further data, such as for example patient-relevant data
or control protocols, and to be able to store it on external
memories for archiving and optionally subsequent output.
[0068] Although modifications and changes may be sug-
gested by those skilled in the art, it is the intention of the
inventor to embody within the patent warranted hereon all
changes and modifications as reasonably and properly come
within the scope of his contribution to the art.

I claim as my invention:

1. A method for reconstructing image data for at least two
chemical substance types in a defined region of an examina-
tion object, comprising:

providing a processor with raw magnetic resonance data

acquired from a defined region in an examination object
at different echo times in a magnetic resonance scan,
said defined region comprising at least two different
chemical substance types;

in said computer, executing a reconstruction algorithm to

reconstruct image data from said raw data, using a target
function, comprising a regularization term, that corre-
lates image data of the different echo times, in order to
produce a reconstructed image of the region in which at
least one of said two different chemical substance types
is represented; and

making the reconstructed image available from the com-

puter in electronic form.

2. A method as claimed in claim 1 comprising, in said
reconstruction algorithm, formulating said regularization
term based on a correlation matrix that takes into account
sought image data values at different echo times and at dif-
ferent image points.

3. A method as claimed in claim 2 comprising applying
said reconstruction algorithm to said raw data by optimizing
the target function dependent on a condition selected from the
group consisting of said correlation matrix having a low rank,
and the correlation matrix has a rank that matches the number
of said chemical substance types.

4. A method as claimed in claim 3 comprising optimizing
said target function iteratively.

5. A method as claimed in claim 3 comprising selecting
said local region to cause a phase error in said local region to
be approximately constant.

6. A method as claimed in claim 5 wherein said local region
is comprised of 10x10633 10 image points.

7. A method as claimed in claim 5 wherein said local region
comprises 5x5x5 image points.

8. A method as claimed in claim 1 comprising, in said
reconstruction algorithm, formulating said regularization
term based on a nuclear norm of a local correlation matrix that
takes into account sought image data values at difterent echo
times and at different image points of a local region.

9. A method as claimed in claim 1 comprising, in said
reconstruction algorithm, formulating said regularization
term based on a total of a plurality of nuclear norms respec-
tively for a plurality of local correlation matrices, wherein
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each local correlation matrix takes into account sought image
data values at different echo times and at different image
points of a local region.

10. A method as claimed in claim 1 comprising acquiring
said raw data from said defined region during at least four
different echo times.

11. A method as claimed in claim 1 comprising applying a
Dixon method to separate image data of said different chemi-
cal substances in said image reconstruction algorithm.

12. A method for ascertaining image data for at least two
different chemical substance types in a defined region of an
examination subject, comprising:

providing a computer with raw magnetic resonance data

acquired from an examination object at different echo
times in a magnetic resonance scan, said defined region
comprising at least two different chemical substance
types;

in said computer, executing a reconstruction algorithm to

reconstruct image data from said raw data, using a target
function, comprising a regularization term, that corre-
lates image data of the different echo times, in order to
produce a reconstructed image of the region in which at
least one of said two different chemical substance types
is represented; and

making the reconstructed image available from the com-

puter in electronic form.

13. An image processor for reconstructing image data for at
least two chemical substance types in a defined region of an
examination object, comprising:

an input interface configured to receive raw magnetic reso-

nance data acquired from a defined region in an exami-
nation object at different echo times in a magnetic reso-
nance scan, said defined region comprising at least two
different chemical substance types;

a computer configured to execute a reconstruction algo-

rithm to reconstruct image data from said raw data, using
a target function, comprising a regularization term, that
correlates image data of the different echo times, in
order to produce a reconstructed image of the region in
which at least one of said two different chemical sub-
stance types is represented; and
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said computer being configured to make the reconstructed
image available from the computer in electronic form.

14. A magnetic resonance (MR) apparatus comprising:

an MR scanner adapted to receive an examination object
therein;

a computer configured to operate the MR scanner to
acquire raw magnetic resonance data from a defined
region in an examination object at different echo times in
amagnetic resonance scan, said defined region compris-
ing at least two different chemical substance types;

said computer being configured to execute a reconstruction
algorithm to reconstruct image data from said raw data,
using a target function, comprising a regularization
term, that correlates image data of the different echo
times, in order to produce a reconstructed image of the
region in which said two different chemical substance
types are represented; and

said computer being configured to make the reconstructed
image available from the computer in electronic form.

15. A non-transitory, computer-readable data storage
medium encoded with programming instructions, said stor-
age medium being loaded into a processor of a magnetic
resonance apparatus, and said programming instructions
causing said processor to:

receive raw magnetic resonance data acquired from a

defined region in an examination object at different echo
times in a magnetic resonance scan, said defined region
comprising at least two different chemical substance
types;

execute a reconstruction algorithm to reconstruct image

data from said raw data, using a target function, com-
prising a regularization term, that correlates image data
of the different echo times, in order to produce a recon-
structed image of the region in which at least one of said
two different chemical substance types are represented;
and

make the reconstructed image available from the computer

in electronic form.
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