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METHOD AND MAGNETIC RESONANCE
SYSTEM TO DETERMINE
SYSTEM-DEPENDENT PHASE
INFORMATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention concerns a method to determine an
MR system-dependent phase information of a phase value in
an MR phase image data set, and an MR system with which
the MR system-dependent phase information can be calcu-
lated.

2. Description of the Prior Art

Phase imaging has a broad field of application in magnetic
resonance tomography (MRT). For example, the phase infor-
mation contained in the MR signal can be used in suscepti-
bility-weighted MRT, phase contrast MRT, for flow measure-
ment, to determine the fat content in a tissue, and for
thermometry. In thermometry or thermotherapy methods, the
temperature in tumor cells is specifically increased in order to
kill the cells or to make the tumor cells sensitive to accom-
panying therapy measures such as chemotherapy or radiation
therapy. For example, tissue heating can take place via lasers
or ultrasound, or RF antennas. In order to not significantly
stress the healthy tissue due to the increased temperature, a
temperature monitoring of the heated tissue is required. Due
to the temperature dependency of some MR parameters such
as the chemical shift, MRT has the potential to non-invasively
show temperature changes. Given temperature monitoring
based on the temperature dependency of the chemical shift,
the resonance frequency altered by the temperature increase
is detected in a modified phase position in the image point.
However, since the temperature dependency is slight, with
-0.01 ppm/° C., it is important to know the phase information
dependent on the MR system or, respectively, the phase
change dependent on the MR system so that the temperature
information determined from the phase information is not
adulterated. Given temperature imaging based on the chemi-
cal shift, only temperature changes can be shown via calcu-
lations of phase changes. It is also important to separate the
system-induced phase change from the temperature-induced
phase change. The phase drift existing over time due to the
change of the B0 field can be determined via reference image
points that are not heated, for example. Given this difference
calculation of phase data sets acquired at different points in
time, it can occur that the patient moves or the magnetic
environment changes between the measurements.

One problem given the use of phase information is the
presence of water and fat molecules in a tissue. First, the
resonance frequency of fat and water differ by approximately
3.5 ppm, and second, the chemical shift of fat is not tempera-
ture-dependent. In a method named for Dixon, the phase drift
generated due to B0 field inhomogeneities is estimated in
order to separate fat from water. The standard assumption in
Dixon fat-water separation is that the signal in a voxel is
generated by two different populations: fat molecules and
water molecules. If the fat proportion is designated as r, the
water proportion is (1-r), wherein r is between 0 and 1. Each
molecule has its own angular frequency o, for fatand ,,,,,,
for water. Due to the different resonance frequency, the signal
proportions of the two molecules are either in phase or
counter-phase depending on the echo time.

Furthermore, techniques known as reference-less methods
for generation of phase image data sets are known in which
the system-dependent phase information is not measured in
an additional reference subject.
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For example, in methods with reference subjects the refer-
ence subject can be the patient himself, wherein a reference
data set is measured before heating. In flow measurement a
flow-coding gradient can be activated and deactivated. Flow
measurements are often measured without reference subject.
Given these reference-less approaches it is assumed that the
MR system-dependent phase information changes only
slowly over the field of view of the image, such that—if a
reliable phase information is known at some image points—
the MR system-dependent phase change can be approximated
via interpolation, for example via a low order polynomial.
However, the selection of valid phase reference points is
necessary for this, based on which the phase development
across the image can be approximated. It is thus necessary to
differentiate between valid image points and other image
points in which the MR system-dependent phase influence
must be estimated.

This division into valid and invalid image points is difficult
to implement since image points must be found in which the
tissueis not heated, nor does a possible fat-water combination
adulterate the phase information.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a method
with which it is possible to determine a spatial, MR system-
dependent phase change or, respectively, phase information
in an MR phase image data set.

According to a first aspect of the invention, in a method to
determine an MR system-dependent phase information of a
phase value in an MR phase image data set, in a first step of the
invention initial variances are associated with the individual
image points of a first phase image data set. This means that
initial variances are determined at optimally many image
points in a shown examination region. In a further step, to
generate an additional phase image data set, a phase value and
a variance of the phase value for the image points of the
further phase image data set are estimated by subjecting the
first phase image data set to a linear transformation and the
additional phase image data set is subsequently calculated by
weighted addition of the phase values of the first phase image
data set with the estimated phase values. The weighting of the
two phase values takes place in the addition depending on the
variance belonging to the respective phase value. Due to the
linear transformation, the phase information in the image
points of the first phase image data set is transferred to the
phase values of the further image data set. However, the items
of phase information contained in the individual image points
themselves have a defined uncertainty or imprecision that is
expressed by the variance. Given the calculation of the addi-
tional image data set or, respectively, given the calculation of
the phase values of the additional image data set, the phase
information of the first image data set and the phase informa-
tion of the additional phase image data set are now weighted
depending on the variance that is present in the respective
image point.

The weighting of a phase value in the addition is preferably
higher the smaller the variance belonging to the phase value.
Conversely, the weighting of a phase value in the addition is
smaller if the associated variance of the phase value is high.
Expressed in a different way, phase information in which the
phase value can be determined with high precision has a high
weighting while phase values in which a precise statement
about the phase information is not possible have a low weight-
ing. Instead of the selection of reference image points with
whicha certain phase position can be associated, and extrapo-
lation of the phase information at the image points for which
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no certain phase information is present, the image points are
accounted for according to the invention depending on their
imprecision or variance.

According to a preferred embodiment of the invention,
given the association of initial variances the first phase image
data set has a first group of image points at which the variance
essentially depends on a signal-to-noise ratio of the MR sig-
nal with which the first phase image data set was generated.
The signal strength—i.e. the magnitude signal—can thereby
be considered in relation to the noise. Furthermore, a second
group of image points is advantageously provided in which
the variance is determined with the aid ofa model that is based
on the respective image point and with whose help a variance
in the image point is determined. As is explained in detail
below, the variance of the image points of the second group
can be determined, for example, with the use of a model that
accounts for which image points are heated, what the fat/
water ratio in an image point is, how the susceptibility of the
tissue at the image point behaves etc.

The variance-dependent addition and the calculation of the
additional phase image data set are repeated iteratively via
addition of the phase values of one phase image data set in the
iteration step 1 per -1 and the phase values of the phase image
data set at iteration step i. This iteration can be repeated up to
the creation of a final phase image data set that then corre-
sponds to the MR system-dependent spatial phase informa-
tion. In the iteration steps the phase image data sets are
subjected to the linear transformation until they approach a
final spatial phase distribution across the image, which then
corresponds to the system-dependent phase information or,
respectively, phase development. If the difference in the
phase image data sets between two iteration steps is less than
a predetermined limit value, this final image data set is
achieved.

The linear transformation can take place by aliasing of the
first phase image data set with a filter kernel. Given filtering
with a filter kernel, a kernel matrix is applied to each image
point of the image, wherein the kernel includes multiplication
factors that are applied to the image point itself and its neigh-
bors. The sum of the products of the image point values then
replaces the value in an image point with the corresponding
matrix elements. An example of a filter kernel is, for example,
a three-by-three matrix with zeroes in the diagonal elements
and with values of one-quarter in the remaining four matrix
elements. Four different filter kernels are naturally possible
that form a linear transformation.

Tt is likewise possible that the additional phase image data
set is estimated via aliasing with multiple different filter ker-
nels and the associated variances, wherein the phase values
resulting via the aliasing with the filter kernels can respec-
tively be weighted in the addition depending on the associated
variance. In particular in cases in which it is not clear which
filter kernel should be used, it is possible to apply different
filter kernels and to weight the results depending on the asso-
ciated variance. Since it can be difficult to determine in
advance which type of filter kernel should be used—for
example whether it should be an interpolating filter kernel or
an extrapolating filter kernel—this embodiment with the use
of multiple filter kernels offers the advantage to use the dif-
ferent filter kernels and to weight the results depending on
their variances. The initial variances are independent of the
kernels that are used. However, different linear transforma-
tions combine these phases differently, and different vari-
ances then also produce the respective (aliased, for example)
results. For example, it can be that a filter kernel uses a point
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4
with a very high variance (or an invalid image point); the
result is then negatively weighted, which is indicated by a
high result variance.

A few exemplary embodiments of how initial variances in
image points can be associated are explained in the following.
In the event that only water molecules and no fat molecules
are contained in an image point, here the phase variance in
this image point depends on the magnitude of the signal or,
respectively, the signal-to-noise ratio of the signal. For this
reason the variance in the phase data can vary from image
point to image point.

Only a measurement ofthe phases is typically present, such
that no variance can be directly surveyed from the data in
statistical methods. The approach sought here is based on the
knowledge of the signal-to-noise ratio of the image point. The
amplitude of the signal is the magnitude. The noise can be
estimated based on multiple methods. Some of these methods
are based on the fact that, in the ideal case, the noise in
complex MR data has the same Gaussian statistics for all
image points. It can thus be estimated particularly well in
regions without signal, i.e. in the background or in homoge-
neous areas. As an alternative to this, a noise measurement
can be made in that the signal is measured without excitation
pulse, for example. Since the noise response changes in a
predictable manner between measurements, for example due
to the bandwidth or the k-space scanning, noise measure-
ments do not need to be repeated constantly. The spatial
modulation of the variances can also be predicted given par-
allel acquisition acceleration and incomplete k-space scan-
ning. If a phase is calculated via a logarithm from an MR
signal (x) with Gaussian noise and a covariance matrix “C”,
this calculated phase has a (Laplace-approximated) covari-
ance “D” whose inverse is calculated from the following
matrix elements:

(D =050 *C =15 5, €12

In the case of a spatially (or spectrally) independent noise
distribution (white, Gaussian noise), the matrices “C” and
“D” are distorted diagonally and by the following formula:

(D=5, *C

The signal dependency of the variance can also be used in
image points in which adipose tissue is contained in the image
points; however, the adipose signal portion has been sup-
pressed via fat suppression or has been determined with the
aid of the Dixon method.

If an image point predominantly contains fat tissue, the
initial variance can, for example, be determined with consid-
eration of the fat-induced phase angle and the measured phase
angle in this image point. In image points with predominantly
aqueous tissue, as mentioned above the signal intensity of the
signal magnitude in this image point can be used to determine
the initial variance. If the tissue in an image point for which an
initial variance should be determined has been heated relative
to the surrounding tissue, the phase change induced by the
heating can also be taken into account in the determination of
the variance. For example, the phase change induced by the
heating can be used in order to determine a maximum phase
change, and this can be used as a minimum standard devia-
tion. If the heated region is known, for example, the highest
temperature in the environment can be used (for example via
a temperature model) in order to conclude a maximum tem-
perature-induced phase change from the highest temperature.

In the second group of image points in which the variance
should be determined with the aid of a model, image points
which do not contain any reliable phase information can be
contained for which a phase information and a variance
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should, however, be estimated via the linear transformation.
Furthermore, this second group can contain image points for
which no phase value should be estimated via the linear
transformation. For image points outside of the body, or
image points within vessels or implants, the phase value in the
image point has no information that corresponds to a slow
variation across the image plane. For example, for these
image points it is advantageous to estimate no phase value and
no variance and, in the case of the iteration, the variance of
these image points between the iterations steps can in turn be
set as “unknown” so that, in the linear transformation, the
phase values in these image points do not affect the phase
values in other image points in which a phase value should be
estimated. For example, these image points can be set as
“unknown” via a very high variance.

It is likewise possible to compare with one another phase
image data sets that were estimated via different linear trans-
formations. The phase image data sets generated with differ-
ent linear transformations should respectively result after the
iteration in the final phase image data set that reflects the
system-dependent phase values in the image points. If the
difference between two final image data sets is greater than a
limit value that can result from the variances, an error mes-
sage can be generated and indicated, for example. In one
embodiment the MR system-dependent phase information
determined as above can be used to calculate a temperature
value in an image point that is determined with the aid of the
phase values of the MR phase image data set.

For image points in which the initial variance is essentially
calculated under consideration of the signal intensity of a
background signal with the aid of the signal intensity in the
associated image point, a Laplace approximation method can
be applied to the complex MR signals in the calculation.

The invention likewise concerns an MR system with which
the aforementioned method can be implemented. In particu-
lar, the MR system has a computer that implements the vari-
ance-dependent addition of the phase image data sets.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows an MR system with which an
MR system-dependent phase information can be calculated.

FIG. 2 is a flow chart for implementation of the calculation
of the MR system-dependent phase information.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Shown in FIG. 1 is an MR system 10 with a magnet 11 to
generate a B0 field into which can be inserted an examined
person 12 who is arranged on a bed 13. For example, the
shown MR system can be used for a thermotherapy in which
individual regions of the body of the examined person are
heated in order to destroy localized tumor tissue in the heated
region. With acquisition of MR signals and the generation of
phase images, the temperature development in the examined
person can be checked non-invasively in two or three dimen-
sions, for example in that gradient echo sequences with a
predetermined echo time TE are used in order to conclude a
temperature change AT ina phase change A¢. The MR system
10 has a central control unit 14 with which the MR system can
be controlled. Only a few components of the MR system are
described in the following, since how an MR image can be
generated (via detection of the MR signal by radiation of RF
pulses by an RF controlunit 15 and simultaneous switching of
gradient pulses by a gradient control unit 16) is known in
general to the man skilled in the art. The sequence of the
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radiation of the RF pulses and the switching of the gradients
is controlled in a sequence control unit 17. The MR intensity
image or, respectively, MR phase image can then be calcu-
lated in a computer 18 and be presented on a display 19. An
operator can control the selection and input of an imaging
sequence via an input unit 20. Furthermore, the phase (which
is dependent on the MR system or, respectively, the B0 insta-
bility) can be calculated in the computer 18.

In temperature imaging by means of the chemical shift, a
temperature change AT is detected as a phase change A,
wherein the following correlation exists between A¢ and AT:

AQ=YB,aAT-TE (1)

wherein TE is the echo time of the imaging sequence, y is the
gyromagnetic ratio, and B0 is the field strength and o is the
temperature dependency of the chemical shift that amounts to
-0.01 ppm/° C. However, the phase information resulting
from the MR signal can also be of importance in other fields,
for example in susceptibility-weighted MRT, in phase con-
trast MRT or in flow measurement by means of phase coding.

In all applications that are based on phase information, it is
important to know the phase change (induced by a B0 insta-
bility, for example). Furthermore, it is important to known the
phase development across the image that is induced indepen-
dent of the selected imaging sequence and the echo time, for
example due to the acquisition path or due to spatial B0
inhomogeneities.

In FIG. 2 a method is shown with which the systems-
dependent spatial phase distribution across the field of view
of the MR system can be determined. After the start of the
method in Step 21, in Step 22 original phase data are acquired,
meaning that an MR data set is acquired and the phase of the
detected MR signal is shown in each image point. In addition
to the phase information, the magnitude information of the
MR signal can also be determined by absolute value calcula-
tion of the imaginary part and real part of the acquired signal,
as is known to those skilled in the art. When the original phase
information in the individual image points is known, in Step
23 initial variances can be associated with the individual
image points. The uncertainties in the original phase data and
the uncertainties of a model that is set up or used for the
determination of the variances in the individual image points
are taken into account.

The phase image data set measured (acquired) in Step 22
contains image points with a relatively well defined uncer-
tainty, and this original phase data set also contains image
points at which prior information based on a model is used in
order to determine the variances. For example, if the image
points contain only portions of water and no fat, the variance
in these image points can be determined depending on the
magnitude of the signal in this image point. If the magnitude
signal is rather high the variance is rather smaller, while the
variance in an image point will be increased given a small
signal contribution. Since the signal intensity changes from
image point to image point, the variance also changes from
image point to image point. For example, an initial variance
for these image points can be calculated with the signal inten-
sity of the MR magnitude signal and the signal intensity of the
background signal. One embodiment is the application of the
Laplace approximation method to the complex MR signals
with consideration of the error propagation of Gaussian
errors. The influence of an error in “x” is estimated at a
variable “y” calculated from “x” via a (possibly multidimen-
sional) Taylor representation. In the event that it is possible to
suppress the fat signal in these image points or to calculate the
proportion of the fat signal, this also applies for image points
that contain fat. As is known, the fat/water proportion in an
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image point can be determined via the Dixon method. Image
points that essentially contain fat can also be identified with
the aid of segmentation algorithms in addition to the known
Dixon method. Given image points that contain only fat, the
system-dependent phase change cannot be separated from the
phase change due to a temperature change, for example.
However, since fat does not have any temperature-dependent
phase change, a phase change in fat can be estimated with
g, XT,. The average value and the variance of the system-
induced phase read:

Estimate[0 opo] =0, asire—Estimate| wy,,|

Variance[m spo] =Variance[,,,.,,..s]+ variance[ Esti-
mate[wg,]] (2)
O,,onsureq 161 15 the measured frequency, w , 5, 18 the sys-

tem-dependent frequency change, whereby the variance of
the system-dependent frequency change results from the vari-
ance of the measured frequency and the variance of the esti-
mated fat frequency.

If image points are present that essentially contain fat, the
fat image points can be used as a temperature-independent
reference phase so that it is possible to determine the system-
dependent deviation of the resonance frequency. In the event
that phases should be determined in body regions that are
heated, the phase change induced by the heating can be taken
into account in the determination of the initial variance
according to the above Equation 1. However, for this it is
necessary to have approximate information about the tem-
perature change in the individual regions. Furthermore, in the
original phase data set image points are identified for which
no variance and no phase information should be determined
based on a model, for example at image points that contain
vessels or at image points at which the susceptibility differs
significantly from that of the surrounding tissue. Although the
variance value is unknown at tissues with slight susceptibility
differences, it should be calculated as explained in the fol-
lowing via iteration and linear transformation. Given image
points outside of the body or in vessels [or] implants, the
phase information does not follow the presumed harmonic
field development of a slightly changing field, such that here
it is advantageous to not calculate the variance or, respec-
tively, to assume the variance to be unknown again after each
calculation in the iteration.

If the variances in the individual phase image points are
associated, it is possible to estimate the phase values and the
variance in Step 24 by a linear transformation. This linear
transformation can be implemented via multiplication of the
original phase data set with a filer kernel. An example of a
filter kernel can be:

0 025 0
F:[O,ZS 0 0,25]

0 025 0

Naturally, other filter kemels (Gaussian filter kernels, for
example) can also be used. A filter kernel with weightings w
can be applied to a phase data set s with the original phase
data being replaced by the weighted sum of w and x and s,
wherein the X corresponds to an aliasing. The index i corre-
sponds to the iteration step during the iteration, as is
explained in detail in the following. In order to account for the
original data, a binary mask m and an inverse mask m are

10

15

20

25

40

45

55

60

65

8

used. By transformation of the data, the aliasing can be rep-
resented as a multiplication, such that the following applies:
st=msLemw & s => =M T 3
According to the invention, instead of 0 and 1 for the values
of m or, respectively, m, each value is now accounted for
depending on the variance of each value according to follow-
ing Equation:

(09 0, O O, @5

P+ (PO PV W Q)

whereins® and v° are the original phase information and the
variance associated with this, 5™ is the phase information of
the preceding iteration and v, is the variance of the data
aliased with the kernel. After the preceding transformation,
the above Equation 4 results with corresponding variables I°,
VO V-'and V, . As is apparent from the above Equation 4,
the initial phase value is weighted with the initial variance.
The term in the first large bracket with V® and V,,,* serves for
normalization. The variable I° corresponds to the phase infor-
mation in the image with the originally associated initial
variance V°, and V', is the variance of the data aliased with
the kernel. It is now necessary to determine the variable V', .
This variable represents the variance of WI"! and can easily
be calculated. If a discrete, linear transformation of a vector x
is represented as a matrix M, the result vector y can be
calculated via the formulay=M-x. Ifx is subject to a Gaussian
error statistic (with average=0 and covariance matrix Cx), the
covariance matrix of the result Cy is then given by the formula
Cy=M-Cx-M’. Here the function * stands for complex trans-
position. The principal diagonal of this covariance matrix
contains the variances of the values y. The variance of I can
now be calculated since this is also provided by a linear
transformation (Equation (4)).

In a next step the phase values can now be combined
depending on the variance, i.e. the original phase values of
Step 22 with the estimated phase values of Step 24 (Step 25).
If the variance of a phase value is small, its weighting in the
addition of the phase values will be high; if the variance is
large, the weighting will be small, since this suggests a large
uncertainty in the determined phase values. By the applica-
tion of the filter kernel, the phase contained in an image point
is transferred to the other adjacent image points, and a new,
additional phase image data set results. This new phase image
data set can be compared with the original phase image data
set (Step 26). If the difference between the newly created
phase image data set and the original phase data set is greater
than a predetermined limit value, this means that the stop
condition checked in Step 27 is not yet satisfied and the
application of the filter kernel to the new data—i.e. the esti-
mation of the phase values and the variance via the linear
transformation—is repeated. In Step 26 the phase image data
sets of the iteration steps 1 and i-1 are then compared again,
and the linear transformation is repeated until the difference
in the phase image data sets is smaller than the predetermined
limit value in successive iterations, which forms a stop con-
dition for the iteration. If the stop condition is satisfied, this
means that the final phase image data set exists in Step 28,
which then corresponds to the phase information that is due to
the MR system and the acquisition path.

If it is not clear which filter kernel should be used for the
linear transformation in Step 24, multiple filter kernels w* or
W can also be used and the results can be weighted depend-
ing on the variances. For example, the filter kernel can be an
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interpolating or extrapolating kernel. For multiple filter ker-
nels P, the above Equation 4 can be generalized as follows.

» P )

-1
(vifgs)’l] [(vo)lso + Z
=1

p=1

P
ip \—1 i
AR T

p=1

s = [(v()f1 +

P

r -1 r )
S0 = [(VO)'l £y (V‘Jv’n’l] [(VO)'U“ Y v W”I‘*l]

p=1 p=1

As in Equation 4, this formulation ignores the fact that the
errors in the variances may be correlated. Furthermore, here it
can be advantageous to take into account special or experi-
ment-based weightings k”. For example, this can take place in
order to place more weight on interpolating filter kernels, for
example if data from a closed surface or a closed contour
around the image points of interest are used instead of
extrapolating filter kernels. Furthermore, the weightings can
be used in order to reduce the proportion of the data calculated
via the kernel in comparison to the original data. Otherwise
the data aliased with the kernel would dominate the original
data; it is hereby possible to set

wP =

| =

from which Equation 6 follows.

§= (6)
P -1 u P
[(vof1 + Z K”(vﬁ,’sﬁfl] 0970+ Z KP(V, 712 Wes !
p=1 1 p=1
P - -1 4 - )
Ny [(vo)’1 + 3 kP viE) ] [(VO)’UO + ZK”(V&‘/’,) wrpil
p=1 p=1

The variance in an iteration step 1 is then

M

P ) -1
Vi = Variance(F') = [(VO)’l + Z &P (V{En’l]

p=1

Since each phase image data set filtered with the filter
kernel should ultimately lead to anidentical (namely the final)
phase image data set, a per-pair addition of data sets can be
used in order to test the calculation for inconsistencies. In
general, the difference between two calculated phase image
data sets should be smaller than the standard deviation of the
sum.

=y hy) (s k) DXV +L) T (S1-S)) ®)

X is thus the distance in standard deviations between the data
points. If this value is large, the underlying model is incorrect
and the calculation of the final phase image data set can, for
example, be terminated, or an operator can be informed. As an
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alternative to this, the probability that two phase data sets
have a defined distance can be calculated as follows:

©

Pisy =2 | vy, v2) =
1
(Qxy Det(y, + vz)*lExp(—;(sl s (v +v) sy —s:)]
P4
P -h|V, V)=

1
- By v vt - 12))

(27 'Det(V; + vz)*lExp(—

This probability can be used to identify the image points in
which artifacts dominate the phase information, or image
points in which the proposed model does not function.

In summary, the method described in the preceding has the
advantage that more image points can be used in the estima-
tion of the MR system-dependent phase information, wherein
each image point is weighted depending on the composition
and the signal-to-noise ratio. Furthermore, the variances can
be observed over the different iterations, and different filter
kernels can be combined.

Although modifications and changes may be suggested 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 to determine magnetic resonance (MR) sys-
tem-dependent phase information of a phase value in an MR
phase image data set, comprising the steps of:

providing a first MR phase image data set to a processor

that was acquired by operation of an MR system, said
first MR phase image data set representing a plurality of
image points;

in said processor, associating initial variances with respec-

tive image points of said first phase image data set;

for calculating an additional phase image data set, estimat-

ing, in said processor, a phase value and a phase variance
of the phase value for respective image points of said
second phase image data set by a linear transformation
of said image points of said first phase image data set;
and

in said processor, calculating said second phase image data

set by a weighted addition of the phase values of the first
phase image data set with the estimated phase values,
said weighting being dependent on the estimated vari-
ance of the phase value.

2. A method as claimed in claim 1 comprising, in said
processor, for each image point, the higher the variance of the
phase value, the lower the weighting of that phase value in
said addition.

3. A method as claimed in claim 1 comprising associating
said initial variances with said image points of said first phase
image data set to produce a first group of image points of said
first phase image data set at which said variance substantially
depends on a signal-to-noise ratio of an MR signal produced
by said MR system, and a second group of image points of
said first phase image data set for which the variance is
determined using a model based on the image points.

4. A method as claimed in claim 1 comprising iteratively
calculating said second phase image data set with a variance-
dependent addition of the phase values in an iteration step i-1
with the phase values of a phase image data set calculated in
aniteration step i, up to calculation of a final phase image data
set in which a difference between the phase values in a last
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twoiteration steps is smaller than a predetermined limit value,
said final phase image data set corresponding to said MR
system-dependent phase information.

5. A method as claimed in claim 1 comprising implement-
ing said linear transformation by aliasing said first phase
image data set with a filter kernel.

6. A method as claimed in c¢laim 5 comprising estimating
said second phase image data set by aliasing with multiple,
different filter kernels and associated variances with phase
values resulting from the aliasing with the filter kernels being
respectively weighted dependent on the associated variance.

7. A method as claimed in claim 1 comprising determining
said initial variance for an image point in which fat tissue
predominantly contributes to an MR signal acquired with said
MR system to produce said first MR phase image data set, by
determining a fat-induced phase angle and a measured phase
angle for said image point.

8. A method as claimed in claim 1 comprising determining
the initial variance for an image point in which aqueous tissue
predominantly contributes to an MR signal acquired by said
MR system to produce said first MR phase image data set,
based on a signal intensity of a magnitude of said MR signal.

9. A method as claimed in claim 1 comprising determining
said initial variance dependent on a temperature-induced
phase change for an image point representing tissue that was
heated relative to surrounding tissue.

10. A method as claimed in claim 1 comprising associating
said initial variances with said image points of said first phase
image data set to produce a first group of image points of said
first phase image data set at which said variance substantially
depends on a signal-to-noise ratio of an MR signal produced
by said MR system, and a second group of image points of
said first phase image data set for which the variance is
determined using a model based on the image points and
wherein said second group comprises image points contain-
ing no reliable phase information, said image points of said
second group comprising image points for which a phase
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value is to be estimated by said linear transformation, and
image points for which no phase value is to be estimated by
said linear transformation.

11. A method as claimed in claim 1 comprising comparing
phase image data sets estimated with different linear trans-
formations to each other, and generating, and making
humanly perceptible, an error message if a difference
between two estimated phase image data sets is greater than a
predetermined limit value.

12. A method as claimed in claim 1 comprising using said
MR system-dependent phase information to calculate a tem-
perature value from the phase values of the MR phase image
data set.

13. A method as claimed in claim 1 comprising calculating
said initial variance using a signal intensity of an MR mag-
nitude signal and a signal intensity of a background signal
acquired by said MR system, using a Laplace approximation
to the complex MR signals.

14. A magnetic resonance apparatus comprising:

a magnetic resonance data acquisition unit configured to
acquire a first phase image data set comprising a plural-
ity of image points; and

a processor provided with a first MR phase image data set
that was acquired by operation of an MR system, said
first MR phase image data set representing a plurality of
image points, said processor being configured to asso-
ciate initial variances with respective image points of
said first phase image data set and to calculate an addi-
tional phase image data set, and configured to estimate a
phase value and a phase variance of the phase value for
respective image points of said second phase image data
set by a linear transformation of said image points of said
first phase image data set, and configured to calculate
said second phase image data set by a weighted addition
of the phase values of the first phase image data set with
the estimated phase values, said weighting being depen-
dent on the estimated variance of the phase value.

L S S T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

ATHERSHEXNBUEEN T EMELIRRS

US8498461 K (2E)R

US13/303430 RiEHR

GROSS PATRICK

GROSS PATRICK

SIEMENS AKTIENGESELLSCHAFT

2013-07-30

2011-11-23

patsnap

[#R1& B8 A GROSS PATRICK

EBHA GROSS, PATRICK

IPCo S G06K9/00 A61B5/00

CPCH %5 G01R33/4828 A61B5/055 G01R33/4804 GO1R33/5608 G01R33/56316
& 102010061970 2010-11-25 DE

H AN FF Sk US20120134565A1

SNERaE Espacenet USPTO

BEGE)

EREMREMNEGEREETNHAMENMRRSHABALEEN S E

o, AR AFESE - HNERSHREANE G SHERE , F AN THMNME 19
MEGEIEA |, HUEXE, B E—HAVEGRIBEANLMETRERMG J

TR ESBEANERINAVENENSEZ, BINERMAIT
AL {EL A9 58 — A8 B (R B3R 4 A9 4 (B 2 1T DN AAR SR 1+ S Bf o B Bk
BA , HRmANMEAER IREUR T8 T8 RIAE AL E /Y 75 2 M 7E hE

RE, o

_

==

(
2



https://share-analytics.zhihuiya.com/view/81650cb7-9e09-4692-8f20-f5e88864bcdc
https://worldwide.espacenet.com/patent/search/family/046049793/publication/US8498461B2?q=US8498461B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=8498461.PN.&OS=PN/8498461&RS=PN/8498461

