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Description
FIELD OF THE INVENTION

[0001] The invention relates to medical devices and
procedures, in particular to a method for configuring a
medical device.

BACKGROUND OF THE INVENTION

[0002] Modern medical devices like imaging devices
have a large number of parameters that need to be ad-
justed for optimum operation. One example are magnetic
resonance (MR) imaging machines, which offer a large
number of acquisition parameters that influence the final
image characteristics. Improving the performance of
such medical devices based on the parameters may be
a complicated and time-consuming task.

[0003] US 2016/0058426 A1 discloses a method and
system for automatic control of image quality in imaging.
The method comprises transmitting image generating
signals into the object using selected system parameter
sets of the imaging system. The imaging system has a
number of different system parameter sets based on an
image ranking measure reflecting a subjective expert
opinion of a pre-defined set of images. The captured im-
ages are analyzed with respect to at least one image
quality feature to determine an image quality metric for
eachimage. The respective image quality metric for each
image are analyzed to identify an image associated with
a highest image quality metric and the system parameter
set used for generating the image associated with the
highest image quality metric can be selected as system
parameter set for imaging of the object.

[0004] US 2009/069668 A1 relates a method to sim-
plify non-contrast agent-enhanced MRI and provides for
a method for optimization of angiographic magnetic res-
onance images in which veins and arteries can be pre-
sented separately, wherein multiple MR overview images
are acquired, and at least one imaging parameter is var-
ied in the acquisitions of the MR overview images.
[0005] US 2015/199478 A1 discloses systems and
methods for identifying image acquisition parameters.
One method includes receiving a patient data set includ-
ing one or more reconstnictions, one or more preliminary
scans or patient infonnation, and one or more acquisition
parameters; computing one or more patient characteris-
tics based on one or both of one or more preliminary
scans and the patient information; computing one or
more image characteristics associated with the one or
more reconstructions; grouping the patient data set with
one or more other patient data sets using the one or more
patient characteristics; and identifying one or moreimage
acquisition parameters suitable for the patient data set
using the one or more image characteristics, the grouping
of the patient data set with one or more other patient data
sets, or a combination thereof.
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SUMMARY OF THE INVENTION

[0006] Various embodiments provide for a method for
configuring a medical device, control system, and com-
puter program product, as described by the subject mat-
ter of the independent claims. Advantageous embodi-
ments are described in the dependent claims.

[0007] Inone aspect, the invention relates to a method
for configuring a medical device, wherein said medical
device is an MRI system. The method comprises: pro-
viding a set of one or more parameters for configuring
the medical device. Each parameter of the set has pre-
defined values. A set of values of the set of parameters
may be selected from the predefined values. Using the
selected values the set of parameters may be set, which
results in an operational configuration of the medical de-
vice. The medical device may be controlled to operate in
accordance with the operational configuration, thereby
an operating status of the medical device may be deter-
mined. selecting, setting and controlling may be repeat-
edly performed until a desired operating status of the
medical device can be determined based on the operat-
ing statuses resulting from the controlling. Parameters
for configuring the medical device could for example be
image resolution, echo time (TE), repetition time (TR),
slice thickness, SENSE factor, flip angle, inversion time,
fat/water relation, frequency bandwidth, frequency and
phase encoding direction, number of averages etc.
[0008] Embodiments of the invention relate to incorpo-
rating parameter optimization as an ongoing task in the
normal device operation. A user sets a range or ranges
for a single configuration parameter or a set of parame-
ters to be evaluated, preferably defined in such a way
that normal device operation and usage is not or only
limitedly affected. This is achieved by selecting different
parameter sets from the ranges for different patients,
which are scheduled for a diagnostic MRI. In this way,
parameter or protocol optimization can be integrated in
the standard clinical workflow. For each use, parameter
sets are selected (e.g. randomly) from the provided range
or ranges. When reviewing the outcome, e.g. the ac-
quired medical images, the user is supplied with a simple
feedback mechanism to judge outcome quality, e.g. the
image quality. Based on the feedback, after the acquisi-
tion of data from multiple patients, a favourable param-
eter setcan be selected from the defined parameter rang-
es. Inthis way, (blind randomized) micro-trials for param-
eter optimization can be integrated in the normal work-
flow. The favourable parameter set can then later be used
on future, similar patients, e.g. similar in terms of body
part, age, gender, weight and / or clinical question
[0009] Adesired operating status of the medical device
can be determined based on the operating statuses re-
sulting from the controlling. For example, if the number
of operating statuses (which corresponds to the number
of iterations) is high enough this may enable to find a
desired operating status among the operating statuses
resulting from the controlling. The desired operating sta-
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tus may be determined by for example selecting the best
operating status among the operating statuses resulting
from the controlling. In another example, the desired op-
erating status may be determined by fitting a statistical
model to the operating statuses resulting from the con-
trolling in combination with their respective selected set
of values.

[0010] In one example, if in a current iteration the op-
erating status is a desired operating status the operation-
al configuration of the currentiteration may be maintained
e.g. as being an optimal configuration.

[0011] In another example, the desired operating sta-
tus may be obtained by comparing the operating statuses
of a predefined number of iterations and selecting among
them the optimal operating status. The selected set of
values of the set of parameters that provides the optimal
operating status can be used to set the set of parameters
to obtain the optimal configuration of the medical device.
[0012] In afurther example, the desired operating sta-
tus may be determined by generating an optimal set of
values out of the sets of selected values of the predefined
number of iterations. For example, the method may be
repeated until the number of iterations reaches the pre-
defined number of iterations e.g. 3 iterations. The three
iterations result in three sets of selected values. By com-
bining the three selected sets of values and correspond-
ing operating statuses an optimal set of values that cor-
responds to a desired operating status may be obtained.
The optimal set of values may be used to set the set of
parameters to obtain the optimal configuration. The com-
bination may for example comprise fitting regression
models to the three sets of values of the set of parameters
and base the selection of the optimal set of values of the
set of parameters on the model.

[0013] Thefirstiterationis orreferstothe firstexecution
of the method steps (e.g. the selecting, setting and con-
trolling steps).

[0014] The operational configuration may be main-
tained based on at least the operating status and the
number of iterations. For example, if the number of iter-
ations is smaller than a predefined number of iterations,
the operational configuration may not be maintained. In
case, the current number of iterations is higher than one,
the maintaining or rejecting of the operational configura-
tion may be based on the operating statuses determined
for each iteration of the iterations.

[0015] Theterm"medical device"as used hereinrefers
to a medical diagnostic device for performing a medical
diagnosis and/or to a medical therapeutic device for de-
livering a treatment. The medical device is a processor
controlled device. For example, the medical device is
configurable by a processor based device. The medical
device has a number of settings that can be modified
such that the medical device can operate in accordance
with the settings.

[0016] The medical diagnostic device may for example
comprise a medical imaging device. According to the
present invention, the medical device is an MRI system.
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[0017] The treatment may for example comprise a
drug, active therapy, tests or surgery. Active therapy
comprises at least one of, radiation therapy, chemother-
apy, anesthesiology, laser therapy, light therapy and oth-
er anatomically altering therapy, for example.

[0018] The set of parameters may be a subset of a
larger set of parameters. For example, the medical de-
vice may be configurable by N parameters. The set of
parameters may comprise a number of parameters that
is smaller or equal to N. The set of parameters may for
example be selected from the larger set. The selection
of the set of parameters may be a random selection. In
another example, the set of parameters may be selected
by a user of the medical device. In one example, the
method may be repeated (for parameter optimization) for
the remaining parameters of the largest set that are not
part of the set of parameters. This may enable an opti-
mization of the parameters in chunks.

[0019] Each parameter of the set of parameters may
be set by a constant value. The constant value of a pa-
rameter may be derived or selected from predefined val-
ues of the parameter. The predefined values may be dis-
crete values or a range of values. For each parameter of
the set of parameters, values may be defined. For exam-
ple, for a given parameter of the set of parameters one
or more values or ranges of values may be defined.
[0020] For example, a database may be provided
where each parameter of the set of parameters is asso-
ciated with its predefined values. Having multiple prede-
fined values for each parameter of the set of parameters
may enable finding the most optimal operational config-
uration of the medical device. In one example, the pre-
defined values of at least part of the set of parameters
may be time and/or location dependent. For example, a
parameter of the set of parameters may be associated
with different values for different time periods and/or dif-
ferent locations. For example, a monitor monitoring the
physiological state of a patient may have different set-
tings depending on the time of day, e.g. setting different
limits for alarms at nighttime than at daytime. In another
example, the predefined values of a location dependent
parameter may be provided based on the location of the
medical device. For example, if the medical device is
located in England a temperature parameter may be con-
figured in Fahrenheit units while in Germany the temper-
ature parameter may be configured in Celsius units.
[0021] The operational configuration of the medical de-
vice may be defined by setting values for at least the set
of parameters. For example, if the set of parameters is
a subset of the larger set of parameters, the remaining
parameters of the larger set may be fixed and the method
may be applied in order to optimize the set of parameters
while the remaining parameters are set to fixed values.
[0022] The operating status of the medical device may
be defined by one or more operating parameters of the
medical device. The operating parameters may be de-
scriptive of the operation of the medical device. The op-
erating parameters of the medical device may indicate
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the functional requirements of the medical device such
as the response time of the medical device. For example,
determining the operating status of the medical device
may comprise evaluating the operating parameters.
[0023] A safe operation may be guaranteed by setting
the predefined values of the set of parameters within a
certain range.

[0024] The present method may for example avoid set-
ting the parameters once at the initial setup of the medical
device without further optimizations. The present method
may enable a systematic parameter optimization.
[0025] The present method may enable optimizing
multiple parameters at a time. This is by contrast to a
complicated and time-consuming task, requiring chang-
ing one parameter at a time and evaluating its influence.
The present method of optimizing the parameters may
be an ongoing task in the normal medical device opera-
tion e.g. while a patient is treated by the medical device.
[0026] Non limiting examples of a parameter of the set
of parameters include: in case of an ultrasound imaging
system the set of parameters may comprise penetration
depth, frequency range and dynamic range. In case of
an electrocardiographic monitor the set of parameters
may comprise sampling rate, input impedance, ECG sig-
nal measurement range. In case of an infant warmer the
set of parameters may comprise heater power switch
range, patient temperature range control, temperature
resolution, maximum heater power output.

[0027] According to one embodiment, the controlling
of the medical device results in output data of the medical
device. The determining of the operating status compris-
es evaluating at least one predefined metric and com-
paring the evaluated metric with a predefined threshold
or with a predefined criterion. The criterion may for ex-
ample maps values of the metric to corresponding ratings
that indicate operating statuses and using the map to
identify the rating for the evaluated metric. In one exam-
ple, the threshold may comprise a reference value. The
reference value may be the value of the metric that is
determined for the medical device before starting the
present method for optimizing the set of parameters. By
comparing the metric value with the reference value it
may be determined whether the operating status of the
medical device is improved (e.g. response time becomes
shorter). Inanother example, the threshold may comprise
the metric value of a previous iteration. The previous it-
eration may be the iteration that immediately happened
before the currentiteration. The comparison of the metric
with the threshold may indicate the operating status of
the medical device. For example, if the evaluated metric
corresponds to expected values this may indicate a nor-
mal operation of the medical device that is not impeded.
This embodiment may enable a systematic way for au-
tomatically validating or rejecting chosen values of the
set of parameters.

[0028] According to one embodiment, the metric com-
prises at least one of: processing time (or response time)
of the medical device for performing the operation;
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matching level of the output data and predefined refer-
ence data; user rating of the output data and one or more
operating parameters of the medical device.

[0029] An operating parameter of the medical device
characterizes the operation of the medical device. Non-
limiting examples of the operating parameter include: re-
sponse time, processing time, measurement accuracy
(e.g. measurement accuracy of an ultrasound imaging
system that is to be better than 2% over 10cm distance
may indicate a desired operating status of the medical
device being the ultrasound imaging system), effective-
ness (a medical device is clinically effective when it pro-
duces the effect intended by the manufacturer), image
quality of the medical device being a medical imaging
device (the image quality may be user defined or auto-
matically evaluated), noise and contrast resolution of the
medical imaging device, stability of operation (in what
fraction of cases is the operation effective and does not
require intervention by an operator of the medical de-
vice), limiting harm or risk to the patient (e.g. reduction
in the amount of ionizing radiation applied by the medical
imaging device or a radiotherapy system).

[0030] According to one embodiment, the method fur-
ther comprises providing a visual indication of the oper-
ating status and receiving a user input indicative of the
maintaining of the operational configuration or of per-
forming the repetition. The user may provide feedback
on the displayed operating status. This may enable a
faster convergence of the present method as the user
may tolerate some features of the operation of the med-
ical device that may not automatically be possible. For
example, if a value of the operating parameter is smaller
than a threshold (even if the difference between the op-
erating parameters and the threshold is very small) the
method may automatically determine that the operating
status is not the desired one. However, the user may
accept the operating status as the desired one because
the difference between the operating parameters and the
threshold is very small.

[0031] In another example, the method further com-
prises ranking the operating statuses obtained in each
iteration of selecting, setting and controlling steps (e.g.
"excellent" rating may be ranked first, "very good" rating
is second ranked and so on), selecting the first ranked
operating status, providing a visual indication of the se-
lected operating status and receiving a user input indic-
ative of the maintaining of the operational configuration
that provided the selected operating status or receiving
an indication for repeating the selecting, setting and con-
trolling steps. The user may not be happy with a "good"
rating and may thus request to repeat the method e.g. to
obtain an "excellent" rating.

[0032] According to one embodiment, the controlling
of the medical device results in multiple outputs of the
medical device, wherein the operating status is deter-
mined for each of the multiple outputs. The multiple out-
puts may result from repeating the operation of the med-
ical device multiple times using the same values of the
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set of parameters. The repetition using the same values
of the set of parameters may be advantageous as it en-
ables to gain a statistical certainty about the resulting
operating status. The repetition is performed in response
to detecting a variation in the operating statuses. For ex-
ample, the multiple outputs may result from repeating the
operation of the medical device multiple times with the
same set of parameters and the selected values. If the
operating status changes for two different outputs this
may be an indication of instability of the medical device
and thus the operational configuration may not be main-
tained and has to be defined again as described above.
This embodiment may provide a reliable and robust op-
erational configuration of the medical device compared
to the case where a single output is used to decide on
maintaining or not the operational configuration.

[0033] According to one embodiment, the controlling
of the medical device results in multiple outputs of the
medical device, wherein the operating status is deter-
mined for each of the multiple outputs. The multiple out-
puts may result from repeating the operation of the med-
ical device multiple times using the same values of the
set of parameters. The method further comprises rating
each of the operating statuses based on a predefined
metric, and performing the maintaining or the repetition
based on the ratings. The rating may reflect the operating
status. The multiple outputs may result from repeating
the operation of the medical device multiple times with
the same set of parameters and the selected values. For
example, assuming the operating status is defined by the
response time of the medical device. The rating may be
"good" ifthe response time is smaller than 3min and "bad"
if the response time is higher than 3min. The ratings of
the multiple outputs may indicate the number of times
"good" is found and the number of times "bad" is found.
In case the fraction of "good" ratings has increased com-
pared to the same fraction obtained with a different set
of values of the set of parameters (e.g. the parameters
used before the optimization was started) the operational
configuration may be maintained.

[0034] The medical device may be a medical imaging
device. According to the invention, the medical device is
an MRI system. According to other embodiments not part
of the present invention, the medical device is selected
from the group consisting of CT, Ultrasound, Radiogra-
phy, and PET imagers.

[0035] According to one embodiment, the controlling
of the medical device comprises: acquiring MRI data; re-
constructing one or more MR images using the acquired
MRI data. The determining of the operating status com-
prises evaluating the acquisition time and/or an image
quality metric of the reconstructed MR images, compar-
ing the evaluated acquisition time and/or image quality
metric with predefined thresholds. The comparision may
be performed in order to detect improvements in the op-
eration of the medical device. For example, the thresh-
olds may comprise reference values of the metric (e.g.
measured before starting the evaluation).
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[0036] According to one embodiment, the acquisition
of the MRI data is performed using a predefined parallel
imaging technique, wherein the image quality metric
comprises a contrast metric.

[0037] According to one embodiment, the method fur-
ther comprises determining the predefined values. The
determining of the predefined values comprises: collect-
ing the predefined values from one or more other medical
devices similar to the medical device; or using simulation
data that is obtained from a simulation of the medical
device based on a model of the medical device; or using
user inputs to define valid parameter ranges; or obtaining
parameter ranges from specifications supplied by the
manufacturer of the medical device. This may enable a
faster convergence of the present method in contrast to
randomly changing the values of the set of parameters
using theoretically defined values. In addition, this em-
bodiment may ensure a safe and effective operation of
the medical device. The set of parameters may be set
such that regular device operation may be guaranteed,
since the optimization of the set of parameters may to be
carried out during normal operation on patients.

[0038] According to one embodiment, the predefined
values are user defined values. An expert may provide
valid ranges and/or the set of parameters to be evaluated,
defined in such a way that normal device operation and
usage is not impeded.

[0039] According to one embodiment, the set of pa-
rameters comprises image acquisition and/or image re-
construction parameters.

[0040] In another aspect, the invention relates to a
computer program product comprising machine execut-
able instructions for execution by a processor, wherein
execution of the machine executable instructions causes
the processor to the methods of preceding embodiments.
[0041] Inanotheraspect, the invention relatestoa con-
trol system for a medical device, wherein said medical
device is an MRI system, the control system comprising
a processor, and a memory containing machine execut-
able instructions, wherein execution of the instructions
causes the processor to: select from predefined values
a set of values of a set of one or more parameters; set
the set of parameters using the selected set of values,
resulting in an operational configuration of the medical
device; control the medical device to operate in accord-
ance with the operational configuration, thereby deter-
mining an operating status of the medical device; repeat-
edly performing the selecting, setting and controlling until
a desired operating status of the medical device is de-
termined based on the operating statuses resulting from
the controlling.

[0042] It is understood that one or more of the afore-
mentioned embodiments of the invention may be com-
bined as long as the combined embodiments are not mu-
tually exclusive.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0043] In the following preferred embodiments of the
invention will be described, by way of example only, and
with reference to the drawings in which:

Fig. 1 is a schematic diagram of a medical system,
Fig. 2 is a flowchart of a method for configuring a
medical device,

Figs. 3A-3C illustrates a method for determining the
desired operating status of the medical device being
an MRI system,

Fig. 4 shows a cross-sectional and functional view
of an MRI system.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0044] In the following, like numbered elements in the
figures are either similar elements or perform an equiv-
alentfunction. Elements which have been discussed pre-
viously will not necessarily be discussed in later figures
if the function is equivalent.

[0045] Various structures, systems and devices are
schematically depicted in the figures for purposes of ex-
planation only and so as to not obscure the present in-
vention with details that are well known to those skilled
inthe art. Nevertheless, the attached figures are included
to describe and explain illustrative examples of the dis-
closed subject matter.

[0046] Fig. 1is a schematic diagram of a medical sys-
tem 100. The medical system 100 comprises a control
system 111 that is connected to a medical device 101.
The medical device 101 may be a processor controlled
device. The control system 111 comprises a processor
103, amemory 107 each capable of communicating with
one or more components of the medical system 100. For
example, components of the control system 111 are cou-
pled to a bidirectional system bus 109.

[0047] It will be appreciated that the methods de-
scribed herein are at least partly non-interactive, and au-
tomated by way of computerized systems. These meth-
ods can further be implemented in software 121, (includ-
ing firmware), hardware, or a combination thereof. In ex-
emplary embodiments, the methods described herein
are implemented in software, as an executable program,
and is executed by a special or general-purpose digital
computer, such as a personal computer, workstation,
minicomputer, or mainframe computer.

[0048] The processor 103 is a hardware device for ex-
ecuting software, particularly that stored in memory 107.
The processor 103 can be any custom made or commer-
cially available processor, a central processing unit
(CPU), an auxiliary processor among several processors
associated with the control system 111, a semiconductor
based microprocessor (in the form of a microchip or chip
set), a macroprocessor, or generally any device for ex-
ecuting software instructions. The processor 103 may
control the operation of the medical device 101.
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[0049] The memory 107 can include any one or com-
bination of volatile memory elements (e.g., random ac-
cess memory (RAM, such as DRAM, SRAM, SDRAM,
etc.)) and nonvolatile memory elements (e.g., ROM,
erasable programmable read only memory (EPROM),
electronically erasable programmable read only memory
(EEPROM), programmable read only memory (PROM).
Note that the memory 107 can have a distributed archi-
tecture, where various components are situated remote
from one another, but can be accessed by the processor
103. Memory 107 may store an instruction or data related
to at least one other constituent element of the medical
system 100.

[0050] The control system 111 may further comprise
a display device 125 which displays characters and im-
ages and the like e.g. on a user interface 129. The display
device 125 may be a touch screen display device.
[0051] The medical system 100 may further comprise
apower supply 108 for powering the medical system 100.
The power supply 108 may for example be a battery or
an external source of power, such as electricity supplied
by a standard AC outlet.

[0052] The medical device 101 may comprise a ther-
apeutic device for treatment delivery and/or a diagnostic
device. The control system 111 and the medical device
101 may or may not be an integral part. In other terms,
the medical device 101 may or may not be external to
the control system 111.

[0053] Themedicaldevice 101 comprises components
that may be controlled by the processor 103 in order to
configure the medical device 101. The configuration of
the medical device 101 may enable the operation of the
medical device 101. The operation of the medical device
101 may or may not be automatic.

[0054] In one example, the medical device 101 may
comprise an integrated circuit having components that
enable the medical device 101 to be configured in order
to function. For example, the integrated circuit may com-
prise a microprocessor, memory, analog frontend, power
management section and a communication section for
communication with the control system 111. The micro-
processor and the memory may not be necessary in case
the medical device 101 is an integral part of the control
system 111. Figure 4 shows another example of compo-
nents of the medical device 101.

[0055] The connection between the controlsystem 111
and the medical device 101 may for example comprise
a BUS Ethernet connection, WAN connection, Internet
connection etc.

[0056] The medical device 101 may have a number of
settings that can be modified or set or controlled by the
processor 103. These settings may form part of register
contents that control the function of the medical device
101. The settings may comprise a set of one or more
parameters 122 whose values may be stored in the mem-
ory 107.

[0057] The set of parameters 122 may be specifica-
tions of the medical device 101 such as technical spec-
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ifications of the medical device 101 which can be used
for configuration of the medical device 101.

[0058] In one example, the medical device 101 may
be configured to provide output data in response to a
specified measurement e.g. by a sensor. In another ex-
ample, the medical device 101 may be configured to pro-
vide a therapy. The configuration of the medical device
102 may be performed by the processor 103. For exam-
ple, the processor 103 may be configured to establish
the register contents of the medical device 101 that can
be used to configure the medical device 101.

[0059] The processor 103 may be adapted to receive
information from the medical device 101 in a compatible
digital form so that such information may be displayed
on the display device 125. Such information may include
operating parameters, alarm notifications, and other in-
formation related to the use, operation and function of
the medical device 101.

[0060] In one example, the medical device 101 may
be configured to receive and/or send data from or to a
source (e.g. 111) and to use the data to perform the di-
agnostic and/or deliver the treatment. In another exam-
ple, the medical device 101 may display its operational
status and output data to the user on anintegrated display
of the medical device 101.

[0061] The medical device 101 may be in communica-
tion with one other medical devices (not shown) e.g. via
a network. For example, the values of the set of param-
eters 122 may be received from the other medical devic-
es.

[0062] The operating parameters may be used to de-
termine an operating status of the medical device 101.
[0063] Fig. 2 is a flowchart of a method for configuring
a medical device e.g. 101. The medical device 101 may
be configurable using set of parameters 122.

[0064] Instep 201, values of the set of parameters 122
may be provided. For example, for each parameter of
the set of parameters a range of values or discrete values
may be provided or defined. The values of the set of
parameters 122 may be optimal values for operation of
the medical device 101. Assuming for example that the
set of parameters comprise par1 and par2, where par1
can be set by range of values and par2 can be set by a
constant value. In this case, the values to be provided
may for example comprise a pair (vl, v2) ... as a value
range for par1 (e.g. par1 can vary from v1 to v2) and
constant values 11, 12, 13 etc. for par2 (e.g. par2 may
have value 11).

[0065] Forexample,the values ofthe setof parameters
122 may be user defined. The user can be supported
when entering parameter ranges by supplying him with
pre-defined safe or recommended parameter ranges. In
another example, the values of the set of parameters 122
may be determined using simulation data that is obtained
from a simulation of the medical device 101 based on a
model of the medical device. Additional information can
be gained from a simulation module which (approximate-
ly) simulates the effect of certain parameter settings on
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the output data of the medical device 101.

[0066] In another example, values of the set of param-
eters may be collected from one or more other medical
devices similar to the medical device 101. The values of
the set of parameters 122 may be collected from other
uses (e.g. of the other medical devices) and exchanged
via a cloud-based collaboration system. For example, an
MR system operator may choose to copy acquisition pa-
rameters shared by other institutions e.g. via the cloud-
based collaboration system.

[0067] In step 203, a set of values may be selected
from the predefined values of step 201. The set of values
arerespective values of the set of parameters 122. Using
the above example of par1 and par2 the set of values
may for example comprise a value between v1 and v2
for par1 and 12 for par2.

[0068] In one example, the set of values may be ran-
domly selected e.g. for each use of the medical device.
This may be 'true’ random selection or a different sam-
pling mechanism like shuffled step-wise scanning of a
parameter range. If multiple parameters are to be opti-
mized, parameter selection may entail sampling methods
to optimize coverage of a multi-dimensional parameter
space. Parameter optimization may be limited to certain
use cases of the medical device 101 (e.g. certain
scanned anatomies) or protocols.

[0069] Instep205,the medical device 101 may be con-
figured by setting the set of parameters 122 using the
selected set of values. The setting of the set of parame-
ters 122 may result or may define an operational config-
uration of the medical device 101.

[0070] In one example, each of the set of parameters
122 may be set to the respective one or more values of
the selected values. In another example, the selected
values may be adapted such that they can be set to the
respective set of parameters. The adaptation may for ex-
ample be performed based on a model that extrapolates
the selected values. If for example, the selected values
lead to a desired operating status e.g. having a rating
"good", the model may adjust or extrapolate the values
such that the rating may be higher e.g. "excellent". The
adaptation or the extrapolation may be performed using
reference data indicative of the set of parameters and/or
previous selected values.

[0071] Using the above simplified example of par1 and
par2, if the set of values selected comprises v1 for par1
and 12 for par2, par1 is setto v1 and par2 is setto 12 or
par1 is set to v1+-delta and par2 to 12, where delta is a
predefined value etc.

[0072] Instep207,the medical device 101 maybe con-
trolled to operate in accordance with the operational con-
figuration, thereby determining an operating status of the
medical device 101. The operating status may be deter-
mined by determining a rating (or quality rating) indicative
of the operation of the medical device. The rating may
be calculated based on output data and/or on the oper-
ation of the medical device. For example, a rating may
be calculated based on the response time of the medical
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device. In another example, the rating may be calculated
based on the quality of the output data such as images.
The rating may for example be "excellent", "good", "mod-
erate" or "not acceptable”, e.g. if the response time is
smaller than Xmin the rating may be "excellent".

[0073] The control of the medical device 101 may result
in output data of the medical device 101. The output data
may for example comprise the operating parameters as
described above. The operating status may be deter-
mined by evaluating at least one predefined metric and
by comparing the evaluated metric with a predefined
threshold. The metric may for example be determined
using one or more the operating parameters. For exam-
ple, the metric may be calculated as the difference be-
tween the value of an operating parameter with a prede-
fined reference value of that operating parameter. The
difference may be compared with the predefined thresh-
old. If the difference is too high this may be indicative of
a non-desired operating status. In another example, the
difference may be indicative of an improvement in the
operation of the medical device. The operating status
may for example be represented by a variable e.g. a
Boolean variable, indicating whether the operating status
is a desired status (e.g. value 1) or a non-desired oper-
ating status (e.g. value 0).

[0074] In one example, the control of the medical de-
vice 101 in step 207 may comprise repeating the opera-
tion or the usage of the medical device multiple times
using the same selected values of the set of parameters.
This may result in multiple ratings as described above
for each repetition. In this case, the multiple operation of
the medical device may resultin multiple output data that
can be comparedin orderto decide whether the operating
status of the medical device is the desired one or not.
For example, if the operating status changes from one
output data to another output data this may be an indi-
cation that the operating status of the medical device is
not stable and thus it may not be the desired one. In
another example, if the fraction of "excellent" rating of
the multiple ratings is higher than a predefined threshold
this may indicate that the operating status of the medical
device is the desired one. The threshold may for example
comprise the fraction of "excellent" ratings obtained in a
previous iteration or obtained in a separate previous op-
eration of the medical device 101.

[0075] In another example, the operating status of the
medical device 101 may be determined using the current
operating status and previously determined operating
statuses in the previous iterations. For example, the rat-
ings of the iterations may be combined to provide the
fraction of each rating type which would be an indication
of the operating status of the medical device.

[0076] In case the current iteration (inquiry 209) is the
first iteration (the first iteration refers to the first or initial
execution of the steps 203-207) determining if the oper-
ating status (inquiry 210) is a desired operating status,
and if so the operational configuration may be maintained
in step 211, otherwise steps 203-207 may be repeated.
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The maintained operational configuration may be used
for further or future usage of the medical device 101.
[0077] In case the current iteration (inquiry 209) is not
the first iteration, determining if (inquiry 212) a desired
operating status can be determined using at least part of
the operating statuses so far determined for each itera-
tion. For example, the determined operating status of
each iteration may be saved. If a desired operating status
can be determined, the set of values that enables the
desired operating status may be provided in step 213;
otherwise steps 203-207 may be repeated. The provided
values of the set of parameters in step 213 may be used
for further or future usage of the medical device 101.
[0078] The inquiry 212 may for example comprise a
condition on the number of repetitions that has to be ful-
filled. For example, if the number of repetitions is smaller
than a predefined number of repetitions the desired op-
erating status cannot be determined. The predefined
number of repetitions may guarantee a reliable determi-
nation of the operating status. For example, the combi-
nation of the data from the repetitions may be enough to
conclude on a set of values that corresponds to the de-
sired operating status.

[0079] In another example, inquiry 212 may comprise
comparing the operating statuses obtained so far from
the iterations and selecting the best operating status (e.g.
the first ranked as excellent as described above), and
comparing the selected operating status with a desired
operating status, wherein if the comparison fails (they
are not the same) this means that the desired operating
status cannot be determined and steps 203-207 has to
be repeated.

[0080] In one example, inquiry 210 may comprise
prompting a user of the medical device 101 for providing
input data (feedback) indicating if the operating status is
a desired operating status. The operating status may for
example be indicated by acquired images of the medical
device, in case of a medical imaging device. When re-
viewing the outcome, e.g. the acquired medical images,
the user may be supplied with a feedback mechanism to
judge outcome quality, e.g. the image quality. The feed-
back may indicate of the operating status is a desired
one or not. Based on the feedback that the operating
status is the desired one, the corresponding optimum
parameter set can be selected from the defined param-
eter ranges.

[0081] Forexample, ratings that indicate the operating
statuses of each iteration may be saved and the selected
values of step 203 (tested parameter set) of each iteration
may be also saved. For a given iteration, inquiry 212 may
comprise based on the combination of ratings and tested
parameter sets (so far saved), the optimum parameter
set may be extracted from the prescribed parameter
range. If the optimum parameter set can be extracted the
desired operating status can be determined using the
optimum parameter set. This may include detection of
the maximum score, fitting and evaluation of statistical
models, or other methods. The selection may include the
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estimation of confidence intervals for the parameters and
statistical significance of the evaluation result. The re-
sulting optimized parameter set (which defines the oper-
ational configuration of the medical device) can be shown
to the user and saved to the system for future use.
[0082] Forexample, assume thatthe setofparameters
comprises a single parameter that can take on values
within a certain range. The value of the parameter may
be selected as a sample by sampling the range e.g. in
five equally spaced points or by selecting arandom value
within the range. For each tested value the operating
status may be determined (e.g. a contrast-to-noise ratio
may be evaluated). Each iteration may be represented
as a data point having a pair [parameter value, operating
status]. By fitting a smooth function through these data
points an optimum value may be found. For example, if
the contrast-to-noise ratio is low for very small and very
large parameter values and larger for medium parameter
values, a bell-shaped curve may be fitted to the data
points. The maximum of that curve will lie within the range
of tested values of the parameter. More generally, re-
gression models may be fit to one or several set of values
ofthe set of parameters and base the parameter selection
on the model.

[0083] In case of a medical imaging device, the opti-
mization may take into account patient and disease spe-
cific data like the patients’ age or size. For example, one
may fit a regression model that takes into account the
value of the modified parameter as one variable, the
weight of the patient as a second variable, and the meas-
ured outcome as the result. This way, rules may be de-
rived for setting parameters that take into account the
patient weight, e.g. set a parameter differently for small
patients than for large patients. As another example, dif-
ferent optimum parameters may be derived for patients
with different clinical boundary conditions (disease, co-
morbidities, ...) or for different diagnostic questions.
[0084] The optimization outcome of the present meth-
od may be reported back to the peers or to the parameter
exchange cloud solution.

[0085] The present method e.g. steps 203-213 may be
performed on a regular basis e.g. every month or week.
This may enable to take into account the evolution of the
medical device 101.

[0086] Figs.3A-3C illustrates a method for determining
the desired operating status of a medical device 101 be-
ing a MRI system as described with reference to Fig. 4.
Fig. 3A may for example be displayed while performing
steps 203 and 205 of Fig. 2.

[0087] Fig. 3A shows set of parameters 322 that can
be used to configure the MRI system in order to acquire
MR data. The set of parameters 322 may for example be
displayed on the graphical user interface 129 such that
the user may enter values of the set of parameters 322.
Forexample, an expert may enter valid parameter ranges
for the sets of parameters to be evaluated enabling op-
tions for setting the parameters 322. For each use or
operation of the medical device, a parameter set may
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randomly be selected from these options.

[0088] For example, the user may aim to use the med-
ical device in order to reduce the acquisition time for T2-
weighted MRI scans by using SENSE, without changing
other parameters like image resolution or slice number.
[0089] Asshown inFigure 3A, parameters 322 may be
set to respective values. A parameter can be set to a
constant value or to a range of values. For example, the
slice thickness parameter is set to a value of 4 mm and
SENSE factor parameter is set to a range of values from
1.5t0 2.2.

[0090] The parameters (such as set of parameters
122) to be investigated or optimized among the larger
set of parameters 322 can for example be marked with
a star as illustrated in Figure 3A such that the user can
enter values for these parameters. For simplifying the
description, in the example of Figures 3A-C, a single pa-
rameter (SENSE factor) is used in order to be investigat-
ed or optimized. The user defines SENSE parameter val-
ues to investigate either by defining constant values or
by setting a range. For subsequent measurements by
the medical device using the T2-weighted MRI scan, one
of the predetermined values of SENSE parameters or a
value from the pre-defined range may be used. For ex-
ample, the operation or use of the medical device in order
to find the operational configuration may be performed
by selecting different SENSE factor values for each op-
eration of the medical device.

[0091] The operation of the medical device using for
example a value of the SENSE factor may result in MR
images 301. After performing the examination and pro-
ducing the MR images, the user (e.g. radiologist/opera-
tor) may be asked for feedback, thatmay indicate a rating
of the image quality of the resulting images, directly on
the display device 125 that can be a console of the med-
ical device. The user can evaluate all ratings at any time.
Figure 3B, depicts an example for user feedback inter-
face 303 after the sequence is performed. In this exam-
ple, the user is prompted to select among four different
ratings namely, "excellent", "good", "moderate" and "not
acceptable”. It may consist of a selection on a categorical
scale (e.g. excellent - good - moderate - not acceptable)
as shown in Figure 3B, a more detailed quality rating, a
questionnaire asking about different quality aspects, or
similar. The feedback may be stored with a link to the
respective used parameter set.

[0092] Based on the feedback the SENSE factor value
that has been used to produce the rated images may be
maintained or rejected. For example, if the feedback in-
dicates a "not acceptable" rate, another SENSE factor
value may be used and MR images may be produced
again by the medical device and the user may be asked
again for feedback. This process may be repeated until
the rate (e.g. "good") that is indicated in the feedback
corresponds to a desired operating status of the medical
device.

[0093] Inoneexample,the medical device may be con-
trolled to operate multiple times each time using a differ-
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ent SENSE factor value resulting in multiple set of MR
images. In this way, afterimage acquisition, the user may
be shown a comparable image from a comparable ac-
quisition (e.g. same protocol and anatomy) with different
parameters and asked to rate which one he likes better.
The rating can be performed without giving information
about the used parameters (blind review) or with param-
eter display (non-blind review).

[0094] In another example, for each SENSE factor val-
ue (e.g. of the two SENSE factors 1.5,2 and 2.2 as shown
in Figure 3C), the medical device may be controlled to
operate multiple times to produce respective multiple im-
ages. For each use of the medical device, the resulting
images may be rated e.g. using the contrast or signal to
noise ratio of the images. As shown in Figure 3C, for the
SENSE factor 1.5, the medical device has been control-
led to operate 14 times, which results in 14 rates. Figure
3C indicates that 90% of the rates are "excellent" and
10% are "good". For the SENSE factor 2.0, the medical
device has been controlled to operate 17 times, which
results in 17 rates. Figure 3C indicates that 87% of the
rates are "excellent", 11% are "good" and 2% are "mod-
erate". For the SENSE factor 2.2, the medical device has
been controlled to operate 15 times, which results in 15
rates. Figure 3C indicates that 9% of the rates are "ex-
cellent", 13% are "good", 25% are "moderate" and 53%
are "not acceptable”.

[0095] Based on these overall ratings 311, the value
of SENSE factor that provides the best overall rating may
be selected or maintained. The best overall rating may
automatically be selected using thresholds or may be
selected by the user upon displaying the feedback inter-
face 310.

[0096] Fig. 4 illustrates a magnetic resonance imaging
system 400. The magnetic resonance imaging system
400 comprises a magnet 404. The magnet 404 is a su-
perconducting cylindrical type magnet with a bore 406 in
it. The use of different types of magnets is also possible;
forinstance itis also possible to use both a split cylindrical
magnet and a so called open magnet. A split cylindrical
magnetis similar to a standard cylindrical magnet, except
that the cryostat has been split into two sections to allow
access to the iso-plane of the magnet. Such magnets
may for instance be used in conjunction with charged
particle beam therapy. An open magnet has two magnet
sections, one above the other with a space in-between
thatislarge enoughtoreceive asubject418tobeimaged,
the arrangement of the two sections area similar to that
of a Helmholtz coil. Inside the cryostat of the cylindrical
magnet there is a collection of superconducting coils.
Within the bore 406 of the cylindrical magnet 404 there
is an imaging zone or volume 408 where the magnetic
field is strong and uniform enough to perform magnetic
resonance imaging.

[0097] Within the bore 406 of the magnet there is also
a set of magnetic field gradient coils 410 which is used
during acquisition of magnetic resonance data to spatially
encode magnetic spins of a target volume within the im-
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aging volume or examination volume 408 of the magnet
404. The magnetic field gradient coils 410 are connected
to a magnetic field gradient coil power supply 412. The
magnetic field gradient coils 410 are intended to be rep-
resentative. Typically magnetic field gradient coils 410
contain three separate sets of coils for the encoding in
three orthogonal spatial directions. A magnetic field gra-
dient power supply supplies current to the magnetic field
gradient coils. The current supplied to the magnetic field
gradient coils 410 is controlled as a function of time and
may be ramped or pulsed.

[0098] MRI system 400 further comprises an RF coil
414 at the subject 418 and adjacent to the examination
volume 408 for generating RF excitation pulses. The RF
coil 414 may include for example a set of surface coils
or other specialized RF coils. The RF coil 414 may be
used alternately for transmission of RF pulses as well as
for reception of magnetic resonance signals e.g., the RF
coil 414 may be implemented as a transmit array coil
comprising a plurality of RF transmit coils. The RF coil
414 is connected to one or more RF amplifiers 415.
[0099] The magnetic field gradient coil power supply
412 and the RF amplifier 415 are connected to a hard-
ware interface of control system 111. The memory 107
of control system 111 may for example comprise a control
module. The control module contains computer-execut-
able code which enables the processor 103 to control
the operation and function of the magnetic resonance
imaging system 400. It also enables the basic operations
of the magnetic resonance imaging system 400 such as
the acquisition of magnetic resonance data e.g. based
on the parameters 122.

LIST OF REFERENCE NUMERALS

[0100]

100 medical system
101 medical device
103 processor

107 memory

108 power supply

109 bus

111 control system
121 software

122 parameters

125 display

129 user interface
201-213  method steps

301 MR images

303 feedback interface
310 feedback interface
311 ratings

322 parameters

400 magnetic resonance imaging system
404 magnet

406 bore of magnet
408 imaging zone
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412
414
415
418

19

magnetic field gradient coils

magnetic field gradient coil power supply
radio-frequency coil

RF amplifier

subject.

Claims

1.

A computer-implemented method for configuring an
MRI system (101), the method comprising:

- providing a set of one or more parameters (122,
322) for configuring the MRI system, each pa-
rameter of the set having predefined values;

- selecting from the predefined values a set of
values of the set of parameters;

- setting the set of parameters using the selected
set of values, resulting in an operational config-
uration of the MRI system;

- controlling the MRI system (101) to operate in
accordance with the operational configuration,
thereby determining an operating status of the
MRI system (101), wherein the steps of select-
ing, setting and controlling are repeated for mu-
litple patients and wherein the selected set of
values is different for different patients;

- repeatedly performing the selecting, setting
and controlling until a desired operating status
of the MRI system can be determined based on
the operating statuses resulting from the con-
trolling and selecting and setting of the set of
parameters for multiple patients.

The method of any of the preceding claims, the con-
trolling of the MRI system (101) resulting in output
data of the medical device (101), the determining of
the operating status comprising evaluating at least
one predefined metric, comparing the evaluated
metric with a predefined threshold.

The method of claim of claim 2, the metric comprising
at least one of:

processing time of the MRI system (101) for per-
forming the operation;

matching level of the output data and predefined
reference data;

user rating of the output data.

The method of any of the preceding claims, further
comprising providing a visual indication of the oper-
ating status and receiving a user input indicative of
performing the repetition.

The method of any of the preceding claims, the con-
trolling of the MRI system (101) resulting in multiple
outputs of the medical device, wherein the operating
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status is determined for each of the multiple outputs,
the repetition being performed in response to detect-
ing a variation in the operating statuses.

The method of any of the preceding claims, the con-
trolling of the MRI system (101) resulting in multiple
outputs of the medical device, wherein the operating
status is determined for each of the multiple outputs,
the method further comprising rating each of the op-
erating statuses based on a predefined metric, and
performing the maintaining or the repetition based
on the ratings.

The method of any of the preceding claims, wherein
controlling the MRI system comprises: acquiring MRI
data; reconstructing one or more MR images using
the acquired MRI data; the determining of the oper-
ating status comprising evaluating the acquisition
time and/or an image quality metric of the recon-
structed MR images, comparing the evaluated ac-
quisition time and/or image quality metric with pre-
defined thresholds.

The method of any of the preceding claims, further
comprising maintaining the operational configura-
tion based on the operating status and on a current
number of repetitions, wherein the desired operating
status is obtained for a predefined number of repe-
titions.

The method of any of the preceding claims, further
comprising determining the predefined values, the
determining of the predefined values comprising:

collecting the predefined values from one or
more other medical devices similar to the MRI
system;

-theoretically determining the predefined values
based on a physical model of the MRI system; or
- using simulation data that is obtained from a
simulation of the MRI system based on a model
of the MRI system.

The method of any of the preceding claims 1-8,
wherein the predefined values are user defined val-
ues.

The method of any of the preceding claims, the se-
lecting of the set of values being automatically per-
formed.

The method of any of the preceding claims, the set
of parameters comprising image acquisition and/or
image reconstruction parameters.

A computer program product computer program
product comprising machine executable instructions
for execution by a processor, wherein execution of
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the machine executable instructions causes the
processor to perform the method of an of the claims
1-12.

A control system (111) for an MRI system (101), the
control system (111) comprising a processor (103),
and a memory (107) containing machine executable
instructions, wherein execution of the instructions
causes the processor (103) to:

select from predefined values a set of values of
a set of one or more parameters;

- set the set of parameters using the selected
set of values, resulting in an operational config-
uration of the MRI system (101);

- control the MRI system to operate in accord-
ance with the operational configuration, thereby
determining an operating status of the MRI sys-
tem (101), wherein the steps of selecting, setting
and controlling are repeated for mulitple patients
and wherein the selected set of values is differ-
ent for different patients;

- repeatedly performing the selecting, setting
and controlling until a desired operating status
of the medical device (101) can be determined
based on the operating statuses resulting from
the controlling.

Patentanspriiche

1.

Computerimplementiertes Verfahren zur Konfigurie-
rung eines MRT-Systems (101), wobei das Verfah-
ren umfasst:

- Bereitstellen eines Satzes von einem oder
mehreren Parametern (122, 322) zur Konfigu-
rierung des MRT-Systems, wobei ein jeder Pa-
rameter des Satzes vordefinierte Werte auf-
weist;

- Auswabhlen eines Satzes von Werten des Sat-
zes von Parametern aus den vordefinierten
Werten;

- Einstellen des Satzes von Parametern unter
Verwendung des ausgewahlten Satzes von
Werten, was zu einer Betriebskonfiguration des
MRT-Systems fiihrt;

- Steuern des MRT-Systems (101), um gemaf
der Betriebskonfiguration zu arbeiten, wodurch
ein Betriebszustand des MRT-Systems (101)
bestimmt wird, wobei die Schritte zum Auswah-
len, Einstellen und Steuern fiir mehrere Patien-
ten wiederholt werden und wobei der ausge-
wahlte Satz von Werten fiir verschiedene Pati-
enten verschieden ist;

- Wiederholtes Durchfiinren von Auswahlen,
Einstellen und Steuern, bis ein gewlinschter Be-
triebszustand des MRT-Systems basierend auf
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den Betriebszustianden bestimmt werden kann,
die sich aus den Steuern und Auswahlen und
Einstellen des Satzes von Parametern fir meh-
rere Patienten ergeben.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei das Steuern des MRT-Systems (101) zu
Ausgangsdaten der medizinischen Vorrichtung
(101) fahrt, wobei das Bestimmen des Betriebszu-
stands das Auswerten mindestens einer vordefinier-
ten Metrik, das Vergleichen der ausgewerteten Me-
trik mit einer vordefinierte Schwelle umfasst.

Verfahren nach Anspruch 2, wobei die Metrik min-
destens eines umfasst: Verarbeitungszeit des MRT-
Systems (101) zum Durchfihren des Vorgangs;
Grad der Ubereinstimmung der Ausgangsdaten mit
vordefinierten Referenzdaten; Bewerten der Aus-
gangsdaten durch den Benutzer.

Verfahren nach einem der vorhergehenden Anspri-
che, zudem umfassend das Bereitstellen einer visu-
ellen Anzeige des Betriebszustands und das Emp-
fangen einer Benutzereingabe, die indikativ fir das
Durchfiihren der Wiederholung indikativ ist.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei das Steuern des MRT-Systems (101) zu
mehreren Ausgangen der medizinischen Vorrich-
tung flhrt, wobei der Betriebszustand fiir einen jeden
der mehreren Ausgange bestimmt wird, wobei die
Wiederholung als Reaktion auf das Detektieren ei-
ner Variation in den Betriebszustadnden durchgefiihrt
wird.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei das Steuern des MRT-Systems (101) zu
mehreren Ausgangen der medizinischen Vorrich-
tung fuhrt, wobei der Betriebszustand fiir einen jeden
der mehreren Ausgange bestimmt wird, wobei das
Verfahren zudem das Bewerten eines jeden der Be-
triebszustadnde basierend auf einer vordefinierten
Metrik und Durchfiihren vom Aufrechterhalten oder
Wiederholung basierend auf den Bewertungen um-
fasst.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei das Steuern des MRT-Systems umfasst:
Erfassen von MRT-Daten; Rekonstruieren eines
oder mehrerer MR-Bilder unter Verwendung der er-
fassten MRT-Daten; wobei das Bestimmen des Be-
triebszustands das Auswerten der Erfassungszeit
und/oder einer Bildqualitatsmetrik der rekonstruier-
ten MR-Bilder, das Vergleichen der ausgewerteten
Erfassungszeit und/oder Bildqualitatsmetrik mit vor-
definierten Schwellenwerten umfasst.

Verfahren nach einem der vorhergehenden Anspri-
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che, zudem umfassend das Aufrechterhalten der
Betriebskonfiguration basierend auf dem Betriebs-
zustand und auf einer aktuellen Anzahl von Wieder-
holungen, wobei der gewlinschte Betriebszustand
fir eine vordefinierte Anzahl von Wiederholungen
erhalten wird.

Verfahren nach einem der vorhergehenden Anspri-
che, zudem umfassend das Bestimmen der vorde-
finierten Werte, wobei das Bestimmen der vordefi-
nierten Werte umfasst:

- Sammeln der vordefinierten Werte von einem
oder mehreren anderen medizinischen Vorrich-
tungen, die dem MRT-System ahnlich sind;

- theoretisches Bestimmen der vordefinierten
Werte basierend auf dem physikalischen Modell
des MRT-Systems; oder

- Verwenden von Simulationsdaten, die aus ei-
ner Simulation des MRT-Systems basierend auf
einem Modell des MRT-Systems erhalten wer-
den.

Verfahren nach einem der vorhergehenden Anspri-
che 1 bis 8, wobei die vordefinierten Werte benut-
zerdefinierte Werte sind.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei das Auswéhlen des Satzes von Werten
automatisch durchgefiihrt wird.

Verfahren nach einem der vorhergehenden Anspri-
che, wobeider Satz von Parametern Bilderfassungs-
und/oder Bildrekonstruktionsparameter umfasst.

Computerprogrammprodukt, umfassend maschi-
nenausfihrbare Anweisungen zur Ausfiihrung
durch einen Prozessor, wobei die Ausfihrung der
maschinenausfiihrbaren Anweisungen bewirkt,
dass der Prozessor das Verfahren nach einem der
Anspriche 1 bis 12 durchflhrt.

Steuersystem (111) fiir ein MRT-System (101), wo-
bei das Steuersystem (111) einen Prozessor (103)
und einen Speicher (107) umfasst, das maschinen-
ausfihrbare Anweisungen enthalt, wobei die Aus-
fihrung der Anweisungen den Prozessor (103) dazu
veranlasst:

- aus vordefinierten Werten einen Satz von Wer-
ten eines Satzes von einem oder mehreren Pa-
rametern auszuwéhlen;

- den Satz von Parametern unter Verwendung
des ausgewahlten Satzes von Werten einzustel-
len, was zu einer Betriebskonfiguration des
MRT-Systems (101) fihrt;

- MRT-System zu steuern, um gemaR der Be-
triebskonfiguration zu arbeiten, wodurch ein Be-
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triebszustand des MRT-Systems (101) be-
stimmt wird, wobei die Schritte zum Auswahlen,
Einstellen und Steuern fiir mehrere Patienten
wiederholt werden und wobei der ausgewabhlte
Satz von Werten fiir verschiedene Patienten
verschieden ist;

- das Auswahlen, Einstellen und Steuern wie-
derholt durchzufiihren, bis ein gewlinschter Be-
triebszustand der medizinischen Vorrichtung
(101) basierend auf den aus der Steuerung re-
sultierenden Betriebszustanden bestimmt wer-
den kann.

Revendications

Procédé mis en ceuvre par ordinateur de configura-
tion d'un systtme dIRM (101), le procédé
comprenant :

- fournir un ensemble d’un ou plusieurs parameé-
tres (122, 322) de configuration du systeme
d’'IRM, chaque parametre de I'ensemble ayant
des valeurs prédéfinies ;

- sélectionner a partir des valeurs prédéfinies un
ensemble de valeurs de I'ensemble de
parametres ;

- paramétrer 'ensemble de parametres en utili-
sant 'ensemble de valeurs sélectionné, résul-
tant en une configuration opérationnelle du sys-
teme d’'IRM ;

- commander le systeme d’IRM (101) pour le
faire fonctionner conformément a la configura-
tion opérationnelle, déterminant ainsi un état de
fonctionnement du systéme d'IRM (101), dans
lequel les étapes de sélection, paramétrage et
commande sont répétées pour de multiples pa-
tients et dans lequel I'ensemble de valeurs sé-
lectionné est différent pour différents patients ;
- effectuer de maniere répétée la sélection, le
paramétrage et la commande jusqu’a ce qu’un
état de fonctionnement du systeme d’IRM sou-
haité puisse étre déterminé surla base des états
de fonctionnement résultant de la commande et
de la sélection et du paramétrage de I'ensemble
de parametres pour de multiples patients.

Procédé selon I'une des revendications précéden-
tes, la commande du systeme d’IRM (101) résultant
dans des données de sortie du dispositif médical
(101), la détermination de I'état de fonctionnement
comprenant|’évaluation d’au moins une mesure pré-
définie, la comparaison de la mesure évaluée avec
un seuil prédéfini.

Procédé selon la revendication 2, la mesure com-
prenant au moins un : temps de traitement du sys-
téme d’'IRM (101) pour effectuer I'opération ; niveau
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de correspondance des données de sorties et des
données de référence prédéfinies ; classement fait
par l'utilisateur des données de sortie.

Procédé selon I'une des revendications précéden-
tes, comprenant également la fourniture d’une indi-
cation visuelle de I'état de fonctionnement et la ré-
ception d’une entrée d’exécution indicative de la ré-
pétition établi par l'utilisateur.

Procédé selon I'une des revendications précéden-
tes, la commande du systéme d'IRM (101) résultant
en de multiples sorties du dispositif médical, dans
lequel I'état de fonctionnement est déterminé pour
chacune des sorties multiples, la répétition étant ef-
fectuée en réponse ala détection d’'une variation des
états de fonctionnement.

Procédé selon I'une des revendications précéden-
tes, la commande du systéme d'IRM (101) résultant
en de multiples sorties du dispositif médical, dans
lequel I'état de fonctionnement est déterminé pour
chacune des multiples sorties, le procédé compre-
nant également un classement de chacun des états
de fonctionnement sur la base d’'une mesure prédé-
finie et 'exécution du maintien ou de la répétition sur
la base des classements.

Procédé selon I'une des revendications précéden-
tes, dans lequel le systeme d’IRM comprend :

Acquérir des données d'IRM ; reconstruire une ou
plusieurs images de RM en utilisant les données
d’IRM acquises ; la détermination de I'état de fonc-
tionnement comprenant I'évaluation du temps d’ac-
quisition et/ou une mesure de la qualité de I'image
des images de RM reconstruites, la comparaison du
temps d’acquisition et/ou de la mesure de la qualité
de 'image évalués avec des seuils prédéfinis.

Procédé selon I'une des revendications précéden-
tes, comprenant également le maintien de la confi-
guration opérationnelle sur la base de I'état de fonc-
tionnement et d'un nombre actuel de répétitions,
danslequel I'état de fonctionnement souhaité est ob-
tenu pour un nombre prédéfini de répétitions.

Procédé selon I'une des revendications précéden-
tes, comprenant également la détermination des va-
leurs prédéfinies, la détermination des valeurs pré-
définies comprenant :

- collecter les valeurs prédéfinies d’un ou plu-
sieurs autres dispositifs médicaux similaires au
systeme d’'IRM ;

- déterminer théoriquement les valeurs prédéfi-
nies sur la base d’'un modéle physique du sys-
téme d’'IRM ; ou

- utiliser une donnée de simulation qui est obte-
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nue d’'une simulation du systéme d’IRM sur la
base d’un modeéle du systeme d’IRM.

Procédé selon les revendications 1-8, dans lequel
les valeurs prédéfinies sont des valeurs définies par
I'utilisateur.

Procédé selon I'une des revendications précéden-
tes, la sélection de I'ensemble de valeurs étant ef-
fectuée automatiquement.

Procédé selon I'une des revendications précéden-
tes, 'ensemble de paramétres comprenant des pa-
rametres d’acquisition d'images et/ou de reconstruc-
tion d'images.

Produit de programme informatique comprenant des
instructions exécutables par la machine pour I'exé-
cution par un processeur, dans lequel I'exécution
des instructions exécutables par la machine donne
I'ordre au processeur d’exécuter le procédé selon
I'une des revendications 1-12.

Systéme de commande (111) pour un systéme
d’'IRM (101), le systeme de commande (111) com-
prenant un processeur (103), et une mémoire (107)
contenant des instructions exécutables par la ma-
chine, danslequell'exécution des instructions donne
I'ordre au processeur (103) de :

- sélectionner a partir de valeurs prédéfinies un
ensemble de valeurs d’'un ensemble d’un ou plu-
sieurs parametres ;

- paramétrer 'ensemble de parametres en utili-
sant 'ensemble de valeurs sélectionné, résul-
tant en une configuration opérationnelle du sys-
teme d’'IRM (101) ;

- commander le systéeme d’IRM pour le faire
fonctionner conformément a la configuration
opérationnelle, déterminant ainsi un état de
fonctionnement du systéme d'IRM (101), dans
lequel les étapes de sélection, paramétrage et
commande sont répétées pour de multiples pa-
tients et dans lequel I'ensemble de valeurs sé-
lectionné est différent pour différents patients ;
- effectuer de maniere répétée la sélection, le
paramétrage et la commande jusqu’a ce que
I’état de fonctionnement du dispositif médical
souhaité (101) puisse étre déterminé surlabase
d’états de fonctionnement résultant de la com-
mande.
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