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(54) ASSESSMENT OF MEASURED TOMOGRAPHIC DATA

(57) Disclosed herein is a medical instrument (100,
300, 400, 500) comprising: a memory (110) storing ma-
chine executable instructions (120) and a tomographic
data assessment module (122) and a processor (106)
configured for controlling the medical instrument. Execu-
tion of the machine executable instructions causes the
processor to receive (200) measured tomographic data
(124). The measured tomographic data is configured for
being reconstructed into a tomographic image (308) of a
subject (418). Execution of the machine executable in-

structions further causes the processor to receive (202)
an image quality indicator (126, 126’, 126") by inputting
the measured tomographic data into the tomographic da-
ta assessment module. The tomographic data assess-
ment module is configured for generating the image qual-
ity indicator in response to inputting the measured tom-
ographic data. Execution of the machine executable in-
structions further causes the processor to provide (204)
the image quality indicator to an operator using an oper-
ator signaling system (108).
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Description

TECHNICAL FIELD

[0001] The invention relates to tomographic imaging
methods, in particular to magnetic resonance imaging
and computed tomography

BACKGROUND OF THE INVENTION

[0002] In tomographic imaging methods data is ac-
quired from a subject and are reconstructed into tomo-
graphic images. Tomographic images such as magnetic
resonance imaging or computed tomography involve the
use of expensive medical imaging systems.
[0003] International patent application WO
2018/220089 A1 discloses a raw diagnostic machine for
a medical diagnosis of raw medical imaging data gener-
ated by a medical imaging machine as opposed to a med-
ical diagnosis of a medical image conventionally recon-
structed from the raw medical imaging data. In operation,
the raw diagnostic engine includes a medical imaging
diagnostic controller implementing a dimension reduc-
tion pre-processor for selecting or extracting one or more
dimension reduced feature vectors from the raw medical
imaging data, and further implementing a raw diagnostic
artificial intelligence engine for rendering a diagnostic as-
sessment of the raw medical imaging data as represent-
ed by the dimension reduced feature vector(s). The med-
ical imaging diagnostic controller may further control a
communication of the diagnostic assessment of the raw
medical imaging data (e.g., a display, a printing, an email-
ing, a texting, etc.).

SUMMARY OF THE INVENTION

[0004] The invention provides for a medical instru-
ment, a method and a computer program product in the
independent claims. Embodiments are given in the de-
pendent claims.
[0005] As mentioned above tomographic imaging
techniques involve expensive medical imaging systems
to acquire measured tomographic data. When a subject
is imaged in a medical imaging system the operator of
the medical imaging system waits until the tomographic
image has been reconstructed from the measured tom-
ographic data. The operator then examines the tomo-
graphic image and decides if the image is of sufficient
quality or not. The operator then decides to discharge
the subject or to reacquire the measured tomographic
data. This introduces a delay for the subject and reduces
the number of subjects which can be imaged by the med-
ical imaging system.
[0006] Embodiments may provide for means saving
time by inputting the measured tomographic data into a
tomographic data assessment module before recon-
struction of the tomographic image. In response the
measured tomographic data assessment module pro-

vides an image quality indicator which may for example
be used to predict the quality of the tomographic image
if it is reconstructed. The operator can for example make
the decision to discharge the subject or to reacquire the
measured tomographic data on the basis of the image
quality indicator. If the subject is discharged the tomo-
graphic image may be reconstructed from the measured
tomographic data at a later time.
[0007] In one aspect the invention provides for a med-
ical instrument that comprises a memory storing ma-
chine-executable instructions and a tomographic data
assessment module. The medical instrument further
comprises a processor that is configured for controlling
the medical instrument. Execution of the machine-exe-
cutable instructions causes the processor to receive
measured tomographic data. The measured tomograph-
ic data is configured for being reconstructed into a tom-
ographic image of a subject. Execution of the machine-
executable instructions further causes the processor to
receive an image quality indicator in response to inputting
the measured tomographic data into the tomographic da-
ta assessment module. The tomographic data assess-
ment module is configured for generating an image qual-
ity indicator in response to inputting the measured tom-
ographic data.
[0008] The measured tomographic data used herein
encompasses the measured data from a medical imaging
system. For example, the measured tomographic data
may include measured data from a magnetic resonance
imaging system and a computed tomography system.
Execution of the machine-executable instructions further
causes the processor to provide the image quality indi-
cator to an operator using an operator signaling system.
In this embodiment the image quality indicator operates
in some examples directly on the measured tomographic
data.
[0009] This embodiment may be beneficial because it
may provide for a means of assessing the quality of the
tomographic image before it has been reconstructed. For
example, if there is a lengthy and complicated recon-
struction algorithm for reconstructing the tomographic
image from the measured tomographic data it may con-
sume a large amount of time. The image quality indicator
may therefore be used to decide to reacquire the meas-
ured tomographic data without a delay in the reconstruc-
tion of the tomographic image.
[0010] In another embodiment the medical instrument
further comprises a medical imaging system configured
for acquiring the measured tomographic data from an
imaging zone. The memory further comprises medical
imaging system control commands configured for con-
trolling the medical imaging system to acquire the meas-
ured tomographic data.
[0011] For example, the medical imaging system may
comprise various components which need to be operated
in a coordinated fashion as a function of time. The med-
ical imaging system control commands may be used to
control these various components to acquire the meas-
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ured tomographic data. A concrete example is the pulse
sequence or pulse sequence commands used by a mag-
netic resonance imaging system and various compo-
nents and amplifiers are controlled in concert to acquire
the measured tomographic data. Execution of the ma-
chine-executable instructions further causes the proces-
sor to acquire the measured tomographic data by con-
trolling the medical imaging system with the medical im-
aging system control commands.
[0012] In another embodiment the medical imaging
system further comprises a subject support for moving
at least a portion of the subject within the imaging zone.
Execution of the machine-executable instructions further
causes the processor to control the subject support to
move the at least a portion of the subject within the im-
aging zone before controlling the medical imaging sys-
tem to acquire the measured tomographic data. Execu-
tion of the machine-executable instructions further caus-
es the processor to provide the image quality indicator
to the operator using the operator signaling system while
the subject is still supported at least partially within the
imaging zone. This embodiment may be beneficial be-
cause when the subject is still within the imaging zone
the measured tomographic data may be reacquired. The
use of the tomographic data assessment module enables
the quality of the measured tomographic data to be as-
sessed while the subject is still within the medical imaging
system. This provides an opportunity to reacquire data
if necessary.
[0013] In another embodiment the medical imaging
system is a magnetic resonance imaging system. The
medical imaging system control commands are pulse se-
quence commands. The measured tomographic data is
k-space data. Magnetic resonance imaging systems ac-
quire data in k-space which is then Fourier transformed
into the final tomographic image. In this example the to-
mographic image is a magnetic resonance image. The
reconstruction algorithms for reconstructing a magnetic
resonance image may be very time and computationally
intensive. This embodiment may be beneficial because
it provides the opportunity to assess whether the meas-
ured tomographic data will likely result in a quality tom-
ographic image or not. This enables subjects to be dis-
charged before the tomographic image has been recon-
structed. This may result in significant savings in the
amount of time that each subject uses for the magnetic
resonance imaging system.
[0014] In another embodiment the pulse sequence
commands are according to a compressed sensing mag-
netic resonance imaging protocol configured for acquir-
ing the measured tomographic data from multiple mag-
netic resonance imaging antennas. The tomographic da-
ta assessment module is configured for at least partially
providing the image quality indicator using magnetic res-
onance data from a single magnetic resonance antenna
selected from the multiple magnetic resonance imaging
antennas. In compressed sensing data is acquired from
multiple antenna or antenna elements and each of these

is used to reconstruct an image. Coil sensitivity profiles
are then used to combine these images into a single mag-
netic resonance image or images. By using the data from
a single antenna this may reduce the amount of time
necessary to reconstruct a trial image or to examine the
data. This may result in a large acceleration of the time
used to generate the image quality indicator.
[0015] In another embodiment the pulse sequence
commands are according to a self-navigating magnetic
resonance imaging protocol that embeds self-navigator
data within the k-space data. Often times the central re-
gion of k-space can be repeatedly measured or oversam-
pled so that the data can be used as a self-navigator.
This embodiment may be beneficial because it may be
useful in measuring the degree of motion of the subject.
[0016] In another embodiment the medical imaging
system is a computed tomography imaging system. The
measured tomographic data comprises measured X-ray
attenuation profiles. This embodiment may also be ben-
eficial because the reconstruction algorithms for comput-
ed tomography may also take a significant amount of
time to produce the finished tomographic image. This
may be particularly true in cases where the computed
tomography system makes measurements at multiple X-
ray tube voltages or X-ray energies.
[0017] In another embodiment the tomographic data
assessment module is configured for accelerating the
generation of the image quality indicator by subsampling
the measured tomographic data. For example, the meas-
ured tomographic data may be a very large dataset that
is acquired over a period time. The amount of data which
is necessary to perform a reconstruction may be reduced
by just taking a portion of this measured tomographic
data. This may result in for example a lower quality or an
image with lower contrast which contains less information
but may still be useful in assessing the overall quality of
the measured tomographic data.
[0018] The tomographic data assessment module is
configured for accelerating the generation of an image
quality indicator by reconstructing a low-resolution image
from the measured tomographic data. The low-resolution
image has a lower resolution than the tomographic im-
age.
[0019] In another embodiment the generation of the
image quality indicator is accelerated by reconstructing
a single slice of the tomographic image from the meas-
ured tomographic data. This may for example be useful
in reducing the amount of data necessary to obtain the
image quality indicator.
[0020] In another embodiment the measured tomo-
graphic data comprises redundant data. The tomograph-
ic data assessment module is configured to at least par-
tially generate the image quality indicator using the re-
dundant data. For example, the medical imaging system
could be configured to make identical measurements
several times during the course of acquiring the meas-
ured tomographic data. These measurements could then
be compared to each other to note such things as deg-
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radation in image quality or movement of the subject.
[0021] In another embodiment the tomographic data
assessment module is implemented as a neural network
trained to receive as input the measured tomographic
data and in response output the image quality indicator.
In this embodiment the neural network essentially re-
ceives the raw (measured tomographic data) data from
the medical imaging system and then outputs the image
quality indicator.
[0022] In another embodiment the tomographic data
assessment module is implemented as a logic module
configured to receive as input the measured tomographic
data and in response output the image quality indicator.
The predetermined logic module may for example be a
rule-based module that when certain conditions are in-
dicated the image quality indicator is assigned.
[0023] In another embodiment the tomographic data
assessment module is implemented as an operator-con-
trolled module configured to generate and display inter-
mediate images for approval by the operator. For exam-
ple, the operator-controlled module may display a dia-
logue box on a graphical user interface which displays
the image quality indicator or values on the display. The
operator may then for example click whether the data or
image is sufficient or acceptable.
[0024] In another embodiment execution of the ma-
chine-executable instructions further causes the proces-
sor to store the measured tomographic data in a tomo-
graphic data database system of a remote processing
system if the image quality indicator meets a predeter-
mined criterion. This predetermined criterion may be
used to indicate that the measured tomographic data is
acceptable. The remote processing system is configured
to retrieve the measured tomographic data from the to-
mographic data database and then to reconstruct the to-
mographic image from the measured tomographic data.
In this embodiment after the measured tomographic data
has been stored a different system then reconstructs the
tomographic image. This for example may enable a sub-
ject to be discharged immediately and then the tomo-
graphic image to be reconstructed at a later date or time.
[0025] In another embodiment the remote processing
system is implemented at a separate location from the
medical instrument. For example, the remote processing
system may also be implemented as a cloud or virtual
system.
[0026] In another embodiment the operator signaling
system further comprises a computer display configured
for displaying the image quality indicator. Execution of
the machine-executable instructions further causes the
processor to perform the action of displaying a reacquired
data message to the operator if the image quality indica-
tor does not meet the predetermined criterion. For exam-
ple, the image quality indicator may be assigned a binary
value of an insufficient image quality classification. In this
case the message is then relayed to the operator to reac-
quire the measured tomographic data.
[0027] In another embodiment execution of the ma-

chine-executable instructions further causes the proces-
sor to display a discharge subject message to the oper-
ator if the image quality indicator meets the predeter-
mined criteria. For example, if the image quality indicator
is a binary value which indicates that the measured to-
mographic data meets or has a sufficient image quality
indicator then the subject may be discharged. The dis-
charge subject message may for example instruct the
operator to remove the subject from a medical imaging
system.
[0028] In another embodiment the memory further
comprises an instruction database comprising operator
instructions that describe how to improve the measured
tomographic data quality. Execution of the machine-ex-
ecutable instructions further cause the processor to re-
trieve the operator instructions from the instruction data-
base if the reacquire data message is displayed. Execu-
tion of the machine-executable instructions further caus-
es the processor to display the operator instructions on
the display if the reacquire data message is displayed on
the display.
[0029] In another embodiment the image quality indi-
cator is a binary indicator which indicates a sufficient im-
age quality and an insufficient image quality. Actions by
the medical may easily be assigned on the basis of this
binary value. A predetermined criterion for evaluating the
binary indicator would be a chosen state of the binary
indicator.
[0030] In another embodiment the image quality indi-
cator is a numerical indicator. For example, a numerical
value may be assigned to the image quality indicator. A
predetermined criterion for evaluating the numerical in-
dicator would be a chosen value to use as a threshold.
[0031] In another embodiment the image quality indi-
cator is a lower contrast and/or lower resolution image
than the tomographic image. The image quality indicator
may be used by a machine algorithm or a human to eval-
uate the quality of the measured tomographic data. A
trained neural network or other machine learning algo-
rithm could for example be used to evaluate the image
quality indicator and compared to a predetermined crite-
rion.
[0032] In another embodiment the image quality indi-
cator comprises an operator provided assessment. For
example, a box may be displayed on a user interface
which is then checked or evaluated by the operator. The
binary indicator, the image quality indicator, and/or the
numerical indicator could be displayed for evaluation by
an operator.
[0033] In another aspect the invention provides for a
method of operating a medical instrument. The method
comprises receiving measured tomographic data. The
measured tomographic data is configured for being re-
constructed into a tomographic image of a subject. The
method further comprises receiving an image quality in-
dicator by inputting the measured tomographic data into
a tomographic data assessment module. The tomo-
graphic data assessment module is configured for gen-
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erating an image quality indicator in response to inputting
the measured tomographic data. The method further
comprises providing the image quality indicator to an op-
erator using an operator signaling system.
[0034] In another aspect the invention provides for a
computer program product comprising machine-execut-
able instructions and a tomographic data assessment
module. Execution of the machine-executable instruc-
tions causes the processor to receive measured tomo-
graphic data. The measured tomographic data is config-
ured for being reconstructed into a tomographic image
of a subject. The machine-executable instructions further
cause the processor to receive an image quality indicator
by inputting the measured tomographic data into the to-
mographic data assessment module. The tomographic
data assessment module is configured for generating an
image quality indicator in response to inputting the meas-
ured tomographic data. Execution of the machine-exe-
cutable instructions further causes the processor to pro-
vide the image quality indicator to an operator using an
operator signaling system.
[0035] 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.
[0036] For example, the following embodiments de-
scribed as clauses and labeled by letters may be freely
combined singly or in multiple combinations to construct
dependent claim features:

A. wherein the pulse sequence commands are ac-
cording to a compressed sensing magnetic reso-
nance imaging protocol configured for acquiring the
measured tomographic data from multiple magnetic
resonance imaging antennas, wherein the tomo-
graphic data assessment module is configured for
at least partially providing the image quality indicator
using magnetic resonance data from a single mag-
netic resonance antenna selected from the multiple
magnetic resonance imaging antennas;
B. wherein the pulse sequence commands are ac-
cording to a self-navigating magnetic resonance im-
aging protocol that embeds self-navigator data with-
in the k-space data, wherein the tomographic data
assessment module is configured for at least partially
providing the image quality indicator using the self-
navigator data;
C. wherein the tomographic data assessment mod-
ule is configured for accelerating the generation of
the image quality indicator by subsampling the
measured tomographic data;
D. wherein the tomographic data assessment mod-
ule is configured for accelerating the generation of
the image quality indicator by reconstructing a low-
resolution image from the measured tomographic
data, wherein the low-resolution image has a lower
resolution than the tomographic image;
E. wherein the tomographic data assessment mod-

ule is configured for accelerating the generation of
the image quality indicator by reconstructing a single
slice of the tomographic image from the measured
tomographic data;
F. wherein the tomographic data assessment mod-
ule is implemented as a neural network trained to
receive as input the measured tomographic data and
in response output the image quality indicator;
G. wherein the tomographic data assessment mod-
ule is implemented as a predetermined logic module
configured to receive as input the measured tomo-
graphic data and in response output the image qual-
ity indicator;
H. wherein the tomographic data assessment mod-
ule is implemented as an operator-controlled module
configured to generated and display intermediate im-
ages or values for approval by the operator;
I. wherein the image quality indicator is a binary in-
dicator indicating a sufficient image quality and an
insufficient image quality;
J. wherein the image quality indicator is a numerical
indicator;
K. wherein the image quality indicator is a lower con-
trast and/or lower resolution image than the tomo-
graphic image;
L. wherein the image quality indicator is an operator
provided assessment; and
M. any combination including one or more of features
A through L above.

[0037] As will be appreciated by one skilled in the art,
aspects of the present invention may be embodied as an
apparatus, method or computer program product. Ac-
cordingly, aspects of the present invention may take the
form of an entirely hardware embodiment, an entirely
software embodiment (including firmware, resident soft-
ware, microcode, etc.) or an embodiment combining soft-
ware and hardware aspects that may all generally be
referred to herein as a "circuit," "module" or "system."
Furthermore, aspects of the present invention may take
the form of a computer program product embodied in one
or more computer readable medium(s) having computer
executable code embodied thereon.
[0038] Any combination of one or more computer read-
able medium(s) may be utilized. The computer readable
medium may be a computer readable signal medium or
a computer readable storage medium. A ’computer-read-
able storage medium’ as used herein encompasses any
tangible storage medium which may store instructions
which are executable by a processor of a computing de-
vice. The computer-readable storage medium may be
referred to as a computer-readable non-transitory stor-
age medium. The computer-readable storage medium
may also be referred to as a tangible computer readable
medium. In some embodiments, a computer-readable
storage medium may also be able to store data which is
able to be accessed by the processor of the computing
device. Examples of computer-readable storage media
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include, but are not limited to: a floppy disk, a magnetic
hard disk drive, a solid state hard disk, flash memory, a
USB thumb drive, Random Access Memory (RAM), Read
Only Memory (ROM), an optical disk, a magneto-optical
disk, and the register file of the processor. Examples of
optical disks include Compact Disks (CD) and Digital Ver-
satile Disks (DVD), for example CD-ROM, CD-RW, CD-
R, DVD-ROM, DVD-RW, or DVD-R disks. The term com-
puter readable-storage medium also refers to various
types of recording media capable of being accessed by
the computer device via a network or communication link.
For example, a data may be retrieved over a modem,
over the internet, or over a local area network. Computer
executable code embodied on a computer readable me-
dium may be transmitted using any appropriate medium,
including but not limited to wireless, wire line, optical fiber
cable, RF, etc., or any suitable combination of the fore-
going.
[0039] A computer readable signal medium may in-
clude a propagated data signal with computer executable
code embodied therein, for example, in baseband or as
part of a carrier wave. Such a propagated signal may
take any of a variety of forms, including, but not limited
to, electro-magnetic, optical, or any suitable combination
thereof. A computer readable signal medium may be any
computer readable medium that is not a computer read-
able storage medium and that can communicate, prop-
agate, or transport a program for use by or in connection
with an instruction execution system, apparatus, or de-
vice.
[0040] ’Computer memory’ or ’memory’ is an example
of a computer-readable storage medium. Computer
memory is any memory which is directly accessible to a
processor. ’Computer storage’ or ’storage’ is a further
example of a computer-readable storage medium. Com-
puter storage is any non-volatile computer-readable stor-
age medium. In some embodiment’s computer storage
may also be computer memory or vice versa.
[0041] A ’processor’ as used herein encompasses an
electronic component which is able to execute a program
or machine executable instruction or computer executa-
ble code. References to the computing device comprising
"a processor" should be interpreted as possibly contain-
ing more than one processor or processing core. The
processor may for instance be a multi-core processor. A
processor may also refer to a collection of processors
within a single computer system or distributed amongst
multiple computer systems. The term computing device
should also be interpreted to possibly refer to a collection
or network of computing devices each comprising a proc-
essor or processors. The computer executable code may
be executed by multiple processors that may be within
the same computing device or which may even be dis-
tributed across multiple computing devices.
[0042] Computer executable code may comprise ma-
chine executable instructions or a program which causes
a processor to perform an aspect of the present invention.
Computer executable code for carrying out operations

for aspects of the present invention may be written in any
combination of one or more programming languages, in-
cluding an object oriented programming language such
as Java, Smalltalk, C++ or the like and conventional pro-
cedural programming languages, such as the "C" pro-
gramming language or similar programming languages
and compiled into machine executable instructions. In
some instances, the computer executable code may be
in the form of a high level language or in a pre-compiled
form and be used in conjunction with an interpreter which
generates the machine executable instructions on the fly.
[0043] The computer executable code may execute
entirely on the user’s computer, partly on the user’s com-
puter, as a stand-alone software package, partly on the
user’s computer and partly on a remote computer or en-
tirely on the remote computer or server. In the latter sce-
nario, the remote computer may be connected to the us-
er’s computer through any type of network, including a
local area network (LAN) or a wide area network (WAN),
or the connection may be made to an external computer
(for example, through the Internet using an Internet Serv-
ice Provider).
[0044] Aspects of the present invention are described
with reference to flowchart illustrations and/or block dia-
grams of methods, apparatus (systems) and computer
program products according to embodiments of the in-
vention. It is understood that each block or a portion of
the blocks of the flowchart, illustrations, and/or block di-
agrams, can be implemented by computer program in-
structions in form of computer executable code when ap-
plicable. It is further under stood that, when not mutually
exclusive, combinations of blocks in different flowcharts,
illustrations, and/or block diagrams may be combined.
These computer program instructions may be provided
to a processor of a general purpose computer, special
purpose computer, or other programmable data process-
ing apparatus to produce a machine, such that the in-
structions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts spec-
ified in the flowchart and/or block diagram block or blocks.
[0045] These computer program instructions may also
be stored in a computer readable medium that can direct
a computer, other programmable data processing appa-
ratus, or other devices to function in a particular manner,
such that the instructions stored in the computer readable
medium produce an article of manufacture including in-
structions which implement the function/act specified in
the flowchart and/or block diagram block or blocks.
[0046] The computer program instructions may also
be loaded onto a computer, other programmable data
processing apparatus, or other devices to cause a series
of operational steps to be performed on the computer,
other programmable apparatus or other devices to pro-
duce a computer implemented process such that the in-
structions which execute on the computer or other pro-
grammable apparatus provide processes for implement-
ing the functions/acts specified in the flowchart and/or
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block diagram block or blocks.
[0047] A ’user interface’ as used herein is an interface
which allows a user or operator to interact with a com-
puter or computer system. A ’user interface’ may also be
referred to as a ’human interface device.’ A user interface
may provide information or data to the operator and/or
receive information or data from the operator. A user in-
terface may enable input from an operator to be received
by the computer and may provide output to the user from
the computer. In other words, the user interface may al-
low an operator to control or manipulate a computer and
the interface may allow the computer indicate the effects
of the operator’s control or manipulation. The display of
data or information on a display or a graphical user in-
terface is an example of providing information to an op-
erator. The receiving of data through a keyboard, mouse,
trackball, touchpad, pointing stick, graphics tablet, joy-
stick, gamepad, webcam, headset, pedals, wired glove,
remote control, and accelerometer are all examples of
user interface components which enable the receiving of
information or data from an operator.
[0048] A ’hardware interface’ as used herein encom-
passes an interface which enables the processor of a
computer system to interact with and/or control an exter-
nal computing device and/or apparatus. A hardware in-
terface may allow a processor to send control signals or
instructions to an external computing device and/or ap-
paratus. A hardware interface may also enable a proc-
essor to exchange data with an external computing de-
vice and/or apparatus. Examples of a hardware interface
include, but are not limited to: a universal serial bus, IEEE
1394 port, parallel port, IEEE 1284 port, serial port, RS-
232 port, IEEE-488 port, Bluetooth connection, Wireless
local area network connection, TCP/IP connection, Eth-
ernet connection, control voltage interface, MIDI inter-
face, analog input interface, and digital input interface.
[0049] A ’display’ or ’display device’ as used herein
encompasses an output device or a user interface adapt-
ed for displaying images or data. A display may output
visual, audio, and or tactile data. Examples of a display
include, but are not limited to: a computer monitor, a tel-
evision screen, a touch screen, tactile electronic display,
Braille screen,
[0050] Cathode ray tube (CRT), Storage tube, Bi-sta-
ble display, Electronic paper, Vector display, Flat panel
display, Vacuum fluorescent display (VF), Light-emitting
diode (LED) displays, Electroluminescent display (ELD),
Plasma display panels (PDP), Liquid crystal display
(LCD), Organic light-emitting diode displays (OLED), a
projector, and Head-mounted display. An operator sign-
aling system may be a display.
[0051] Measured tomographic data as used here en-
compasses the measured signals recorded during a to-
mographic imaging technique. Examples include Mag-
netic Resonance imaging and Computed Tomography.
[0052] K-space data is defined herein as being the re-
corded measurements of radio frequency signals emitted
by atomic spins using the antenna of a Magnetic reso-

nance apparatus during a magnetic resonance imaging
scan. k-space data is an example of measured tomo-
graphic data. A Magnetic Resonance Imaging (MRI) im-
age or MR image is defined herein as being the recon-
structed two-, three-, or four- dimensional visualization
of anatomic data contained within the k-space data and
is an example of a tomographic image. This visualization
can be performed using a computer.
[0053] Likewise, X-ray attenuation profiles are defined
herein as being the recorded measurements of X-ray at-
tenuation measurements made during a computed tom-
ography scan. X-ray attenuation profiles are example of
measured tomographic data. A Computer Tomography
(CT) image is defined herein as being the reconstructed
two- or three-dimensional visualization of anatomic data
from the X-ray attenuation profiles. This visualization can
also be performed using a computer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] 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 illustrates an example of a medical instrument;
Fig. 2 shows a flow chart which illustrates a method
of operating the medical instrument of Fig. 1;
Fig. 3 illustrates a further example of a medical in-
strument;
Fig. 4 illustrates a further example of a medical in-
strument;
Fig. 5 illustrates a further example of a medical in-
strument; and
Fig. 6 shows a flow chart which illustrates a method
of operating the medical instrument of Fig. 3, 4 or 5.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0055] Like numbered elements in these figures are
either equivalent elements or perform the same function.
Elements which have been discussed previously will not
necessarily be discussed in later figures if the function is
equivalent.
[0056] Fig. 1 illustrates an example of a medical instru-
ment 100. The medical instrument is shown as compris-
ing a computer 102 that has a processor 106 that is con-
nected to a hardware interface 104, a user interface 108,
and a memory 110. The hardware interface 104 may in-
clude components that enable the processor 106 to com-
municate or control them. The hardware interface 104
may also include one or more network interfaces. The
processor 106 may be representative of one or more
processors and/or processing cores. The user interface
108 may provide a means for an operator to interact with
the computer 102. The user interface 108 may therefore
provide a display or other operator signaling system. The
memory 110 may be any combination of memory which
is accessible for use by the processor 106.
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[0057] The memory 110 is shown as containing ma-
chine-executable instructions 120. The machine-execut-
able instructions 120 contain instructions which enable
the processor 106 to control the function of the medical
instrument 100 as well as provide various calculation and
data processing tasks. The memory 110 is further shown
as containing a tomographic data assessment module
122. The tomographic data assessment module receives
raw tomographic data or measured tomographic data
124 as input and then outputs an image quality indicator
126. The memory 110 is shown as containing measured
tomographic data 124 and then as output from the tom-
ographic data assessment module 122 also contains the
image quality indicator 126. The memory 110 is shown
as further containing a rendering of the image quality
indicator 128 which may be used or displayed using the
user interface 108.
[0058] Fig. 2 shows a flowchart which illustrates a
method of operating the medical instrument 100 of Fig.
1. First in step 200 the measured tomographic data 124
is received. Next in step 202 the measured tomographic
data 124 is input into the tomographic data assessment
module 122 and in response the image quality indicator
126 is received. Then finally in step 204, the image quality
indicator 126 is provided to the operator. In this example
the rendering of the image quality indicator 128 may be
displayed using the user interface 108.
[0059] The current workflow of an MRI or CT scan con-
sists of the following steps.

1. A patient is put in the scanner
2. A scan is made
3. The raw data from the scanner is reconstructed
into an image
4. The operator performs a quality check, based on
reconstructed image, if the scan was successful
5.

a. If the scan was not successful a new scan
needs to be made else the patient is dismissed
b. If the scan was successful the reconstructed
imaged is stored in the hospital’s picture archiv-
ing and communication system (PACS)

6. A radiologist retrieves at a later stage the image
from the PACS systems and writes a report of his
findings/diagnosis. In an alternative the image from
the PACS system can also be received in the scan-
ner room, while the patient is still in the medical im-
aging system.

[0060] A disadvantage of the workflow described
above is that the reconstruction process, step 3, can take
quite some time. During this time the operator as well as
the patient are waiting. This can be very inconvenient for
the patient, since he/she is in an uncomfortable position
and/or in a noisy and/or claustrophobic environment, par-
ticularly for MRI. The operator may feel he/she are wast-

ing their time, while being under time pressure.
[0061] The computer for the above workflow should be
as powerful as possible to keep the reconstruction time
as short as possible.
[0062] Examples, may replace the current time-con-
suming reconstruction, step 3 in the workflow above, with
an algorithm that determines based on the raw data
(measured tomographic data) whether the scan has been
successful or not. This algorithm may to require signifi-
cantly less time than the actual reconstruction of a tom-
ographic image from the measured tomographic data.
[0063] Based on the assessment of the algorithm (the
image quality indicator), the patient can be dismissed.
Therefore, the patient as well as the operator do not need
to wait anymore.
[0064] The actual reconstruction of the tomographic
image may be performed at a later moment, but in time
for the radiologist to have the image ready when needed.
The computer that does the reconstruction can now be
less powerful since the reconstruction time is no longer
a time critical step in the workflow.
[0065] Fig. 3 illustrates a further example of a medical
instrument 300. In addition, a remote processing system
302 is shown. In some cases, the remote processing sys-
tem 302 can be part of the medical instrument 300. The
medical instrument 300 is shown as comprising the com-
puter 102. The items in Fig. 3 are arranged in a functional
manner. The medical instrument 300 is further shown as
comprising a medical imaging system 310 which is used
to acquire the measured tomographic data 124. This is
then input into the tomographic data assessment module
122. The tomographic assessment module 122 in this
case is used to either provide a sufficient image quality
indicator 126’ or an insufficient image quality indicator
126".
[0066] If the sufficient image quality indicator 126’ is
provided then a message to dismiss the subject 314 is
displayed. In addition, the raw data or the measured to-
mographic data 124 is transferred or transmitted to the
remote processing system 302. The measured tomo-
graphic data 124 is then stored in a tomographic data
database 306 for later processing. The remote process-
ing system 302 comprises a computer 304. The computer
is configured to retrieve the measured tomographic data
124 from the tomographic data database 306 and con-
struct the tomographic image 308 from it. An advantage
of this is that the subject may leave the medical imaging
system 310 right away and the measured tomographic
data 124 can be processed later, maybe even days later.
This relieves the need to have more computing power in
the computer 102 as well as enabling more patients per
hour to go through the medical imaging system 310.
[0067] If the insufficient image quality indicator 126" is
provided then the operator may be displayed a display
reacquire data message 312. The operator can then
reacquire the measured tomographic data 124. In some
instances, the reacquisition of the measured tomograph-
ic data 124 may be automated.
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[0068] The workflow with delayed reconstruction as il-
lustrated in Fig. 3 may be summarized as:

1. A patient is put in the scanner
2. A scan is made
3. The raw data from the scanner is used for auto-
matic quality check
4.

a. If the scan was not successful a new scan
needs to be made else the patient is dismissed
b. If the scan was successful the raw data is
stored

5. At a later moment the reconstruction of the tom-
ographic image from the measured tomographic da-
ta is done and the reconstructed image (tomographic
image) is stores in the hospital’s picture archiving
and communication system (PACS)
6. A radiologist retrieves at a later stage the image
from the PACS systems and writes a report of his
findings/diagnosis

[0069] An example of an algorithm for step 3 would to
be to only reconstruct a single slice, without any ad-
vanced processing. Another option would be for the scan-
ner to add (a small amount) of additional raw data which
allows fast checks. Next to the scanner output, the algo-
rithm could make use of additional sensors (cameras)
mounted to the scanner. For example, if the patient has
not moved during the scan, it is more likely the scan was
successful.
[0070] All these options could be used to judge image
quality with full reconstruction and to decide whether a
rescan is needed or whether the patient can be dis-
missed.
[0071] Fig. 4 illustrates a further example of a medical
instrument 400. The example shown in Fig. 4 is similar
to that illustrated in Figs. 1 and 3 except the medical
instrument 400 additionally comprises a magnetic reso-
nance imaging system 402.
[0072] The magnetic resonance imaging system 402
comprises a magnet 404. The magnet 404 is a super-
conducting cylindrical type magnet with a bore 406
through it. The use of different types of magnets is also
possible; for instance it is also possible to use both a split
cylindrical magnet and a so called open magnet. A split
cylindrical magnet is similar to a standard cylindrical mag-
net, except that the cryostat has been split into two sec-
tions 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 that is large enough to receive a subject: the
arrangement of the two sections area similar to that of a
Helmholtz coil. Open magnets are popular, because the
subject is less confined. Inside the cryostat of the cylin-
drical magnet there is a collection of superconducting

coils.
[0073] Within the bore 406 of the cylindrical magnet
404 there is an imaging zone 408 where the magnetic
field is strong and uniform enough to perform magnetic
resonance imaging. The magnetic resonance data that
is acquired typically acquired for the field of view.
[0074] Within the bore 406 of the magnet there is also
a set of magnetic field gradient coils 410 which is used
for acquisition of preliminary magnetic resonance data
to spatially encode magnetic spins within the imaging
zone 408 of the magnet 404. The magnetic field gradient
coils 410 connected to a magnetic field gradient coil pow-
er supply 412. The magnetic field gradient coils 410 are
intended to be representative. Typically magnetic field
gradient coils 410 contain three separate sets of coils for
spatially encoding in three orthogonal spatial directions.
A magnetic field gradient 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.
[0075] Adjacent to the imaging zone 408 is a radio-
frequency coil 414 for manipulating the orientations of
magnetic spins within the imaging zone 408 and for re-
ceiving radio transmissions from spins also within the
imaging zone 408. The radio frequency antenna may
contain multiple coil elements. The radio frequency an-
tenna may also be referred to as a channel or antenna.
The radio-frequency coil 414 is connected to a radio fre-
quency transceiver 416. The radio-frequency coil 414
and radio frequency transceiver 416 may be replaced by
separate transmit and receive coils and a separate trans-
mitter and receiver. It is understood that the radio-fre-
quency coil 414 and the radio frequency transceiver 416
are representative. The radio-frequency coil 414 is in-
tended to also represent a dedicated transmit antenna
and a dedicated receive antenna. Likewise the transceiv-
er 416 may also represent a separate transmitter and
receivers. The radio-frequency coil 414 may also have
multiple receive/transmit elements and the radio frequen-
cy transceiver 416 may have multiple receive/transmit
channels. For example if a parallel imaging technique
such as SENSE is performed, the radio-frequency could
414 will have multiple coil elements.
[0076] The transceiver 416 and the gradient controller
412 are shown as being connected to the hardware in-
terface 404 of the computer system 402.
[0077] The memory 110 is further shown as containing
pulse sequence commands 330. The pulse sequence
commands could for example contain a label which may
be compared to the subject pose label 142. This may be
used as a quality control check. In this example the pulse
sequence commands 430 may be considered to be a
protocol.
[0078] In this example the measured tomographic data
is now k-space data 124’. The memory 110 is further
shown as containing pulse sequence commands 430.
The pulse sequence commands are an example of the
medical imaging system control commands.
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[0079] The image quality indicator 126 can be used to
determine if the k-space data 124’ is transferred to the
remote processing system 302. The remote processing
system 302 is also shown as comprising a computer 304
as well as a hardware interface 104’, a processor 106, a
user interface 108’, and a memory 110’. The memory
110’ is further shown as containing machine-executable
instructions 450. The memory 110’ is further shown as
containing the tomographic data database 306. The
memory 110’ is further shown as containing the k-space
data 124’ that has been transferred from the computer
102. The k-space data 124’ may for example be stored
or retrieved from the tomographic data database 306.
The machine-executable instructions 450 enable the
processor 106’ to reconstruct the tomographic image 308
from the k-space data 124’.
[0080] The memory 110 is further shown as optionally
containing an operator instruction database 422. The op-
erator instruction database 422 contains instructions
which may be used to provide to the operator for improv-
ing the acquisition of the tomographic data when it is
reacquired. The memory 110 is further shown as con-
taining operator instructions 424 that have been retrieved
from the operator instruction database 422 in response
to the image quality indicator 126 not being sufficient and
retriggering the reacquisition of the measured tomo-
graphic data 124’.
[0081] Fig. 5 illustrates a further example of a medical
instrument 500. The example in Fig. 5 is similar to that
in Fig. 4 except the magnetic resonance imaging system
402 of Fig. 4 has been replaced with a CT or computed
tomography system 502 in Fig. 5.
[0082] The CT system 502 comprises a rotating gantry
504. The gantry 504 rotates about an axis of rotation 506.
There is a subject 418 reposing on a subject support 420.
Within the gantry 504 is the X-ray tube 510.
[0083] The subject support 420 is shown as being sup-
ported by an optional subject support actuator 522. For
example, the subject 418 can be brought into the image
zone 516. The subject support actuator 522 can hold the
subject 418 there until the image quality indicator 126
meets a predetermined criterion and enables it to forward
the tomographic data to the remote processing system
302.
[0084] The X-ray tube 510 produces X-rays 514 that
pass through the subject 418 and are received by a de-
tector 512. Within the area of the box 516 is an imaging
zone where CT or computer tomography images of the
subject 418 can be made. The CT system 502 is shown
as being controlled by computer system 102. The hard-
ware interface 104 allows the processor 106 to exchange
messages and control the CT system 502.
[0085] In Fig. 5 the measured tomographic data is X-
ray attenuation profiles 124". As with Fig. 5, the X-ray
attenuation profiles 124" may be forwarded to the remote
processing system 302. The functioning of the tomo-
graphic data database 306 is analogous to that of Fig. 4.
The computer 304 may then reconstruct the X-ray atten-

uation profiles 124" into the tomographic image 308.
[0086] The remote processing system 302 in Figs. 4
and 5 may sometimes be part of the medical instrument
400 or 500.
[0087] Fig. 6 shows a flowchart which illustrates a
method of operating the medical instruments illustrated
in Figs. 3, 4 or 5. First in step 600 the medical instrument
is controlled to acquire the measured tomographic data
124, 124’ or 124". Next steps 200-204 are performed as
is illustrated in Fig. 2. After step 204 step 206 is per-
formed; this is a decision box. The question is "does the
imaging quality indicator satisfy a predetermined
criterion?" If the answer is yes then the method proceeds
to box 604. In box 604 a message is displayed informing
the operator to discharge the subject. Step 604 may be
optional. After step 604 step 606 is performed. In step
606 the measured tomographic data 124, 124’, 124" is
stored in the tomographic data database 306. After step
606 step 608 is performed. In this step the tomographic
data 124, 124’, 124" is retrieved from the tomographic
data database 306. After step 608 in step 610 the tom-
ographic image 308 is reconstructed from the measured
tomographic data 124, 124’, 124".
[0088] Returning to decision box 602, if the image qual-
ity indicator 126 does not satisfy the predetermined cri-
terion then the method proceeds to step 612. Step 612
is optional. In step 612 the measured tomographic data
message is displayed to the operator. This informs the
operator that the data from the acquisition should be reac-
quired. Step 614 and step 616 are also optional. In step
614 operator instructions 434 are retrieved from the in-
struction database 432 in response to the image quality
indicator 126 not meeting a predetermined criterion. This
information may help the operator to reacquired the data
with a higher quality. After steps 612, 614 and 616 are
performed the method returns to step 600 and the system
reacquires the measured tomographic data 124, 124’,
124". If steps 612, 614 or 616 are not performed the meth-
od proceeds directly from step 602 to step 600.
[0089] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments.
[0090] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.
In the claims, the word "comprising" does not exclude
other elements or steps, and the indefinite article "a" or
"an" does not exclude a plurality. A single processor or
other unit may fulfill the functions of several items recited
in the claims. The mere fact that certain measures are
recited in mutually different dependent claims does not
indicate that a combination of these measured cannot be
used to advantage. A computer program may be
stored/distributed on a suitable medium, such as an op-
tical storage medium or a solid-state medium supplied
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together with or as part of other hardware, but may also
be distributed in other forms, such as via the Internet or
other wired or wireless telecommunication systems. Any
reference signs in the claims should not be construed as
limiting the scope.

LIST OF REFERENCE NUMERALS

[0091]

100 medical instrument
102 computer
104 hardware interface
104’ hardware interface
106 processor
106’ processor
108 user interface (operator signaling system)
110 memory
110’ memory
120 machine executable instructions
122 tomographic data assessment module
124 measured tomographic data
124’ k-space data
124" X-ray attenuation profiles
126 image quality indicator
126’ sufficent image quality indicator
126" insufficent image quality indicator
128 rendering of image quality indicator
200 receive measured tomographic data
202 receive an image quality indicator by inputting
the measured tomographic data into the tomograph-
ic data assessment module response to inputting the
measured tomographic data
204 provide the image quality indicator to an operator
using an operator signaling system
300 medical instrument
302 remote processing system
304 computer
306 tomographic data database
308 tomographic image
310 medical imaging system
312 display reacquire data message
314 display discharge subject message
400 medical instrument
402 magnetic resonance imaging system
404 magnet
406 bore of magnet
408 imaging zone
409 field of view
410 magnetic field gradient coils
412 magnetic field gradient coil power supply
414 radio-frequency coil
416 transceiver
418 subject
420 subject support
422 operator instruction database
424 operator instructions
430 pulse sequence commands (example of medical

imaging system control commands)
432 instruction database
434 operator instructions
450 machine executable instructions
500 medical instrument
502 CT system
504 gantry
506 axis of rotation
510 X-ray tube
512 detector
514 X-rays
516 imaging zone
520 subject support acutator
530 CT system control commands (example of med-
ical imaging system control commands)
600 acquire the measured tomographic data by con-
trolling the medical imaging system with the medical
imaging system control commands
602 does the image quality indicator satisfy a pre-
determined criterion
604 display a discharge subject message to the op-
erator if the image quality indicator does not satisfy
the predetermined criterion
606 store the measured tomographic data in a tom-
ographic data database system of a remote process-
ing system
608 retrieve the measured tomographic data from
the tomographic data database
610 reconstruct the tomographic image from the
measured tomographic data
612 display a reacquire data message to the oper-
ator if the image quality indicator does not satisfy the
predetermined criterion
614 retrieve the operator instructions from the in-
struction database if the reacquire data message is
displayed
616 display the operator instructions on the display

Claims

1. A medical instrument (100, 300, 400, 500) compris-
ing:

- a memory (110) storing machine executable
instructions (120) and a tomographic data as-
sessment module (122); and
- a processor (106) configured for controlling the
medical instrument, wherein execution of the
machine executable instructions causes the
processor to:

receive (200) measured tomographic data
(124, 124’, 124"), wherein the measured to-
mographic data is configured for being re-
constructed into a tomographic image (308)
of a subject (418);
receive (202) an image quality indicator
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(126, 126’, 126") by inputting the measured
tomographic data into the tomographic data
assessment module, wherein the tomo-
graphic data assessment module is config-
ured for generating the image quality indi-
cator in response to inputting the measured
tomographic data; and
provide (204) the image quality indicator us-
ing an operator signaling system (108).

2. The medical instrument of claim 1, wherein the med-
ical instrument further comprises a medical imaging
system (310, 402, 502) configured for acquiring the
measured tomographic data from an imaging zone
(408, 516), wherein the memory further comprises
medical imaging system control commands (430,
530) configured for controlling the medical imaging
system to acquire the measured tomographic data,
wherein execution of the machine executable in-
structions further causes the processor to acquire
(600) the measured tomographic data by controlling
the medical imaging system with the medical imag-
ing system control commands.

3. The medical instrument of claim 2, wherein the med-
ical imaging system further comprises a subject sup-
port (420, 520) configured for moving at least a por-
tion of the subject within the imaging zone, wherein
execution of the machine executable instructions fur-
ther causes the processor to:

- control the subject support to move the at least
a portion of the subject within the imaging zone
before controlling the medical imaging system
to acquire the measured tomographic data; and
- provide the image quality indicator to the op-
erator using an operator signaling system while
the subject is still supported at least partially
within the imaging zone.

4. The medical instrument of claim 2 or 3, wherein the
medical imaging system is a magnetic resonance
imaging system (402), wherein the medical imaging
system control commands are pulse sequence com-
mands (430), and wherein the measured tomo-
graphic data is k-space data (124’).

5. The medical instrument of claim 4, wherein any one
of the following:

- wherein the pulse sequence commands are
according to a compressed sensing magnetic
resonance imaging protocol configured for ac-
quiring the measured tomographic data from
multiple magnetic resonance imaging antennas,
wherein the tomographic data assessment mod-
ule is configured for at least partially providing
the image quality indicator using magnetic res-

onance data from a single magnetic resonance
antenna selected from the multiple magnetic
resonance imaging antennas;
- wherein the pulse sequence commands are
according to a self-navigating magnetic reso-
nance imaging protocol that embeds self-navi-
gator data within the k-space data, wherein the
tomographic data assessment module is config-
ured for at least partially providing the image
quality indicator using the self-navigator data;
and
- combinations thereof.

6. The medical instrument of any one of claims 1
through 3, wherein the medical imaging system is a
computed tomography imaging system (502), and
wherein the measured tomographic data comprises
measured X-ray attenuation profiles (124").

7. The medical instrument of any one of the preceding
claims, wherein the tomographic data assessment
module is configured for accelerating the generation
of the image quality indicator using any one of the
following:

- subsampling the measured tomographic data;
- reconstructing a low-resolution image from the
measured tomographic data, wherein the low-
resolution image has a lower resolution than the
tomographic image; and
- reconstructing a single slice of the tomographic
image from the measured tomographic data.

8. The medical instrument of any one of the preceding
claims, wherein the measured tomographic data
comprises redundant data, wherein the tomographic
data assessment module is configured to at least
partially generate the image quality indicator using
the redundant data.

9. The medical instrument of any one of the preceding
claims, wherein the tomographic data assessment
module is implemented as any one of the following:

- a neural network trained to receive as input the
measured tomographic data and in response
output the image quality indicator;
- a predetermined logic module configured to
receive as input the measured tomographic data
and in response output the image quality indi-
cator;
- an operator-controlled module configured to
generated and display intermediate images or
values for approval by the operator; and
- combinations thereof.

10. The medical instrument of any one of the preceding
claims, wherein execution of the machine executa-
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ble instructions further causes the processor to store
(606) the measured tomographic data in a tomo-
graphic data database system (306) of a remote
processing system (302) if (602) the image quality
indicator satisfies a predetermined criterion, and
wherein the remote processing system is configured
to:

- retrieve (608) the measured tomographic data
from the tomographic data database; and
- reconstruct (612) the tomographic image from
the measured tomographic data.

11. The medical instrument of any one of the preceding
claims, wherein the operator signaling system fur-
ther comprises a computer display configured for dis-
playing the image quality indicator, wherein execu-
tion of the machine executable instructions further
causes the processor to:

- display (612) a reacquire data message to the
operator if the image quality indicator does not
satisfy the predetermined criterion; and/or
- display (604) a discharge subject message to
the operator if the image quality indicator does
not satisfy the predetermined criterion.

12. The medical instrument of claim 11, wherein the
memory further comprises an instruction database
(422) comprising operator instructions (424) that de-
scribe how to improve measured tomographic data
quality, wherein execution of the machine executa-
ble instructions further causes the processor to:

- retrieve (614) the operator instructions from
the instruction database if the reacquire data
message is displayed; and
- display (616) the operator instructions on the
display.

13. The medical instrument of any one of the preceding
claims, wherein the image quality indicator is any
one of the following:

- a binary indicator (126’, 126") indicating a suf-
ficient image quality and an insufficient image
quality;
- a numerical indicator;
- a lower contrast and/or lower resolution image
than the tomographic image.
- an operator provided assessment; and
- combinations thereof.

14. A method of operating a medical instrument (100,
300, 400, 500), wherein the method comprises:

- receiving (200) measured tomographic data
(124, 124’, 124"), wherein the measured tomo-

graphic data is configured for being reconstruct-
ed into a tomographic image (308) of a subject
(418);
- receiving (202) an image quality indicator by
inputting the measured tomographic data into a
tomographic data assessment module (122),
wherein the tomographic data assessment mod-
ule is configured for generating an image quality
indicator (126, 126’, 126") in response to input-
ting the measured tomographic data; and
- providing (204) the image quality indicator to
an operator using an operator signaling system
(108).

15. A computer program product comprising machine
executable instructions (120) and a tomographic da-
ta assessment module (122), wherein execution of
the machine executable instructions causes the
processor to:

- receive (200) measured tomographic data
(124, 124’, 124"), wherein the measured tomo-
graphic data is configured for being reconstruct-
ed into a tomographic image (308) of a subject
(418);
- receive (202) an image quality indicator (126,
126’, 126") by inputting the measured tomo-
graphic data into the tomographic data assess-
ment module, wherein the tomographic data as-
sessment module is configured for generating
the image quality indicator in response to input-
ting the measured tomographic data; and
- provide (204) the image quality indicator using
an operator signaling system (108).
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