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Description
FIELD OF THE INVENTION

[0001] Thepresentinventionrelatesto the field of med-
ical ultrasound imaging. In particular, the present inven-
tion relates to a medical ultrasound image processing
device for supporting reproducible acquisition of 2D ul-
trasound images. The present invention further relates
to a corresponding method and ultrasound system. Still
further, the present invention relates to a computer pro-
gram comprising program code means for causing a
computer to carry out the steps of said method.

BACKGROUND OF THE INVENTION

[0002] Medical ultrasound imaging is typically a dy-
namic examination wherein an ultrasound probe is man-
ually moved over a region of interest by a physician.
Hence, in contrast to imaging modalities such as CT or
MRI, wherein a subject is positioned with a known orien-
tation relative to the imaging system, an ultrasound ex-
amination strongly depends on the physician carrying out
the examination. For example, one and the same struc-
ture, such as an organ or tumor, may be classified to
have different sizes based on images taken by different
physicians. In clinical practice, such measurements are
typically performed based on 2D ultrasound images.
[0003] US 2006/0020204 A1 discloses a system and
method for three-dimensional space management and
visualization of ultrasound data. Instead of visualizing ul-
trasound images just as 2D images, it is suggested to
visualize already acquired ultrasound images as posi-
tionally and orientally located slices within a particular
3D space.

[0004] Document US2016/0045186 discloses a med-
ical ultrasound image processing device comprising:

- afirst interface for receiving a first 3D scout ultra-
sound image and a first 2D ultrasound image of a
volumetric region

- asecond interface for receiving a second 3D scout
ultrasound image of the volumetric region and

- aprocessing unit arranged to perform the steps of:

- determining an orientation of an image plane of
the first 2D image with respect to the first 3D
scout image

- registration of the first 3D scout image and the
second 3D scoutimage in a common coordinate
frame

- acquiring a second 2D image corresponding to
the orientation of the first 2D image, while chang-
ing the position of the probe

- providing a control signal adapted to control an
acquisition of the second 3D image of the volu-
metric region by an ultrasound probe, when said
first and second 2D images are similar, wherein
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the acquisition of the second 2D ultrasound im-
age by the ultrasound probe is from a same po-
sition as the position of the acquisition of the
second 3D scout ultrasound image.

SUMMARY OF THE INVENTION

[0005] Itis an object of the present invention to provide
a device and method which support more consistent
and/or reliable acquisition of 2D ultrasound images.
[0006] In a first aspect of the present invention a med-
ical ultrasound image processing device is presented that
comprises:

- a first interface for receiving a first 3D scout ultra-
sound image and a first 2D ultrasound image of a
volumetric region;

- asecond interface for receiving a second 3D scout
ultrasound image of the volumetric region; and

- a processing unit arranged to perform the steps of:

- determining an orientation of an image plane of
the first 2D ultrasound image with respect to the
first 3D scout ultrasound image;

- registration of the first 3D scout ultrasound im-
age and the second 3D scout ultrasound image
in a common coordinate frame;

- determining an orientation of the image plane of
thefirst 2D ultrasound image with respectto said
common coordinate frame based on said regis-
tration of the first and second 3D scout ultra-
sound images and the determined orientation of
the image plane of the first 2D ultrasound image
with respect to the first 3D scout ultrasound im-
age; and

- providing a control signal adapted to control an
acquisition of a second 2D ultrasound image of
the volumetric region by an ultrasound probe in
accordance with the orientation of the image
plane of the first 2D ultrasound image of the vol-
umetric region,

wherein an orientation of an image plane of the second
2D ultrasound image corresponds to the determined ori-
entation of the image plane of the first 2D ultrasound
image of the volumetric region,

wherein the acquisition of the second 2D ultrasound im-
age by the ultrasound probe is from either a same position
as, or a tracked position with respect to, the position of
the acquisition of the second 3D scout ultrasound image.
[0007] In a second aspect of the present invention a
medical image processing method is presented, the
method comprising the steps of:

- obtaining (i.e., receiving or retrieving) a first 3D scout
ultrasound image and a first 2D ultrasound image of
a volumetric region;

- obtaining (i.e., receiving or retrieving) a second 3D
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scout ultrasound image of the volumetric region;

- determining an orientation of an image plane of the
first 2D ultrasound image with respect to the first 3D
scout ultrasound image;

- registration of the first 3D scout ultrasound image
and the second 3D scout ultrasound image in a com-
mon coordinate frame;

- determining an orientation of the image plane of the
first 2D ultrasound image with respect to said com-
mon coordinate frame based on said registration of
the firstand second 3D scout ultrasound images and
the determined orientation of the image plane of the
first 2D ultrasound image with respect to the first 3D
scout image; and

- providing a control signal adapted to control an ac-
quisition of a second 2D ultrasound image of the vol-
umetric region by an ultrasound probe in accordance
with the orientation of the image plane of the first 2D
ultrasound image of the volumetric region,

wherein an orientation of an image plane of the second
2D ultrasound image corresponds to the determined ori-
entation of the image plane of the first 2D ultrasound
image of the volumetric region,

wherein the acquisition of the second 2D ultrasound im-
age by the ultrasound probe is from either a same position
as, or a tracked position with respect to, the position of
the acquisition of the second 3D scout ultrasound image.
[0008] In a further aspect of the present invention an
ultrasound system for imaging a volumetric region is pre-
sented, the system comprising:

- anultrasound probe comprising an ultrasound trans-
ducer array arranged to acquire an ultrasound image
of a subject;

- the aforementioned medical
processing device; and

- aprobe controller arranged to control the ultrasound
probe to acquire the second 2D ultrasound image
based on the control signal provided by said medical
ultrasound image processing device from either a
same position as, or atatracked position with respect
to, the position of the acquisition of the second 3D
scout ultrasound image.

ultrasound image

[0009] In yet further aspects of the present invention,
there are provided a corresponding computer program
which comprises program code means for causing a
computer to perform the steps of the method disclosed
herein when said computer program is carried out on a
computer as well as a non-transitory computer-readable
recording medium that stores therein a computer pro-
gram product, which, when executed by a processor,
causes the method disclosed herein to be performed.

[0010] Preferred embodiments of the invention are de-
fined in the dependent claims. It shall be understood that
the claimed method, system, computer program and me-
dium can have similar and/or identical preferred embod-
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iments as the claimed device, in particular as defined in
the dependent claims and as disclosed herein.

[0011] The present invention is based on the idea of
using 3D scout ultrasound images for establishing a cor-
respondence between afirstand a second 2D ultrasound
image. The solution presented herein is particularly ad-
vantageous for providing comparable 2D ultrasound im-
ages from a first, initial 2D ultrasound examination and
a second, follow-up 2D ultrasound examination.

[0012] The first and the second 3D scout ultrasound
images can be registered to determine their relative po-
sition and orientation. Hence, based on arelative position
and orientation of the first 2D ultrasound image with re-
spect to the first 3D scout ultrasound image, and further
based the relative position and orientation of the first 3D
scout ultrasound image with respect to the second 3D
scout ultrasound image, a relative position and orienta-
tion for acquisition of the second 2D ultrasound image
with respect to the second 3D scout ultrasound image
can be calculated, such that the position and orientation
of said second 2D ultrasound image corresponds to the
position and orientation of the first 2D ultrasound image
with respect to the examined volumetric region. In other
words, a second, follow-up 2D ultrasound image with the
same view as the initial 2D ultrasound image can be ac-
quired.

[0013] In conventional 2D ultrasound systems, the ac-
quisition of consistent and reproducible 2D ultrasound
images is challenging and strongly depends on how the
physician carrying out the examination positions the
handheld ultrasound probe. Yet, if the view of follow-up
examinations is not the same, also measurements may
not be identical and comparisons between them are not
reliable. In current clinical practice, small deviations be-
tween an initial and a follow-up ultrasound images are
therefore often attributed to measuringinaccuracy. There
is thus a need to enable more accurate measurements.
For example, early detection of even small size changes
of a lesion may change a therapy regime for the benefit
of the patient.

[0014] To bypass this challenge it is proposed herein
to employ a first and a second 3D scout ultrasound scan
for alignment of a first 2D ultrasound image and a second
2D ultrasound image to be acquired. 3D ultrasound is
feasible since it does not harm the patient and is acquired
quickly, for example in 1/10th of a second. The first 3D
scout ultrasound image and the first 2D ultrasound image
can be stored together with information or data indicative
of their relative position and/or orientation. This data can
be received by the image processing device together with
the first 3D scout ultrasound image and the first 2D ul-
trasound image. For example, the coordinates and ori-
entation of the first 2D ultrasound image with respect to
the first 3D scout ultrasound image can be stored. Alter-
natively or in addition, control parameters for acquisition
of the first 2D ultrasound image and the first 3D scout
ultrasound image with a 3D ultrasound probe may be
stored. When a second, follow-up 2D ultrasound image
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with an identical view is required, a second 3D scout ul-
trasound scan be acquired and registered with the first,
initial 3D scout ultrasound image. Through the knowl-
edge of their correspondence and the relative orientation
and/or position of the first, initial 2D ultrasound image
with respect to the first 3D scout ultrasound image, the
corresponding control signal for acquisition of the sec-
ond, follow-up 2D ultrasound image can be deduced and
the follow-up 2D ultrasound image with an identical view
as the initial 2D ultrasound image can be acquired.
[0015] The proposed solution can thus support more
consistent and/or reliable acquisition of 2D ultrasound
images with an ultrasound system. By providing a control
signal for acquisition of the second 2D ultrasound image
in accordance with the orientation of the image plane of
the first 2D ultrasound image of the volumetric region,
the proposed medical image processing apparatus can
thus enable the acquisition of 2D slices in a follow-up
examination in accordance with the 2D slices in the pre-
vious examination.

[0016] As a further advantage, the time required by a
physician for acquisition of a consistent follow-up ultra-
sound image may be reduced. Hence, instead of acqui-
sition of an entire high resolution 3D ultrasound scan, it
can be sufficient to acquire a 3D scout ultrasound image
having a reduced resolution and then acquiring the spe-
cific follow-up 2D ultrasound image of interest which cor-
responds the initial, first 2D ultrasound image.

[0017] It should further be noted that in particular for
time critical examinations such as an examination of a
beating heart, a high resolution 3D scan may not be fast
enough. In this case additional techniques such as gated
acquisition would be required. A further advantage of the
solution proposed herein can thus be a reduced com-
plexity.

[0018] As afurther advantage, a less trained physician
may be supported in acquisition of comparable follow-up
2D ultrasound images. For example, the first 2D ultra-
sound image and the first 3D scout ultrasound image
may have been acquired by a highly qualified specialist,
whereas the follow-up ultrasound images may be ac-
quired by an assistant.

[0019] Generally speaking, a first (scout) ultrasound
image can refer to an initial examination and a second
(scout) ultrasound image can refer to a follow-up exam-
ination. A follow-up examination may be carried out at a
later point in time, for example a few weeks or months
after the initial examination, to assess a healing process
or progression of a disease. For example, the first 3D
scout ultrasound image and the first 2D ultrasound image
are acquired together at the initial examination, whereas
the second 3D scout ultrasound image and the second
2D ultrasound image are subsequently acquired at the
follow-up examination.

[0020] The first ultrasound images and the second ul-
trasound images can be images acquired with the same
or a different ultrasound system. For example, the initial
ultrasound images can be acquired at a hospital, where-
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as the second, follow-up ultrasound images are acquired
in private practice. The first ultrasound images may be
obtained, for example, from a database such as an elec-
tronic health record (EHR).

[0021] Itshall be understood that the first interface and
the second interface can be the same interface such as
one single hardware interface or can also be different
interfaces. Forexample, thefirstinterface and the second
interface can be one common data interface, i.e. an in-
terface for receiving the first 3D scout ultrasound image,
the first 2D ultrasound image and the second 3D scout
ultrasound image of the volumetric region. In an embod-
iment, the first interface can be, for example, a data net-
work interface for receiving the first 3D scout ultrasound
image and the first 2D ultrasound image, whereas the
second interface may be an interface for receiving data
directly from an ultrasound acquisition unit. The first in-
terface can be seen in a functional way as indicating data
from an initial examination, whereas the second interface
indicates data from a follow-up examination.

[0022] 3D ultrasound images may be acquired by a
mechanically steered array or electronically. Electronical
steering can be enabled by a 2D ultrasound transducer
array. Alternatively, mechanical steering of 1D ultra-
sound transducer array may be used to acquire a 3D
ultrasound image.

[0023] A 3D scout ultrasound image as used herein
refers to a 3D ultrasound image, in particular a 3D ultra-
sound image having a lower resolution than a 2D ultra-
sound image. Advantageously, lower resolution first
and/or second 3D ultrasound images can be used to pro-
vide a fast acquisition time. This is particularly advanta-
geous when imaging a moving organ such as the heart.
The first and/or second 2D ultrasound images may be
acquired with a higher resolution.

[0024] Image registrationis a common term in medical
imaging for determining a relative position and/or orien-
tation of two 2D or 3D images relative to each other.
Reference can be made to WO 2002/16963 A2 and the
additional disclosures cited therein. For example, corre-
sponding regions of images can be identified by edge
detection and segmentation algorithms.

[0025] A common coordinate frame can refer to a co-
ordinate frame of the first or second 3D scout ultrasound
image or an arbitrarily oriented coordinate frame, in gen-
eral any coordinate system which may serve as a refer-
ence. The relative orientation of the ultrasound images
with respect to each other matters.

[0026] Inanembodiment, the first 3D scout ultrasound
image and the first 2D ultrasound image can be images
acquired with a first 3D ultrasound probe from a first po-
sition. The second 3D scout ultrasound image can be an
image acquired with a second 3D ultrasound probe from
a second position, for example after repositioning the ul-
trasound probe or in a follow-up examination. The first
3D ultrasound probe and the second 3D ultrasound probe
may thus refer to the same or different ultrasound probes.
After acquisition of the second 3D scout ultrasound im-
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age, the control signal can then be provided for acquisi-
tion of the second 2D ultrasound image based on said
control signal from said second position. Advantageous-
ly, the ultrasound probe is not moved substantially be-
tween the respective 3D scout ultrasound image and the
corresponding 2D ultrasound image. Thereby, the first
3D scout ultrasound image and the first 2D ultrasound
image are images acquired from the same, first position.
Correspondingly, the second 3D scout ultrasound image
andthe second 2D ultrasound image will advantageously
both be acquired from the second position. An advantage
of this embodiment is that a position and/or orientation
of the first 2D ultrasound image with respect to the first
3D scout ultrasound image can be determined based on
system parameters of the ultrasound system for acqui-
sition of said ultrasound images, such as for example
beam steering parameters. It is thus not necessary to
track a position of the ultrasound probe - even though
this would also be possible in the alternative orin addition.
Advantageously, for example when having a 3D ultra-
sound system with a matrix transducer, the position
and/or orientation of the image plane for acquisition of
the second 2D ultrasound image can be set electronical-
ly,i.e., via electronic beam steering. Itis to be understood
that the processing unit can be arranged accordingly.
Generally speaking, the respective 2D and 3D ultrasound
image have to be stored and will be received together
with data indicative of their relative position and/or orien-
tation with respect to each other.

[0027] In a refinement, for example, if the ultrasound
probe was slightly moved between acquisition of the 3D
scout ultrasound image and the 2D ultrasound image,
the position and/or orientation of the 2D ultrasound image
relative to the 3D scout ultrasound image may still be
determined, e.g., by means of registration. Furthermore,
such information can be stored for any subsequently ac-
quired 2D ultrasound image in the vicinity. By this means,
one 3D scout ultrasound image can serve as a basis for
several 2D ultrasound images.

[0028] In an embodiment, the processing unit can be
arranged to determine the orientation of the image plane
of the first 2D ultrasound image with respect to the first
3D scout ultrasound image based on control parameters
of the ultrasound probe for acquisition of the first 2D ul-
trasound image and the first 3D scout ultrasound image.
Control parameters for acquisition of the respective 2D
and 3D ultrasound images can be indicative of an orien-
tation and/or position of said ultrasound images with re-
spect the ultrasound probe. Provided that the ultrasound
images are acquired from the same position, i.e. the ul-
trasound probe has not moved substantially, the relative
position and/or orientation of the 2D ultrasound image
and the 3D scout ultrasound image can thus be derived
from the control parameters of the ultrasound probe. In
particular, such control parameters may comprise beam
steering parameters, in particular for electronic beam
steering. Correspondingly, the control signal of the
processing unit can provide one or more control param-
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eters for acquisition of second 2D ultrasound image, such
as beam steering parameters for acquisition of the sec-
ond 2D ultrasound image at a desired orientation and/or
position with respect to the second 3D scout ultrasound
image and in correspondence with an orientation and/or
position of the first 2D ultrasound image. Alternatively or
in addition, the orientation and/or position of the image
plane of the first 2D ultrasound image with respect to the
first 3D scout ultrasound image can also be determined
based on 2D to 3D registration. This is particularly helpful
if the control parameter information is not available or
insufficient. These techniques can also be combined to
further improve the performance.

[0029] Inanembodiment, atleastone ofthe ultrasound
images further can comprise metadata indicative of a
control parameter of an ultrasound probe for acquisition
of said ultrasound image, in particularindicative of atleast
one of an acquisition gain, focus, depth, zoom, position,
orientation and beam steering parameter. An advantage
of this embodiment is that said one or more control pa-
rameters can directly be stored together with the ultra-
sound image data. Alternatively or in addition, the med-
ical image processing device may receive data regarding
one or more control parameters (also referred to as sys-
tem parameters) separately via an interface.

[0030] In an embodiment, the control signal provided
by the processing unit can be indicative of at least one
control parameter of the ultrasound probe for acquisition
of the second 2D ultrasound image. For example, the
control signal can be indicative of at least one of an ac-
quisition gain, focus, depth, zoom, position, orientation
and a beam steering parameter. Thereby, the ultrasound
probe can be controlled to acquire a second 2D ultra-
sound image which provides a corresponding view as
the first 2D ultrasound image. Alternatively, the control
signal may also provide a control signal indicative of a
relative position and/or orientation of the desired second
2D ultrasound image to be acquired with respect to the
second 3D scout ultrasound image. The control param-
eters for the ultrasound probe, in particular for beam
steering, can be calculated based thereon by an optional
intermediate entity such as a probe or transducer con-
troller.

[0031] In an embodiment, the step of registration can
comprise an anatomy segmentation in said first and sec-
ond 3D scout ultrasound images. A definition of said com-
mon coordinate frame can be based on said anatomy
segmentation. An advantage of this embodiment is that
anatomic features can be taken as a reference for deter-
mining the relative position and orientation of the firstand
second 3D scout ultrasound images.

[0032] In an embodiment, the registration of the sec-
ond 3D scout ultrasound image with the first 3D scout
ultrasound image can comprise a registration of animage
content within field-of-view masks of said first 3D ultra-
sound image and said second 3D ultrasound image re-
spectively. An advantage of this embodiment is, that not
the entire ultrasound image is considered for the regis-
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tration but only an image content within a relevant area
as indicated by a field-of-view mask. Hence, the image
content and not the field-of-view cones as such can be
compared and registered. A field view cone can be the
typical triangular or pyramidal view cone provided by an
ultrasound probe.

[0033] In an embodiment, the registration can com-
prise determining an overlap between the first 3D scout
ultrasound image and the second 3D scout ultrasound
image, in particular determining whether there is a suffi-
cient overlap of said 3D ultrasound images. Thereby, a
sufficient overlap for registration of said 3D ultrasound
images can be determined. A further advantage is that
an alert signal can be generated by the image processing
device if an insufficient overlap is determined. In conse-
quence, an alert message can be provided via a user
interface, for example via a separate or an already ex-
isting user interface of the ultrasound system, and the
user may reposition the ultrasound probe accordingly.
Advantageously, the user can be provided with guidance
on how to position the ultrasound probe based on the
determined overlap. For example, the user may be in-
structed to move or tilt the ultrasound probe in a certain
direction. Such guidance can be provided, for example,
by voice guidance with real-time feedback on how to po-
sition the probe and/or via a graphical user interface. The
graphical user interface can advantageously show a cur-
rent and a target position of the ultrasound probe and/or
which probe displacements are required.

[0034] In a refinement, a sequence of 3D scout ultra-
sound images can be iteratively acquired until a sufficient
overlap has been found. The image processing device
can thus be arranged to provide a control signal for iter-
ative acquisition of 3D scout ultrasound images. If a suf-
ficientoverlap has been detected, the user can be notified
accordingly via a user interface.

[0035] Inanembodiment,aresolution ofthe firstand/or
second 2D ultrasound image can be higher than a reso-
lution of the first and/or second 3D scout ultrasound im-
age. For example, the ultrasound system may be ar-
ranged to acquire the 2D ultrasound image with a higher
resolution than the corresponding 3D scout ultrasound
image. It has been found that a lower resolution 3D scout
ultrasound image can be sufficient for registration. A
higher resolution 2D ultrasound image may then be used
for actual clinical diagnostics. An advantage of this em-
bodimentis that in particular the first 3D scout ultrasound
image may be quickly acquired in addition to the first 2D
ultrasound image. For example, the acquisition of the 3D
scout ultrasound image may only take 1/10th of a second.
Hence, during a time when an operator of the ultrasound
system freezes the screen for detailed analysis of a 2D
ultrasound image, a background process for acquisition
of a 3D scout ultrasound image having a reduced reso-
lution may be performed, essentially without loss of time.
[0036] In an embodiment, the processing unit can be
further arranged to determine a position of the first 2D
ultrasound image with respect to the first 3D scout ultra-
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sound image and/or the common coordinate frame and
further arranged to provide a control signal adapted to
control an acquisition of the second 2D ultrasound image
by an ultrasound probe in accordance with the position
of the first 2D ultrasound image of the volumetric region.
It should be understood that a position and orientation of
the second 2D ultrasound image may correspond to the
position and orientation of the first 2D ultrasound image.
Hence, the processing unit can be arranged to consider
both the position and the orientation in each respective
step. Advantageously, same structures are thus shown
at the same position in the first and the second 2D ultra-
sound images.

[0037] Inan embodiment, the medical image process-
ing device, in particular the processing unit, can be ar-
ranged to provide guidance to a sonographer for acqui-
sition of the second 2D ultrasound image based on said
control signal via a userinterface. In particular voice guid-
ance or graphical guidance on how to position the ultra-
sound probe can be provided via the user interface to
the sonographer based on the control signal for acquisi-
tion of the second 2D ultrasound image in accordance
with the first 2D ultrasound image. For example, the
sonographer can be provided with feedback via a human-
machine-interface (HMI) on how to position the ultra-
sound probe for acquisition of the second 2D ultrasound
image in correspondence with the first 2D ultrasound im-
age. For example, guidance can be provided sonogra-
pher for the acquisition of the follow-up 2D ultrasound
image by voice guidance, advantageously with real-time
feedback, on how to position the probe and/or ona graph-
ical display. Such guidance can advantageously indicate
a current and a target position of the ultrasound probe
and/or which probe displacements are required. For ex-
ample, registration information indicative of the registra-
tion of the first 3D scout ultrasound image and the second
3D scout ultrasound image, such as position and/or ori-
entation of the 3D scout ultrasound images with respect
to each other, can be provided on a graphical user inter-
face as a help for the sonographer to move the ultrasound
probe in a way that the probe position and/or orientation
corresponds better between the first and the second ac-
quisition.

[0038] Inanembodiment, the aforementioned method
can further comprise the step of acquisition of the second
2D ultrasound image of the volumetric region with the
ultrasound probe based on said control signal. Corre-
spondingly, the method can further comprise the preced-
ing steps of acquisition of the first 2D ultrasound image
and the first 3D scout ultrasound image, for example in
an initial first examination, as well as the step of acquiring
the second 3D scout ultrasound image, for example im-
mediately before acquisition of the second 2D ultrasound
image based on said control signal, in a follow-up exam-
ination.

[0039] Itis to be understood, that the acquired ultra-
sound images or more precisely the ultrasound image
data can be obtained and processed by a processing
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unit. As used herein the term obtaining can refer to re-
ceiving orretrieving data. For example, ultrasound image
data which has previously been acquired with an ultra-
sound probe is received by the medical ultrasound image
processing device. It is also possible to actively retrieve
such data from a storage unit or database such as an
electronic health record (EHR), hospital information sys-
tem (HIS) or picture archiving and communication system
(PACS). Advantageously, the first 2D ultrasound image
and the first 3D scout ultrasound image are stored in a
database together with data indicative of their relative
position and/or orientation. When performing a follow-up
examination, this information can be accessed, received
and used for determining the control signal for consistent
and reliable acquisition of the second 2D ultrasound im-
age.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter. In the following draw-
ings

Fig. 1 shows a schematic representation of an ultra-
sound imaging system in use to scan a part of a
patient’s body;

Fig. 2 shows a schematic block diagram of an em-
bodiment of an ultrasound imaging system with an
array transducer;

Fig. 3 shows a simplified schematic block diagram
of an ultrasound system comprising a medicalimage
processing device according to an aspect of the
present invention;

Fig. 4 shows a flow chart of a first embodiment of a
medical image processing method according to an
aspect of the present invention;

Fig. 5 shows a first schematic illustration of an ori-
entation of respective 2D and 3D ultrasound images
with respect to each other;

Fig. 6 shows a second schematic illustration of an
orientation of respective 2D and 3D ultrasound im-
ages with respect to each other; and

Fig. 7 shows a flow chart of a proposed workflow for
supporting reproducible acquisition of 2D ultrasound
images.

DETAILED DESCRIPTION OF EMBODIMENTS

[0041] Before referring to the medical ultrasound im-
age processing device 10 according to an aspect of the
present invention, the basic principles of an ultrasound
system 100 shall be explained with reference to Figs. 1
and 2.

[0042] Fig. 1 shows a schematic illustration of an ul-
trasound system 100, in particular a medical three-di-
mensional (3D) ultrasound imaging system. The ultra-
sound imaging system 100 is applied to inspect a volume
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of an anatomical site, in particular an anatomical site of
a patient 12 over time. The ultrasound system 100 com-
prises an ultrasound probe 14 having at least one trans-
ducer array having a multitude of transducer elements
for transmitting and/or receiving ultrasound waves. Inone
example, each of the transducer elements can transmit
ultrasound waves in form of at least one transmit impulse
of a specific pulse duration, in particular a plurality of
subsequent transmit pulses. The transducer elements
are preferably arranged in a two-dimensional array, in
particular for providing a multi-planar or three-dimension-
al image.

[0043] A particular example for a three-dimensional ul-
trasound system which may be the CX40 Compact
Xtreme ultrasound system sold by the applicant, in par-
ticular together with an X6-1 or X7-2t TEE transducer of
the applicant or another transducer using the xMatrix
technology of the applicant. In general, matrix transducer
systems as found on Philips iE33 systems or mechanical
3D/4D transducer technology as found, for example, on
the Philips iU22 and HD15 systems may be applied in
conjunction with the current invention.

[0044] A 3D ultrasound scan typically involves emitting
ultrasound waves thatilluminate a particular volume with-
in a body, which may be designated as target volume or
volumetric region. This can be achieved by emitting ul-
trasound waves at multiple different angles. A set of vol-
ume data is then obtained by receiving and processing
reflected waves. The set of volume data is a represen-
tation of the target volume within the body over time.
Since time is usually denoted as fourth dimension, such
ultrasound system 100 delivering a 3D image sequence
over time, is sometimes also referred to a 4D ultrasound
imaging system.

[0045] It shall be understood that the ultrasound probe
14 may either be used in a non-invasive manner (as
shownin Fig. 1) orin an invasive manner as this is usually
done in TEE (not explicitly shown). The ultrasound probe
14 may be hand-held by the user of the system, for ex-
ample medical staff or a physician. The ultrasound probe
14 is applied to the body of the patient 12 so that an
image of an anatomical site, in particular an anatomical
object of the patient 12 is provided.

[0046] Further, the ultrasound system 100 may com-
prise an image reconstruction unit 16 that controls the
provision of a 3D image sequence via the ultrasound sys-
tem 100. As will be explained in further detail below, the
image reconstruction unit 16 may control not only the
acquisition of data via the transducer array of the ultra-
sound probe 14, but also signal and image processing
that form the 3D image sequence out of the echoes of
the ultrasound beams received by the transducer array
of the ultrasound probe 14.

[0047] The ultrasound system 100 may further com-
prise a display 18 for displaying the 3D image sequence
to the user. Still further, an input device 20 may be pro-
vided that may comprise keys or a keyboard 22 and fur-
ther inputting devices, for example a trackball 24. The
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input device 20 might be connected to the display 18 or
directly to the image reconstruction unit 16.

[0048] Fig. 2 illustrates a schematic block diagram of
the ultrasound system 100. The ultrasound probe 14
may, for example, comprise a CMUT transducer array
26. The transducer array 26 may alternatively comprise
piezoelectric transducer elements formed of materials
such as PZT or PVDF. The transducer array 26 is a one-
or a two-dimensional array of transducer elements ca-
pable of scanning in three dimensions for 3D imaging.
Thetransducer array 26 is coupled to a microbeamformer
28in the probe which controls transmission and reception
of signals by the CMUT array cells or piezoelectric ele-
ments. Microbeamformers are capable of at least partial
beamforming of the signals received by groups or "patch-
es" of transducer elements as described in US Pats.
5,997,479 (Savord et al.), 6,013,032 (Savord), and
6,623,432 (Powers et al.) The microbeamformer 28 may
coupled by a probe cable to a transmit/receive (T/R)
switch 30 which switches between transmission and re-
ception and protects the main beamformer 34 from high
energy transmit signals when a microbeamformer 28 is
not used and the transducer array 26 is operated directly
by the main beamformer 34. The transmission of ultra-
sonic beams from the transducer array 26 under control
of the microbeamformer 28 is directed by a transducer
controller 32 coupled to the microbeamformer 28 by the
T/R switch 30 and the main system beamformer 34,
which receives input from the user’s operation of the user
interface or control panel 22. One of the functions con-
trolled by the transducer controller 32 is the direction in
which beams are steered and focused. Beams may be
steered straight ahead from (orthogonal to) the transduc-
er array 26, or at different angles for a wider field of view.
The transducer controller 32 can be coupled to control a
DC bias control 58 for the CMUT array. The DC bias
control 58 sets DC bias voltage(s) that are applied to the
CMUT cells.

[0049] The partially beamformed signals produced by
the microbeamformer 26 on receive are coupled to the
main beamformer 34 where partially beamformed signals
from individual patches of transducer elements are com-
bined into a fully beamformed signal. For example, the
main beamformer 34 may have 128 channels, each of
which receives a partially beamformed signal from a
patch of dozens or hundreds of CMUT transducer cells
or piezoelectric elements. In this way the signals received
by thousands of transducer elements of the transducer
array 26 can contribute efficiently to a single beamformed
signal.

[0050] Thebeamformed signalsare coupledtoa signal
processor 36. The signal processor 36 can process the
received echo signals in various ways, such as bandpass
filtering, decimation, | and Q component separation, and
harmonic signal separation which acts to separate linear
and nonlinear signals so as to enable the identification
of nonlinear (higher harmonics of the fundamental fre-
quency) echo signals returned from tissue and/or micro-
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bubbles comprised in a contrast agent that has been pre-
administered to the body of the patient 12. The signal
processor 36 may also perform additional signal en-
hancement such as speckle reduction, signal compound-
ing, and noise elimination. The bandpass filter in the sig-
nal processor 36 can be a tracking filter, with its passband
sliding from a higherfrequency band to a lower frequency
band as echo signals are received from increasing
depths, thereby rejecting the noise at higher frequencies
from greater depths where these frequencies are devoid
of anatomical information.

[0051] The processed signals may be transferred to a
B mode processor 38 and a Doppler processor 40. The
B mode processor 38 employs detection of an amplitude
of the received ultrasound signal for the imaging of struc-
tures in the body such as the tissue of organs and vessels
in the body. B mode images of structure of the body may
be formed in either the harmonic image mode or the fun-
damental image mode or a combination of both as de-
scribed in US Pat. 6,283,919 (Roundhill et al.) and US
Pat. 6,458,083 (Jago et al.)

[0052] The Doppler processor 40 may process tempo-
rally distinct signals from tissue movement and blood flow
for the detection of the motion of substances such as the
flow of blood cells in the image field. The Doppler proc-
essor 40 typically includes a wall filter with parameters
which may be set to pass and/or reject echoes returned
from selected types of materials in the body. Forinstance,
the wallfilter can be set to have a passband characteristic
which passes signal of relatively low amplitude from high-
er velocity materials while rejecting relatively strong sig-
nals from lower or zero velocity material. This passband
characteristic will pass signals from flowing blood while
rejecting signals from nearby stationary or slowing mov-
ing objects such as the wall of the heart. An inverse char-
acteristic would pass signals from moving tissue of the
heart while rejecting blood flow signals for whatis referred
to as tissue Doppler imaging, detecting and depicting the
motion of tissue. The Doppler processor 40 may receive
and process a sequence of temporally discrete echo sig-
nals from different points in an image field, the sequence
of echoes from a particular point referred to as an en-
semble. An ensemble of echoes received in rapid suc-
cession over a relatively short interval can be used to
estimate the Doppler shift frequency of flowing blood,
with the correspondence of the Doppler frequency to ve-
locity indicating the blood flow velocity. An ensemble of
echoes received over a longer period of time is used to
estimate the velocity of slower flowing blood or slowly
moving tissue.

[0053] The structural and motion signals produced by
the B mode and Doppler processors 38, 40 may then be
transferred to a scan converter 44 and a multiplanar refor-
matter 54. The scan converter 44 arranges the echo sig-
nals in the spatial relationship from which they were re-
ceived in a desired image format. For instance, the scan
converter 44 may arrange the echo signal into a two di-
mensional (2D) sector-shaped format, or a pyramidal
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three dimensional (3D) image. The scan converter 44
can overlay a B mode structural image with colors cor-
responding to motion at points in the image field with their
Doppler-estimated velocities to produce a color Doppler
image which depicts the motion of tissue and blood flow
inthe image field. The multiplanar reformatter 54 will con-
vert echoes which are received from points in a common
plane in a volumetric region of the body into an ultrasonic
image of that plane, as described in US Pat. 6,443,896
(Detmer). A volume renderer 52 converts the echo sig-
nals of a 3D data set into a projected 3D image sequence
56 over time as viewed from a given reference point as
described in US Pat. 6,530,885 (Entrekin et al.). The 3D
image sequence 56 is transferred from the scan convert-
er 44, multiplanar reformatter 54, and volume renderer
52 to an image processor 42 for further enhancement,
buffering and temporary storage for display on the display
18. In addition to being used for imaging, the blood flow
values produced by the Doppler processor 40 and tissue
structure information produced by the B mode processor
38 may be transferred to a quantification processor 46.
This quantification processor 46 may produce measures
of different flow conditions such as the volume rate of
blood flow as well as structural measurements such as
the sizes of organs and gestational age. The quantifica-
tion processor 46 may receive input from the user control
panel 22, such as the point in the anatomy of an image
where a measurement is to be made. Output data from
the quantification processor 46 may be transferred to a
graphics processor 50 for the reproduction of measure-
ment graphics and values with the image on the display
18. The graphics processor 50 can also generate graphic
overlays for display with the ultrasound images. These
graphic overlays can contain standard identifying infor-
mation such as patient name, date and time of the image,
imaging parameters, and the like. For these purposes
the graphics processor 50 may receive input from the
user interface 22, such as patient name. The user inter-
face 22 may be coupled to the transmit controller 32 to
control the generation of ultrasound signals from the
transducer array 26 and hence the images produced by
the transducer array and the ultrasound system. The user
interface 22 may also be coupled to the multiplanar refor-
matter 54 for selection and control of the planes of mul-
tiple multiplanar reformatted (MPR) images which may
be used to perform quantified measures in the image
field of the MPR images.

[0054] Again, it shall be noted that the aforementioned
ultrasound system 100 has only been explained as one
possible example for an application of the medical ultra-
sound image processing device 10. It shall be noted that
the aforementioned ultrasound system 100 does not
have to comprise all of the components explained before.
On the other hand, the ultrasound system 100 may also
comprise further components, if necessary. Still further,
it shall be noted that a plurality of the aforementioned
components do not necessarily have to be realized as
hardware, but may also be realized as software compo-
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nents. A plurality of the aforementioned components may
also be comprised in common entities or even in one
single entity and do not all have to be realized as separate
entities, as this is schematically shown in Fig. 2.

[0055] Fig. 3 shows a simplified schematic block dia-
gram of an ultrasound system 100 comprising a medical
ultrasound image processing device 10 according to an
aspect of the present invention. The image processing
device 10 receives a first 3D scout ultrasound image 3
and a first 2D ultrasound image 4 of a volumetric region,
for example from an initial examination, as well as a sec-
ond 3D scoutultrasound image 6 of the volumetricregion,
for example from a current follow-up examination, as in-
puts. As an output, the image processing device 10 pro-
vides a control signal 8 adapted to control an acquisition
of a second 2D ultrasound image of the volumetric region
by an ultrasound probe 14 in accordance with the orien-
tation of the image plane of the first 2D ultrasound image
4 of the volumetric region.

[0056] Due to the handheld acquisition of ultrasound
images, wherein the ultrasound probe 14 is manually po-
sitioned by the physician, a position P1 of the ultrasound
probe 14 during the initial examination will normally differ
from a position P2 of the ultrasound probe 14’ during the
follow-up examination of the volumetric region. This is
exemplarily shown in Fig. 1. Hence, as shown in Fig. 5,
a pyramidal view cone 81 of the first 3D scout ultrasound
scan from the first position P1 can differ from a pyramidal
view cone 82 of the second 3D scout ultrasound scan
from the second position P2. The triangular view cone
83 in Fig. 5 indicates the position and orientation of the
first 2D ultrasound image with respect to the first and
second 3D scout ultrasound images.

[0057] Referring again to Fig. 3, the first 3D scout ul-
trasound image 3 and the first 2D ultrasound image 4 of
the volumetric region can be obtained from a memory
unit or database 60. In an advantageous embodiment,
the memory unit can be a database such as PACS (pic-
ture archiving and communication system) of a hospital,
a cloud-based database or a local storage unit within an
ultrasound device. Such a database 60 can also be pro-
vided in the systems as shown in Fig. 1 and Fig. 2. The
respective first 2D ultrasound image and first 3D scout
ultrasound image are stored together with data indicative
of their relative position and/or orientation with respect
to each other. The first 3D scout ultrasound image and
the first 2D ultrasound image can be images acquired
with a 3D ultrasound probe from a first position. The po-
sition and orientation of the first 2D ultrasound image with
respect to the first 3D scout ultrasound image can be
determined for example from control parameters of the
ultrasound probe for acquisition of the first 2D ultrasound
image and the first 3D scout ultrasound image. Control
parameters may comprise one or more of an acquisition
gain, focus, depth, zoom, position, orientation and/or
beam steering parameter.

[0058] The system 100 further comprises an ultra-
sound probe 14 comprising an ultrasound transducer ar-
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ray 26 arranged to acquire an ultrasound image of a sub-
ject 12. The ultrasound probe 14 can be an ultrasound
probe as for example described with reference to Fig. 1
and Fig. 2. The ultrasound probe 14 provides the second
3D scout ultrasound image 6 as a further input to the
medical ultrasound image processing device 10.
[0059] The medical ultrasound image processing de-
vice 10 comprises a first interface 2 for receiving a first
3D scout ultrasound image 3 and a first 2D ultrasound
image 4 of a volumetric region of the subject 12; a second
interface 5 for receiving a second 3D scout ultrasound
image 6 of the volumetric region; and a processing unit
11 arranged to perform the steps of determining an ori-
entation of an image plane of the first 2D ultrasound im-
age 4 with respect to the first 3D scout ultrasound image
3; registration of the first 3D scout ultrasound image 3
and the second 3D scout ultrasound image 6 in a com-
mon coordinate frame; determining an orientation of the
image plane of the first 2D ultrasound image 3 with re-
spect to said common coordinate frame based on said
registration of the first and second 3D scout ultrasound
images 4, 6 and the determined orientation of the image
plane of the first 2D ultrasound image 4 with respect to
the first 3D scout ultrasound image 3; and providing a
control signal 8 adapted to control an acquisition of a
second 2D ultrasound image of the volumetric region by
an ultrasound probe 14 in accordance with the orientation
of the image plane of the first 2D ultrasound image 4 of
the volumetric region, wherein an orientation of animage
plane of the second 2D ultrasound image corresponds
to the determined orientation of the image plane of the
first 2D ultrasound image 4 of the volumetric region. The
control signal 8 can be provided via an output 7 of the
image processing device 10.

[0060] The system can optionally further comprise a
probe controller 31 arranged to control the ultrasound
probe 14 to acquire the second 2D ultrasound image
based on the control signal 8 provided by said medical
ultrasound image processing device 10. Alternatively,
the control signal 8 can be adapted to directly control the
ultrasound probe 14.

[0061] Advantageously, the second 3D scout ultra-
sound image is an image acquired with a 3D ultrasound
probe 14 from a second position. Since the measurement
is fast, such as for example 1/10th of a second, it can be
assumed that the ultrasound probe 14 is not repositioned
between acquisition of the second 3D scout ultrasound
image and the second 2D ultrasound image. The control
signal 8 can thus be provided for the acquisition of the
second 2D ultrasound image under the assumption or
boundary condition that the second 2D ultrasound image
is acquired from the same second position. The control
signal can be indicative of a control parameter of the ul-
trasound probe, such as a beam steering parameter, to
be used for acquisition of the second 2D ultrasound im-
age. Thereby, an orientation of an image plane for ac-
quisition of the second 2D ultrasound image can be set
electronically or electronically steered and brought into
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correspondence with the determined orientation of the
image plane of the first 2D ultrasound image. Referring
again to Fig. 5, the first and the second 2D ultrasound
image then consistently provide the same view 84 as
indicated by the triangular view cone 83 of the first 2D
image ultrasound.

[0062] Referring again to Figs. 1 and 2, the proposed
medical ultrasound image processing device can be in-
cluded in the image reconstruction unit 16, in particular
in the image processor 42. The image processor 42 may
thus be connected to a database 60 for receiving the first
3D scout ultrasound image and the first 2D ultrasound
image. As shown in Fig. 2, probe controller 31 can be
implemented by the transducer controller 32 which is
connected to the image processor 42.

[0063] Fig. 4 shows a flow chart a workflow comprising
the medical image processing method according to an
aspect of the present invention. Elements above the hor-
izontal dashed line refer to an initial examination, ele-
ments below the horizontal dashed line refer to a follow-
up examination.

[0064] In a first step S71, a first 2D ultrasound image
is acquired. In a second step S72, a first 3D scout ultra-
sound image is acquired. The sequence may be
changed. The first 3D scout ultrasound image and the
first 2D ultrasound image are advantageously acquired
together, i.e. images acquired during the same exami-
nation, advantageously without repositioning the ultra-
sound probe. The first 2D ultrasound image and the first
3D scout ultrasound image are stored together with data
indicative of their relative position and/or orientation with
respect to each other.

[0065] In step S73, an orientation and/or position of
the first 2D ultrasound image is determined with respect
to the first 3D scout ultrasound image. This step can also
already be performed before the follow-up examination.
The medical ultrasound image processing unit 10 may
thus receive the first 3D scout ultrasound image, the first
2D ultrasound image and data indicative of their relative
position and/or orientation with respect to each other.
[0066] In step S74, a second 3D scout ultrasound im-
age is acquired. As exemplarily shown in Fig. 1, due to
the handheld acquisition of ultrasound images, wherein
the ultrasound probe 14 is manually positioned by the
physician, a position P1 of the ultrasound probe 14 during
the initial examination will normally differ from a position
P2 of the ultrasound probe 14’ during the follow-up ex-
amination. This is also illustrated by the different 3D view
cones 81 and 82 in Fig. 5.

[0067] Instep S75, thefirst 3D scout ultrasound image
3 and the second 3D scout ultrasound image 6 are reg-
istered in a common coordinate frame. In other words, a
relative position and/or orientation of the first 3D scout
ultrasound image and the second 3D scout ultrasound
image is determined. Hence, a correspondence between
the first 3D scout ultrasound image and the second 3D
scout ultrasound image can be established. Known im-
age registration techniques can be employed. The step
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of registration can optionally further comprise the step of
determining whether there is a sufficient overlap of said
3D ultrasound images. If not, a control signal for iterative
acquisition of second 3D scout ultrasound images can
be provided by the image processing device. Optionally,
if the 3D scouts do not overlap enough, the sonographer
can be prompted to change the position of the probe and
to acquire a new second 3D scout ultrasound image. A
sequence of second 3D ultrasound images can be ac-
quired iteratively, advantageously until a sufficient over-
lap for reliable registration of the 3D ultrasound images
or for acquisition of the second 2D ultrasound image has
been reached.

[0068] In step S76, an orientation of the image plane
of the first 2D ultrasound image with respect to said com-
mon coordinate frame is determined based on said reg-
istration (see step S75) of the first and second 3D scout
ultrasound images and the determined orientation (see
step S73) of the image plane of the first 2D ultrasound
image with respect to the first 3D scout ultrasound image.
[0069] Instep S77,acontrolsignal 8 adapted to control
an acquisition of a second 2D ultrasound image of the
volumetric region by an ultrasound probe in accordance
with the orientation of the image plane of the first 2D
ultrasound image of the volumetric region is provided,
wherein an orientation of an image plane of the second
2D ultrasound image corresponds to the determined ori-
entation of the image plane of the first 2D ultrasound
image of the volumetric region. Thereby, the image
processing device 10 can control the ultrasound probe
14 to acquire a second 2D ultrasound image with the
same view as the first 2D ultrasound image. Hence, even
though the 3D view cones 81, 82 of the first 3D scout
ultrasound image in aninitial examination and the second
3D scout ultrasound image in a follow-up examination
differ from each other, both 2D ultrasound images can
provide the same view as indicated by the view cones
83 and 84 as shown in Fig. 5.

[0070] Advantageously, the second 2D ultrasound im-
age is acquired steps during the same follow-up exami-
nation immediately after the second 3D scout ultrasound
image and the aforementioned processing, without re-
positioning the ultrasound probe. Thereby, no tracking
of a position of the ultrasound probe between measure-
ments is required.

[0071] It shall be understood that the data acquisition
steps S71, S72, S74 and S78 can precede or follow, re-
spectively, the actual signal processing which can then
be performed without sensing means based on such data
by a processing device such as a microprocessor or mi-
crocontroller, wherein program code means cause the
processor to carry out the processing steps described
herein.

[0072] Fig. 6 shows a second schematic illustration of
a position and orientation of respective 2D and 3D ultra-
sound images with respect to each other. For simplicity,
Fig. 6 shows a two-dimensional cross-section perpen-
dicular to the image planes of the 2D ultrasound images
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83, 84. Afirst view cone 81 of the first 3D scout ultrasound
image is acquired from a first position P1. A second view
82 cone of the second 3D scout ultrasound image is ac-
quired from a second position P2. A view cone or image
plane of the first 2D ultrasound image is denoted by ref-
erence numeral 83. A view cone or image plane of the
second 2D ultrasound image is denoted by reference nu-
meral 84.

[0073] Thefirst3D scoutimage is registered (S75) with
respect to the second 3D scout ultrasound image to de-
termine a relative position and orientation. The registra-
tion can comprise determining an overlap between the
first 3D scout ultrasound image and the second 3D scout
ultrasound image, as indicated by the shaded region in
Fig. 6. Furthermore, the processing unit is arranged to
determine an orientation of the image plane 83 of the first
2D ultrasound image with respect to the first 3D scout
ultrasound image (S73).

[0074] Based on the known orientation of the image
plane 83 of the first 2D ultrasound image with respect to
view cone 81 of the first 3D scout ultrasound image, and
further based the known relative position and orientation
of the first 3D scout ultrasound image as indicated by
view cone 81 with respect to the second 3D scout ultra-
sound image as indicated by view cone 82, an orientation
of the image plane 84 for acquisition of the second 2D
ultrasound image with respect to the second 3D scout
ultrasound image can be calculated, such that the orien-
tation of said second 2D ultrasound image corresponds
to the orientation of the first 2D ultrasound image. Hence,
a control signal can be provided by the proposed image
processing device 10to control an acquisition of a second
2D ultrasound image of the volumetric region by an ul-
trasound probe in accordance with the orientation of the
image plane of the first 2D ultrasound image of the vol-
umetric region, wherein an orientation of an image plane
84 of the second 2D ultrasound image corresponds to
the determined orientation of the image plane 83 of the
first 2D ultrasound image of the volumetric region.
[0075] Advantageously, the image processing device
is arranged to provide guidance to the sonographer for
acquisition of the second 2D ultrasound image based on
said control signal via a user interface such as the display
18 of the ultrasound system 100 of Fig. 1 and Fig. 2. For
example, a view as shown in frame 87 in Fig. 6 can be
displayed on a graphical user interface (GUI) as a help
or guidance to the sonographer to move the ultrasound
probe 14’ in a way that the ultrasound probe position P2
of the follow-up examination corresponds better to the
ultrasound probe position P1 of the initial examination.
The sonographer can thus be provided with guidance
such as moving the ultrasound probe as indicated by
arrow 85 and optionally further tilting the ultrasound
probe by an angle as indicated by 86. If the image planes
83, 84 of the respective 2D ultrasound images have the
same position and orientation with respect to the view
cones 81, 82 of the 3D scout ultrasound images, the first
and second 2D ultrasound images can be acquired with
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identical views.

[0076] Alternatively orin addition, the sonographer can
be provided with voice guidance on how to position the
ultrasound probe for acquisition of the second 2D ultra-
sound image. For this purpose, the ultrasound system
can feature a user interface comprising an audio output
unit such as a speaker.

[0077] In an embodiment, electronic beam steering
can be applied to adjust an angle of the image plane 84.
An advantage of this embodiment is that it is not required
to tilt the ultrasound probe manually as indicated by 86.
This can be the case when having a 3D ultrasound sys-
tem with a matrix transducer. Hence, providing guidance
to the sonographer and adjusting parameters of the ul-
trasound probe can be advantageously combined for ac-
quisition of the second 2D ultrasound image based on
the control signal.

[0078] The image processing device can also be ar-
ranged to provide a control signal for acquisition of the
second 2D ultrasound image by controlling parameters
of the ultrasound probe only. Hence, for the exemplary
case shown in Fig. 6, the ultrasound probe can be con-
trolled to acquire the second 2D ultrasound image as the
intersection of the image plane 83 of the first 2D ultra-
sound image with the view cone 82 of the second 3D
scout ultrasound image. An advantage is that the ultra-
sound probe does not have to be repositioned. However,
a disadvantage can be that only a subsection of the com-
plete view of the initial 2D image can be acquired.
[0079] In a further embodiment, for example, wherein
a2Dimage plane 83, 84, needs to pass through the probe
position P1, P2 and the 2D image plane cannot be arbi-
trarily shifted without moving the ultrasound probe, the
image plane 84 of the second 2D ultrasound image can
also be controlled to approximately correspond to the
image plane 83 of the first 2D image. For example, an
orientation of the image plane 84 of the second 2D ultra-
sound image corresponds to the determined orientation
of the image plane 83 of the first 2D ultrasound image of
the volumetric region. Hence, a parallel image plane 84
or a plane with minimum overall distance (in the common
field-of-view) can be provided with respect to the image
plane 83 of the first 2D ultrasound image. Nonetheless,
in a preferred embodiment the position and the orienta-
tion of the 3D and 2D ultrasound images are determined
and considered.

[0080] It is to be understood, that even though Fig. 6
shows a simplified two-dimensional view, also a rotation
may have to be considered to bring the 2D image planes
of the first and second 2D ultrasound images into corre-
spondence in 3D space.

[0081] Fig. 7 shows a second flow chart of a proposed
workflow for supporting reproducible acquisition of 2D
ultrasound images. Elements above the horizontal
dashed line again refer to an initial acquisition, elements
below the horizontal dashed line refer to a follow-up ac-
quisition.

[0082] In step S91, a first 3D scout ultrasound scan is
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acquired and stored with system parameters of the ultra-
sound system used for acquisition such as acquisition
gain, focus, depth, zoom, position, orientation and beam
steering parameters. The corresponding stored first 3D
ultrasound scan data is denoted by item 91. In step S92,
a first 2D scan is acquired and stored with the corre-
sponding system parameters of the ultrasound system.
The corresponding stored first 2D ultrasound scan data
is denoted by item 92.

[0083] Instep S93, asecond 3D scout ultrasound scan
is acquired and stored with system parameters of the
ultrasound system used for acquisition. The correspond-
ing stored second 3D scan data is denoted by item 93.
In step S94, aregistration of the first 3D scout ultrasound
scan and the second 3D scan is carried out based on the
stored first 3D scan data 91 and the stored second 3D
scan data 93. The output 94 of this step is a correspond-
ence between said 3D scout ultrasound scans and thus
gives a relative position and/or orientation of the first and
second 3D scout ultrasound scans with respect to each
other. In step S95, system data or system parameters of
the first 2D ultrasound scan relative to the first 3D scout
ultrasound scan are retrieved based on the stored first
3D scan data 91 and the stored first 2D scan data 92.
The output 95 of this step is system data or system pa-
rameters of the first 2D ultrasound scan relative to the
first 3D scout ultrasound scan and can thus give arelative
position and/or orientation of the first 2D scan and the
first 3D scans with respect to each other.

[0084] Instep S 96, system parameters for acquisition
of the second 2D ultrasound scan are computed based
on the correspondence between the 3D scout ultrasound
scans and the system data or system parameters of the
first 2D ultrasound scan relative to the first 3D scout ul-
trasound scan. A control signal indicative of these system
parameters can be provided to the ultrasound probe 14.
In step S97, the second 2D ultrasound scan is acquired
based on said system parameters for acquisition of the
second 2D ultrasound scan. A 2D plane can advanta-
geously be set electronically, i.e., via electronic beam
steering, when having a 3D system with a matrix trans-
ducer. The corresponding second 2D scan data is de-
noted by reference numeral 97.

[0085] Given a first 2D ultrasound scan with corre-
sponding first 3D scout ultrasound scan and known sys-
tem parameters indicative of their relative position and/or
orientation, a 2D ultrasound scan with an identical view
thus can be acquired. To this end, a follow-up, second
3D scout ultrasound scan has to be acquired and regis-
tered with the initial, first 3D scout ultrasound scan. Know-
ing the correspondence between the 3D scout ultrasound
scan and the system parameters of the initial, first 2D
ultrasound scan relative to the first 3D scout ultrasound
scan, the system parameters for the follow-up 2D ultra-
sound scan can thus be deduced.

[0086] In a practical application, a physician may thus
provide a first 2D ultrasound image together with a cor-
responding 3D scout ultrasound image of known relative
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position and/or orientation as inputs and then request the
acquisition of a new 2D ultrasound image with a view
corresponding to said first 2D ultrasound image. The pro-
posed image processing unit may then automatically trig-
ger the acquisition of a second 3D scout ultrasound im-
age, perform the image processing method described
herein, and provide the physician with the desired second
2D image.

[0087] In a further embodiment, an atlas containing in-
formation on standard views or measurements can be
used to acquire consistent images. In this case, the first
2D ultrasound image and the first 3D scout ultrasound
image can be reference images from the atlas, i.e., not
previous images from the subject currently being exam-
ined. The atlas can then be matched to the second 3D
scout ultrasound image and then the correct slice and
orientation for the second 2D ultrasound image can be
deduced with the method proposed herein. This can be
particularly useful, for example, in fetal ultrasound to re-
producibly measure the diameter of the head.

[0088] In conclusion, the solutions proposed herein
thus provide a device and method which support more
consistent and/or reliable acquisition of 2D ultrasound
images.

[0089] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchiillustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations 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 appended claims.
[0090] 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 element
or other unit may fulfill the functions of several items re-
cited in the claims. The mere fact that certain measures
are recited in mutually different dependent claims does
notindicate thata combination of these measures cannot
be used to advantage.

[0091] A computer program may be stored/distributed
on asuitable medium, such as an optical storage medium
or a solid-state medium supplied 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.

[0092] Any reference signs in the claims should not be
construed as limiting the scope.

Claims

1. Medical ultrasound image processing device (10)
comprising:

- afirstinterface (2) for receiving a first 3D scout
ultrasound image (3) and a first 2D ultrasound
image (4) of a volumetric region;
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- a second interface (5) for receiving a second
3D scout ultrasound image (6) of the volumetric
region; and

- a processing unit (11) arranged to perform the
steps of:

- determining an orientation of an image
plane (83) of the first 2D ultrasound image
with respect to the first 3D scout ultrasound
image (S73);

- registration of the first 3D scout ultrasound
image and the second 3D scout ultrasound
image in acommon coordinate frame (S75);
- determining an orientation of the image
plane of the first 2D ultrasound image with
respect to said common coordinate frame
based on said registration of the first and
second 3D scout ultrasound images and the
determined orientation of the image plane
of the first 2D ultrasound image with respect
to the first 3D scout ultrasound image (S76);
and

- providing a control signal (8) adapted to
control an acquisition of a second 2D ultra-
sound image of the volumetric region by an
ultrasound probe in accordance with the ori-
entation of the image plane of the first 2D
ultrasound image of the volumetric region
(877),

wherein an orientation of an image plane (84) of the
second 2D ultrasound image corresponds to the de-
termined orientation of the image plane of the first
2D ultrasound image of the volumetric region,
wherein the acquisition of the second 2D ultrasound
image by the ultrasound probe is from either a same
position as, or a tracked position with respect to, the
position of the acquisition of the second 3D scout
ultrasound image.

Medical ultrasound image processing device as
claimed in claim 1,

wherein the first 3D scout ultrasound image (3) and
thefirst2D ultrasound image (4) are images acquired
with a first 3D ultrasound probe (14) from a first po-
sition (P1); and

wherein the second 3D scout ultrasound image (6)
is an image acquired with a second 3D ultrasound
probe (14’) from a second position (P2); and
wherein the control signal (8) is provided for acqui-
sition of the second 2D ultrasound image based on
said control signal from said second position.

Medical ultrasound image processing device as
claimed in claim 1, wherein the processing unit (11)
is arranged to determine the orientation of the image
plane (83) of the first 2D ultrasound image (4) with
respect to the first 3D scout ultrasound image (3)
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based on control parameters of the ultrasound probe
(14) for acquisition of the first 2D ultrasound image
and the first 3D scout ultrasound image.

Medical ultrasound image processing device as
claimed in claim 1, wherein at least one of said ul-
trasound images (3, 4, 6) further comprises metada-
ta indicative of a control parameter of an ultrasound
probe (14) for acquisition of said ultrasound image,
in particularindicative of atleast one of an acquisition
gain, focus, depth, zoom, position, orientation and
beam steering parameter.

Medical ultrasound image processing device as
claimed in claim 1, wherein said control signal (8) is
indicative of at least one control parameter of the
ultrasound probe (14’) for acquisition of the second
2D ultrasound image.

Medical ultrasound image processing device as
claimed in claim 1, wherein the step of registration
(S75) comprises an anatomy segmentation in said
first and second 3D scout ultrasound images.

Medical ultrasound image processing device as
claimed in claim 1, wherein the registration of the
second 3D scout ultrasound image (6) with the first
3D scout ultrasound image (3) comprises a registra-
tion of an image content within field-of-view masks
of said first 3D scout ultrasound image and said sec-
ond 3D scout ultrasound image respectively.

Medical ultrasound image processing device as
claimed in claim 1, wherein said registration com-
prises determining an overlap between the first 3D
scout ultrasound image (3) and the second 3D scout
ultrasound image (6), in particular determining
whether there is a sufficient overlap of said 3D scout
ultrasound images.

Medical ultrasound image processing device as
claimed in claim 1, wherein a resolution of the first
and/orsecond 2D ultrasound image (4) is higher than
a resolution of the first and/or second 3D scout ul-
trasound image (3, 6).

Medical ultrasound image processing device as
claimed in claim 1, wherein the processing unit (11)
is further arranged to determine a position of the first
2D ultrasound image (4) with respect to the first 3D
scout ultrasound image (3) and/or the common co-
ordinate frame and further arranged to provide a con-
trol signal (8) adapted to control an acquisition of the
second 2D ultrasound image by an ultrasound probe
(14) in accordance with the position of the first 2D
ultrasound image of the volumetric region.

Medical ultrasound image processing device as
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claimed in claim 1, further arranged to provide guid-
ance to a sonographer for acquisition of the second
2D ultrasound image based on said control signal
(8) via a user interface, in particular arranged to pro-
vide voice guidance or graphical guidance on how
to position the ultrasound probe for acquisition of the
second 2D ultrasound image.

Ultrasound system (100) for imaging a volumetric
region comprising:

- an ultrasound probe (14) comprising an ultra-
sound transducer array (26) arranged to acquire
an ultrasound image of a subject (12);

- the medical ultrasound image processing de-
vice (10) as claimed in claim 1; and

- a probe controller (31) arranged to control the
ultrasound probe to acquire the second 2D ul-
trasound image based on the control signal (8)
provided by said medical ultrasound image
processing device from either a same position
as, or at a tracked position with respect to, the
position ofthe acquisition of the second 3D scout
ultrasound image.

Medical image processing method comprising the
steps of:

- obtaining afirst 3D scout ultrasound image and
a first 2D ultrasound image of a volumetric re-
gion;

- obtaining a second 3D scout ultrasound image
of the volumetric region;

- determining an orientation of an image plane
(83) of the first 2D ultrasound image with respect
to the first 3D scout ultrasound image (S73);

- registration of the first 3D scout ultrasound im-
age and the second 3D scout ultrasound image
in a common coordinate frame (S75);

- determining an orientation of the image plane
of the first 2D ultrasound image with respect to
said common coordinate frame based on said
registration of the first and second 3D scout ul-
trasound images and the determined orientation
of the image plane of the first 2D ultrasound im-
age with respect to the first 3D scout ultrasound
image (S76); and

- providing a control signal adapted to control an
acquisition of a second 2D ultrasound image of
the volumetric region by an ultrasound probe in
accordance with the orientation of the image
plane of the first 2D ultrasound image of the vol-
umetric region (S77),

wherein an orientation of an image plane (84) of the
second 2D ultrasound image corresponds to the de-
termined orientation of the image plane of the first
2D ultrasound image of the volumetric region,
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wherein the acquisition of the second 2D ultrasound
image by the ultrasound probe is from either a same
position as, or a tracked position with respect to, the
position of the acquisition of the second 3D scout
ultrasound image.

Method as claimed in claim 13 further comprising
the step of acquisition (S78) of the second 2D ultra-
sound image of the volumetric region with the ultra-
sound probe based on said control signal.

Computer program comprising program code means
for causing a computer to carry out the steps of the
method as claimed in claim 13 when said computer
program s carried outon a medical ultrasound image
processing device as claimed in claim 1.

Patentanspriiche

1.

Medizinische Ultraschallbildverarbeitungsvorrich-
tung (10), umfassend:

- eine erste Schnittstelle (2) zum Empfangen ei-
nes ersten 3D-Erkundungs-Ultraschallbild (3)
und eines ersten 2D-Ultraschallbilds (4) einer
volumetrischen Region;

- eine zweite Schnittstelle (5) zum Empfangen
eines zweiten 3D-Erkundungs-Ultraschallbilds
(6) der volumetrischen Region; und

- eine Verarbeitungseinheit (11), die angeordnet
ist, um die Schritte auszufihren:

-Bestimmen einer Ausrichtung auf einer Bil-
debene (83) des ersten 2D-Ultraschallbilds
in Bezug auf das erste 3D-Erkundungs-Ul-
traschallbild (S73);

- Registrierung des ersten 3D-Erkundungs-
Ultraschallbilds und des zweiten 3D-Erkun-
dungs-Ultraschallbilds in einem gemeinsa-
men Koordinatenraster (S75);

- Bestimmen einer Ausrichtung der Bilde-
bene des ersten 2D-Ultraschallbilds in Be-
zug auf das gemeinsame Koordinatenras-
ter auf der Grundlage der Registrierung des
ersten und des zweiten 3D-Erkundungs-UI-
traschallbilds und der bestimmten Ausrich-
tung der Bildebene des ersten 2D-Ultra-
schallbilds in Bezug auf das erste 3D-Er-
kundungs-Ultraschallbild (S76); und

- Bereitstellen eines Steuersignals (8), das
angepasst ist, um eine Erfassung eines
zweiten 2D-Ultraschallbilds der volumetri-
schen Region durch eine Ultraschallsonde
geman der Ausrichtung der Bildebene des
ersten 2D-Ultraschallbilds der volumetri-
schen Region (S77) zu steuern,
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wobei eine Ausrichtung einer Bildebene (84) des
zweiten 2D-Ultraschallbilds der bestimmten Aus-
richtung der Bildebene des ersten 2D-Ultraschall-
bilds der volumetrischen Region entspricht,

wobei die Erfassung des zweiten 2D-Ultraschallbilds
durch die Ultraschallsonde entweder an einer glei-
chen Position wie oder einer verfolgten Position in
Bezug auf die Position der Erfassung des zweiten
3D-Erkundungs-Ultraschallbilds erfolgt.

Medizinische Ultraschallbildverarbeitungsvorrich-
tung nach Anspruch 1,

wobei das erste 3D-Erkundungs-Ultraschallbild (3)
und das erste 2D-Ultraschallbild (4) Bilder sind, die
mit einer ersten 3D-Ultraschallsonde (14) von einer
ersten Position (P1) erfasst wurden; und

wobei das zweite 3D-Erkundungs-Ultraschallbild (6)
ein Bild ist, das mit einer zweiten 3D-Ultraschallson-
de (14’) von einer zweiten Position (P2) erfasst wur-
de; und

wobei das Steuersignal (8) zur Erfassung des zwei-
ten 2D-Ultraschallbilds auf der Grundlage des Steu-
ersignals von der zweiten Position bereitgestellt
wird.

Medizinische Ultraschallbildverarbeitungsvorrich-
tung nach Anspruch 1, wobei die Verarbeitungsein-
heit (11) angeordnet ist, um die Ausrichtung der Bil-
debene (83) des ersten 2D-Ultraschallbilds (4) in Be-
zug auf das erste 3D-Erkundungs-Ultraschallbild (3)
auf der Grundlage von Steuerparametern der Ultra-
schallsonde (14) zur Erfassung des ersten 2D-Ultra-
schallbilds und des ersten 3D-Erkundungs-Ultra-
schallbilds zu bestimmen.

Medizinische Ultraschallbildverarbeitungsvorrich-
tung nach Anspruch 1, wobei mindestens eines der
Ultraschallbilder (3, 4, 6) weiter Metadaten umfasst,
die auf einen Steuerparameter einer Ultraschallson-
de (14) zur Erfassung des Ultraschallbilds schlieRen
lassen, die insbesondere auf mindestens einen ei-
nes Erfassungsverstarkungs-, Fokus-, Tiefen-,
Zoom-, Positions-, Ausrichtungs- und Strahllen-
kungsparameter schlielen lassen.

Medizinische Ultraschallbildverarbeitungsvorrich-
tung nach Anspruch 1, wobei das Steuersignal (8)
auf mindestens einen Steuerparameter der Ultra-
schallsonde (14’) zur Erfassung des zweiten 2D-UI-
traschallbilds schlieBen lasst.

Medizinische Ultraschallbildverarbeitungsvorrich-
tung nach Anspruch 1, wobei der Schritt der Regis-
trierung (S75) eine Segmentierung der Anatomie in
das erste und das zweite 3D-Erkundungs-Ultra-
schallbild umfasst.

Medizinische Ultraschallbildverarbeitungsvorrich-
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tung nach Anspruch 1, wobei die Registrierung des
zweiten 3D-Erkundungs-Ultraschallbilds (6) mit dem
ersten 3D-Erkundungs-Ultraschallbild (3) eine Re-
gistrierung eines Bildinhalts innerhalb der Sichtfeld-
masken des ersten 3D-Erkundungs-Ultraschallbilds
und respektive des zweiten 3D-Erkundungs-Ultra-
schallbilds umfasst.

Medizinische Ultraschallbildverarbeitungsvorrich-
tung nach Anspruch 1, wobei die Registrierung das
Bestimmen einer Uberlappung zwischen dem ersten
3D-Erkundungs-Ultraschallbild (3) und dem zweiten
3D-Erkundungs-Ultraschallbild (6) umfasst, insbe-
sondere Bestimmen, ob eine ausreichende Uberlap-
pung der 3D-Erkundungs-Ultraschallbilder vorliegt.

Medizinische Ultraschallbildverarbeitungsvorrich-
tung nach Anspruch 1, wobei eine Auflésung des
ersten und/oder des zweiten 2D-Ultraschallbilds (4)
hoher ist als eine Auflésung des ersten und/oder des
zweiten 3D-Erkundungs-Ultraschallbilds (3, 6).

Medizinische Ultraschallbildverarbeitungsvorrich-
tung nach Anspruch 1, wobei die Verarbeitungsein-
heit (11) weiter angeordnet ist, um eine Position des
ersten 2D-Ultraschallbilds (4) in Bezug auf das erste
3D-Erkundungs-Ultraschallbild (3) und/oder das ge-
meinsame Koordinatenraster zu bestimmen, und
weiter angeordnet ist, um ein Steuersignal (8) be-
reitzustellen, das angepasst ist, um eine Erfassung
des zweiten 2D-Ultraschallbilds durch eine Ultra-
schallsonde (14) gemaR der Position des ersten 2D-
Ultraschallbilds der volumetrischen Region zu steu-
ern.

Medizinische Ultraschallbildverarbeitungsvorrich-
tung nach Anspruch 1, die weiter angeordnet ist, um
Fihrung flr einen Sonographeur zur Erfassung des
zweiten 2D-Ultraschallbilds auf der Grundlage des
Steuersignals (8) Uber eine Benutzerschnittstelle be-
reitzustellen, die insbesondere angeordnet ist, um
Sprachfiihrung oder grafische Fiihrung dazu bereit-
zustellen, wie die Ultraschallsonde zur Erfassung
des zweiten 2D-Ultraschallbilds zu positionieren ist.

Ultraschallsystem (100) zur Bildgebung einer volu-
metrischen Region umfassend:

- eine Ultraschallsonde (14), umfassend einen
Ultraschallwandlerarray (26), das angeordnet
ist, um ein Ultraschallbild eines Subjekts (12) zu
erfassen;

- die medizinische Ultraschallbildverarbeitungs-
vorrichtung (10) nach Anspruch 1; und

- ein Sonden-Steuergerat (31), das angeordnet
ist, um die Ultraschallsonde zum Erfassen des
zweiten 2D-Ultraschallbilds auf der Grundlage
des Steuersignals (8), das von der medizini-
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schen Ultraschallbildverarbeitungsvorrichtung
bereitgestellt, entweder von einer gleichen Po-
sition wie oder einer verfolgten Position in Bezug
auf die Position der Erfassung des zweiten 3D-
Erkundungs-Ultraschallbilds zu steuern.

Verfahren zur Verarbeitung von medizinischen Bil-
dern, umfassend die Schritte:

- Erhalten eines ersten 3D-Erkundungs-Ultra-
schallbilds und eines ersten 2D-Ultraschallbilds
einer volumetrischen Region;

- Erhalten eines zweiten 3D-Erkundungs-Ultra-
schallbilds der volumetrischen Region;

- Bestimmen einer Ausrichtung einer Bildebene
(83) des ersten 2D-Ultraschallbilds in Bezug auf
das erste 3D-Erkundungs-Ultraschallbild (S73);
- Registrierung des ersten 3D-Erkundungs-Ul-
traschallbilds und des zweiten 3D-Erkundungs-
Ultraschallbilds in einem gemeinsamen Koordi-
natenraster (S75);

- Bestimmen einer Ausrichtung der Bildebene
des ersten 2D-Ultraschallbilds in Bezug auf das
gemeinsame Koordinatenraster auf der Grund-
lage der Registrierung des ersten und des zwei-
ten 3D-Erkundungs-Ultraschallbilds und der be-
stimmten Ausrichtung der Bildebene des ersten
2D-Ultraschallbilds in Bezug auf das erste 3D-
Erkundungs-Ultraschallbild (S76); und

- Bereitstellen eines Steuersignals, das ange-
passt ist, um eine Erfassung eines zweiten 2D-
Ultraschallbilds der volumetrischen Region
durch eine Ultraschallsonde gemaR der Aus-
richtung der Bildebene des ersten 2D-Ultra-
schallbilds der volumetrischen Region (S77) zu
steuern,

wobei eine Ausrichtung einer Bildebene (84) des
zweiten 2D-Ultraschallbilds der bestimmten Aus-
richtung der Bildebene des ersten 2D-Ultraschall-
bilds der volumetrischen Region entspricht,

wobei die Erfassung des zweiten 2D-Ultraschallbilds
durch die Ultraschallsonde entweder von einer glei-
chen Position wie oder einer verfolgten Position in
Bezug auf die Position der Erfassung des zweiten
3D-Erkundungs-Ultraschallbilds erfolgt.

Verfahren nach Anspruch 13, weiter umfassend den
Schritt der Erfassung (S78) des zweiten 2D-Ultra-
schallbilds der volumetrischen Region mit der Ultra-
schallsonde auf der Grundlage des Steuersignals.

Computerprogramm, umfassend Programmcode-
mittel, um zu verursachen, dass ein Computer die
Schritte des Verfahrens nach Anspruch 13 ausfiihrt,
wenn das Computerprogramm auf einer medizini-
schen Ultraschallbildverarbeitungsvorrichtung nach
Anspruch 1 ausgefiihrt wird.
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Revendications

Dispositif de traitement d'images médicales par ul-
trasons (10) comprenant :

- une premiere interface (2) pour recevoir une
premiére image ultrasonore de repérage 3D (3)
et une premiére image ultrasonore 2D (4) d’'une
région volumétrique ;

- une seconde interface (5) pour recevoir une
seconde image ultrasonore de repérage 3D (6)
de la région volumétrique ; et

- une unité de traitement (11) agencée pour ef-
fectuer les étapes consistant a :

- déterminer une orientation d’'un plan ima-
ge (83) de la premiere image ultrasonore
2D par rapport a la premiere image ultraso-
nore de repérage 3D (S73) ;

- enregistrer la premiére image ultrasonore
de repérage 3D et la seconde image ultra-
sonore de repérage 3D dans une cadre de
coordonnées commun (S75) ;

- déterminer une orientation du plan image
de la premiére image ultrasonore 2D par
rapport audit cadre de coordonnées com-
mun sur la base dudit enregistrement de la
premiére et de la seconde image ultrasono-
re de repérage 3D et de l'orientation déter-
minée du plan image de la premiére image
ultrasonore 2D par rapport a la troisieme
image ultrasonore de repérage 3D (S76) ;
et

- fournir un signal de commande (8) qui est
a méme de commander une acquisition
d’'une seconde image ultrasonore 2D de la
région volumétrique par une sonde ultraso-
nore conformément a I'orientation du plan
image de la premiére image ultrasonore 2D
de la région volumétrique (S77),

dans lequel une orientation du plan image (84) de la
seconde image ultrasonore 2D correspond a |'orien-
tation déterminée du plan image de la premiére ima-
ge ultrasonore 2D de la région volumétrique,

dans lequel I'acquisition de la seconde image ultra-
sonore 2D par la sonde ultrasonore se fait a partir
d’une méme position que la position de I'acquisition
de la seconde image ultrasonore de repérage 3D ou
d’une position suivie par rapport a celle-ci.

Dispositif de traitement d'images médicales par ul-
trasons selon la revendication 1,

dans lequel la premiére image ultrasonore de repé-
rage 3D (3) et la premiére image ultrasonore 2D (4)
sont des images acquises avec une premiere sonde
ultrasonore 3D (14) depuis une premiéere position
(P1); et
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dans lequel la seconde image ultrasonore de repé-
rage 3D (6) estuneimage acquise avec une seconde
sonde ultrasonore 3D (14’) depuis une seconde po-
sition (P2) ; et

dans lequel le signal de commande (8) est fourni
pour I'acquisition de la seconde image ultrasonore
2D sur la base dudit signal de commande depuis
ladite seconde position.

Dispositif de traitement d'images médicales par ul-
trasons selon la revendication 1, dans lequel I'unité
de traitement (11) est agencée pour déterminer
I'orientation du plan image (83) de la premiéere image
ultrasonore 2D (4) par rapport a la premiére image
ultrasonore de repérage 3D (3) sur la base de para-
meétres de commande de la sonde ultrasonore (14)
pour l'acquisition de la premiére image ultrasonore
2D et de la premiére image ultrasonore de repérage
3D.

Dispositif de traitement d'images médicales par ul-
trasons selon la revendication 1, dans lequel au
moins l'une desdites images ultrasonores (3, 4, 6)
comprend en outre des métadonnées indicatives
d’'un paramétre de commande d’une sonde ultraso-
nore (14) pour 'acquisition de ladite image ultraso-
nore, en particulier indicatives d’au moins l'un(e)
d’un gain d’acquisition, d’un foyer, d’'une profondeur,
d’un zoom, d’une position, d’une orientation et d’'un
paramétre de direction de faisceau.

Dispositif de traitement d'images médicales par ul-
trasons selon la revendication 1, dans lequel ledit
signal de commande (8) est indicatif d’au moins un
paramétre de commande de la sonde ultrasonore
(14’) pour l'acquisition de la seconde image ultraso-
nore 2D.

Dispositif de traitement d'images médicales par ul-
trasons selon la revendication 1, dans lequel I'étape
d’enregistrement (S75) comprend une segmenta-
tion d’anatomie dans lesdites premiere et seconde
images ultrasonores de repérage 3D.

Dispositif de traitement d'images médicales par ul-
trasons selon la revendication 1, dans lequel I'enre-
gistrement de la seconde image ultrasonore de re-
pérage 3D (6) avec la premiére image ultrasonore
de repérage 3D (3) comprend un enregistrement
d’un contenu d'image dans des masques de champ
de vision de ladite premiére image ultrasonore de
repérage 3D et de ladite seconde image ultrasonore
de repérage 3D, respectivement.

Dispositif de traitement d'images médicales par ul-
trasons selon la revendication 1, dans lequel ledit
enregistrement comprend la détermination d’'un che-
vauchement entre la premiére image ultrasonore de
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repérage 3D (3) et la seconde image ultrasonore de
repérage 3D (6), en particulier la détermination du
fait qu’il y ait ou non un chevauchement suffisant
desdites images ultrasonores de repérage 3D.

Dispositif de traitement d'images médicales par ul-
trasons selon la revendication 1, dans lequel une
résolution de la premiére et/ou de la seconde image
ultrasonore 2D (4) est plus élevée qu’une résolution
de la premiére et/ou de la seconde image ultraso-
nore de repérage 3D (3, 6).

Dispositif de traitement d'images médicales par ul-
trasons selon la revendication 1, dans lequel I'unité
de traitement (11) est en outre agencée pour déter-
miner une position de la premiére image ultrasonore
2D (4) par rapport a la premiére image ultrasonore
de repérage 3D (3) et/ou au cadre de coordonnées
commun et agencée en outre pour fournir un signal
de commande (8) qui est a méme de commander
une acquisition de la seconde image ultrasonore 2D
par une sonde ultrasonore (14) conformément a la
position de la premiere image ultrasonore 2D de la
région volumétrique.

Dispositif de traitement d'images médicales par ul-
trasons selon la revendication 1, agencé en outre
pour fournir un guide a un échographiste pour l'ac-
quisition de la seconde image ultrasonore 2D sur la
base dudit signal de commande (8) via une interface
utilisateur, en particulier agencé pour fournir un gui-
de vocal ou un guide graphique sur la fagon de po-
sitionner la sonde ultrasonore pour une acquisition
de la seconde image ultrasonore 2D.

Systeme ultrasonore (100) pour imager une région
volumétrique comprenant :

- une sonde ultrasonore (14) comprenant un ré-
seau de transducteurs ultrasonores (26) agencé
pour acquérir une image ultrasonore d’un sujet
(12);

- le dispositif de traitement d'images médicales
par ultrasons (10) selon la revendication 1 ; et
- un contréleur de sonde (31) agencé pour com-
mander la sonde ultrasonore afin d’acquérir la
seconde image ultrasonore 2D sur la base du
signal de commande (8) fourni par ledit dispositif
de traitement d'images médicales par ultrasons
depuis une méme position que la position de
I'acquisition de la seconde image ultrasonore de
repérage 3D ou une position suivie par rapport
a celle-ci.

Procédé de traitement d’'images médicales compre-
nant les étapes consistant a :

- obtenir une premiére image ultrasonore de re-
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pérage 3D et une premiére image ultrasonore
2D d’une région volumétrique ;

- obtenir une seconde image ultrasonore de re-
pérage 3D de la région volumétrique ;

- déterminer une orientation d’'un plan image
(83) de la premiére image ultrasonore 2D par
rapport a la premiére image ultrasonore de re-
pérage 3D (S73) ;

- enregistrer la premiere image ultrasonore de
repérage 3D et la seconde image ultrasonore
derepérage 3D dans une cadre de coordonnées
commun (S75) ;

- déterminer une orientation du plan image de
la premiére image ultrasonore 2D par rapport
audit cadre de coordonnées commun sur la ba-
se dudit enregistrement de la premiére et de la
seconde image ultrasonore de repérage 3D et
I'orientation déterminée du planimage de la pre-
miére image ultrasonore 2D par rapport a la troi-
siéme image ultrasonore derepérage 3D (S76) ;
et

- fournir un signal de commande qui est a méme
de commander une acquisition d’'une seconde
image ultrasonore 2D de la région volumétrique
par une sonde ultrasonore conformément a
I'orientation du planimage de la premiere image
ultrasonore 2D de la région volumétrique (S77),

dans lequel une orientation du plan image (84) de la
seconde image ultrasonore 2D correspond a l'orien-
tation déterminée du plan image de la premiére ima-
ge ultrasonore 2D de la région volumétrique,

dans lequel I'acquisition de la seconde image ultra-
sonore 2D par la sonde ultrasonore se fait a partir
d’une méme position que la position de I'acquisition
de la seconde image ultrasonore de repérage 3D ou
d’une position suivie par rapport a celle-ci.

Procédé selon la revendication 13, comprenant en
outre'étape d’acquisition (S78) de la seconde image
ultrasonore 2D de la région volumétrique avec la
sonde ultrasonore sur la base dudit signal de com-
mande.

Programme d’ordinateur comprenant des moyens
de codage de programme pour amener un ordina-
teur a effectuer les étapes du procédé selon la re-
vendication 13 lorsque ledit programme d’ordinateur
est effectué sur un dispositif de traitement d'images
médicales par ultrasons selon la revendication 1.
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