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3D IMAGE COMPOUNDING FOR
ULTRASOUND FETAL IMAGING

FIELD OF THE INVENTION

[0001] The present invention relates to an ultrasound
imaging apparatus for inspecting a volume of the subject
comprising a fetus, in particular to an ultrasound imaging
apparatus arranged combine three dimensional (3D) ultra-
sound image data into a spatially compounded 3D image of
the fetus. The present invention further relates to a method
for combining 3D ultrasound image data of the fetus into a
spatially compounded 3D image of the fetus.

BACKGROUND OF THE INVENTION

[0002] Fetal imaging is currently developing towards 3D
ultrasound imaging. In the later gestational ages of fetus a
field of view of the ultrasound transducer is no longer
covering the full fetus as illustrated in FIG. 1. As a result,
different portions of the body are acquired separately (e.g.,
brain, abdomen, femurs, see FIG. 3). In order to get one
compounded view image stitching or mosaicking is known
technique extensively used for 2D imaging (e.g., panorama
viewing for camera pictures).

[0003] One major difference for image compounding is
the fact that in the case of fetal imaging not a static scene is
imaged but the fetus, which is (sometimes even extensively)
moving between two acquisitions. This does not only ham-
per image compounding (image stitching), but can also
create scenarios where mosaicking is no longer feasible or
plausible (especially in case of a large motion of the extremi-
ties). This situation is illustrated in FIG. 4; wherein in FIG.
4A example, the fetal arms are positioned in front of the
belly, while in FIG. 4B in example the arms are positioned
in front of the fetal face. In this situation a standard image
compounding by spatially stitching images acquired at dif-
ferent orientations will not provide a good quality com-
pounded image.

SUMMARY OF THE INVENTION

[0004] Tt is therefore an object of present invention to
provide an improved ultrasound imaging system arranged to
evaluate a set of acquired 3D image data in order to provide
a compounded 3D image of a fetus irrespective of its
position and movement.

[0005] According to one aspect of the present invention,
an ultrasound imaging system for producing a spatially
compounded image of a fetus comprising:

[0006] an input for receiving a plurality of three dimen-
sional (3D) ultrasound image frames of a volumetric region
comprising the fetus, wherein each 3D ultrasound image
frame is acquired by an ultrasound probe at a different look
direction with respect to the fetus; and

[0007] an ultrasound image processor responsive to the
plurality of 3D ultrasound image frames, said processor
arranged to:

[0008] store the acquired plurality of 3D ultrasound image
frames and an articulated fetal model, wherein the articu-
lated fetal model includes a common fetal structure and at
least one joint-limb relationship,

[0009] segment each 3D image frame based on the articu-
lated fetal model, wherein the ultrasound image processor if
further arranged to adapt the articulated fetal model applied

Apr. 25,2019

to a 3D image frame, when a variation of the common fetal
structure compared to another 3D image frame of the
plurality is detected,

[0010] provide a plurality of 3D images of the volumetric
region with an identified relative orientation of the fetus with
respect to the look direction of the segmented image; and

[0011] analyze coupled to the segmentation unit and
arranged to determine, based on the articulated fetal model,
an overall confidence value of the plurality of the 3D
images, said image quality analyzer is further arranged to
compare the overall confidence value with an image com-
pounding threshold.

[0012] The ultrasound system of the present invention
allows evaluating the overall quality of the 3D images of the
fetus acquired for the given volumetric region. This evalu-
ation is done by determining an overall confidence value of
the plurality of the 3D images based on the incorporated
knowledge of an articulated position taken by the fetus
during each 3D frame acquisition. While segmenting each
ultrasound 3D frame a variation of the common fetal struc-
ture in a given 3D frame compared to another 3D image
frames can be detected, in the case the ultrasound imaging
system allows adapting the articulated fetal model applied to
the given 3D image frame. In some cases the relative
orientation of the fetus may vary substantially between
opposite directions from one 3D image to another. For such
cases it may better to reacquire some 3D image frames than
giving a user a low quality compounded image. Therefore,
the image quality analyser of the system is arranged to
compare the determined overall confidence value with an
image compounding threshold, above which a spatially
compounded 3D image of the fetus would provide an
improved visualization of the volumetric region. The system
of the present invention may further include a user feedback
capability informing the user, when the overall confidence
value is below the image compounding threshold. This
provides user with an additional flexibility of either per-
forming an additional 3D image frames acquisition or con-
tinue with the rest of the selected diagnostic protocol, if time
is a limiting factor.

[0013] The benefit of the present ultrasound system lies in
using the articulated fetal model, which includes the com-
mon fetal structure and at least one joint-limb relationship,
in combination with the model’s subsequent adaptation
during the segmentation process of the 3D image frames.
This permits the ultrasound system to automatically assess
an extent of a fetal pose change, which might have occurred
during the acquisition of the plurality of three dimensional
(3D) ultrasound image frames. If the common fetal structure
in between the subsequently acquired frames varies substan-
tially such that the model’s adaptation causes a reduction of
the overall confidence value of the plurality of the 3D
images the user may be notified.

[0014] According to another aspect of the present inven-
tion the ultrasound imaging system further comprises a
spatial image combiner arranged to provide, when the over-
all confidence value is above the image compounding
threshold, a spatially compounded 3D image of the fetus,
wherein different regions of said compounded 3D image are
formed based on contributions from the plurality of 3D
images.

[0015] According to a further aspect of the present inven-
tion, a medical imaging method for inspecting a volumetric
region comprising fetus is provided comprising the steps of:
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[0016] receiving a plurality of three dimensional (3D)
ultrasound image frames of a volumetric region with
the fetus, wherein each 3D ultrasound image frame is
acquired at a different look direction with respect to the
fetus, from an ultrasound probe,

[0017] storing the acquired plurality of the 3D ultra-
sound image frames and an articulated fetal model with
a common fetal structure, wherein the articulated fetal
model includes a common fetal structure and at least
one joint-limb relationship;

[0018] segmenting each 3D image frame based on the
articulated fetal model;

[0019] adapting the articulated fetal model applied to a
3D image frame, when a variation of the common fetal
structure compared to another 3D image frame of the
plurality is detected,;

[0020] providing a plurality of 3D images of the volu-
metric region with an identified relative orientation of
the fetus with respect to the look direction of the
segmented image and

[0021] providing a spatially compounded 3D image of
the fetus, wherein different regions of said compounded
3D image are formed based on contributions from the
plurality of 3D images.

[0022] Preferred embodiments of the invention are defined
in the dependent claims. It shall be understood that the
claimed method has similar and/or identical preferred
embodiments as the claimed device and as defined in the
dependent claims.

[0023] The present invention further provides a novel way
of generating a compounded 3D image of the fetus with
improved image quality. The suggested way is robust
towards fetus movements in between the acquired 3D image
frames. The vltrasound system in accordance to the present
invention allows compensating even for an extreme fetal
movement, wherein variable parts of a fetal body may
change their relative position with respect to the body, and
provides an improved compounded 3D image of this fetus.
This is achieved by the incorporating a knowledge on an
articulated position taken by the fetus during each 3D frame
acquisition. The articulated fetal model includes the com-
mon fetal structure and at least one joint-limb relationship,
this way a specific to the fetus set of movements and their
effect on the overall image quality can be assessed. These
movements can include relatively small pose variations such
as join-limb movements or change of the fetus orientation to
an opposite direction. This knowledge enables the ultra-
sound system of the present invention to provide a plurality
of 3D ultrasound images, wherein relative orientation of the
fetus with respect to the look direction is identified for each
3D frame. Further, once the overall confidence value is
above the image compounding threshold, the system is
arranged to generate the spatially compounded 3D image,
wherein different regions are formed based on contributions
from the plurality of 3D ultrasound images. Consequently, a
high quality compounded ultrasound image of the fetus can
be provided in real time with low technical effort, so that the
acquiring of the ultrasound image is more comfortable and
the quality is increased.

[0024] In a further embodiment of the present invention
the overall confidence value includes a spatial combination
of confidence values, each confidence value corresponding
to a 3D image from the plurality of the 3D images and the
spatial image combiner arranged to provide the spatially
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compounded 3D image of the fetus, wherein different
regions of said compounded 3D image are weighted on the
basis of the different confidence values of the 3D images
from the plurality of 3D images.

[0025] In this embodiment the system can determine con-
fidence values for different 3D frames with respect to the
defined common fetal structure. The image quality analyzer
may further analyze an image quality of each acquired 3D
frame and determine a corresponding confidence value
based on this analyses. In this embodiment the system
provides the compounded 3D image, wherein each contrib-
uting to it 3D image is weighted in accordance to its
confidence value. Hence, a wrong clinical diagnosis due to
artefacts can be reduced and the reliability of the fetal
ultrasound imaging is increased.

[0026] In another embodiment, the plurality of 3D ultra-
sound image frames further comprises an assembly of partial
3D image frames, each partial 3D image frame correspond-
ing to the volumetric region, which includes a portion of the
fetus.

[0027] This embodiment takes into account a possibility
that not in all acquired 3D ultrasound frames the fetus will
be fully visualized. These partial 3D image frames would
include only a portion of the fetus.

[0028] In yet another embodiment, the ultrasound image
processor comprises a fetal segmentation unit arranged to
adapt the articulated fetal model applied to each of the
partial 3D image frames based on the portion of the fetus
included in each frame.

[0029] This embodiment provides a further improvement
of the compounded 3D image quality by adapting the
articulated model, used for the segmentation, in accordance
to the portion of the fetus anatomy visualized in each of the
partial frames. This step allows to determine more precisely
a confidence value corresponding to the respective 3D image
originating from the partial 3D image frame. The adaptation
of the articulated fetal model may, for example, include
varying a joint-limb relationship of the common fetal struc-
ture.

[0030] In yet another embodiment, the system further
comprises a user interface coupled to the ultrasound image
processor and responsive to user manual identification of at
least one anchor landmark in the 3D image frame, said user
interface is arranged to provide the identified location of the
anchor landmark, such as joint pivot, within the 3D image
frame as an input for the adaptation of the articulated fetal
model.

[0031] This embodiment enables the system to use user’s
input for the adaptation of the articulated fetal model. The
user can identify an anchor landmark within the 3D image
frame. A possibility of the manual input may facilitate a
more precise and quick adaptation of the articulated fetal
model.

[0032] Ina yet another embodiment, the ultrasound image
processor comprises an image quality analyzer arranged to
determine confidence values of the 3D images, which origi-
nate from 3D frames segmented with the same fetal articu-
lation, being relatively higher with respect to confidence
values corresponding to 3D images, which originate from
3D frames segmented with a different fetal articulation.
[0033] The improved compounded 3D image can be
achieved by combining the 3D images with the same fetal
pose (fetus image with the same articulation). Thus, an
advantage of this embodiment is that 31 images with a fetal
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structure being different from the given fetal structure (due
to the fetus movement in between the frames acquisition)
used for the compounded 3D image can be identified and
given low confidence values. The weight of the 3D images
having these relatively low confidence values will be
reduced accordingly in the compounded 3D image.

[0034] In another embodiment, the system further com-
prises a display operated to display the compounded 3D
image and the reference orientation model of the fetus with
respect to the volumetric region.

[0035] This embodiment improves visualization of the
compounded 3D image by displaying a reference orientation
model of the fetus as well. The reference orientation model
can be either shown in a separate window next the com-
pounded 3D image; or interposed on to the compounded 3D
image. This way the user may get a better spatial feeling of
the fetal position and its orientation with respect to the
probe.

[0036] In another embodiment, the system further com-
prises a user interface coupled to the ultrasound image
processor, said user interface arranged to enable the user to
perform biometry measurements of the fetus based on
displayed the spatially compounded 3D image.

[0037] The improved quality compounded 3D image pro-
vided in accordance to the present invention enables the
system to provide the user with possibility to perform a more
precise biometry measurements of the fetus used in obstetric
ultrasound.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter. In the following drawings
[0039] FIG. 1 shows a schematic representation of an
ultrasound imaging system in use to scan a volume of a
patient’s body including a fetus;

[0040] FIG. 2 shows a schematic illustration of different
ultrasound frames of a volumetric region comprising the
fetus acquired in different look (viewing) directions;
[0041] FIG. 3 shows a schematic illustration of different
partial 3D frames of a volumetric region comprising the
fetus acquired in different look (viewing) directions;

[0042] FIGS. 4A-B show different articulated structures of
the fetus;
[0043] FIG. 5 illustrates in block diagram form an ultra-

sonic diagnostic imaging system constructed in accordance
with the principles of the present invention;

[0044] FIG. 6 illustrates a representation of an articulated
model of the fetus;

[0045] FIG. 7 illustrates a dual ported memory used for
acquired 3D image frame storage in an implementation of
the present invention;

[0046] FIG. 8A-B shows representative medical images of
fetus with identified anchor landmarks;

[0047] FIG. 9 illustrates a reference orientation model of
the fetus displayed to the user; and

[0048] FIG. 10 a workflow diagram of the method accord-
ing to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0049] FIG. 1 shows a schematic illustration of an ultra-
sound imaging system according to an embodiment gener-
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ally denoted by 100. The ultrasound imaging system 100 is
applied to inspect a volumetric region of an anatomical site,
in particular an anatomical site of a patient 13 including a
fetus 8. The ultrasound imaging system 100 comprises an
ultrasound probe 10 having at least one transducer array
having a multitude of transducer elements for transmitting
and/or receiving ultrasound waves. The transducer elements
are preferably arranged in a two-dimensional (2D) array,
which is constructed to electronically steer ultrasound beams
within the volumetric region such that a three-dimensional
ultrasound image frame of said region is provided. Alterna-
tively, the array may be a one-dimensional array (1D)
constructed to be mechanically steered through the volu-
metric region in order to provide a three-dimensional ultra-
sound image frame. The probe 10 is adapted to transmit
ultrasound waves in a particular direction and to receive
ultrasound waves from a particular direction which forms a
field of view 6 for a given 3D image frame of the ultrasound
probe 10.

[0050] In the embodiment shown in FIG. 1, the patient 13
is a pregnant person, wherein an anatomical object to be
inspected is a fetus 8, part of which is disposed in the field
of view 6.

[0051] As fetus represents a non-static object its position
can vary from one 3D image frame to another. In addition,
due to the physics of the ultrasound propagation in tissue,
certain regions in the field of view 6 may not reflect the
anatomical structures of the fetus 8 since some areas may be
shadowed or masked by other anatomical structures within
the ultrasound propagation path. Further, at later gestational
ages of fetus the field of view 6 of the ultrasound transducer
is no longer including an entire fetal body. As described in
the following, the ultrasound system 100 in accordance to
the present invention can evaluate an overall quality of the
3D image frames acquired for a given diagnostic protocol.
Once the evaluated quality, expressed by an overall confi-
dence value, is sufficient for generation of a compounded 3D
image of the fetus, the ultrasound system of the present
invention is arranged to produce a compounded 3D ultra-
sound image by combining 3D ultrasound images originat-
ing from a plurality of 3D image frames acquired at different
viewing directions so that the amount of image quality
defects can be reduced.

[0052] It is common in obstetric examination that ultra-
sound data acquired by the probe 10 with different probe
positions or angles of steered beams result in ultrasound
image frames having a variation in their quality, thus rep-
resenting different confidence levels in diagnosing. The
ultrasound imaging system 100 may either comprises the
probe or an input wherein the ultrasound image data
acquired by the probe 10 are received. The system may
further comprise an ultrasound imaging apparatus 200 such
as a control unit, which controls the provision of an ultra-
sound image via the ultrasound system 100. As will be
explained further below, the ultrasound imaging apparatus
200 may receive ultrasound image data through the input
from the transducer array of the ultrasound probe 10 and
provides a compounded three-dimensional (3D) ultrasound
image derived from the different ultrasound data sets of the
fetus 8.

[0053] The ultrasound imaging system 100 may further
comprise a display 50 for displaying the ultrasound image
received from the ultrasound imaging apparatus 200. Still
further, a user interface 20 may be provided that may
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comprise keys or a keyboard and inputting devices and may
be connected to the display 50 or directly to the ultrasound
imaging apparatus 200.

[0054] In FIG. 2 a schematic perspective diagram is
shown for explaining an acquisition of the ultrasound image
frames from different viewing directions with respect to the
volumetric region comprising the fetus 8. The probe 10 is
shifted around the patient’s body 13 as indicated by an arrow
25 in order to acquire different ultrasound frames 26, 28
from the different viewing directions so that the fetus 8 is
differently oriented within the field of view 6, 6'. These 3D
frames may capture a different pose of the fetus, in case the
fetus moved during the probe’s shift, and the frames may
also comprise different regions shadowed or obscured due to
the propagation direction of the ultrasound waves can be
reduced. In alternative workflow embodiment an acquisition
of the image plurality at different look direction with respect
to the fetus may be achieved by means of ultrasound beams
steering (either electronical or mechanical) performed at the
fixed probe’s position with respect to the patient’s body.
[0055] Inorder to provide a high quality ultrasound image,
the ultrasound imaging apparatus 200 is arranged to com-
bine the different ultrasound frames 26, 28 of the different
look (viewing) directions to a compounded 3D ultrasound
image on the basis of different spatial references identified
in the field of view 6, 6'. The spatial references are identified
on the basis of segmented anatomical structures of the fetus
8 as described in detail in the following.

[0056] Referring to FIG. 3, the ultrasound probe 10 can
acquire a plurality of 3D ultrasound image frames denoted
as 1, 2, 3 and 4 and corresponding to a different look
direction with respect to fetus. All frames or some (an
assembly) of these frames may be partial 3D image frames,
wherein each of the partial frames includes a portion of the
fetus as shown in FIG. 3. These partial 3D image frames
comprise image data of a specific anatomy of the fetus,
which is included in the field of view for the given look
direction. This situation may often occur in later gestational
ages, when the fetal size may be larger than the field of view
of the probe.

[0057] The 3D image frames may vary in their image
quality dependent on the part of the fetal anatomy visualized
by the field of view of the given frame. In addition, a fetus
pose (articulation) can change from frame to frame as
illustrated in FIGS. 4A-B. The described below in detail in
FIG. § the ultrasound system of the present invention allows
to generate a compounded 3D image of the fetus with
improved image quality, which is robust towards fetus
movements in between the acquired 3D image frames. The
ultrasound system 100 comprises a compound image
memory 32 arranged to store data of the acquired plurality
of the 3D ultrasound image frames and an articulated fetal
model with a common fetal structure.

[0058] The articulated fetal model takes into account the
variability in overall orientation and articulated constellation
of the fetal body. This model covers the most important
articulation of the fetal skeletal anatomy and defines the
degrees of freedom per articulation including range of
motion (min/max angles). The implementation of the model
is commonly done using joint (j)-limb (L)-relationships. By
defining the common fetal structure a three-dimensional data
set comprising fetus can be segmented. The idea is illus-
trated in FIG. 6 on a synthetic example. The articulated
model gives for each joint the respective articulation param-
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eters (rotation point and angles) and thus defines the overall
constellation. In this model following assumptions may be
used. Each limb carries a shape, each limb can be saleable,
can have a parent joint, can have a list of child-joints. Each
joint can be a hinge or a ball joint, has a static limb (with
respect to this joint), has a flexible limb. Thus, articulation
can be defined by a rotation point, rotation axes and min/
max of angulation values. The fetus position is given by the
coordinate systems which define the location and rotation
parameters of the respective joints. Based on this input, the
actual fetus pose position (articulation) in the medical image
can be determined using inverse kinematics to fit the desired
position. When solving the inverse problem the degrees of
freedom are considered per joint.

[0059] FIG. 5 shows a detailed schematic block diagram
of the ultrasound imaging system 100 constructed in accor-
dance with the present invention. The probe 10 including the
transducer array 12 transmits beams at different angles over
an image field denoted by the dashed rectangle and paral-
lelograms. In this example, three groups of scanlines form-
ing a plurality of image frames are indicated in the drawing,
labeled A, B, and C with each group being steered at a
different angle relative to the probe. In contrast to the
example illustrated in FIG. 3, wherein the 3D frames
denoted as 1, 2, 3 and 4 are acquired by shifting the probe
10 (similar to the case in FIG. 2), the 3D image frames
labeled as A, B and C in FIG. 5 are acquired by electroni-
cally steered ultrasound beams. The transmission of the
beams is controlled by a transmitter 14 which controls the
phasing and time of actuation of each of the elements of the
array transducer so as to transmit each beam from a prede-
termined origin along the array and at a predetermined
angle. The echoes returned from along each scanline are
received by the elements of the array, digitized as by analog
to digital conversion, and coupled to a digital beamformer
16. The digital beamformer delays and sums the echoes from
the array elements to form a sequence of focused, coherent
digital echo samples along each scanline. The transmitter 14
and beamformer 16 are operated under control of a system
controller 18, which in turn is responsive to the settings of
controls on the user interface 20 operated by the user of the
ultrasound system. The system controller controls the trans-
mitter to transmit the desired number of scanline groups at
the desired angles, transmit energies and frequencies. The
system controller also controls the digital beamformer to
properly delay and combine the received echo signals for the
apertures and image depths used. The scanline echo signals
are filtered by a programmable digital filter 22, which
defines the band of frequencies of interest. When imaging
harmonic contrast agents or performing tissue harmonic
imaging the passband of the filter 22 is set to pass harmonics
of the transmit band. The filtered signals are then detected by
a detector 24. In a preferred embodiment the filter and
detector include multiple filters and detectors so that the
received signals may be separated into multiple passbands,
individually detected and recombined to reduce image
speckle by frequency compounding. For B mode imaging
the detector 24 will perform amplitude detection of the echo
signal envelope. For Doppler imaging ensembles of echoes
are assembled for each point in the image and are Doppler
processed to estimate the Doppler shift or Doppler power
intensity.

[0060] In accordance with the principles of the present
invention the digital echo signals are processed by spatial
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compounding in an ultrasound image processor 30. In the
embodiment shown in FIG. 5 the ultrasound image proces-
sor comprises the compound image memory 32 unit. In other
system’s realization this unit can be also located outside of
the processor 30. The compound image memory 32 is a 3D
frame storage buffer and can be implemented as a dual port
memory 160 which can be written to and read from simul-
taneously (FIG. 7). The use of such a R‘'W memory enables
the new 3D ultrasound image frames being acquired by the
transducer array and beamformer to be written into one area
of the R/W memory while the data of other 3D image frames
previously stored in the memory is read out and analyzed.
The writing of new slice image data into the memory 160 is
controlled by a write address controller 162¢ while the
reading of slice image data from other locations in the
memory is under the control of a read address controller
162b. This embodiment illustrates how a real time image
analyses and compounding may be performed. The com-
pound image memory unit 32 further stores the articulated
fetal model with the defined common fetal structure.

[0061] The ultrasound image processor may comprise a
segmentation unit 34 arranged to segment each 3D image
frame based on the articulated fetal model stored in the
memory unit 32. The segmentation unit 34 model thereby
provides a plurality of 3D images originating from the
plurality of 3D frames (A,B and C as illustrated in FIG. 5 or
1, 2, 3, 4 as illustrated in FIG. 3) of the volumetric region,
wherein a relative orientation of the fetus with respect to the
look direction is identified for each 3D image. The relative
orientation of the fetus linked to the 3D image gives a spatial
relationship between the acquired 3D frames. The segmen-
tation unit 34 further allows to adapt the articulated fetal
model applied to different 3D images, when a variation of
the common fetal structure compared to another 3D image
frame of the plurality is detected. The articulated fetal model
includes the common fetal structure and at least one joint-
limb relationship, this way a specific to the fetus set of
movements and their effect on the overall image quality can
be assessed. These movements can include relatively small
pose variations such as join-limb movements or change of
the fetus orientation to an opposite direction.

[0062] This plurality of the spatially related 3D images
may be further processed by an image quality analyzer 34,
which is arranged to determine an overall confidence value
of the plurality of the 3D images. Image quality of the
acquired 3D frame may vary from one look to another. The
ultrasound image processor 30 enables the ultrasound sys-
tem 100 to automatically assess an extent of a fetal pose
change, which might have occurred during the acquisition of
the plurality of three dimensional (3D) ultrasound image
frames. If the common fetal structure in between the sub-
sequently acquired frames varies substantially such that the
model’s adaptation causes a reduction of the overall confi-
dence value of the plurality of the 3D images the user may
be notified. Some of the anatomical features of the fetus may
be less pronounced for the given 3D frame due to the
variation in the transmitted and reflected echo signals.
Therefore, depending on a selected by user diagnostic pro-
tocol directed to a specific fetal anatomy observation (for
example, neurosonogram), the quality analyzer 34 may
denote a relatively low confidence values to those 3D
images, wherein the specific anatomy is not fully visualized.
While the 3D images corresponding to the frames with the
specific anatomy being well pronounced may be denoted
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relatively high confidence values. Compared to the prior art
systems the quality analyses is improved by implementing
the fetal articulation knowledge into the segmentation step.
Further, the quality analyzer 34 is also arranged to identify
a potential fetal movement, which may occur in between or
during the 3D frame acquisition. If a fetal structure for the
given 3D image frame changes compared to the common
fetal structure identified for the rest of the plurality of the 3D
image frames, the quality analyzer 34 denotes the relatively
low confidence value to the 3D image, wherein the move-
ment was identified. Thus, 3D images, which originate from
3D frames segmented with the same fetal articulation, have
relatively higher confidence values compared to 3D images,
which originate from 3D frames segmented with a different
fetal articulation. The overall confidence value of the plu-
rality of the 3D images determined by the analyzer 34 is
based on a spatial combination of confidence values origi-
nating from the 3D image frames, wherein each value
corresponds to a 3D image from the plurality of the 3D
images. In order to obtain the overall confidence values,
these confidence values may be either summed or averaged
through the volumetric region. The image quality analyzer
34 is further arranged to compare the determined overall
confidence value to an image compounding threshold. This
threshold can reflect a lower limit below which a spatially
compounded 3D image would not provide an improved
quality for a diagnosis. The threshold can be defined by the
selected diagnostic protocol and image quality requirements
set for an observation of the specific fetal anatomy per-
formed by said protocol (anatomical features expected to be
visualized during the examination). Therefore, the overall
confidence value provided by the ultrasound image proces-
sor may be different for the same plurality of 3D image
frames, when different diagnostic protocols are selected. The
system of the present invention has an additional flexibility
in the image quality assessment, wherein a diagnostic pur-
pose of the acquired plurality of images is automatically
taken into account. While for some diagnostic protocols an
occurrenice of the fetus movement during the acquisition
may affect a quality of the diagnosis; for other diagnostic
protocols the same movement would not have a substantial
effect.

[0063] When the overall confidence value is determined to
be below the image compounding threshold, the ultrasound
system of the present invention is arranged to provide the
user with a feedback indicating that the quality of the
acquired 3D frames is not sufficient for the 3D image
compounding. At this stage the user can decide whether to
perform 3D frames acquisitions again or to proceed with a
next in the protocol. After quality analyses the spatially 3D
images are compounded by a spatial image combiner 38.
Combining may comprise summation, averaging, peak
detection, or other combinational means. The combiner is
arranged to provide spatially compounded 3D image of the
fetus, wherein different regions of said compounded 3D
image are formed based on contributions from the plurality
of 3D images. The images being combined may also be
weighted based on their confidence values prior to combin-
ing in this step of the process. The 3D images with the fetal
structure being different from the given fetal structure and/or
3D images with the desired fetal anatomy being less pro-
nounced will have low confidence values. The weight of
these 3D images may be reduced accordingly in the com-
pounded 3D image. Thus, providing an improved quality
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compounded 3D image of the fetus. This would result in a
wrong clinical diagnosis due to artefacts to be reduced and
the reliability of the fetal ultrasound imaging to be increased.
[0064] Finally, post processing is performed by the pro-
cessor. The processor normalizes the combined values to a
display range of values. This processing can be most easily
implemented by look-up tables and can simultaneously
perform compression and mapping of the range of com-
pounded values to a range of values suitable for display of
the compounded image. The compounding process may be
performed in estimate data space or in display pixel space.
Additionally to post-processing raylines can be mathemati-
cally projected through the multiple 3D images in the
manner of raycasting for volume rendering. The spatially
compounded 3D image of the present invention provides an
improved image quality data suitable for volume rendering
of the fetus. In a preferred embodiment scan conversion is
done following the compounding process by a scan con-
verter 40. The compound images may be stored in a
Cineloop® memory 42 in either estimate or display pixel
form. If stored in estimate form the images may be scan
converted when replayed from the Cineloop memory for
display. The scan converter and Cineloop memory may also
be used to render three dimensional presentations of the
spatially compounded images as described in U.S. Pat. Nos.
5,485,842 and 5,860,924. Following scan conversion the
spatially compounded images are processed for display by a
video processor 44 and displayed on an image display 50.
[0065] An improvement in the quality of the compounded
3D image can be achieved by adapting the articulated fetal
model applied to different 3D images. This is beneficial in
case the plurality of 3D image frames has an assembly of the
partial 3D image frames corresponding to the volumetric
region, which includes a portion of the fetus. In this case the
fetal segmentation unit detects, these partial frames and
adapts the articulated model for the partial frames based on
the portion (anatomy) of the fetus included in this frame.
[0066] In this embodiment, the articulated model adapta-
tion comprises finding the overall constellation (for all joints
the correct set of parameters such as rotation angels) to fit
the model to the anatomy information acquired by the partial
image. One possibility to adapt the model is by providing the
user (via the user interface 20) to manually identify anchor
landmarks in the image, e.g., the joint pivot. This landmark
is further used as an input for segmentation unit 34 for the
adaptation of the articulated fetal model for each specific. An
example of the articulated model adaptation is shown for a
magnetic resonance image in FIG. 8A and 8B. These FIGs
illustrate the adaptation of the constellation model to anchor
landmarks. These landmarks (crosses) can be either manu-
ally or automatically identified. By adapting the model to the
landmarks, the overall configuration illustrated in FIG. 9 is
found.

[0067] With the prior knowledge captured in the articu-
lated model, it is furthermore possible to adapt the model
even if some landmarks are set incorrectly/missing by
assuring that the determined configuration is consistent with
the model. Similar workflow can be performed for the
articulated model adaptation used in the partial 3D images.
[0068] The model adaption can be done in several depend-
ing on the exact given problem. For example, there can be
multiple landmarks detected per limb, landmarks can be
labelled or un-labelled (i.e. it is known to which anatomical
structure the landmark belongs to) or the detected landmarks
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can have a probability how likely it is that this landmark
belongs to an anatomical structure. Independent of the exact
problem, adaptation will be performed in a hierarchical
manner. Starting from a root, adaptation is carried out
consecutively per limb and in each step a transformation is
estimated so that the current limb matches to the found
landmarks. Again, for the estimation of the transformation
various possibilities exist, e.g., finding a closed-form solu-
tion of a sum of squared distance between landmark being
defined in the limb and corresponding target landmarks or
iterative optimization.

[0069] The compounded 3D image may be displayed
together with the articulated fetal model used for its com-
pounding of the fetus. Alternatively, the compounded 3D
image may be displayed together with the volume rendered
fetal image. The articulated fetal model (or rendered volume
image) can be either shown in a separate window next the
compounded 3D image; or interposed on to the compounded
3D image. This way the user may get a better spatial feeling
of the fetal position and its orientation with respect to the
probe.

[0070] The display further visualizes a confidence value
distribution within different regions of said compounded 3D
image. The confidence value distribution can be, for
example, given by color indications, wherein a color scale
would change from red, corresponding to regions being
compounded by 3D images with lower confidence values, to
green, corresponding to the regions being compounded by
3D images with higher confidence values. The user is given
an opportunity to visually evaluate an overall compounded
3D image. The user can always decide to perform a new 3D
frame acquisition, if a specific region in the compounded
image was compounded based on the image with a low
confidence value.

[0071] In FIG. 10 a workflow diagram of the method 300
according to the present invention is illustrated. In step 301
a plurality of 3D ultrasound image frames of the volumetric
region comprising fetus is acquired; alternatively the ultra-
sound system may receive the plurality of 3D ultrasound
image frames via the input. Each 3D ultrasound image frame
is acquired at a different look direction with respect to the
fetus. In step 302 the acquired plurality of the 3D ultrasound
image frames together with an articulated fetal model with
a common fetal structure are stored in a compound image
memory 32. In step 303 a segmentation of each 3D image
frame based on the articulated fetal model is performed. In
this step a plurality of 3D images of the volumetric region
with an identified relative orientation of the fetus with
respect to the look direction of the segmented image is
performed. Additionally to segmentation a detection of a
variation of the common fetal structure of a 3D frame
compared to another 3D image frame of the plurality is
performed in step 308, further in this step the articulated
mode] used for each partial frame can be adapted based on
the portion of the fetus anatomy included in said frame.
[0072] In step 304 the system determines an overall con-
fidence value based on the articulated fetal model. The
overall confidence value is being compared to an image
compounding threshold. If the overall value is being below
the image compounding threshold, in step 305 the system
gives a feedback to the user informing on the fact that low
quality 3D frames for a purpose of 3D image compounding
were acquired. At this stage the user can decide to repeat the
sequence of steps from the beginning. If the overall value is
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being above the image compounding threshold, in step 306
the system may weight and register each of the 3D images
with respect to the common fetal structure.

[0073] And finally in step 307 a spatially compounded 3D
image of the fetus is provided. In this spatially compounded
3D image different regions are formed based on contribu-
tions from the plurality of 3D images. In case the step 306
is performed the spatially compounded 3D image of the
fetus would include a formation of different regions of said
compounded 3D image based on weighted contributions
from the 3D images determined in step 306.

[0074] While the invention has been illustrated and
described in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention is
not limited to the disclosed embodiments. Other variations
to the disclosed embodiments can be understood and
effected by those skilled in the art in practicing the claimed
invention, from a study of the drawings, the disclosure, and
the appended claims.

[0075] 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 recited
in the claims. The mere fact that certain measures are recited
in mutually different dependent claims does not indicate that
a combination of these measures cannot be used to advan-
tage.

[0076] A computer program may be stored/distributed on
a suitable 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 telecommuni-
cation systems.

[0077] Any reference signs in the claims should not be
construed as limiting the scope.

1. An ultrasound imaging system for producing a spatially
compounded image of a fetus comprising:

an input for receiving a plurality of three dimensional
(3D) ultrasound image frames of a volumetric region
comprising the fetus, wherein each 3D ultrasound
image frame is acquired at a different look direction
with respect to the fetus by means of an ultrasound
probe; and

an ultrasound image processor responsive to the plurality
of 3D ultrasound image frames, said processor
arranged to:

store the acquired plurality of 3D ultrasound image
frames and an articulated fetal model, wherein the
articulated fetal model includes a common fetal struc-
ture and at least one joint-limb relationship,

segment each 3D image frame based on the articulated
fetal model, wherein the ultrasound image processor if
further arranged to adapt the articulated fetal model
applied to a 3D image frame from the plurality, when
a variation of the common fetal structure compared to
another 3D image frame of the plurality is detected,

provide a plurality of 3D images of the volumetric region
with an identified relative orientation of the fetus with
respect to the look direction of the segmented image,
and

analyze, based on the articulated fetal model, an overall
confidence value of the plurality of the 3D images, said
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image quality analyzer is further arranged to compare
the overall confidence value with an image compound-
ing threshold.

2. The ultrasound imaging system of claim 1 further
comprising

a spatial image combiner arranged to provide, when the

overall confidence value is above the image compound-
ing threshold, a spatially compounded 3D image of the
fetus, wherein different regions of said compounded 3D
image are formed based on contributions from the
plurality of 3D images.

3. The ultrasound imaging system of claim 2, wherein the
overall confidence value includes a spatial combination of
confidence values, each confidence value corresponding to a
3D image from the plurality of the 3D images; and

the spatial image combiner arranged to provide the spa-

tially compounded 3D image of the fetus, wherein
different regions of said compounded 3D image are
weighted on the basis of the different confidence values
of the 3D images from the plurality of 3D images.

4. The ultrasound imaging system of claim 1 further
comprising a user interface coupled to the ultrasound image
processor and responsive to a user manual selection of a
diagnostic protocol; and wherein the ultrasound image pro-
cessor is further arranged to analyze, based on the articulated
fetal model and the selected diagnostic protocol, an overall
confidence value of the plurality of the 3D images, said
image quality analyzer is further arranged to compare the
overall confidence value with an image compounding
threshold.

5. The ultrasound imaging system of claim 1, wherein the
plurality of 3D ultrasound image frames further comprises
an assembly of partial 3D image frames, each partial 3D
image frame corresponding to the volumetric region, which
includes a portion of the fetus.

6. The ultrasound imaging system of claim 5, wherein the
ultrasound image processor is arranged to adapt the articu-
lated fetal model applied to a partial 3D image frame based
on the portion of the fetus included in the respective frame.

7. The ultrasound imaging system of claim 1, wherein the
ultrasound image processor is arranged to adapt the articu-
lated fetal model by varying a joint-limb relationship of the
common fetal structure.

8. The ultrasound imaging system of claim 7, wherein
varying the joint-limb relationship comprises varying at
least one joint pivot location and at least one limb angle
value related to said pivot location.

9. The ultrasound imaging system of claim 6, further
comprising a user interface coupled to the ultrasound image
processor and responsive to user manual identification of at
least one anchor landmark in the 3D image frame, said user
interface is arranged to provide the identified location of the
anchor landmark, such as joint pivot, within the 3D image
frame as an input for the adaptation of the articulated fetal
model.

10. The ultrasound imaging system of claim 3, wherein
the articulated model comprises a set of fetal articulations,
wherein each fetal articulation corresponds to a given fetal
pose; and

the ultrasound image processor is arranged to detect the

variation of the common fetal structure based on the
fetal pose change occurring during the acquisition of
the plurality of three dimensional (3D) ultrasound
image frames.
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11. The ultrasound imaging system of claim 10, wherein
the image quality analyzer is arranged to determine confi-
dence values of the 3D images, which originate from 3D
frames segmented with the same fetal articulation, being
relatively higher with respect to confidence values corre-
sponding to 3D images, which originate from 3D frames
segmented with a different fetal articulation.

12. The ultrasound imaging system of claim 1, further
comprising a display operated to give a user feedback, when
the overall confidence value is below the image compound-
ing threshold.

13. The ultrasound imaging system of claim 2, further
comprising a display operated to display the compounded
3D image and the articulated fetal model with respect to the
volumetric region.

14. The ultrasound imaging system of claim 2, further
comprising:

a display arranged to display the spatially compounded

3D image; and
a user interface coupled to the ultrasound image processor,
said user interface arranged to enable the user to perform
biometry measurements of the fetus based on the displayed
spatially compounded 3D image.

15. The ultrasound imaging system of claim 1 further
comprising the ultrasound probe coupled to the input, said
probe having an ultrasound transducer array operable to
acquire the plurality of three dimensional (3D) ultrasound
image frames of a volumetric region comprising the fetus.

16. A medical imaging method for inspecting a volumetric
region comprising fetus is provided comprising the steps of:

receiving a plurality of three dimensional (3D) ultrasound

image frames of a volumetric region with the fetus,
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wherein each 3D ultrasound image frame is acquired at
a different look direction with respect to the fetus, by an
ultrasound probe,

storing the acquired plurality of the 3D ultrasound image
frames and an articulated fetal model with a common
fetal structure, wherein the articulated fetal model
includes a common fetal structure and at least one
joint-limb relationship,

segmenting each 3D image frame based on the articulated
fetal model;

adapting the articulated fetal model applied to a 3D image
frame, when a variation of the common fetal structure
compared to another 3D image frame of the plurality is
detected,;

providing a plurality of 3D images of the volumetric
region with an identified relative orientation of the fetus
with respect to the look direction of the segmented
image,

providing a spatially compounded 3D image of the fetus,
wherein different regions of said compounded 3D
image are formed based on contributions from the
plurality of 3D images.

17. The method of claim 15, further comprising:

weighting and registering each of the 3D images with
respect to the common fetal structure, wherein provid-
ing the spatially compounded 3D image of the fetus,
includes a formation of different regions of said com-
pounded 3D image based on weighted contributions
from the 3D images of the plurality of 3D images.

I S T T
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