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METHOD OF VISUALIZING A SEQUENCE
OF ULTRASOUND IMAGES, COMPUTER
PROGRAM PRODUCT AND ULTRASOUND
SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates to a method of visu-
alizing a sequence of ultrasound images of an object in
motion, wherein said motion is a complex motion composed
of motion components from a plurality of origins.

[0002] The present invention further relates to a computer
program product for implementing such a method.

[0003] The present invention yet further relates to an
ultrasound system for executing such a computer program
product.

BACKGROUND OF THE INVENTION

[0004] The advent of 3D ultrasound imaging techniques
has transformed ultrasound imaging into a powerful diag-
nostic tool as such techniques provide a powerful visualiza-
tion tool of the anatomy of a subject under investigation at
a fraction of the cost of other diagnostic tools such as MRI.
A particularly powerful aspect of ultrasound imaging is the
ability to capture tissue motion, which can assist a clinician
in diagnostic evaluations of the subject under investigation.
[0005] The most common visualization mode used in
ultrasound imaging is a 2D image, also referred to as the
B-mode. The advent of 3D ultrasound imaging techniques
has not changed this because 3D visualization is more
difficult to achieve and interpret, and most valuable infor-
mation is retrieved from inside tissues, so that the cut planes
or slices in B-mode allow for a more intuitive retrieval of the
information of interest than 3D views. Since ultrasound
imaging techniques are able to produce images in real-time
or to record time sequences of an anatomical object in
motion, important information can also be extracted from
the tissue motion of such an object. In such a scenario, the
visualization may simply consist of tracing the variations of
a line representing a portion of interest of the tissue over
time; this visualization mode is also referred to as the
M-mode. However, due to probe motion, anatomical motion
or both, a plane or line that is fixed in the reference frame
of the probe usually is not fixed in the reference frame of the
anatomical object of interest.

[0006] US 2007/0269092 A1 discloses an ultrasound diag-
nostic imaging system and method, wherein volumetric data
in respect of an anatomical region of interest is acquired
throughout a physiological cycle in relation thereto, a 3D
view of the volumetric data is built, the motion of a structure
of interest (in space and/or time) is analyzed within the
volume throughout the above-mentioned physiological
cycle, and this motion is used to move a 3D view of the
structure of interest, as presented to a user, so that it tracks
the structure of interest and retains it centred in the 3D view.
This for instance is useful to compensate for out of viewing
plane movement of the structure of interest, thereby provid-
ing a stabilized view of a region of interest of the structure.
[0007] However, the motion of the structure of interest
often is a complex motion, wherein different motion com-
ponents from different origins combine to produce the
overall motion of the structure of interest. For instance,
when imaging a heart, the overall motion in the 3D image
sequence may have a number of origins, such as probe
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motion, breathing motion and blood pumping motion, i.e.
cardiac muscle activity, which in itself is a complex com-
bination of twist and compression in both the longitudinal
and radial directions of the heart. In such a situation, motion
stabilization may not be sufficient to provide a clinician with
a clear picture of the relevant motion.

[0008] Forinstance, a clinician such as a cardiologist may
be interested in the motion of the myocardium in a short-axis
view of the left ventricle of a heart. A heart 10 is schemati-
cally depicted in FIG. 1. Heart motion is usually modelled
in the medical community by a combination of simple
motions, including a rotation around the main (long) axis 20
of the heart 10. In a normal heart, a twisting and untwisting
motion appears around the long axis 20 as the result of
different rotation speed and amplitude between the basal and
apical areas of the heart 10. This is explained in more detail
by Gerald Buckberg et al. in Cardiac Mechanics Revisited:
The Relationship of Cardiac Architecture to Ventricular
Funetion, Circulation, 2008; 118: 2571 2587, see in particu-
lar page 2573. The clinician may select a 2D view plane 30
or a multi-planar reconstruction view, corresponding to the
short-axis view at mid-distance between the septum and the
mitral annulus at a given time point in the cardiac cycle, and
play a full heart cycle sequence. The apparent motion that is
displayed in this 2D view is not the motion of the targeted
part of the myocardium because out-of-plane motion of the
heart 10 drags the targeted part out of the view.

[0009] EP 2 397 076 Al discloses a medical image pro-
cessing device comprising an image acquisition unit that
acquires three-dimensional image data including a moving
organ; an image display unit that displays the three-dimen-
sional image data as a three-dimensional image; an object-
to-be-measured setting unit that sets a desired object to be
measured on the three-dimensional image displayed on the
image display unit; a diagnostic index calculating unit that
calculates the amount of displacement of the three-dimen-
sional image data in each time phase for the desired object
to be measured and calculates a diagnostic index on the basis
of the amount of displacement calculated in each time phase;
and a control unit that performs control to display the
diagnostic index on the image display unit.

[0010] Therefore, it is desirable to have the 2D view
follow this out-of-plane motion. However, stabilization
techniques cannot be applied for this purpose, as such
techniques would completely compensate for the motion of
the target tissue, i.e. a complex motion including rigid
translation, twist and contraction components, such that the
clinician would not see any motion at all. On the other hand,
some form of motion compensation is desirable; due to the
global motion of the heart 10, differentiating between nor-
mal and abnormal twisting/untwisting of such areas can be
very difficult. This is problematic, given that these motions
are critical indicators of the left ventricular function of the
heart 10.

[0011] The problem of such global motion is schemati-
cally depicted in FIG. 2-4. FIG. 2 schematically depicts an
object to be visualized in a 3D imaging sequence, such as the
heart, which object comprises a plurality of regions 32 of
interest, e.g. apical and basal regions of the heart oriented
along the long axis 20, wherein within such a region of
interest, features 34 of interest may be present, such as
different sections of the myocardium within a single region.
FIG. 2 schematically depicts the object as captured in the 3D
imaging sequence at point in time t1. FIG. 3 schematically
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depicts the object as captured in the 3D imaging sequence at
point in time t2. By comparing FIG. 2 and FIG. 3, it will be
apparent that the object of interest has undergone a complex
motion in which the object as a whole has been displaced
and rotated, wherein regions 32 of interest in addition have
rotated relative to each other and wherein features 34 within
regions 32 furthermore have moved relative to other parts of
the region 32.

[0012] Consequently, when the motion of the object under
investigation is visualized, it is difficult for the clinician to
draw meaningful conclusions from the visualized motion.
For example, left ventricle motion may be visualized using
the well-known myocardial segmented visualization model
of the left ventricle of the American Heart Association as
originally published in Circulation, 2002, 103, pages 539-
542. Such a short-axis visualization is schematically
depicted in FIG. 4, which depicts the basal plane 41 and
apical plane 42 of the left ventricle in such a segmented
visualization as derived from the 3D ultrasound image
sequence including the 3D images captured at t=t1 and t=t2
respectively.

[0013] As can be seen from comparing these segmented
visualizations, the myocardium in both the basal plane 41
and the apical plane 42 has been subjected to a degree of
rotation 0, and 0, respectively from t1 to t2, but due to the
fact that this rotation is a complex rotation composed of a
plurality of rotational components, it is impossible for the
clinician to determine if there is a difference in rotation
between the basal plane 41 and apical plane 42 originating
from cardiac twisting. In other words, these visualizations
do not allow the clinician to easily differentiate between
normal and abnormal twisting/untwisting of such areas.

SUMMARY OF THE INVENTION

[0014] The present invention seeks to provide a method of
visualizing a sequence of ultrasound images in which such
complex motions can be decomposed.

[0015] The present invention further seeks to provide a
computer program product comprising a computer-readable
medium containing computer program code for implement-
ing such a method when executed on a processor of an
ultrasound system.

[0016] The present invention yet further seeks to provide
an ultrasound system comprising such a computer program
product.

[0017] According to a first aspect, there is provided a
method of visualizing a sequence of 3D ultrasound images
of an object in motion, wherein said motion is a complex
motion composed of motion components from a plurality of
origins, the method comprising acquiring said sequence of
3D ultrasound images, said sequence including a first 3D
ultrasound image acquired at a first point in time and a
second 3D ultrasound image acquired at a second point in
time; providing a motion tracking model modelling a con-
tribution to the complex motion, said contribution originat-
ing from a subset of said motion components; determining
said complex motion from the first and second 3D ultra-
sound images; and visualizing a contribution of the motion
tracking model to the complex motion of said object in order
to obtain a motion-decomposed visualization of said com-
plex motion. The complex motion is e.g. formed of trans-
lational and rotational motion components.

[0018] By providing a motion tracking model that tracks
or models part of the complex motion to which an object in
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motion such as a heart is subjected during the sequence, the
complex motion may be decomposed such that in a visual-
ization the contribution of the motion tracking model
becomes apparent to the user evaluating the visualized
motion. Such decomposition may facilitate the user, e.g. a
clinician such as a cardiologist, to more easily reach diag-
nostically relevant conclusions. The complex motion may be
decomposed such that the translational and rotational motion
components become apparent to the user.

[0019] In an embodiment, the 3D ultrasound images are
decomposable in a plurality of slices each depicting a
different segment of the object, wherein the motion tracking
model comprises a reference rotation and wherein said
visualizing comprises visualizing a rotation of the segments
of said object relative to said reference rotation. The com-
plex rotation depicted in such slices, e.g. short axis views of
the heart, may be decomposed in this manner, e.g. by
providing a motion tracking model that tracks or simulates
global rotation, such that it becomes more apparent how
these segments rotate relative to each other, which will aid
the user to determine if the relative rotation, e.g. twisting/
untwisting of the myocardium, is abnormal.

[0020] The reference rotation may be associated with one
of said segments. For instance, the reference rotation may
represent a global rotation component as well as a normal
local rotation component of the segment such that the
motion-decomposed visualization of the segment visualizes
a deviation from the expected local rotation of the segment,
with the motion-decomposed visualization of the rotation of
the remainder of the segments depicting rotation relative to
the expected normal rotation of the segment with which the
reference rotation is associated.

[0021] In an embodiment, the motion tracking model may
be defined by the user, for instance using a graphical user
interface. In this embodiment, providing the motion tracking
model may comprise selecting a first point and a second
point in the first 3D ultrasound image acquired at the first
point in time to define a reference axis in said first 3D
ultrasound image, and selecting a third point in said first 3D
ultrasound image for tracking a rotation around said refer-
ence axis; tracking the motion of the first point, second point
and third point by comparing the second 3D ultrasound
image acquired at the second point in time with the first 3D
ultrasound image; and defining the motion tracking model
from said tracked motion of the first point, second point and
third point. This for instance facilitates the definition of a
reference rotation for a segment of the object in motion in
which the third point is located, such that the rotation
relative to this reference rotation may be visualized for the
other segments. Moreover, where such a reference rotation
depicts a global rotation, motions that are internal to the
segment containing the third point, e.g. local contractions
and so on may be visualized more clearly.

[0022] Alternatively, providing the motion tracking model
may comprise providing a predefined motion tracking
model, for instance a tracking model that approximates
global motion of the object in motion.

[0023] In an embodiment, the predefined motion tracking
model] comprises a translational component and a plurality
of rotational components along a central axis, said rotational
components modelling rotation of different regions of the
object along said central axis. This for instance may be used
when decomposing the complex motion of a heart, wherein
the different rotational components simulate normal twist-
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ing/untwisting of the heart during the cardiac cycle. The use
of such a model in the motion-decomposed visualization of
the cardiac motion immediately highlights if such motion
deviates from normal behaviour.

[0024] The visualizing may comprise subtracting the
motion tracking model from the complex motion; and dis-
playing the subtraction result to obtain said motion-decom-
posed visualization of said complex motion. This has the
advantage that the user is presented with a visualization of
the decomposition result, which may allow the user to reach
clinically relevant conclusions in a more straightforward
manner.

[0025] Alternatively, the visualizing may comprise dis-
playing said complex motion; and displaying a representa-
tion of the motion tracking model as an overlay on said
displayed complex motion. This for instance allows the user
to readily distinguish between the motion component mod-
elled by the motion tracking model and the overall motion
for a particular segment of the object under investigation.
[0026] In an embodiment, the visualization is a B-mode
visualization of a left ventricle of a heart in short axis view,
said visualization being based on a segmented graphical
representation of the myocardium. Such a representation has
the advantage that the user can easily determine the amount
of twisting/untwisting by the graphical representation of the
myocardium in the visualization.

[0027] The step of providing the motion tracking model
may comprise selecting a motion tracking model on a
graphical user interface, for instance by selecting a pre-
defined motion tracking model from a library of such motion
tracking models or by defining points to be tracked in the
sequence of 3D ultrasound images as previously explained.
[0028] In an embodiment, the method further comprises
adjusting the motion tracking model on said graphical user
interface following said visualization; and visualizing a
contribution of the adjusted motion tracking model to the
complex motion of said object in order to obtain an adjusted
motion-decomposed visualization of said complex motion.
This allows the user to interactively apply a motion decom-
position to the sequence of 3D ultrasound images by scaling
the contribution of the motion tracking model to the overall
complex motion, thereby fine tuning the motion tracking
model and motion decomposition, which may assist a user
in a better understanding of the decomposition of the various
contributions to the overall complex motion of the object
under investigation.

[0029] According to another aspect, there is provided a
computer program product including a computer-readable
medium comprising computer program code for, when
executed on a processor of an ultrasound system, imple-
menting the method according to one or more of the above
embodiments. Such a computer program product facilitates
the user of such an ultrasound system to evaluate a sequence
of 3D ultrasound images in a more straightforward manner.
[0030] According to yet another aspect, there is provided
an ultrasound system comprising the aforementioned com-
puter program product, a probe for transmitting ultrasound
waves and collecting a sequence of ultrasound echoes in
response to the transmitted ultrasound waves; and a proces-
sor for generating ultrasound images from the collected
ultrasound echoes, wherein the processor is adapted to
execute said computer program code. Such an ultrasound
system allows its user to evaluate a sequence of 3D ultra-
sound images in a more straightforward manner.
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[0031] The ultrasound system may further comprise a
workstation for displaying the motion-decomposed visual-
ization of said complex motion, said processor being
adapted to control said workstation.

[0032] The ultrasound system may further comprising a
graphical user interface for defining and/or adjusting the
motion tracking model on said workstation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Embodiments of the invention are described in
more detail and by way of non-limiting examples with
reference to the accompanying drawings, wherein:

[0034] FIG. 1 schematically depicts a cross-section of a
human heart;
[0035] FIGS. 2 and 3 schematically depict complex

motion of an object in motion such as a human heart as
captured by a sequence of 3D ultrasound images;

[0036] FIG. 4 is a visualization of such complex motion
using a segmented graphical representation;

[0037] FIGS. 5 and 6 schematically depict the tracking of
a motion component of an object in motion according to an
embodiment;

[0038] FIG. 7 schematically depicts an aspect of defining
amotion tracking model based on the tracking of the motion
component as depicted in FIGS. 5 and 6;

[0039] FIG. 8 schematically depicts a visualization of a
motion-decomposed motion of a heart motion captured in a
3D ultrasound image sequence according to an embodiment;
[0040] FIG. 9 schematically depicts a visualization of a
motion-decomposed motion of a heart motion captured in a
3D ultrasound image sequence according to another embodi-
ment;

[0041] FIG. 10 is a flowchart of a method according to an
embodiment; and

[0042] FIG. 11 schematically depicts an ultrasound system
according to an example embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0043] Tt should be understood that the Figures are merely
schematic and are not drawn to scale. It should also be
understood that the same reference numerals are used
throughout the Figures to indicate the same or similar parts
unless indicated otherwise.

[0044] FIG. 5 schematically depicts a 3D ultrasound
image of a heart in motion at a first point in time t=tl,
wherein the heart is schematically represented by a plurality
of short axis slices 32 along the long axis 20 wherein each
slice 32 depicts a different slice of the heart along the long
axis 20. Each slice 32 may comprise a region 34 of interest,
e.g. a left ventricle view including the myocardium for
evaluation of myocardial behaviour during the 3D ultra-
sound image sequence of the heart.

[0045] In accordance with an embodiment, the user may
create a user-defined motion tracking model by selecting a
first point A and a second point B in the 3D ultrasound image
at t=t1, wherein points A and B define a reference axis in the
ultrasound image, which may be used to track rotation
around this reference axis. To this end, the user may further
define a third point C located in one of the slices 32, wherein
the thus defined reference frame may be used to track the
motion of this reference frame throughout the sequence of
3D ultrasound images. By an informed selection of points A,
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B and C, e.g. by a clinician such as a cardiologist, the motion
to which these points have been subjected from t1 to t2 may
be used as a reference motion, i.e. a motion tracking model,
wherein motions within the object under investigation may
be decomposed as motions relative to this reference motion.
[0046] The motion to be tracked is schematically depicted
in FIG. 6, which schematically depicts a second 3D ultra-
sound image of the sequence at point in time t=t2, in which
the heart has undergone a complex motion compared to the
point in time t=t1. The motion to which the reference frame
defined by points A, B and C have been subjected may be
tracked in the sequence of 3D ultrasound images.

[0047] FIG. 7 schematically depicts the tracked motion of
the reference frame defined by points A, B and C. The
tracked motion can be seen as a composition of the affine
transform T that follows the axis A-B from time t1 to 12 and
amodel of rotation R around this axis, wherein T and R have
been measured from the 3D ultrasound image sequence,
with T being measured from the translation of the axis A-B
and R being measured from the rotation of point C around
the axis A-B to compose the motion tracking model to be
used in the motion decomposition of the complex motion of
the object under investigation.

[0048] In an embodiment in which the 3D ultrasound
image sequence captures a heart in motion, a particularly
advantageous visualization of the cardiac motion, e.g. to
visualize twisting/untwisting, is the 2D short-axis view
(SA), i.e. the plane 30 orthogonal to the main axis 20 of the
heart 10 as shown in FIG. 1. For instance, a particularly
intuitive visualization is obtained when using the aforemen-
tioned 17 segment-based myocardium visualization model
of the AHA, as this facilitates accurate location of the SA
planes, e.g. the basal plane 41 and the apical plane 42. Such
a 2D short axis view may be transferred into such a
segmented visualization model in any suitable manner, as is
well-known per se. For instance, the various AHA segments
may be identified in various short axis views of a first 3D
image, and associated with objects, e.g. tissue parts, that can
be tracked using available tracking techniques, after which
the thus associated segments may be tracked in the 3D image
sequence by tracking the associated objects. As previously
explained with the aid of FIG. 4, it is clear when evaluating
the complex motion visualized in this segmented model that
both the basal plane 41 and the apical plane 42 undergo a
rotation, but it is virtually impossible to determine if this
rotation is more or less than a normal rotation of these planes
over the time interval t1-t2.

[0049] In an embodiment, the chosen visualization (here a
segmented visualization by way of non-limiting example)
may be adapted by subtracting the motion tracking model
from the overall motion captured in the 3D ultrasound image
sequence in order to obtain a motion-decomposed visual-
ization in which only a part of the overall (complex) motion
is visualized. Using the example previously depicted in FIG.
4, a motion-decomposed visualization as schematically
depicted in FIG. 8 may be obtained. By subtracting the
contribution of the motion tracking model from the overall
motion, in particular the rotational component R(t;,—t,)
modelling the rotational component of the motion tracking
model from the overall rotations 0, and 0, respectively, it
becomes immediately apparent that the remaining rotation
component is larger for the basal plane 41 compared to the
apical plane 42. This demonstrates that the use of such a
motion tracking model can assist the user in obtaining a
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more straightforward visualization of decomposed motion
components, e.g. motion components of interest such as
diagnostically relevant motion components.

[0050] In an alternative embodiment, the chosen visual-
ization (here a segmented visualization by way of non-
limiting example) may be adapted by overlaying the motion
tracking model onto the overall motion captured in the 3D
ultrasound image sequence in order to obtain a motion-
decomposed visualization in which the contribution of the
motion tracking model to the overall (complex) motion is
visualized. This is schematically depicted in FIG. 9, in
which the dashed lines in the anatomical model representa-
tion at t=t2 depict the contribution of the rotational compo-
nent R(t,—t,) of the motion tracking model to the overall
visualized rotation. In addition to clearly demonstrating that
the remaining rotation component is larger for the basal
plane 41 compared to the apical plane 42, this furthermore
visualizes the contribution of the tracked motion to the
overall motion captured in the 3D ultrasound image
sequence.

[0051] At this point, it is noted that the user-defined
motion tracking model is particularly suitable to visualize
rotation of further parts of the object under investigation
such as the heart relative to a tracked rotation of a particular
part of the object, particularly the segment of the object
containing the user-selected point C, which may be consid-
ered a reference segment. As will be understood by the
skilled person, when applying the motion tracking model to
the complex motion of the reference segment, this reference
segment will appear as a stationary segment in which only
motions relative to the tracked rotation, e.g. localized tissue
rotations or contractions, may be visualized in the motion-
decomposed view.

[0052] However, because segments of the object under
investigation other than a reference segment may rotate at
different speeds than the reference segment, such differences
in speed, i.e. relative rotations, will become apparent when
applying the motion tracking model to the tracked overall
motion in order to obtain the motion-decomposed visual-
ization of the object of interest. In other words, the motion
tracking model may be considered to comprise a reference
rotation, i.e. the tracked rotation R(t,—t,), wherein the
motion-decomposed visualization comprises the visualiza-
tion a rotation of the segments of said object relative to this
reference rotation.

[0053] At this point, it is noted that the motion tracking
model does not have to be user-defined. Alternatively, the
motion tracking model may be automatically generated from
the sequence of 3D ultrasound images using well-known
motion estimation techniques such as tissue tracking,
speckle tracking and so on. As such motion estimation
techniques are well-known per se, they will not be explained
in further detail for the sake of brevity only. In vet another
embodiment, an a priori motion tracking model may be
provided, which for instance may be a model representative
of a normal motion of the object under investigation, e.g. the
normal or expected motion of a healthy heart in such a
sequence. In order to make such an a priori model more
realistic, the model may comprise different rotational com-
ponents around a central axis, e.g. at different locations
along the long axis 20 in case the model represents normal
heart motion in order to reflect the different degrees of
twisting/untwisting of the different short axis segments of
the heart along the long axis 20. Such an a priori model can
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be seen to provide a set of reference rotation speeds for the
heart, wherein application of the model to an actual
sequence of 3D ultrasound images capturing the complex
motion of the heart throughout the sequence may highlight
deviations in the expected degree of rotation for particular
segments of the heart.

[0054] In an embodiment, such an a priori or predefined
motion tracking model may be used in combination with a
further tracking model in which for instance translational
motion, e.g. the displacement of the axis A-B, is separately
compensated for, such that the a priori motion tracking
model may be based on one or more rotational components
only and may be applied once the translational motion of the
object of interest in the sequence of 3D ultrasound images
has been compensated for.

[0055] In an embodiment, the motion tracking model may
be scalable. In other words, a user may adjust the contribu-
tion of the various components, e.g. translational and rota-
tional components, such as the displacement of axis A-B and
the rotation R around this axis as depicted in FIG. 7 such that
the user can interactively adjust the motion tracking model
and update the visualization of the 3D ultrasound image
sequence in accordance with the updated motion tracking
model. This for instance allows the user to interactively
select a particular segment of an object of interest as a
reference segment by adjusting the motion tracking model
such that the selected segment becomes stationary in the
visualization, such that the user can evaluate motions in
other parts of the object of interest, e.g. a heart, relative to
the interactively selected reference segment.

[0056] The user may make such adjustments to the motion
tracking model in any suitable manner. By way of non-
limiting example, a graphical user interface may be provided
that allows the user to make the desired adjustments, for
instance by representing the various components of the
motion tracking model as dials, sliders or the like in the
graphical user interface, wherein the user may adjust these
components by adjusting the dials, sliders or the like, which
adjustments trigger the generation of an updated visualiza-
tion of the object under investigation based on the adjust-
ments made to the motion tracking model.

[0057] In the above description, aspects of the present
invention have been explained by way of a visualization
mode in 2D short axis view by way of non-limiting example
only. It should be understood that the teachings of the
present invention may be applied to any suitable visualiza-
tion mode, including but not exclusively limited to a 1-D
visualization mode (M-mode), 2D visualization mode
(B-mode) or 3D visualization mode (volume rendering). As
previously explained, the visualization mode may be defined
either manually from a point in time in the 3D ultrasound
image sequence or from an anatomical model or a reference
that is automatically adapted to the actual sequence, e.g. the
aforementioned segmented visualization of a left ventricle of
a heart in 2D short axis view.

[0058] In summary, the various embodiments of the visu-
alization method 100 described in detail above may be
summarized by the flow chart depicted in FIG. 10. The
method 100 starts in step 110, e.g. by initializing an ultra-
sound system for capturing a sequence of 3D ultrasound
images of an object of interest in motion, such as a heart. The
method then proceeds to step 120 in which the sequence of
3D ultrasound images of the object of interest in motion is
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captured. Such a sequence may be captured in any suitable
manner as is well-known per se to the skilled person.
[0059] Instep 130, the motion tracking model is provided.
As previously explained in more detail, this for instance may
be a user-defined motion tracking model, an automatically
generated motion tracking model or an a priori (predefined)
motion tracking model, such as a motion tracking model
including a reference rotation such that subsequent motion-
decomposed visualization of the complex motion of the
object under investigation may comprise visualizing a rota-
tion of various segments of said object relative to said
reference rotation.

[0060] Next, the complex motion of the object to be
visualized is derived from the 3D sequence of ultrasound
images in step 140; this is known per se and will not be
explained in further detail for the sake of brevity only. It is
noted that although in method 100 the provision of the
motion tracking model is performed after capturing the
sequence of 3D ultrasound images and before the determi-
nation of the complex motion, it is equally feasible that the
motion tracking model for instance is provided after the
determination of the complex motion in step 140 or before
step 120, for instance when using an a priori motion tracking
model. In step 150, the motion tracking model is applied to
the overall motion captured in the sequence of 3D ultra-
sound images, for instance by subtracting the motion track-
ing model from the overall motion or by overlaying a
visualization of the motion tracking model or a visualization
of the overall motion as previously explained after which the
result of step 150 is visualized in step 160, for instance on
a display of an on cart or off-cart workstation of ultrasound
system, or on any other display for displaying such a
visualization result. As previously explained, any suitable
visualization form may be chosen for this purpose.

[0061] In an optional embodiment, the method 100 further
comprises a step 170 in which a user may decide to adjust
the motion tracking model as previously explained, in which
case the method may return to step 150 and apply the
adjusted motion tracking model to the overall motion and
visualize the result in step 160. If step 170 is not available
or if the user decides that no further adjustments to the
motion tracking model are of interest are required, the
method may terminate in step 180.

[0062] FIG. 11 schematically depicts an example embodi-
ment of an ultrasound system 400 that may be used in
accordance with the visualization methods of the present
invention. The ultrasound system 400 may be a system for
acquiring real-time 3D cardiac images, either as 2D tomo-
graphic slices or as volumetric image data. In operation, a
probe or scanhead 410 which includes a 1D or 2D array
transducer 412 transmits ultrasonic waves and receives
ultrasonic echo signals. This transmission and reception is
performed under control of a beamformer 420 which pos-
sesses received echo signals to form coherent beams or raw
echo signals from the anatomy being scanned. The echo
information from the beamformer is then processed by the
B-mode processor, 450, the Doppler processor, 440, and, if
contrast agents are used during imaging, the contrast signal
processor, 445. The B-Mode processor performs functions
that include, but are not limited to, filtering, frequency and
spatial compounding, harmonic data processing and other
B-Mode functions well known in the art. The Doppler
processor applies conventional Doppler processing to the
echoes to produce velocity and Doppler power signals. The
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contrast processor applies specific processing to echo signals
that are obtained when contrast agents are present in the
tissue being scanned.

[0063] The processed data is then passed through either a
2D scan converter 460 or a 3D scan converter 470, depend-
ing on whether a 2D tomographic or 3D volumetric region
of tissue is being imaged. The scan converter geometrically
corrects the data from the linear or polar geometry that the
scanhead acquired the beams in, to a Cartesian format (x,y
or X,y,z) with appropriate scaling in each dimension. Each
scan converted image or 3D volume is then placed in a 2D
memory, 465, or 3D volume memory, 475. The memory 465
blocks store a few seconds up to several minutes worth of
recent 2D or 3D data, depending on the type of data being
acquired.

[0064] The Volume MPR slice display processor and 3D
renderer, 480, processes volume data from the 3D volume
memory based on the central controller, 430, and user input
from the user interface, 435, to provide one or several 2D
MPR slice images and/or a volume rendered image of the 3D
volume from a given viewpoint using methods well known
in the art. The display processor, 490, based on input from
the central controller, 430, takes 2D images either from the
2D memory 465 or the volume MPR slice view processor
and 3D rendered, adds graphics overlays and text annotation
(e.g. patient information) and passes the composted images
on to the display, 495, for presentation to the operator. The
central controller can direct the display processor to display
the most recently acquired data in memory as a real-time
display, or it can replay sequences of older 2D or 3D volume
data. At least one of the Volume MPR slice display processor
and 3D renderer 480 and the display processor 490 may be
adapted to execute the computer program code embodying
the method according to embodiments of the present inven-
tion. In an embodiment, the Volume MPR slice display
processor and 3D renderer 480 and the display processor
490 cooperate to generate the motion-decomposed visual-
ization of the image(s) of interest.

[0065] It should be understood that the ultrasound system
400 is merely an example of an ultrasound systems that may
be used to acquire a sequence of 3D ultrasound images in
accordance with embodiments of the method of the present
invention. The exact implementation of the ultrasound sys-
tem 400 is largely irrelevant to the present invention, as long
as the ultrasound system is capable of implementing the
method 100. Tt will therefore be understood by the skilled
person that any suitable ultrasound system may be used.
[0066] Aspects of the present invention may be embodied
as a system, method or computer program product. Aspects
of the present invention may take the form of a computer
program product embodied in one or more computer-read-
able medium(s) having computer readable program code
embodied thereon for implementing the visualization
method according to various aspects of the present invention
when executed on a suitable processor, such as the processor
of an ultrasound system.

[0067] Any combination of one or more computer read-
able medium(s) may be utilized. The computer readable
medium may be a computer readable signal medium or a
computer readable storage medium. A computer readable
storage medium may be, for example, but not limited to, an
electronic, magnetic, optical, electromagnetic, infrared, or
semiconductor system, apparatus, or device, or any suitable
combination of the foregoing. Such a system, apparatus or
device may be accessible over any suitable network con-
nection; for instance, the system, apparatus or device may be
accessible over a network for retrieval of the computer
readable program code over the network. Such a network
may for instance be the Internet, a mobile communications
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network or the like. More specific examples (a non-exhaus-
tive list) of the computer readable storage medium may
include the following: an electrical connection having one or
more wires, a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), an optical fiber, a portable
compact disc read-only memory (CD-ROM), an optical
storage device, a magnetic storage device, or any suitable
combination of the foregoing. In the context of the present
application, a computer readable storage medium may be
any tangible medium that can contain, or store a program for
use by or in connection with an instruction execution
system, apparatus, or device.

[0068] A computer readable signal medium may include a
propagated data signal with computer readable program
code embodied therein, for example, in baseband or as part
of a carrier wave. Such a propagated signal may take any of
a variety of forms, including, but not limited to, electro-
magnetic, optical, or any suitable combination thereof. A
computer readable signal medium may be any computer
readable medium that is not a computer readable storage
medium and that can communicate, propagate, or transport
a program for use by or in connection with an instruction
execution system, apparatus, or device.

[0069] Program code embodied on a computer readable
medium may be transmitted using any appropriate medium,
including but not limited to wireless, wireline, optical fiber
cable, RF, etc., or any suitable combination of the foregoing.
[0070] Computer program code for carrying out the
method of the present invention by execution on a suitable
processor may be written in any combination of one or more
programming languages, including an object oriented pro-
gramming language such as Java, Smalltalk, C++ or the like
and conventional procedural programming languages, such
as the “C” programming language or similar programming
languages. The program code may execute entirely on the
processor as a stand-alone software package, or may be
executed partly on the processor and partly on a remote
server. In the latter scenario, the remote server may be
connected to the processor through any type of network,
including a local area network (LAN) or a wide area network
(WAN), or the connection may be made to an external
computer, e.g. through the Internet using an Internet Service
Provider.

[0071] Aspects of the present invention are described
above with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems) and computer
program products according to embodiments of the inven-
tion. It will be understood that each block of the flowchart
illustrations and/or block diagrams, and combinations of
blocks in the flowchart illustrations and/or block diagrams,
can be implemented by computer program instructions to be
executed in whole or in part on one or more processors of the
ultrasound system 400, such that the instructions create
means for implementing the functions/acts specified in the
flowchart and/or block diagram block or blocks. These
computer program instructions may also be stored in a
computer-readable medium that can direct the system 400 to
fanction in a particular manner.

[0072] The computer program instructions may be loaded
onto the one or more processors to cause a series of
operational steps to be performed on the one or more
processors, to produce a computer-implemented process
such that the instructions which execute on the one of more
processors provide processes for implementing the func-
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tions/acts specified in the flowchart and/or figures depicting
the motion tracking and visualization results. The computer
program product may form part of the ultrasound system
400, e.g. may be installed on the ultrasound system 400.
[0073] It should be noted that the above-mentioned
embodiments illustrate rather than limit the invention, and
that those skilled in the art will be able to design many
alternative embodiments without departing from the scope
of the appended claims. In the claims, any reference signs
placed between parentheses shall not be construed as lim-
iting the claim. The word “comprising” does not exclude the
presence of elements or steps other than those listed in a
claim. The word “a” or “an” preceding an element does not
exclude the presence of a plurality of such elements. The
invention can be implemented by means of hardware com-
prising several distinct elements. In the device claim enu-
merating several means, several of these means can be
embodied by one and the same item of hardware. 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 advantage.
1. A method of visualizing a sequence of 3D ultrasound
images of an object in motion, wherein said motion is a
complex motion composed of motion components from a
plurality of origins, the method comprising:
acquiring said sequence of 3D ultrasound images, said
sequence including a first 3D ultrasound image
acquired at a first point in time and a second 3D
ultrasound image acquired at a second point in time;

providing a motion tracking model modelling a contribu-
tion to the complex motion, said contribution originat-
ing from a subset of said motion components;

determining said complex motion from the first and
second 3D ultrasound images; and

visualizing a contribution of the motion tracking model to

the complex motion of said object in order to obtain a
motion-decomposed visualization of said complex
motion.

2. The method of claim 1, wherein the 3D ultrasound
images are decomposable in a plurality of slices each
depicting a different segment of the object, wherein the
motion tracking model comprises a reference rotation (R)
and wherein said visualizing comprises visualizing a rota-
tion of the segments of said object relative to said reference
rotation.

3. The method of claim 2, wherein the reference rotation
(R) 1s associated with one of said segments.

4. The method of claim 1, wherein providing the motion
tracking model comprises:

selecting a first point (A) and a second point (B) in the first

3D ultrasound image acquired at the first point in time
to define a reference axis (A-B) in said first 3D ultra-
sound image, and selecting a third point (C) in said first
3D ultrasound image for tracking a rotation (R) around
said reference axis;

tracking the motion of the first point, second point and

third point by comparing the second 3D ultrasound
image acquired at the second point in time with the first
3D ultrasound image;
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and

defining the motion tracking model from said tracked

motion of the first point, second point and third point.

5. The method of claim 1, wherein providing the motion
tracking model comprises providing a predefined motion
tracking model.

6. The method of claim 5, wherein the predefined motion
tracking model comprises a translational component and a
plurality of rotational components along a central axis, said
rotational components modelling rotation of different
regions of the object along said central axis.

7. The method of claim 1, wherein said visualizing
comprises:

subtracting the motion tracking model from the complex

motion; and

displaying the subtraction result to obtain said motion-

decomposed visualization of said complex motion.

8. The method of claim 1, wherein said visualizing
comprises:

displaying said complex motion; and

displaying a representation of the motion tracking model

as an overlay on said displayed complex motion.
9. The method of claim 1, wherein the visualization is a
B-mode visualization of a left ventricle of a heart in short
axis view, said visualization being based on a segmented
graphical representation of the myocardium.
10. The method of claim 9, wherein the step of providing
the motion tracking model comprises selecting a motion
tracking model on a graphical user interface.
11. The method of claim 10, further comprising:
adjusting the motion tracking model on said graphical
user interface following said visualization; and

visualizing a contribution of the adjusted motion tracking
model to the complex motion of said object in order to
obtain an adjusted motion-decomposed visualization of
said complex motion.

12. A computer program product including a computer-
readable medium comprising computer program code for,
when executed on a processor of an ultrasound system,
implementing the method of claim 1.

13. An ultrasound system comprising:

the computer program product of claim 12;

a probe for transmitting ultrasound waves and collecting

a sequence of ultrasound echoes in response to the
transmitted ultrasound waves; and

a processor for generating the sequence of 3D ultrasound

images from the collected ultrasound echoes, wherein
the processor is adapted to execute said computer
program code.

14. The ultrasound system of claim 13, further comprising
a workstation for displaying the motion-decomposed visu-
alization of said complex motion, said processor being
adapted to control said workstation.

15. The ultrasound system of claim 14, further comprising
a graphical uvser interface for defining and/or adjusting the
motion tracking model on said workstation.
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