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Description

[0001] The invention relates to a method, an apparatus
and a computer program for correcting dynamic models
of moving structures captured in images, said dynamic
models being obtained by tracking methods.
[0002] In so-called tracking methods, dynamic struc-
tures in image sequences are tracked automatically. An
example of this is the so-called speckle tracking in the
case of ultrasound images: the so-called "speckle" is a
characteristic interference pattern of anatomical struc-
tures during an ultrasound examination that arises by
virtue of the ultrasound wavelength being greater than
the size of the reflecting particles or cells. The charac-
teristic grainy look of ultrasound images arises from these
interferences. However, this speckle pattern can be used
for tracking specific anatomical structures from one im-
age to the next within the scope of an image sequence
and for obtaining a dynamic model of a structure as a
result thereof. A known example is e.g. the tracking of
endocardium contours in a time series of ultrasound im-
ages. In other type of images, for example dynamic mag-
netic resonance imaging (MRI) images, characteristic
features of the presented structures can be used instead
of the speckle in the tracking method (this is referred to
as feature tracking).
[0003] The principle of three-dimensional (3D) speckle
tracking algorithms in the context of tracking myocardial
motion on three-dimensional real-time (RT3D) echocar-
diography images is described for example in Lorsakul,
Auranuch et al. "Parameterization of real-time 3D speck-
le tracking framework for cardiac strain assessment." En-
gineering in Medicine and Biology Society, EMBC, 2011
Annual International Conference of the IEEE. IEEE,
2011. An example of an endocardial contour model ob-
tained by speckle tracking can be found in figure 2 of the
paper by Auger, Dominique et al. "Three-dimensional im-
aging in cardiac resynchronization therapy" Revista Es-
pañola de Cardiología (English Edition) 2011; 64 (11):
1035-1044.
[0004] In patent application publication US
2005/074153 A1, it is disclosed a method of tracking po-
sition and velocity of the borders of objects in two or three
dimensional digital images, particularly in echographic
images. On the other hand, patent JP 5 842 039 B1 re-
lates to a method to accurately trace a plurality of contour
lines included in an M mode image.
[0005] Digital sculpting, also known as Sculpt Mode-
ling or 3D Sculpting, is the use of software that offers
tools to push, pull, smooth, grab, pinch or otherwise ma-
nipulate a digital object as if it were made of a real-life
substance such as clay.
[0006] These days, most tracking methods run auto-
matically; i.e., it is possible to fully automatically create
dynamic models of moving structures. However, finding
possible errors in the tracking methods is only possible
with great difficulties. An overlaid presentation of the dy-
namic model with the image sequence in order to allow

the user to verify the tracking is conceivable: the tracking
is correct if the dynamic model and the target structure
to be tracked move synchronously. Pronounced errors
are recognizable in this manner; however, it is very diffi-
cult to correct the errors identified thus since both the
target structure to be tracked and the dynamic model
move.
[0007] It is therefore an object of the present invention
to facilitate, in a simple manner, an accurate correction
of dynamic models of moving structures that are captured
in images, said dynamic models being obtained by track-
ing methods.
[0008] The invention achieves this object by the meth-
od according to claim 1, the computer program according
to claim 11 and the apparatus according to claim 13. Ad-
vantageous embodiments are defined in the dependent
claims.
[0009] In the method according to the invention, a time
series of images recorded successively in time (which is
also referred to as an image sequence) is initially provid-
ed, the moving structure being at least partly imaged in
said images. The image sequence can be acquired im-
mediately or some time before carrying out the method
according to the invention (or as a part thereof), in par-
ticular by medical imaging methods such as e.g. 2D, 3D
or 4D ultrasound, magnetic resonance imaging (MRI), x-
raying, in particular fluoroscopy, computed tomography
(CT), SPECT (single photon emission computed tomog-
raphy), PET (positron emission tomography) or infrared
imaging. However, the image sequence can also be an
optical video recording of a moving scene which, for ex-
ample, is recorded by a camera of a moving vehicle. The
required time resolution depends on the movement of
the moving structure of interest, said moving structure
being at least partly imaged in at least a majority of the
images recorded in succession.
[0010] The images are two-dimensional (2D) or three-
dimensional (3D) image data records, i.e. digital image
data, in particular two-dimensional or three-dimensional
matrices with image values. Thus, the time series of im-
ages is often a sequence of 2D or 3D images recorded
successively over a certain period of time, e.g. like a mov-
ie. The image values can be grayscale values, as is e.g.
conventional in B-mode ultrasound, but also color values,
as in the case of optical images or videos. A 2D image
is thus a 2D matrix of image values, e.g. of greyscale
values which may have values between 0 and 255.
[0011] The invention is particularly preferably applied
in echocardiography, where e.g. approximately 10 to 30
images of the human or animal heart are acquired per
second, in particular by transthoracic ultrasound. The im-
ages can be a sequence of 2D or 3D images.
[0012] In a next step, a dynamic model of the structure
obtained by a tracking method is provided (or produced),
said dynamic model being registered with the images.
Thus, such a dynamic model is produced by virtue of
certain markings (e.g.: speckle elements) being recog-
nized and marked on the first image of the time series in
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particular, either automatically or by a user, and the
movement of these marks being tracked from image to
image. As a result, it is possible to track certain
points/marks/landmarks of the moving structure and de-
termine the position thereof in each image. Then, the
tracked points on each image may be connected to a
contour or surface, which changes its position or shape
from one image in the series to the next, and which may
be represented by a dynamic model. The tracking meth-
od can be a speckle tracking method - in the case of
ultrasound images - and it can be a so-called feature
tracking method in other imaging methods or optical im-
ages. Preferably the dynamic model is obtained by a
tracking method applied on the time series of images
provided in step (a), in which case the dynamic model is
automatically registered with the time series of images.
[0013] Preferably, these position information items are
stored as a dynamic model. The model can simply con-
tain coordinate information items; however, it may also
contain a certain abstraction of the tracked data. By way
of example, it is possible to store certain surface elements
of the structure in the form of a grid or wireframe or mesh
model, in which only the nodes are stored and the area
therebetween is spanned with the aid of triangles or other
geometric surfaces. For example, the moving structure
may be represented in the model by an interconnected
surface mesh of polygons. However, the dynamic model
can also be provided as a mathematical function. Pref-
erably, the dynamic model is a slightly simplified approx-
imation of the moving structure.
[0014] The dynamic model is preferably a 1D or 2D
model, which e.g. changes its position and/or shape in
the three spatial directions over time. For example, in the
case of a time series of 2D images, the dynamic model
may be a representation of a boundary of an organ, or
the boundary between the heart muscle and the blood
inside a ventricle or atrium, such as the endocardium.
Because the images from which the dynamic model is
developed are 2D images, the dynamic model will be a
- possibly curved - 1D line which changes in shape over
time. In the case of a time series of 3D images, preferably
the dynamic model will be a 2D model of a curved surface
representing e.g. a boundary of an organ, or the boundary
between the heart muscle and the blood.
[0015] The moving structure can be - in the case of
medical images - a moving organ, for example the human
or animal heart, but also other moving organs, such as
blood vessels, lung, chest, or else moving surgical in-
struments, e.g. a catheter. However, the invention can
also be applied to the analysis of moving structures or
objects in video sequences; in this case, the moving
structures are e.g. other road users. If the camera with
which the image sequence is recorded moves, a "moving
structure" may optionally also be a static object which,
however, moves relative to the camera.
[0016] The dynamic model is registered to the images,
i.e. the position of the model in relation to the image co-
ordinates is known for every image in the series. There-

fore, it is possible, for example, to overlay the model on
one or more images of the series. From a purely theo-
retical point of view, it would also be possible to correct
the model in such an overlaid presentation. However,
this was found to be very exhausting since a correction
has to take place individually in each image of the image
series.
[0017] Here, the invention provides a simplified correc-
tion option by virtue of a position time section, in particular
a one-dimensional position time section, being deter-
mined in the images of the time series. Preferably, this
is brought about by a user in e.g. the first image of the
time series; however, this can also be effectuated auto-
matically. The position time section can have the same
image coordinates in all images of the time series (i.e.,
the same position time section is used, as it were, for all
images); however, the position can also be different for
different images, as will still be explained in more detail
below. In particular, the position time section is one-di-
mensional, e.g. a straight line or a curved line, preferably
a straight line, which, for example, can be plotted in one
of the images by a user and which preferably intersects
the moving structure of interest. In the following, the po-
sition time section is therefore sometimes referred to as
position time line or vector h.
[0018] After the position time section is set in each of
the images, a position-time representation is generated
on the basis of the section, i.e. the image values of the
position time section are determined, for example by in-
terpolation of the pixel values of the images. This may
be required since the position time section may assume
any orientation through the 2D or 3D image data record
of the images in advantageous configurations of the in-
vention. In this case, the image values in some configu-
rations may be determined by interpolating the respective
adjacent pixels. It is also possible to adopt the image
values of the pixels closest to the position time section
instead.
[0019] In the position-time representation, the image
values of the position time section of each image of the
time series are then presented in succession; typically,
in this case, one axis (e.g. y-axis) is the space axis and
the other axis (e.g. x-axis) is the time axis. This type of
presentation is similar to M-mode ultrasound images,
with the exception that the position time section may as-
sume any orientation through the 2D or 3D images and
it is not restricted to the possible direction of the trans-
ducer or the ultrasonic waves.
[0020] This position-time representation is combined
with a representation of the dynamic model as at least
one computer graphical object. A computer graphical ob-
ject is a line, a group of points or other graphical elements
which mark the position of the dynamic model on the
respective position time sections.
[0021] This position-time representation permits a
comparison of the computer graphical object or objects
with the surrounding image content, i.e. with the (option-
ally interpolated) image values of the position time sec-
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tion, in particular by a user. As a result of this comparison,
it is possible to ascertain the accuracy of the dynamic
model, not only in a single image of a time series but also
immediately in all images of the time series.
[0022] Further, an option is provided for correcting the
dynamic model by editing the at least one computer
graphical object, in particular by a user. In advantageous
configurations, the user has the option of e.g. displacing
or bending the computer graphical object or of adapting
the position of individual points, etc. In some embodi-
ments, the computer graphical object is a line and the
user can set an indentation in the line by displacing a
point in the line, with the indentation preferably being
automatically rounded. In some embodiments, the line
or the edited line corresponds to a spline function. By
way of example, a point is displaced in accordance with
the editing and the remaining points are "dragged along"
in accordance with a spline function. As an alternative to
a spline function, it is also possible to use other move-
ment models or functions that are adapted to the expect-
ed movement pattern of the moving structure in order to
facilitate an interpolation of the time profile, i.e. of the
movement pattern that is visible in the position-time rep-
resentation, which is as "smooth" as possible. By way of
example, if the time series is a video sequence of a thrown
ball, use could be made of an adequate kinematic model
instead of a spline interpolation.
[0023] Preferably, the correction is undertaken by a
user; however, an automatic correction is also conceiv-
able, with the comparison between image content and
computer graphical object being carried out automatical-
ly by a computer, for example with the aid of self-learning
algorithms.
[0024] If the computer graphical object is edited appro-
priately, this change is transferred to the dynamic model,
and so the latter is also modified accordingly. Suitable
techniques for this step are known e.g. in the area of 3D
computer graphics under "digital sculpting". Digital
sculpting is the use of software that offers tools to push,
pull, smooth, grab, pinch or otherwise manipulate a digital
object as if it were made of a real-life substance such as
clay. Thus, the computer graphical object may be ma-
nipulated slightly, by e.g. grabbing and pulling one point
along a translation vector. This translation vector is trans-
ferred to the corresponding position and time point on
the dynamic model, and the dynamic model is manipu-
lated accordingly, by moving the point at that position
and point in time along the translation vector, and en-
training the neighbouring points on the model (neighbour-
ing in terms of time and/or space) e.g. with a soft inter-
polation, as if the model were of rubber or clay.
[0025] In advantageous embodiments, the dynamic
model is created, in particular, by tracking a planar struc-
ture, for example the inner surface or outer surface of a
ventricle (endocardium or epicardium) of the heart, and
so the dynamic model, at least in part, describes a moving
model surface. By way of example, the dynamic model
can represent the inner surface of a contracting ventricle

(Beutel®-model).
[0026] In this case, the at least one computer graphical
object is preferably a line which corresponds to a point
of intersection of the position time section with the model
surface or the projection thereof onto the position time
section, plotted over time. In this case, the position time
section intersects the model surface in at least some of
the images.
[0027] In advantageous embodiments, it is not only
one position time section that is set; instead, a plurality
of said position time sections are set, for example at dif-
ferent points of a model surface, and then a plurality of
position-time representations of the image values, com-
bined with the representation of the dynamic model, are
also performed - either successively or at the same time.
Further, it is possible to provide a plurality of dynamic
models which track different moving structures that are
imaged in the images, for example the endocardium and
the epicardium. In this way, it is also possible to combine
a plurality of computer graphical objects with the position-
time representation.
[0028] A combined representation means that the
computer graphical object is overlaid on the image values
of the position time section, or a corresponding contrast
between the computer graphical object and the surround-
ing image content (i.e. the image values) is established
in a different way. This may also be effectuated by way
of a different color scheme.
[0029] According to an advantageous configuration,
the dynamic model is represented by a straight line on
the position-time representation and the position of the
image values of the position time section is appropriately
adapted, in particular displaced, for each image of the
time series. That is to say, expressed differently: the rep-
resented point of the dynamic model always remains at
the same position in the position-time representation, the
computer graphical object is therefore a straight line.
Since the dynamic model is registered with the images,
the corresponding image content, i.e. the respective po-
sition time lines or representations, is correspondingly
displaced for each image in the time series. This is ad-
vantageous in that an error in the tracking method makes
itself very clearly noticeable in the position-time repre-
sentation since the image content is then "incorrectly"
displaced and, for example, clearly identifiable by a dis-
continuity in the position-time representation.
[0030] This provides the user with an indication that
the dynamic model must be urgently corrected at this
point.
[0031] In advantageous configurations of the inven-
tion, the position time section has different positions, di-
rections and/or lengths in the individual images of the
time series. Here, it is advantageous if the position time
section in the individual images of the time series is
moved with the moving structure or with the dynamic
model thereof. This is advantageous in that although the
position time section does not show the same section in
space (in an absolute coordinate system), it always
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shows approximately the same section of the moving
structure. That is to say, the position time section follows
the anatomy, for example the movement of the beating
heart. This can be realized in various ways:
[0032] By way of example, it is possible to manually
define a position time section both in the first image of
the image sequence and in the last image of the image
sequence and interpolate the position or alignment or
length between these two end positions for the remaining
images. Alternatively, the position time section can also
be determined manually in a plurality of individual images
of the image sequence. Here, it is advantageous if the
user is provided with input elements by way of a user
interface, for example a slider or knobs (on a screen or
physical sliders) or swipe functionalities of a touchscreen,
by means of which said user can manually adapt the
position, orientation and length of the position time sec-
tion, either for the entire image sequence and/or for in-
dividual images in each case. It is expedient if there is
an automatic interpolation of the position, orientation
and/or length of the position time section between the
various images in which the user has determined the
position time section for the images lying therebetween
in time.
[0033] Entraining the position time section with the
moving structure can also be effectuated by way of the
tracked, dynamic model: in this case, the position time
section remains securely anchored throughout the entire
image sequence at the point at which it intersects the
dynamic model, or passes the latter; i.e., it is effectively
entrained by the dynamic model. Should there be a plu-
rality of points of intersection with the dynamic model or
models, the position time section can be anchored with
both points of intersection and, as a result thereof, it can
be entrained both in terms of its position and also in terms
of its alignment and/or length. Thus, in advantageous
embodiments, the position time section is entrained with
the moving structure or with the dynamic model thereof
by translation and/or rotation and/or deformation and/or
change in length.
[0034] Entraining is advantageous in that the position-
time representation looks very homogeneous, for exam-
ple exhibits a steady pattern of stripes extending in the
time direction - if the tracked dynamic model images the
target structure well. If errors arise during the tracking
and the dynamic model does not fit the structure, the
stripe pattern of the position-time representation is un-
steady and/or has discontinuities, which clearly indicate
the need for a correction.
[0035] In advantageous configurations, the structure
is an anatomical structure, in particular the heart, and the
dynamic model is a contour model of a ventricle.
[0036] In a particularly advantageous embodiment,
use is made of two tracked models, wherein one model
tracks the inner side of the myocardium (endocardium)
and the other tracks the outer side (epicardium). As a
result of this, it is also possible to represent and optionally
correct the local wall thickening of the myocardium. In an

advantageous embodiment, the length of the position
time section in the images of the time series is adapted
to the time-varying thickening of the chamber. Here, a
thickening of the muscle is compensated by reduction in
the spatial sampling rate along the position time section.
The cardiac wall then appears consistently thick in the
position-time representation if the modeled thickening
corresponds to the actual thickening that occurs in the
image signal. If use is now made of two dynamic models,
with one tracking the inner side of the myocardium (en-
docardium) and the other tracking the outer side (epicar-
dium), it is possible to recognize and correct deviations
from the modeled thickening.
[0037] Any one-dimensional geometry is suitable for
the position time section. By way of example, use could
also be made of the grayscale values along a tracked
line, for example a center line through the myocardium
of the heart, for the position-time representation. Hence,
model and position time section h would be identical. In
turn, the representation would be characterized by purely
horizontal structures. However, if the tangential move-
ment component were erroneous, this would result in a
local wave pattern which could be corrected as described
above. The representation of the computer graphical ob-
ject could then be selected at any point along the model.
A correction would be reflected in the tangential defor-
mation of the tracked line. Alternatively, a plurality of lines
could just as well be superimposed simultaneously.
[0038] The invention is also directed to a computer pro-
gram containing software code sections which prompt a
computer to carry out the method according to the inven-
tion when the computer program is executed on the com-
puter. This computer program both is downloadable via
the Internet and can be stored on a data medium, for
example a CD-ROM, a USB stick, a hard disk drive, a
memory card, etc.
[0039] The method can be executed on any normal
computer that is configured to this end, in particular a
server-client system, a PC, a workstation, in the cloud,
or else a mobile device such as a notebook, laptop, tablet
computer, smartphone, or on other electronic devices
which have a screen and an input option.
[0040] The invention is also directed to an apparatus
for correcting dynamic models of moving structures that
are captured in images, said dynamic models being ob-
tained by tracking methods and said apparatus being
configured to carry out the method according to the in-
vention. Such an apparatus comprises a data memory
and one or more calculation units such as a CPU or other
computer chip. Moreover, a screen or other display de-
vice is present and, optionally, an input apparatus which
allows the user to edit the computer graphical object in
the position-time representation. The input apparatus
can be a touchscreen, a mouse, a keyboard or the like.
[0041] The invention is now explained in more detail
on the basis of exemplary embodiments, with reference
being made to the attached drawings. In the drawings:
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figure 1 shows a schematic overview of the method
according to the invention;

figure 2 shows a schematic ultrasound image of a
human heart in the apical four-chamber
view;

figure 3 shows a schematic illustration of the dynam-
ic image content in the case of transthoracic
echocardiography;

figure 4 shows a schematic position-time represen-
tation along the position time line h in figure
2;

figure 5 shows a schematic illustration as in figure 2,
with a tracked surface model of the right ven-
tricle (depicted by dots);

figure 6 shows a position-time representation along
the position time line h in figure 5;

figure 7 shows a schematic illustration of an ultra-
sound image of the human heart in the four
chamber view as in figure 5, in which the
tracked model (depicted by dots) deviates
from the actual course of the ventricle;

figure 8 shows a position-time representation along
the position time line h in figure 7;

figure 9 shows a schematic position-time represen-
tation with a computer graphical object (de-
picted by dots) and a corrected computer
graphical object (depicted by full line);

figure 10 shows a schematic illustration of an ultra-
sound image of the heart in the four-cham-
ber view, which shows a parallel-displaced
entrainment of the position time line h;

figure 11 shows a schematic representation of the
heart in the four-chamber view which dem-
onstrates an entrainment of the position time
line h by swiveling;

figure 12 shows a schematic illustration of the heart
in the four-chamber view, which demon-
strates an entrainment of the position time
line h by complete translation;

figure 13 shows a schematic illustration of the heart
in the four-chamber view which demon-
strates an entrainment of the position time
line h by translation and (rigid) rotation;

figure 14 shows a schematic illustration of ultrasound
images and a corresponding position-time

representation for correcting the thickening
of the wall of the ventricle; and

figure 15 shows a schematic illustration of an appa-
ratus according to the invention.

[0042] Figure 1 schematically shows the ultrasound
images B1, B2, B3, B4, ..., BN that are recorded along
the timeline t, in which the beating heart can be seen as
a moving structure in the apical four chamber view. This
time series of ultrasound images could be acquired, for
example, using a transthoracic ultrasound. The heart 2
has a left ventricle 20 and a right ventricle 22 (see figure
2).
[0043] The tracked dynamic model is plotted in these
images schematically by dots and provided with a refer-
ence sign 4. Further, a position time section h - a straight
line in this case - can be seen in the first image B1 and
in the last image BN of the time series, said position time
section being plotted, for example, by a user in these two
images. This line h1 and hN, respectively, intersects the
model 4 at the point 12.
[0044] The position-time representation is shown
schematically in the lower part of the image. Here, the
image values of the position time section h from each of
the images of the time series are imaged next to one
another, i.e. lines 9 which each show the image content
at different times but from the same spatial section h (or
h1, h2, h3, ..., hN) are strung together. The point of in-
tersection of the position time line h with the dynamic
model 4 is combined with, e.g. overlaid on, the image
content in the position-time representation 6 as a com-
puter graphical object 10, as a result of which a line-
shaped computer graphical object 10 arises (depicted by
dots). The remaining image content 8 is not constant over
time but instead yields a characteristic, uniform stripe
pattern. A position-time representation 6 is virtually like
an M-mode ultrasound, but was produced from a se-
quence of 2D or 3D ultrasound images and not recorded
in the M-mode.
[0045] Figure 2 shows a schematic ultrasound image
of the heart with slightly more accuracy, including the
exact position of the location-time section h, which is pre-
sented here as a vector h extending from the point P1 to
the point P2 and intersecting with the epicardium 26 of
the heart at points 25 and 27. Further, the left ventricle
20 and the bicuspid valve 21 can be seen in the repre-
sentation of the heart, with the right ventricle 22 and the
tricuspid valve 23 next to these. As a consequence, the
position time section h has been set in such a way that
a TAPSE (TAPSE = tricuspid annular plane systolic ex-
cursion) analysis is possible. TAPSE is an echocardio-
graphic means for estimating the right ventricular func-
tion. It corresponds to the distance of the movement of
the tricuspid annulus from end diastole to end systole.
[0046] For the purposes of elucidating this movement,
figure 3 shows the four-chamber view of figure 2 through
a cardiac cycle, with the changing size of the ventricles
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20 and 22 and of the opening and closing of the valves
21, 23 becoming visible.
[0047] Figure 4 shows the resulting temporal profile of
the image content along the position time line h of figure
2 in a position-time representation. The upper point of
intersection of the position time line h with the epicardium
25 is represented here by the line 35, with the lower point
of intersection 27 being represented by the line 37. The
amplitude of the signal profile of line 37 can be used
within the scope of a TAPSE analysis for estimating the
right ventricular function.
[0048] There are a number of options for placing the
position time section as illustrated in figure 2: by way of
example, the user can select which one of the images of
the image sequence they would like to have displayed,
or the first image is automatically output on a screen.
Then, a position time section can already be proposed
automatically on the basis of landmarks in this image. In
other embodiments, the user plots a position time line
with appropriate input means. If the position time line is
a straight line, as is the case in many embodiments, it
suffices, for example, only to set the start point and end
point P1, P2. In other exemplary embodiments, the user
selects e.g. two landmarks, for example the points 25
and 27 in figure 2, and the computer automatically places
a line therethrough, the length of which is set automati-
cally.
[0049] Figure 5 once again schematically shows the
four-chamber view of figure 2, with the dynamic model 4
now additionally being plotted using dots. Here, this is a
tracked contour or surface model of the right ventricle.
[0050] In the associated position-time representation
that is depicted in figure 6, the image content 8, i.e. a
scan of the image values or the amplitude signal along
the vector h in all images of the image series (of which
one is depicted in figure 5), is now depicted. This is over-
laid with the corresponding point of intersection 25, 27
with the model 4, represented by dotted lines 45 and 47.
In the example of figure 6, the anatomical structures, i.e.
the image content 8, which is represented by the lines
35 and 37, has a good correspondence with the dynamic
model 4 or with the computer graphical objects 45, 47
that represent the point of intersection 25, 27; a correction
is not necessary.
[0051] Figures 7 and 8 present the case where the dy-
namic model 4 does not have a good correspondence
with the image content in at least one image, which is
depicted in figure 7. Expressed differently, image content
and tracked model do not move synchronously with one
another. In this case, the lower point of intersection 27
of the position time line h with the dynamic model 4 clearly
does not correspond to the tricuspid annulus, which is
denoted by 27a. Instead, the model 4 would have to be
extended downward in this image along the arrow 28;
see figure 7.
[0052] From the position-time representation in figure
8, it is easily possible to identify that image content and
tracked model do not move synchronously at location 30.

It is also easy to identify the size of the relative deviations
over time since the computer graphical object 47, which
corresponds to the point of intersection 27, clearly does
not run along the image content corresponding thereto
at the location 30, i.e. the tricuspid annulus, the time pro-
file of which is denoted by 37.
[0053] The basic concept of the invention now lies in
making the representation of the tracked dynamic model
47 editable for the user. The changes are then corre-
spondingly transferred to the model 4. As a conse-
quence, the point of intersection of the dynamic model 4
can be modified in the direction of the vector h over time.
In this way, corrections can be undertaken in any direc-
tion by suitable selection of the position time section h,
i.e. the position, orientation and length thereof.
[0054] In the example of figure 8, the user can select
the computer graphical object 47 e.g. at point 49, for ex-
ample by means of the mouse or a different input means,
and displace said computer graphical object downward
along the arrow 48. Advantageously, only displacing the
one point 49 by the user suffices, and so said user need
not individually displace numerous points of the computer
graphical object 47. By way of example, the dynamic
model 4 and consequently also the computer graphical
object 47 corresponds to a spline function with a plurality
of nodes, or any other suitable movement model. If one
node 49 is displaced, the entire surrounding line of the
computer graphical object 47 is displaced accordingly
such that, ideally, the computer graphical object 47 can
be brought into correspondence with the actual move-
ment of the tricuspid annulus 37 at the location 30 by way
of a single mouse action.
[0055] The correction is once again simplified if, in ac-
cordance with a preferred embodiment, the computer
graphical object, which is once again denoted by the ref-
erence sign 10 in figure 9, is defined to be a straight line,
as depicted in figure 9. The computer graphical object
10 nevertheless corresponds to a dynamic model 4,
which does not move along a straight line. However, in
the position-time representation 6, preferably all points
of intersection (or corresponding points) of the position
time section h with the dynamic model 4 are moved to
the same level and the remaining image content 8 is ac-
cordingly displaced or - if points of intersection with a
plurality of models 4 are present, the distance therebe-
tween changing over time - even compressed or expand-
ed. The object is to obtain a profile of the image content
8 that is as straight as possible, in that deviations from
the horizontal profile of the computer graphical object 10
are conspicuous. Such a case is shown in figure 9, where
the structure 8 corresponding to the dynamic model 4
has clearly not been selected accurately over time and
instead deviates upwardly. According to the invention,
there is the option of displacing the point 49 - by a user
or else automatically or semiautomatically - upwardly
along the arrow 48 in the direction of the line 8, as a result
of which the computer graphical object 10 is edited. The
change in the computer graphical object 10 is transferred
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in turn to the dynamic model 4 and corrects the latter as
a result thereof. Independently of the respective individ-
ual movement trajectory of the model 4, a standardized
representation is always obtained thus, said representa-
tion only showing horizontally extending image struc-
tures in the error-free case. As a result, deviations from
the ideal form can be recognized and corrected more
easily - either visually or automatically.
[0056] So that a point of intersection of the position
time section h with the dynamic model 4 always exists,
provision is made in some embodiments for changing
the position of the position time section over the image
sequence and, as a result thereof, adapting it to the
movement of the dynamic structure or entraining it to said
movement. An example of this is depicted in figure 10:
the ventricles are represented by solid lines in the case
of complete relaxation (end diastole) and, by contrast,
with dotted lines in the contracted state (end systole).
The outer point of the tricuspid annulus in the diastole
and systole is respectively represented by 33a and 33b.
As can be seen from figure 10, this point is displaced
significantly during the heartbeat. In order to entrain the
position time line h with the moving structure (the heart
2) or with the dynamic model 4 produced by tracking, it
is advantageous in this case to e.g. displace said line in
parallel.
[0057] In practice, this can be carried out in such a way
that the position time line is "anchored" to the dynamic
model 4 (not plotted in figure 10) at the point of intersec-
tion 33a in a first image, i.e. one of the points, or nodes,
of the model 4 is marked as a point of intersection with
the position time line h. Since, of course, the points of
the dynamic model are tracked over the image sequence,
the position of this point is known in each further image
of the time series. Then, the position time section can
e.g. be displaced in parallel on the successive images of
the time series, in accordance with the movement of the
marked point of the dynamic model, with the orientation
being maintained; this results in the parallel displacement
of figure 10. The length of the vector h can either be
maintained or likewise be adapted to the movement,
which will still be explained in more detail with reference
to figure 14.
[0058] In the example of figure 10, the length of the
position time line h remains unchanged; only the move-
ment direction perpendicular to the vector h is transferred
to the start point and end point of the position time line h.
[0059] Figure 11 shows another case, in which the po-
sition time line h is entrained in a different way: here too,
it remains anchored at a point 33a, 33b of the dynamic
model 4 in each case. However, the alignment is not
maintained but, instead, a fixed point 43 is set, with the
position time line h of each image of the image sequence
extending therethrough. The position time lines h always
intersect the point 43 at the same relative length and are
additionally rotated in each case in such a way that they
also extend through the point 33. As a result, there is a
swiveling of the position time line h from image to image.

[0060] The vectors denoted by h in figures 10 and 11
in each case correspond to a position time section, the
position of which only changes over the image sequence.
In addition thereto, it is also possible to select a plurality
of position time sections and evaluate the corresponding
position-time representations either in succession or else
at the same time.
[0061] Figure 12 shows an example in which the posi-
tion time section h is entrained with a complete transla-
tion, i.e. the vector h is not displaced in parallel but in
both spatial directions (or in all three spatial directions in
the case of 3D images). An example of this is shown in
figure 12, in which the start point of the vector h, which
is initially anchored to the tricuspid annulus, is entrained
from image to image in such a way that it always remains
at this anatomical position. At the end of the time se-
quence, or at the time at which the heart is contracted,
the start point of the vector is situated at the point P1b.
In this example, the length has not been adapted, al-
though this is also possible; see figure 14.
[0062] Figure 13 shows the case in which the position
time line h is entrained by translation and an additional
rotation; here, the line h remains rigid in the shown ex-
ample. However, there may additionally also be a defor-
mation, as described below.
[0063] Figure 14 shows an image sequence B1, ..., BN
again, with the two-dimensional ultrasound images this
time representing a cross section of a left ventricle 20.
The object of the examination is to track the dynamic
thickening of the ventricle wall and, as a result thereof,
diagnose possible muscle damage. As a consequence,
the position time line h is placed in such a way that it
intersects the chamber wall approximately perpendicu-
larly and - in the first image B1 - extends from a point
outside of the ventricle P1a into approximately the center
of the chamber P2a. It is also possible to define further
position time lines at further points of the ventricle wall.
[0064] In this example, it is advantageous to simulta-
neously use a plurality of tracked dynamic models, to be
precise two dynamic models in particular, with one track-
ing the inner side of the myocardium (endocardium) and
the other tracking the outer side (epicardium). This
renders it possible to represent, and optionally correct,
the local wall thickening of the myocardium. The respec-
tive points of intersection of the position time line h with
the two surface models are denoted by 25a and 27a in
the first image B1 and by 25b and 27b in the last image
BN. These points of intersection are transferred into, or
overlaid on, the position-time representation 6 as lines
45 and 47 (which are plotted with dots). Advantageously,
these points of intersection 45, 47 are represented by
straight lines and the position of the position time lines 9
in the position-time representation 6 is accordingly adapt-
ed or displaced where necessary (in the case of complete
entrainment of the position time vector h, as described
below, this emerges automatically, and so a further dis-
placement of the position time lines 9 is unnecessary).
[0065] Advantageously, the position time vector h is
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entrained by translation, rotation and an additional de-
formation in this example, as is rendered clear by the
comparison between B1 and BN: in the image BN, the
heart is relaxed and the muscle or the cardiac wall is
therefore thinner. This is compensated by an increase in
the spatial sampling rate along the vector h. This is trig-
gered by virtue of the points of intersection 25b and 27b
of the position time line h with the tracked models of the
endocardium and epicardium moving closer together. As
a result, the endpoints of the position time line h, P1b
and P2b, are also proportionally moved closer to one
another; the entire position time line is shortened. Ad-
vantageously, this is compensated by an increase in the
spatial scanning rate. As a consequence, the local de-
formation (e.g. thickening of the cardiac wall) is modeled.
The cardiac wall then appears with an unchanging thick-
ness in the position-time representation 6 if the tracked
models 45, 47, and hence the modeled thickening, cor-
respond to the actual thickening occurring in the image
signal. As a consequence, it is possible to identify and
correct deviations of the modeled thickening.
[0066] Expressed differently: if the coordinate system
for the vector h is completely entrained with the surface
model (complete translation, rigid body transformation
(translation plus rotation) and additionally a deformation
as well), the trajectory of the model in the position-time
representation becomes a horizontal straight line. In the
case of exact tracking, the amplitude signals of the
scanned image content are parallel thereto. Deviations
become noticeable accordingly by a curved temporal sig-
nal profile.
[0067] Figure 15 shows an apparatus 50, by means of
which the method can be carried out. Said apparatus
essentially contains a computer 52, a PC with a memory
unit 57, for example hard disk drive, and a computation
unit 58 in the illustrated example. By way of example, the
computation unit is a CPU. A monitor 54 and a keyboard
53 are connected to the computer 52. Further, a mouse
56 is provided as a further input device. However, this is
merely an example; the invention can be carried out on
any type of computer.
[0068] In the illustrated example of figure 15, the ap-
paratus 50 simultaneously is also an ultrasound device,
by means of which the image sequence can be acquired.
To this end, a transthoracic ultrasound is carried out on
the heart 2 of a patient 3, in which an ultrasound trans-
ducer is guided by appropriate specialist staff. As a con-
sequence, a series of 2D or 3D images can be acquired,
as illustrated in the lower part of the image. Here, 2D
images B, which are respectively recorded at a temporal
interval of Δt, are plotted, wherein the acquisition rate
may be approximately 20 to 200 Hz, preferably 50 to 150
Hz.

Claims

1. A computer-implemented method for correcting dy-

namic models (4) of moving structures (2) captured
in images (B), said dynamic models being obtained
by tracking methods, wherein the method comprises
the following steps:

a) providing a time series of images (B) recorded
successively in time, a moving structure (2) be-
ing imaged at least in part in said images;
b) providing a dynamic model (4) of the structure
(2), said dynamic model being obtained by a
tracking method and registered with the images
(B);
c) determining a position time section (h) of the
images (B), in particular a one-dimensional po-
sition time section, wherein the position time
section (h) is a straight or curved line in the im-
ages (B), which preferably intersects the moving
structure;
d) providing a position-time representation (6)
of image values of the position time section (h)
in the images (B) of the time series, wherein the
position-time representation is a 2D represen-
tation with one axis being the time axis and the
other axis being a space axis, wherein the image
values of the position time section (h) of each
image (B) of the time series are plotted in suc-
cession over time, wherein the position-time
representation (6) is combined with a represen-
tation of the dynamic model (4) as at least one
computer graphical object (10, 45, 47) marking
the position of the dynamic model on the respec-
tive position time sections, wherein in the com-
bined representation the computer graphical ob-
ject (10, 45, 47) is overlaid on the image values
of the position time section (h), or a correspond-
ing contrast between the computer graphical ob-
ject (10, 45, 47) and the surrounding image con-
tent (8) of the position-time representation (6) is
established in a different way;
e) comparing the computer graphical object (10,
45, 47) with the surrounding image content (8)
of the position-time representation (6), in partic-
ular by a user, and
f) providing an option for correcting (48) the dy-
namic model (4) by editing the at least one com-
puter graphical object (10, 45, 47), in particular
by a user, and for transferring any changes (48)
made to the computer graphical object (10, 45,
47) to the dynamic model.

2. The method as claimed in claim 1, wherein the dy-
namic model (4) at least in part describes a model
surface and wherein the at least one computer
graphical object (10, 45, 47) is a line which corre-
sponds to a point of intersection (35, 37) of the po-
sition time section (h) with the model surface or the
projection thereof on the position time section (h),
plotted over time.
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3. The method as claimed in claim 1 or 2, wherein the
dynamic model (4) is represented by a straight line
(10) in the position-time representation (6) and the
position of the image values of the position time sec-
tion (h) in the position-time representation (6) is ap-
propriately adapted, in particular displaced, for each
image of the time series.

4. The method as claimed in any one of the preceding
claims, wherein the position time section (h) has dif-
ferent positions, directions and lengths in the indi-
vidual images (B) of the time series.

5. The method as claimed in any one of the preceding
claims, wherein the position time section (h) in the
individual images (B) of the time series is entrained
with the moving structure (2) or the dynamic model
(6) thereof, in particular by way of translation and/or
rotation and/or deformation and/or change in length.

6. The method as claimed in any one of the preceding
claims, wherein the user can adapt the position, ori-
entation, and length of the position time section (h).

7. The method as claimed in any one of the preceding
claims, wherein a plurality of dynamic models (4) are
provided.

8. The method as claimed in any one of the preceding
claims, wherein the moving structure (2) is an ana-
tomical structure (2), namely the heart, and the dy-
namic model (4) is a surface model of a ventricle (20).

9. The method as claimed in claim 8, wherein a dynamic
model (4) of the endocardium and dynamic model
of the epicardium are provided and the position time
section (h) intersects (25a, 27a) the wall of the ven-
tricle (29), and wherein the length of the position time
section (h) in the images (B) of the time series is
adapted to the time-varying thickening of the cham-
ber wall.

10. The method as claimed in any one of the preceding
claims, wherein the position time section (h) extends
along a tracked line through the myocardium of a
heart.

11. A computer program containing software code sec-
tions which prompt a computer (52) to carry out the
method steps as claimed in any one of the preceding
claims when the computer program is executed on
the computer (52).

12. A computer-readable medium comprising a compu-
ter program as claimed in claim 11 stored thereon.

13. An apparatus (50) for correcting dynamic models (6)
of moving structures (2) that are captured in images

(B), said dynamic models being obtained by tracking
methods and said apparatus being configured to car-
ry out the method as claimed in any one of claims 1
to 10, wherein the apparatus comprises:

- a data memory (57) which stores at least one
time series of images (B) recorded successively
in time, the moving structure (2) being imaged
at least in part in said images, and a dynamic
model (6) of the structure, which is obtained by
a tracking method and registered with the imag-
es (B),
- one or more calculation units (58) which are
configured to carry out the method as claimed
in any one of claims 1 to 10;
- a screen (54) which is suitable for the position-
time representation (6) of the image values of
the position time section (h) in the images over
time, combined with a representation of the dy-
namic model (4) as at least one computer graph-
ical object (10);
- an input apparatus (56) which allows a user to
edit the computer graphical object (10) on the
position-time representation (6).

Patentansprüche

1. Computerimplementiertes Verfahren zum Korrigie-
ren von dynamischen Modellen (4) von sich bewe-
genden Strukturen (2), die in Bildern (B) erfasst wer-
den, wobei die dynamischen Modelle durch Nach-
verfolgungsverfahren erhalten werden, wobei das
Verfahren die folgenden Schritte umfasst:

a) Bereitstellen einer Zeitreihe von zeitlich nach-
einander aufgezeichneten Bildern (B),
wobei die sich bewegende Struktur (2) mindes-
tens teilweise in den Bildern abgebildet wird;
b) Bereitstellen eines dynamischen Modells (4)
der Struktur (2), wobei das dynamische Modell
durch ein Nachverfolgungsverfahren erhalten
und mit den Bildern (B) registriert wird;
c) Bestimmen eines Position-Zeit-Abschnitts (h)
der Bilder (B), insbesondere eines eindimensi-
onalen Position-Zeit-Abschnitts, wobei der Po-
siton-Zeit-Abschnitt (h) eine gerade oder ge-
krümmte Linie in den Bildern (B) ist, welche vor-
zugsweise die sich bewegende Struktur schnei-
det;
d) Bereitstellen einer Position-Zeit-Darstellung
(6) von Bildwerten des Position-Zeit-Abschnitts
(h) in den Bildern (B) der Zeitreihe, wobei die
Position-Zeit-Darstellung eine 2D-Darstellung
ist, mit einer Achse, welche die Zeitachse ist,
und der anderen Achse, die eine Raumachse
ist, wobei die Bildwerte des Position-Zeit-Ab-
schnitts (h) jedes Bildes (B) der Zeitreihe zeitlich

17 18 



EP 3 516 620 B1

11

5

10

15

20

25

30

35

40

45

50

55

nacheinander aufgetragen werden, wobei die
Position-Zeit-Darstellung (6) mit einer Darstel-
lung des dynamischen Modells (4) als mindes-
tens ein Computergrafikobjekt (10, 45, 47) kom-
biniert wird, das die Position des dynamischen
Modells auf den jeweiligen Position-Zeit-Ab-
schnitten markiert, wobei in der kombinierten
Darstellung das Computergrafikobjekt (10, 45,
47) die Bildwerte des Position-Zeit-Abschnitts
(h) überlagert oder ein entsprechender Kontrast
zwischen dem Computergrafikobjekt (10, 45,
47) und dem Umgebungsbildinhalt (8) der Posi-
tion-Zeit-Darstellung (6) auf eine andere Weise
hergestellt wird;
e) Vergleichen des Computergrafikobjekts (10,
45, 47) mit dem Umgebungsbildinhalt (8) der Po-
sition-Zeit-Darstellung (6), insbesondere durch
einen Benutzer, und
f) Bereitstellen einer Option zum Korrigieren
(48) des dynamischen Modells (4) durch Bear-
beiten des mindestens einen Computergrafik-
objekts (10, 45, 47), insbesondere durch einen
Benutzer,
und zum Übertragen jeglicher Änderungen (48),
die an dem Computergrafikobjekt (10, 45, 47)
vorgenommen wurden, auf das dynamische
Modell.

2. Verfahren nach Anspruch 1, wobei das dynamische
Modell (4) mindestens teilweise eine Modelloberflä-
che beschreibt und wobei das mindestens eine Com-
putergrafikobjekt (10, 45, 47) eine Linie ist, die einem
Schnittpunkt (35, 37) des Position-Zeit-Abschnitts
(h) mit der Modelloberfläche oder Projektion davon
auf den Positon-Zeit-Abschnitt (h) entspricht, aufge-
tragen über die Zeit.

3. Verfahren nach Anspruch 1 oder 2, wobei das dy-
namische Modell (4) durch eine Gerade (10) in der
Position-Zeit-Darstellung (6) dargestellt wird und die
Position der Bildwerte des Position-Zeit-Abschnitts
(h) in der Position-Zeit-Darstellung (6) für jedes Bild
der Zeitreihe entsprechend angepasst, insbesonde-
re verschoben, wird.

4. Verfahren nach einem der vorstehenden Ansprüche,
wobei der Positon-Zeit-Abschnitt (h) unterschiedli-
che Positionen, Richtungen und Längen in den ein-
zelnen Bildern (B) der Zeitreihe aufweist.

5. Verfahren nach einem der vorstehenden Ansprüche,
wobei der Positon-Zeit-Abschnitt (h) in den einzel-
nen Bildern (B) der Zeitreihe mit der sich bewegen-
den Struktur (2) oder deren dynamischem Modell
(6), insbesondere durch Übersetzung und/oder Dre-
hung und/oder Verformung und/oder Änderung der
Länge, mitgeführt wird.

6. Verfahren nach einem der vorstehenden Ansprüche,
wobei der Benutzer die Position, Ausrichtung und
Länge des Position-Zeit-Abschnitts (h) anpassen
kann.

7. Verfahren nach einem der vorstehenden Ansprüche,
wobei eine Vielzahl von dynamischen Modellen (4)
bereitgestellt wird.

8. Verfahren nach einem der vorstehenden Ansprüche,
wobei das Bewegen der Struktur (2) eine anatomi-
sche Struktur (2) ist, nämlich das Herz, und das dy-
namische Modell (4) ein Oberflächenmodell eines
Ventrikels (20) ist.

9. Verfahren nach Anspruch 8, wobei ein dynamisches
Modell (4) des Endokards und ein dynamisches Mo-
dell des Epikards bereitgestellt werden und der Po-
siton-Zeit-Abschnitt (h) die Wand des Ventrikels (29)
schneidet (25a, 27a) und wobei die Länge des Po-
sition-Zeit-Abschnitts (h) in den Bildern (B) der Zeit-
reihe an die zeitlich variierende Verdickung der Kam-
merwand angepasst ist.

10. Verfahren nach einem der vorstehenden Ansprüche,
wobei sich der Positon-Zeit-Abschnitt (h) entlang ei-
ner nachverfolgten Linie durch das Myokard eines
Herzens erstreckt.

11. Computerprogramm, das Software-Codeabschnitte
enthält, die einen Computer (52) auffordern, die Ver-
fahrensschritte nach einem der vorstehenden An-
sprüche auszuführen, wenn das Computerpro-
gramm auf dem Computer (52) ausgeführt wird.

12. Computerlesbares Medium, umfassend ein darauf
gespeichertes Computerprogramm nach Anspruch
11.

13. Vorrichtung (50) zum Korrigieren von dynamischen
Modellen (6) von sich bewegenden Strukturen (2),
die in Bildern (B) erfasst sind, wobei die dynami-
schen Modelle durch Nachverfolgungsverfahren er-
halten werden und die Vorrichtung konfiguriert ist,
um das Verfahren nach einem der Ansprüche 1 bis
10 auszuführen, wobei die Vorrichtung umfasst:

- einen Datenspeicher (57), der mindestens eine
zeitlich nacheinander aufgezeichnete Zeitreihe
von Bildern (B) speichert, wobei die sich bewe-
gende Struktur (2) mindestens teilweise in die-
sen Bildern abgebildet ist, und ein dynamisches
Modell (6) der Struktur, das durch ein Nachver-
folgungsverfahren erhalten und mit den Bildern
(B) registriert wird,
- eine oder mehrere Berechnungseinheiten (58),
die zum Ausführen des Verfahrens nach einem
der Ansprüche 1 bis 10 konfiguriert sind;
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- einen Bildschirm (54), der zur Position-Zeit-
Darstellung (6) der Bildwerte des Position-Zeit-
Abschnitts (h) in den Bildern über die Zeit ge-
eignet ist, kombiniert mit einer Darstellung des
dynamischen Modells (4) mindestens eines
Computergrafikobjekts (10);
eine Eingabevorrichtung (56), die es einem Be-
nutzer ermöglicht, das Computergrafikobjekt
(10) auf der Position-Zeit-Darstellung (6) zu be-
arbeiten.

Revendications

1. Procédé mis en œuvre par ordinateur pour corriger
des modèles dynamiques (4) de structures mobiles
(2) capturées dans des images (B), lesdits modèles
dynamiques étant obtenus par des procédés de sui-
vi, dans lequel le procédé comprend les étapes sui-
vantes consistant à :

a) fournir une série temporelle d’images (B) en-
registrées successivement dans le temps, une
structure mobile (2) étant imagée au moins en
partie dans lesdites images ;
b) fournir un modèle dynamique (4) de la struc-
ture (2), ledit modèle dynamique étant obtenu
par un procédé de suivi et enregistré avec les
images (B) ;
c) déterminer une section de temps de position
(h) des images (B), en particulier une section de
temps de position unidimensionnelle, dans le-
quel la section de temps de position (h) est une
ligne droite ou incurvée dans les images (B), qui
coupe de préférence la structure mobile ;
d) fournir une représentation position-temps (6)
de valeurs d’images de la section de temps de
position (h) dans les images (B) de la série tem-
porelle, dans lequel la représentation position-
temps est une représentation 2D avec un pre-
mier axe qui est l’axe du temps et l’autre axe qui
est un axe de l’espace, dans lequel les valeurs
d’images de la section de temps de position (h)
de chaque image (B) de la série temporelle sont
enregistrées à la suite dans le temps,
dans lequel la représentation position-temps (6)
est combinée avec une représentation du mo-
dèle dynamique (4) sous la forme d’au moins un
objet graphique d’ordinateur (10, 45, 47) mar-
quant la position du modèle dynamique sur les
sections de temps de position respectives, dans
lequel, dans la représentation combinée, l’objet
graphique d’ordinateur (10, 45, 47) est super-
posé aux valeurs d’image de la section de temps
de position (h) ou un contraste correspondant
entre l’objet graphique d’ordinateur (10, 45, 47)
et le contenu d’image environnant (8) de la re-
présentation position-temps (6) est établi de ma-

nière différente ;
e) comparer l’objet graphique d’ordinateur (10,
45, 47) au contenu d’image environnant (8) de
la représentation position-temps (6), en particu-
lier par un utilisateur, et
f) fournir une option pour corriger (48) le modèle
dynamique (4) en éditant au moins un objet gra-
phique d’ordinateur (10, 45, 47), en particulier
par un utilisateur et pour transférer des change-
ments (48) effectués à l’objet graphique d’ordi-
nateur (10, 45, 47) au modèle dynamique.

2. Procédé selon la revendication 1, dans lequel le mo-
dèle dynamique (4) décrit au moins en partie une
surface modèle et dans lequel le au moins un objet
graphique d’ordinateur (10, 45, 47) est une ligne qui
correspond à un point d’intersection (35, 37) de la
section de temps de position (h) avec la surface mo-
dèle ou sa projection sur la section de temps de po-
sition (h), enregistrée dans le temps.

3. Procédé selon la revendication 1 ou 2, dans lequel
le modèle dynamique (4) est représenté par une li-
gne droite (10) dans la représentation position-
temps (6) et la position des valeurs d’image de la
section de temps de position (h) dans la représen-
tation position-temps (6) est adaptée de manière ap-
propriée, en particulier déplacée, pour chaque ima-
ge de la série temporelle.

4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la section de temps de po-
sition (h) a différentes positions, directions et lon-
gueurs dans les images individuelles (B) de la série
temporelle.

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la section de temps de po-
sition (h) dans les images individuelles (B) de la série
temporelle est entraînée avec la structure mobile (2)
ou son modèle dynamique (6), en particulier par voie
de translation et/ou de rotation et/ou de déformation
et/ou de changement de longueur.

6. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’utilisateur peut adapter
la position, l’orientation et la longueur de la section
de temps de position (h).

7. Procédé selon l’une quelconque des revendications
précédentes, dans lequel il est prévu une pluralité
de modèles dynamiques (4).

8. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la structure mobile (2) est
une structure anatomique (2), à savoir le cœur, et le
modèle dynamique (4) est un modèle de surface d’un
ventricule (20).
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9. Procédé selon la revendication 8, dans lequel un mo-
dèle dynamique (4) de l’endocarde et un modèle dy-
namique de l’épicarde sont fournis et la section de
temps de position (h) coupe (25a, 27a) la paroi du
ventricule (29) et dans lequel la longueur de la sec-
tion de temps de position (h) dans les images (B) de
la série temporelle est adaptée à l’épaississement
en fonction du temps de la paroi de la chambre.

10. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la section de temps de po-
sition (h) s’étend le long d’une ligne suivie à travers
le myocarde d’un cœur.

11. Programme d’ordinateur contenant des sections de
code de logiciel qui invitent un ordinateur (52) à ef-
fectuer les étapes de procédé selon l’une quelcon-
que des revendications précédentes lorsque le pro-
gramme d’ordinateur est exécuté sur l’ordinateur
(52).

12. Support lisible par ordinateur comprenant un pro-
gramme d’ordinateur selon la revendication 11 qui
y est stocké.

13. Appareil (50) pour corriger des modèles dynamiques
(6) de structures mobiles (2) qui sont capturés dans
des images (B), lesdits modèles dynamiques étant
obtenus par des procédés de suivi et ledit appareil
étant configuré pour effectuer le procédé selon l’une
quelconque des revendications 1 à 10, dans lequel
l’appareil comprend :

- une mémoire de données (57) qui stocke au
moins une série temporelle d’images (B) enre-
gistrées successivement dans le temps, la
structure mobile (2) étant imagée au moins en
partie dans lesdites images, et un modèle dy-
namique (6) de la structure, qui est obtenu par
un procédé de suivi et enregistré avec les ima-
ges (B),
- une ou plusieurs unités de calcul (58) qui est
ou sont configurées pour effectuer le procédé
selon l’une quelconque des revendications 1 à
10 ;
- un écran (54) qui convient à la représentation
position-temps (6) des valeurs d’image de la
section de temps de position (h) dans les images
dans le temps, combiné à une représentation
du modèle dynamique (4) sous la forme d’au
moins un objet graphique d’ordinateur (10) ;
- un appareil d’entrée (56) qui permet à un utili-
sateur d’éditer l’objet graphique d’ordinateur
(10) sur la représentation position-temps (6).
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