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Description

[0001] The invention relates to an image processing
system for displaying information relating to parietal mo-
tions of a deformable 3-D object under study. In particu-
lar, the invention relates to an image processing system
for displaying information relating to body organ wall mo-
tions, for example the heart, that occur during an image
sequence, together with indications of the instant of the
sequence atwhich said motions occur. The invention par-
ticularly finds applications in the field of medical exami-
nation apparatus, for processing and displaying proc-
essed medical images using processing systems con-
nected to viewing systems.

[0002] In order to optimize and facilitate communica-
tionbetween cardiacimaging modalities for research and
clinical application, the American Heart Association
(AHA) makes consensus recommendations for the fol-
lowing: orientation of the heart, names of the cardiac
planes, number of myocardial segments, selection and
thickness of cardiac slices for display and analysis, no-
menclature and location of segments, and assignment
of segments to coronary arterial territories. These rec-
ommendations are applicable for imaging heart wall mo-
tion as exposed in the publication entitled "Standardized
Myocardial Segmentation and Nomenclature for Tomo-
graphic Imaging of the heart" by the American Heart Writ-
ing Group on Myocardial Segmentation and Registration
for Cardiac Imaging: Manuel D. Cerqueira, et alii, Stand-
ardized Myocardial Segmentation and Nomenclature for
Tomographic Imaging of the Heart, Circulation 2002;
105:539-542, whose circulation is available at "ht-
tp://www.circulationaha.org". According to these recom-
mendations, the heart imaging modalities should define,
orient and display the heart using the long axis of the left
ventricle and selected planes oriented at 90° angles rel-
ative to the long axis. The names of the 90°-oriented car-
diac planes used in all modalities should be short axis,
vertical long axis and horizontal long axis. The heart
should be divided into 17 segments for assessment of
the myocardium and the left ventricle. The heart should
further be divided into equal thirds perpendicular to the
long axis. In the publication in reference, the heart is rep-
resented in FIG.4 using a bull’s eye technique. Using this
technique, the 17 predefined segments are projected
along the long vertical axis, in a circle. The apex forms
a small central circle numbered 17, the other segments
are represented on three concentric zones, which are
divided into sectors, each being attributed a number cor-
responding to one segment of the heart. According to the
AHA recommendations, the names of the myocardial
segments should define the location relative to the long
axis of the heart and the circumferential location.
[0003] Graf G. et al.: "Reconstruction of Fourier coef-
ficients: a fast method to get polar amplitude and phase
images of gated SPECT", J. of Nuclear Medicine, Society
of Nuclear Medicine, New York, US, vol. 31, no. 11, 1990,
pp. 1856-1861 discloses a method of Gated SPECT dur-
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ing radionuclide ventriculography, involving calculating
bull's-eye plots of the amplitude and phase of the left
ventricle using short-axis slices. Marked left ventricular
regions of interest (ROIs) are divided into 64 sectors. The
maximum amplitudes in all sectors together with their
according phases are extracted and stored in a rectan-
gular buffer’s row corresponding to the slice number. The
rectangular buffers for amplitude and phase build the in-
terface to the construction algorithm for the polar bull’s-
eye display or the hemispheric display of left ventricular
amplitudes and phases.

[0004] O. Gérard et al.: "Automatic analysis of the left
ventricle in the time sequences of 3D echo-cardiographic
images", Proc. of Medical image computing and compu-
ter-assisted intervention (MICCAI'01), LNCS 2208,
Springer-Verlag, Heidelberg, 2001, pp. 1224-1225 dis-
closes automatic analyzis of the left ventricle in the time
sequences of 3D echo-cardiographic images. Local wall
motion of the heart is quantified. Wall motion magnitude
of systolic phase are coded with gray levels.

[0005] Itis anobjectofthe presentinvention to propose
an image processing system for processing an image
sequence of a deformable object of interest and for dis-
playing information relating to the amplitude values of
motions of predefined regions of said object in a coded
manner, together with an indication of the instant of the
image sequence at which a given amplitude value is
reached in a given predefined region.

[0006] According to the invention, this system has
processing means to perform the following operations.
The motions of the walls of the 3-D object of interest are
registered in a sequence of 3-D images, wherein each
3-D image corresponds to a given instant. An analysis
of the motions of predetermined regions during the se-
quence permits of calculating the amplitudes of motions
of the regions for each image of the sequence. The dif-
ferent regions may be color-coded in function of their
amplitude of motion so that, while looking at the unrolling
of the sequence, the physician may see the evolution of
the amplitudes of motions of the regions in function of
time. However, a problem is that such a presentation of
the results of this analysis is difficult to understand and
to use by the physician, because the variations of the
amplitudes of motions of the regions are too numerous
and too rapid during the unrolling of the sequence.
[0007] Hence, itis anobject of the invention to propose
a system wherein these results are further processed
and presented in only one displayed image, wherein the
organ is shown in a schematic representation of specific
values of the amplitudes of motion of the regions: for
example the maximal values or the minimal values. Ac-
cording to the invention, this system has means to pro-
pose another similar schematic representation shown in
the same displayed image, in order to allow the detection
of the instant at which said specific value of amplitude is
reached in a given region. Preferably both schematicrep-
resentations are color-coded. The construction of such
a display image permits of transforming the study of the
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complex and numerous results of the object motion anal-
ysis into precise, compactand complete representations,
easy to interpret and to use by the physician.

[0008] To this end, the invention proposes an image
processing system as claimed in claim 1. Itis a particular
object of the invention to apply this system to cardiac
ventricle wall motion display and especially to the left
ventricle wall motion display. In this case, the walls of the
heart are divided into segments, which are disposed and
numbered as recommended by the AHA in a bull’s eye
representation. So, it is also an object of the present in-
vention to propose an image processing system for dis-
playing, in an image, a first 2-D schematic representation
of predefined regions of the heart, each region showing
an indication of the maximum amplitude values of dilation
or contraction in a coded manner, together with a second
similar 2-D schematic representation of the same prede-
fined regions of the heart showing an indication of the
instant at which said maximum amplitude value is
reached in a given region in a coded manner. It is a par-
ticular object of the invention to provide this information
in bull's eye representations such as the one recom-
mended by the AHA. The segment motions are attributed
a color according to a code of colors in order to permit
of quantifying each segment displacement. This pro-
vides, in only one image, the values of amplitude of mo-
tion of each segment given in the first schematic repre-
sentation, preferably a bull’s eye representation. Howev-
er, there still remains the problem that one such bull's
eye representation only indicates given amplitude of mo-
tion for each segment without indication of the instant
when said amplitude of motion is reached. Thus, accord-
ing to the invention, the second similar schematic repre-
sentation, preferably a second similar bull’s eye, in rela-
tion with the first bull’s eye representation, indicates in a
color coded form, at which instant of the sequence said
amplitude of motion is reached in a given segment.
[0009] Theinventionalsorelatestoan ultrasound med-
ical examination apparatus having such a system with
image processing means, to a method having steps for
operating the system and to a program product having
instructions for carrying out the method.

[0010] The invention is described hereafter in detail in
reference to the following diagrammatic drawings,
wherein:

FIG.1A represents a spherical deformable Mesh
Model for segmenting the walls of the heart left ven-
tricle using the Simplex Mesh technique; FIG.1B rep-
resents an ultrasound image of the heart left ventri-
cle, with a trace of the spherical deformable Mesh
Model positioned in the left ventricle cavity; FIG.1C
represents the associated ECG; and FIG.1D repre-
sents the segmented left ventricle;

FIG.2 illustrates the determination of the distance
variation of a given part of the object wall between
two instants;

FIG.3 is a chard representing on the left a corre-
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spondence setting between wall regions of a seg-
mented left ventricle and wall regions of three sche-
matic cross-sections of the left ventricle; and repre-
senting on the right a correspondence setting be-
tween said regions of the three cross-sections and
regions of three rings of a bull's eye representation;
FIG.4Aisanimage ofa segmented left ventricle (rep-
resented in different shades of black and white in
place of colors), at an instant of a color-coded image
sequence; FIG.4B is a double bull’s eye represen-
tation of the heart left ventricle that is displayed ac-
cording to the invention; and FIG.4C is an ECG with
a marker indicating the instant of FIG.4A;

FIG.5 shows a diagram of an examination apparatus
with an image processing system.

[0011] The quantitative estimation of regional cardiac
deformation has important clinical implications for the as-
sessment of the function of the cardiac muscle and the
assessment of the viability of cardiac muscle cells. This
deformation is a complex spatio-temporal phenomenon.
Contraction/relaxation phases are complicated by a twist
effect, and all the regions of the muscle do not necessary
contract or relax at the same time. Hence, a good spatial
resolution is required when studying the contraction or
the relaxation. Moreover, not only the amplitude of the
contraction should be studied, but also the phase, which
indicates locally the time when contraction/relaxation
happens, and the way it is propagating. Several cardio-
pathologies are due to arrhythmias or have for conse-
quence to disturb the heart kinetics, such as myocardial
infarction, ischaemia, tachycardia and atrial or ventricular
fibrillation. Nuclear imaging provides information of the
cardiac contraction/relaxation. This technique shows
several problems: the spatial and temporal resolutions
are very poor, and the technique is carried out by an
irradiating exam. Moreover, the analysis relies on the hy-
pothesis that the cardiac contraction/relaxation is a pe-
riodic sinusoidal-like motion. Another technique using ul-
trasound imaging is much more precise than nuclear im-
aging and is not irradiating. A method called "Color Ki-
nesis" is available, but it is limited to 2D images.

[0012] Now, 3D ultrasound systems allow the acquisi-
tion of 3D cardiac time sequences, which can be used in
cardiology, in order to analyze the contraction and the
relaxation of the myocardium. The heart wall motion has
to be computed first, for instance by extracting the con-
tour of the endocardium in each image of a sequence
recorded during the cardiac cycle. Then, the distance
between two successive contours, or the distance rela-
tive to a reference contour has to be estimated. The re-
sulting measures may be color-coded and displayed as
colored regions of the extracted heart wall in a sequence
of images over a cardiac cycle. Now, the colors of each
region change continuously in the sequence over the pe-
riod of time, so that the physician has some difficulty to
follow up the measures. Hence, the problem consists in
transforming the complex and various results of this anal-
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ysis into a precise, compact and complete representa-
tion, useful for the physician.

[0013] Hereafter, the object under study is the heart
left ventricle and the object of interest is the internal
boundary of the left ventricle wall. According to the in-
vention, a new way of representing the deformation of
the heart muscle during a cardiac cycle is proposed, the
information being derived from 3D-ultrasound imaging.
The acquisition system can be reconstructed 3D
echocardiography system or real-time 3D echocardiog-
raphy system. The problem of computation and analysis
of the amplitude of the cardiac wall motion is first solved:
the amplitude can be computed from a sequence of 3D
simplified models of the left ventricular volume, obtained
from the segmentation of 3D ultrasound images of the
heart.

[0014] Then, the bull's eye technique, which is de-
scribed in the AHA publication in reference, is used for
displaying the results. The bull’s eye is a simplified rep-
resentation of a planar projection of the left ventricle, with
defined regions that correspond to precise left ventricular
wall regions, called segments. Hence, the classical bull's
eye is only a representation of the locations of the differ-
ent regions of the heart wall. An indication of a value (or
a color) corresponding to the information measured for
agivenwallregion is associated to a corresponding given
region of the bull’s eye.

[0015] According to the invention, a first bull's eye rep-
resentation gives the information of the amplitude of the
maximal (or minimal) displacement of each region during
the cardiac cycle. The values of maximal (or minimal)
amplitude of motion are preferably color-coded. This first
bull's eye representation does not allow to distinguishing
two regions having the same maximal amplitude of mo-
tion, but at different times, which may occur in the cases
of post-systolic shortening or asynchronism in the cardiac
insufficiency. That is why, according to the invention, two
bull's eye representations are preferably displayed simul-
taneously in a same image of a display system: the first
one represents the information of maximal (or minimal)
amplitude of displacement of the heart wall regions and
the second one shows the information of the instant of
time, in the cardiac cycle, when this maximal (or minimal)
displacement occurs in said heart wall regions. The val-
ues of the instants of time are preferably color-coded.
[0016] The system of the invention can process and
display sequences of 3-D images of other parts of the
heart or other organs, which can be formed by ultrasound
systems or by other systems known of those skilled in
the art. Generally this system can process and display
sequences of 3D images of any objectunder study having
wall motions. The wall of the object under study is called
object of interest. The wall has one or several regions
submitted to motions. In these cases, when the object
under study is other than the heart, the regions of the
wall are first segmented or extracted, and their maximal
or minimal amplitudes of motion are determined. Then,
two 2D schematic representations of the object wall are

10

15

20

25

30

35

40

45

50

55

constructed and the corresponding regions of the seg-
mented wall are reported on the two 2D schematic rep-
resentations, which are further displayed in one image
comprising a first schematic 2D representation of said
wall region(s), each region baring the information of its
maximal or minimal amplitude of displacement, over a
time period; and a second similar schematic 2D repre-
sentation of said region(s) baring the information of the
instant of the time period, when this maximal or minimal
displacement occurs. The 2D representations can have
the shape of the bull's eyes used for the heart wall rep-
resentation. Only the number of rings and of their regions
may differ. The information may be color-coded in both
representations.

[0017] In the following example, the object of interest
is the internal boundary of the left ventricle wall. The
presentimage processing system has processing means
and display means for performing operations comprising:

1) Acquisition of a sequence of 3-D images of the
object under study.

[0018] In the present example, a sequence of 3-D im-
ages of the heart left ventricle is acquired over a cardiac
cycle, using an ultrasound examination apparatus. FIG.
1B represents one image of such a sequence.

2) Segmentation of the 3-D images of the sequence.

[0019] The image data of the sequence are further
processed to determine the wall of the heart left ventricle
by a segmentation technique. Any technique of segmen-
tation, which is able to segment the 3-D images of the
sequence, may be used. The result of the segmentation
operation permits of locating the voxels of wall of the
heart left ventricle.

[0020] Referringto FIG.1A, preferably, the segmenta-
tion technique of "Simplex Mesh" is used because it is
robust and gives excellent results. This Simplex Mesh
Technique is described in a publication by H. Delingette
entitled "Simplex Meshes: a General Representation for
3D shape Reconstruction" in the "processing of the In-
ternational Conference on Computer Vision and Pattern
Recognition (CVPR’94), 20-24 June 1994, Seattle,
USA". In this paper, a physically based approach for re-
covering three-dimensional objects is presented. This
approach is based on the geometry of "Simplex Meshes".
Elastic behavior of the meshes is modeled by local sta-
bilizing functions controlling the mean curvature through
the simplex angle extracted at each vertex (node of the
mesh). Those functions are viewpoint-invariant, intrinsic
and scale-sensitive. The contour on a Simplex Mesh is
defined as a closed polygonal chain consisting in neigh-
boring vertices on the Simplex Mesh. The contour is re-
stricted to not intersect itself. The cited publication pro-
vides a simple model for representing a given 3-D object.
It defines the forces to be applied in order to reshape and
adjust the model onto the 3-D object of interest.
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[0021] The spherical Mesh Model illustrated by FIG.
1A is used as a "Simplex Mesh Model" to segment the
internal boundary of the left ventricle wall shown in FIG.
1B. The ring represents the positioning of the spherical
Mesh Model of FIG.1A in the cavity of the left ventricle.
The segmentation step consists in mapping the Simplex
Mesh Model onto said wall internal boundary of the left
ventricle by reshaping the spherical Mesh Model. This
operation gives the segmented internal wall of the left
ventricle as the wall of a simplified mesh volume. This
wall of the simplified volume has faces and edges, as
shown in FIG.1D relating to an instant of the sequence
corresponding to the marker of the ECG curve of FIG.
1C. This segmentation operation is performed for each
image of the sequence of images of the heart left ventri-
cle, for example over a time period of a cardiac pulse, so
that a sequence of segmented 3-D simplified mesh vol-
umes whose walls represent the internal wall boundary
of the left ventricle is formed. The internal wall boundary
is further called "wall" for simplicity.

3) Estimation of the displacement of the wall between
two images of the sequence.

[0022] Now, animage of the sequence of the 3D seg-
mented wall of the heart left ventricle is chosen as refer-
ence. The other 3D images of the sequence, where the
segmented wall of the left ventricle varies in shape and
dimension over a cardiac cycle are further considered
one by one.

[0023] Referring to FIG.2, the segmented wall of the
image of reference is denoted by RO, and called Object
of Reference. The second image in time of the segment-
ed sequence is compared with respect to this first seg-
mented image. The image of reference is processed in
order to transform the 3-D segmented Object of Refer-
ence into a binary 3-D Object of Reference. Itis however
still denoted by RO for simplicity. For instance, the voxels
inside the 3-D Object of Reference are attributed the val-
ue 1, the voxels outside the 3-D object of reference are
attributed the value 0. The boundary of the 3-D object is
located between the 0 and 1 regions and represents the
location of the segmented wall. Other possibility for at-
tributing a boundary to a binary object may be used as
known of those skilled in the art. The 3-D object of refer-
ence RO in the first image of the segmented sequence
is now a binary 3-D object of reference. The wall of the
heart left ventricle is a 3D simplified volume denoted by
SO in the second image of the segmented sequence.
When the wall has been segmented using the Simplex
Mesh model, the simplified volume has faces denoted
by Z. The center of gravity, denoted by ZC, is considered
in one face Z. The center of gravity C1 of the binary 3-D
Object of Reference RO of the first image and the center
of gravity C2 of the 3-D simplified volume SO of the sec-
ond image are also considered.

[0024] Referring to FIG.2, in an example, the centers
of gravity of the 3-D Object of Reference RO and of the
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simplified volume SO may be found to be located in co-
incidence or notin said two images. Ifthey are notlocated
in coincidence, an operation of translation may be per-
formed to superimpose those points C1, C2. The dis-
placement of the wall at the location of the voxel of the
center ZC of the face can be defined as the distance
denoted by D between the boundary of the binary 3-D
Object of Reference RO of the first image and the center
ZC of the face of the 3-D simplified volume of the second
image measured along a line joining the center ZC of the
face to the common center of gravity C1, C2 of the first
and second 3-D objects RO, SO.

[0025] Other numerous different definitions of said dis-
tance D are possible. When the image sequence of 3-D
objects under study is not segmented using the Simplex
Mesh technique, however, the segmentation operation
gives a sequence of simplified volumes. Zones Z can be
delimited on the segmented second 3-D simplified vol-
ume SO and the same methods as above-described can
be applied to one zone instead of on one face. In another
possible method of segmentation, only the voxels of the
segmented object under study are located for supplying
a sequence of simplified volumes. In that last case, a first
binary Objectis computed from the first simplified volume
and the distance D is defined between the boundaries of
the binary Object and the second simplified volume.
Then, the operations are repeated between the first bi-
nary 3-D Object RO and the second 3-D simplified vol-
ume SO for all the faces or all the zones or for boundary
voxels or for voxels of wall parts as above-described in
order to determine the amplitude D of the displacement
between segmented images. The operations are also
performed between the other images of the sequence in
order to determine the amplitude of displacements of the
wall faces or zones between the images of the segment-
ed sequence. The results permit of constructing a se-
quence of the simplified volumes, with faces or zones
showing a color-coded indication of the amplitude of dis-
placement at each instant. Hereafter this sequence is
called 3D sequence of the simplified volumes with indi-
cation of the amplitudes of displacement of wall zones
or simply "3D sequence of amplitudes of displacement”.

5) Definition of Regions of Interest of the wall.

[0026] According to the inventionitis proposed to con-
struct a 2D simplified representation giving the informa-
tion of the amplitudes of the maximal (or minimal) dis-
placements of regions of the wall during the cardiac cycle,
instead of or associated to the above-described 3D se-
quence of amplitudes of displacement.

[0027] First, Regions of Interest are defined on the wall
of the segmented left ventricle, denoted by SLV, for in-
stance as described in relation to FIG.4 of the AHA pub-
lication or according to the desire of the medical practi-
tioner. The AHA publication defines a vertical axis for the
left ventricle and three superposed rings, each having
several Regions of Interest for the medical practitioner.
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The cited Regions of Interest are seventeen.

6) Constructing an amplitude bull’s eye representa-
tion of the Regions of Interest.

[0028] FIG.3 is a chard that represents on the left a
correspondence setting between the three rings of Re-
gions of Interest of the wall of the segmented left ventricle
SLV and three schematic cross-sections of the left ven-
tricle where said Regions of Interest are reported. These
cross-sections are shaped like rings. The upper ring is
denoted by BASE and comprises segments 1 to 6 cor-
responding to the upper Regions of Interest of the seg-
mented left ventricle SLV. The upper ring also comprises
two points 24 of insertion of the right ventricle RV to the
left ventricle LV, and a valve point 26. The middle ring is
denoted by MID and comprises segments 7 to 12 corre-
sponding to the middle regions of the segmented left ven-
tricle SLV. The middle ring also comprises two valve
points 25. The lower ring is denoted by APEX and com-
prises segments 13 to 16 corresponding to the lower re-
gions of the segmented left ventricle SLV. The lower ring
also comprises a point 17 for the apex. The chard of FIG.
3 also represents on the right a correspondence setting
between said segments of the three rings and segments
of three rings of a bull's eye representation. This bull's
eye representation 20.A, which is a 2D representation of
the locations of the different regions of the wall, is con-
structed as described in the AHA publicationin reference.
The three valve points are used to estimate the location
of the BASE plane. The apex point is used to estimate
the distance to the BASE, and thus to estimate the loca-
tion of the MID plane. The insertion points are used to
define the start of segment 1 of the BASE and segment
7 of MID.

[0029] The system of the invention has processing and
display means that use this bull’s eye representation 20.
A for displaying the information of the amplitudes of the
maximal (or minimal) displacements of the previously de-
fined Regions of Interest of the wall during the cardiac
cycle. The information of the amplitudes of the maximal
(or minimal) displacements of said Regions of Interest is
computed from the data of the "3D sequence of ampli-
tudes of displacement”. This operation can includes the
computation of the amplitudes of the maximal (or mini-
mal) displacements for each face or zone of the simplified
volume, and then the averaging of found amplitude val-
ues for determining the amplitudes of the maximal (or
minimal) displacements for each Region of Interest. The
indications of said amplitude values corresponding to the
information computed for Regions of Interest are asso-
ciated to corresponding segments 1A to 16A of the bull’'s
eye representation 20.A. The segments of this bull’s eye
representation 20.A give the information of the ampli-
tudes of maximal (or minimal) displacements of the Re-
gions of Interest during the cardiac cycle. The values of
maximal amplitude of motion are preferably color-coded.
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7) Constructing a phase bull’s eye representation of
the Regions of Interest.

[0030] However, this first bull's eye representation 20.
A does not allow to distinguishing two regions having the
same maximal (or minimal) amplitude of motion, but at
different times, which may occur in the cases of post-
systolic shortening or asynchronism in the cardiac insuf-
ficiency. That is the reason why, the system of the inven-
tion preferably has means to display two bull's eye rep-
resentations 20.A and 20.B simultaneously in a same
image, as illustrated by FIG.4B. This image comprises:

the first bull’s eye representation 20.A, which dis-
plays the information of maximal (or minimal) ampli-
tudes of displacement of the wall Regions of Interest
1 to 17.; the values of the amplitudes are preferably
color-coded. This first bull's eye is called amplitude
bull’'s eye representation.

and a second bull’s eye representation 20.B, which
displays the information of the instant of time, in the
cardiac cycle, when a given maximal (or minimal)
displacement occurs in a wall Regions of Interest;
the segments are numbered 1B to 16B and corre-
spond exactly to the segments 1A to 16A of the bull’s
eye representation 20.A; the values of the instants
oftime are preferably color-coded. This second bull’'s
eye is called phase bull’s eye representation.

8) Displaying the bull's eye representations.

[0031] Referring to FIG.4A, 4B and 4C, the system of
the invention has means for displaying the amplitude
bull’'s eye 20.A in an image in order to provide the am-
plitudes of maximal (or minimal) displacement of the Re-
gions of Interest. Preferably the phase bull’'s eye 20.B is
displayed in the same image to give the instant of time,
in the cardiac cycle, when a given maximal (or minimal)
displacement occurs in a Region of Interest.

[0032] It may be also interesting for the practitioner to
dispose of the "3D sequence of amplitudes of displace-
ment". Such a sequence is represented on FIG.4A to-
gether with the ECG curve of FIG.4C for giving the instant
of the sequence. This sequence is an animated simplified
Mesh Volume whose faces display the information of
their displacements. (FIG.4A represent the color-coded
simplified Mesh Volume in shades of coded gray scale).
The system of the invention may have processing means
and display means to display all these representations
in the same image.

[0033] The system of the invention may have process-
ing means to construct an animated bull's eye represen-
tation. For this representation, the displacement ampli-
tude values corresponding to the faces or zones of the
"3D sequence of amplitudes of displacement" are aver-
aged for determining the means displacement amplitude
values to attribute to the segments of the bull's eye. The
amplitudes are preferably color-coded. The indications



11 EP 1 527 422 B1 12

of amplitudes of displacement, or the color coded ampli-
tudes, of the region(s) of interest of the 3D segmented
object wall are displayed in the respective projection(s)
of the region(s) of interest, called segments, in one con-
structed 2D simplified representation, preferably one
bull's eye representation. The indications (colors) corre-
sponding to the amplitudes of displacement change in
the segments at the rate of the images of the sequence,
so that the 2D simplified representation is animated in
function of time. Then this animated bull’s eye represen-
tation is displayed together withan ECG curve. This bull's
eye is called "animated bull's eye of amplitudes of dis-
placement". This animated bull's eye may be displayed
with other representations according to the choice of the
practitioner.

[0034] The system of the invention has means to dis-
play the color-coded representations on a screen. This
system can have further means for these representations
to be stored, recorded or memorized. This permits a doc-
tor of estimating the presence or absence of pathology
related to the organ whose walls have moved or changed
shape along a period of time during which the represen-
tation(s) has (have) been acquired. Preferably a color-
coded scale is associated to the time bull's eye and is
displayed together with a color-coded scale associated
to the amplitude bull’'s eye.

[0035] Referring to FIG.5, a medical examination ap-
paratus 150 comprises means for acquiring a digital im-
age sequence, and is associated to a digital processing
system 120 for processing these data as above-de-
scribed. The medical examination apparatus comprises
means for providing image data to the processing system
120, which has at least one output 106 to provide image
data to display and/or storage means 130, 140. The dis-
play and storage means may respectively be the screen
140 and the memory 130 of a workstation 110. Said stor-
age means may be alternately external storage means.
This image processing system 120 may be a suitably
programmed computer of the workstation 110, or a spe-
cial purpose processor having circuit means such as
LUTs, Memories, Filters, Logic Operators, that are ar-
ranged to perform the functions of the method steps ac-
cording to the invention. The workstation 110 may also
comprise a keyboard 131 and a mouse 132.

[0036] This medical examination apparatus 150 may
be a standard ultrasonic apparatus.

[0037] The processing system 120 may use a compu-
ter program product having program instructions to be
executed by the computing means of said processing
system in order to carry out the above-described
processing steps or method steps.

Claims
1. An image processing system for constructing and

displaying information relating to an amplitude of dis-
placement of wall regions of a deformable 3D object
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under study, saidimage processing system compris-
ing

- processing means (120) for

segmenting 3D object data in a sequence of 3D
ultrasound images for locating a 3D object wall
(SLV),

defining aregion ofinterestonthe 3D object wall,
processing the image data of the 3D object wall
to determine an amplitude of displacement of
said region of interest as a function of time,
constructing a first 2D simplified representation
(20.A) of the 3D object wall by projection of the
3D objectwall (SLV), said first 2D simplified rep-
resentation (20.A) comprising a projection (1A)
of the region of interest, and

constructing a second 2D simplified represen-
tation (20.B) of the 3D object wall, similar to the
first 2D simplified representation of the 3D object
wall, and with a similar projection of the region
of interest; and

- display means for

displaying an indication of the maximal or mini-
mal amplitude of displacement of the region of
interest of the 3D object wall over a period of
time in the projection (1A) of said region of in-
terest in said first 2D simplified representation
(20.A),

displaying an indication of the instant of time, at
which the maximum or minimum of amplitude of
displacement occurs in the region of interest
over said period of time, in said second 2D sim-
plified representation (20.B), and

displaying said first 2D simplified representation
(20.A) and said second 2D simplified represen-
tation (20.B) together in the same image.

2. The image processing system of Claim 1, wherein
the processing means (120) is further arranged for:

determining the amplitude of displacement of
the 3D object wall at the location of different
zones or faces, wherein multiple zones or faces
form the region of interest; and

averaging, at various instants of time over the
period of time, the amplitudes of displacement
determined for the multiple zones or faces form-
ing the region of interest for determining the am-
plitude of the maximal or minimal displacement
forthe region of interest within the period of time.

3. The image processing system of one of Claims 1 to
2, comprising means to display the values of ampli-
tude and of time in the respective first 2D simplified
representation and the second 2D simplified repre-
sentation indicated in a color-coded manner.

4. The system of Claim 1, comprising means to display
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indications of amplitudes of displacement of the re-
gion of interest of the 3D object wall in the respective
projection of the region of interest in said first 2D
simplified representation, in a color-coded manner,
the indications of the amplitudes of displacement
changing in the segment at the rate of the images of
the sequence, so as to form an animated 2D simpli-
fied representation as a function of time.

The image processing system of one of Claims 1 to
4, comprising means to display the 2D simplified rep-
resentation of the 3D object wall as 2D bull’'s eye
representation.

The image processing system of any one of the pre-
vious Claims, wherein the object under study is the
heart left ventricle and the 3D object wall is the in-
ternal boundary of the left ventricle wall.

The image processing system of any one of the pre-
vious Claims, wherein the processing means for lo-
cating the 3D object wall comprises a segmentation
means for operating a segmentation technique ap-
plied to the 3D object under study, which includes
using a mesh model technique, and reshaping the
mesh model for mapping said mesh model onto the
wall of the 3D object under study, so as to provide a
simplified volume with a wall, referred to hereinafter
as object wall, that is the object of interest.

A system comprising a suitably programmed com-
puter or a special purpose processor having circuit
means, the system comprising an image processing
system as claimed in any of Claims 1to 7.

An image processing method of constructing and
displaying information relating to an amplitude of dis-
placement of wall regions of a deformable 3D object
under study, comprising:

segmenting 3D object data in a sequence of 3D
ultrasound images for locating a 3D object wall
(SLV),

defining aregion of interest on the 3D object wall,
processing the image data of the 3D object wall
to determine an amplitude of displacement of
said region of interest as a function of time,
constructing a first 2D simplified representation
(20.A) of the 3D object wall by projection of the
3D object wall (SLV), said first 2D simplified rep-
resentation (20.A) comprising a projection (1A)
of the region of interest,

constructing a second 2D simplified represen-
tation (20.B) of the 3D object wall, similar to the
first 2D simplified representation of the 3D object
wall, and with a similar projection of the region
of interest,

displaying an indication of the maximal or mini-
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mal amplitude of displacement of the region of
interest of the 3D object wall over a period of
time in the projection (1A) of said region of in-
terest in said first 2D simplified representation
(20.A),

displaying an indication of the instant of time, at
which the maximum or minimum of amplitude of
displacement occurs in the region of interest
over said period of time, in said second 2D sim-
plified representation (20.B), and

displaying said first 2D simplified representation
(20.A) and said second 2D simplified represen-
tation (20.B) together in the same image.

10. The method of claim 9, the method being configured

1.

for processing ultrasound image data and for dis-
playing an ultrasound image of a deformable 3D or-
gan, as deformable 3D object, with indications of the
organ wall motions, the method further comprising
steps of

acquiring 3D ultrasound image data of an image se-
quence of the organ under study, and

displaying an indication of the maximal or minimal
amplitude of displacement of the region of interest
of the 3D segmented organ wall over a period of time
in the respective projection of the region of interest
in said first 2D simplified representation in a color
coded manner.

A computer program product comprising a set of in-
structions for carrying out a method as claimed in
Claim 9.

Patentanspriiche

1.

Bildverarbeitungssystem zum Konstruieren und An-
zeigen von Informationen in Bezug auf eine
Wegamplitude von Wandregionen eines untersuch-
ten verformbaren 3D-Objekts, wobei das genannte
Bildverarbeitungssystem Folgendes umfasst:

- Verarbeitungsmittel (120) zum

Segmentieren von 3D-Objektdaten in einer Se-
quenz von 3D-Ultraschallbildern zum Lokalisie-
ren einer 3D-Objektwand (SLV),

Definieren einer interessierenden Region auf
der 3D-Objektwand, Verarbeiten der Bilddaten
der 3D-Objektwand, um eine Wegamplitude der
genannten interessierenden Region als eine
Funktion der Zeit zu bestimmen,

Konstruieren einer ersten vereinfachten 2D-
Darstellung (20.A) der 3D-Objektwand durch
Projektion der 3D-Objektwand (SLV), wobei die
genannte erste vereinfachte 2D-Darstellung
(20.A) eine Projektion (1A) der interessierenden
Region umfasst, und

Konstruieren einer zweiten vereinfachten 2D-
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Darstellung (20.B) der 3D-Objektwand &hnlich
derersten vereinfachten 2D-Darstellung der 3D-
Objektwand, und mit einer dhnlichen Projektion
der interessierenden Region; und

- Anzeigemittel zum

Anzeigen einer Angabe der maximalen oder mi-
nimalen Wegamplitude der interessierenden
Region der 3D-Objektwand Uber eine Zeitdauer
in der Projektion (1A) der genannten interessie-
renden Region in der genannten ersten verein-
fachten 2D-Darstellung (20.A),

Anzeigen einer Angabe eines Zeitpunkts, zu
dem die maximale oder minimale Wegamplitude
inderinteressierenden Region Uber die genann-
te Zeitdauer auftritt, in der genannten zweiten
vereinfachten 2D-Darstellung (20.B), und
Anzeigen der genannten ersten vereinfachten
2D-Darstellung (20.A) und der genannten zwei-
ten vereinfachten 2D-Darstellung (20.B) zusam-
men in dem gleichen Bild.

2. Bildverarbeitungssystem nach Anspruch 1, wobei

das Verarbeitungsmittel (120) ferner eingerichtet ist
zum:

Bestimmen der Wegamplitude der 3D-Objekt-
wand an dem Ort von verschiedenen Zonen
oder Seiten, wobei mehrere Zonen oder Seiten
die interessierende Region bilden; und

Mitteln, zu verschiedenen Zeitpunkten Uber die
Zeitdauer, der fir die mehreren Zonen oder Sei-
ten, welche die interessierende Region bilden,
bestimmten Wegamplituden, um die maximale
oder minimale Wegamplitude fiir die interessie-
rende Region innerhalb der Zeitdauer zu be-
stimmen.

Bildverarbeitungssystem nach einem der Anspri-
che 1bis 2, umfassend Mittel zum Anzeigen der Wer-
te von Amplitude und Zeit in der ersten vereinfachten
2D-Darstellung bzw. der zweiten vereinfachten 2D-
Darstellung auf farbcodierte Weise.

System nach Anspruch 1, umfassend Mittel zum An-
zeigen von Angaben von Wegamplituden der inter-
essierenden Region der 3D-Objektwand in der je-
weiligen Projektion der interessierenden Region in
der genannten ersten vereinfachten 2D-Darstellung
auf farbcodierte Weise, wobei sich die Angaben der
Wegamplituden in dem Segment mit der Rate der
Bilder der Sequenz dndern, um so eine animierte
vereinfachte 2D-Darstellung als Funktion der Zeit zu
bilden.

Bildverarbeitungssystem nach einem der Anspri-
che 1 bis 4, umfassend Mittel zum Anzeigen der ver-
einfachten 2D-Darstellung der 3D-Objektwand als
eine 2D-Zielscheibendarstellung.
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6.

Bildverarbeitungssystem nach einem der vorherge-
henden Anspriiche, wobei das untersuchte Objekt
die linke Herzkammer ist und die 3D-Objektwand die
interne Grenze der linken Herzkammerwand ist.

Bildverarbeitungssystem nach einem der vorherge-
henden Anspriiche, wobei das Verarbeitungsmittel
zum Lokalisieren der 3D-Objektwand ein Segmen-
tierungsmittel zum Ausfiihren einer auf das unter-
suchte 3D-Objekt angewendeten Segmentierungs-
technik umfasst, welche das Verwenden einer Ma-
schenmodelltechnik und das Neugestalten des Ma-
schenmodells zum Abbilden des genannten Ma-
schenmodells auf die Wand des untersuchten 3D-
Objekts einschlief3t, um so ein vereinfachtes Volu-
men mit einer Wand, im Folgenden als Objektwand
bezeichnet, bereitzustellen, das das interessierende
Objekt ist.

System umfassend einen in geeigneter Weise pro-
grammierten Computer oder einen Spezialprozes-
sor mit Schaltungsmitteln, wobei das System ein
Bildverarbeitungssystem nach einem der Anspru-
che 1 bis 7 umfasst.

Bildverarbeitungsverfahren zum Konstruieren und
Anzeigen von Informationen in Bezug auf eine
Wegamplitude von Wandregionen eines untersuch-
ten verformbaren 3D-Objekts, umfassend:

Segmentieren von 3D-Objektdaten in einer Se-
quenz von 3D-Ultraschallbildern zum Lokalisie-
ren einer 3D-Objektwand (SLV),

Definieren einer interessierenden Region auf
der 3D-Objektwand,

Verarbeiten der Bilddaten der 3D-Objektwand,
um eine Wegamplitude der genannten interes-
sierenden Region als eine Funktion der Zeit zu
bestimmen,

Konstruieren einer ersten vereinfachten 2D-
Darstellung (20.A) der 3D-Objektwand durch
Projektion der 3D-Objektwand (SLV), wobei die
genannte erste vereinfachte 2D-Darstellung
(20.A) eine Projektion (1A) der interessierenden
Region umfasst,

Konstruieren einer zweiten vereinfachten 2D-
Darstellung (20.B) der 3D-Objektwand &hnlich
der ersten vereinfachten 2D-Darstellung der 3D-
Objektwand, und mit einer ahnlichen Projektion
der interessierenden Region,

Anzeigen einer Angabe der maximalen oder mi-
nimalen Wegamplitude der interessierenden
Region der 3D-Objektwand tiber eine Zeitdauer
in der Projektion (1A) der genannten interessie-
renden Region in der genannten ersten verein-
fachten 2D-Darstellung (20.A),

Anzeigen einer Angabe eines Zeitpunkts, zu
demdie maximale oder minimale Wegamplitude
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inderinteressierenden Region Uber die genann-
te Zeitdauer auftritt, in der genannten zweiten
vereinfachten 2D-Darstellung (20.B), und
Anzeigen der genannten ersten vereinfachten
2D-Darstellung (20.A) und der genannten zwei-
tenvereinfachten 2D-Darstellung (20.B) zusam-
men in dem gleichen Bild.

10. Verfahren nach Anspruch 9, wobei das Verfahren

konfiguriert ist zum Verarbeiten von Ultraschallbild-
daten und zum Anzeigen eines Ultraschallbilds ei-
nes verformbaren 3D-Organs als verformbares 3D-
Objekt mit Angaben der Organwandbewegungen,
wobei das Verfahren ferner die folgenden Schritte
umfasst:

Erfassen von 3D-Ultraschallbilddaten einer
Bildsequenz des untersuchten Organs, und
Anzeigen einer Angabe der maximalen oder mi-
nimalen Wegamplitude der interessierenden
Region der segmentierten 3D-Organwand Uber
eine Zeitdauer in der jeweiligen Projektion der
interessierenden Region in der genannten ers-
ten vereinfachten 2D-Darstellung auf farbco-
dierte Weise.

11. Computerprogrammprodukt umfassend einen Satz

von Anweisungen zum Durchfiihren eines Verfah-
rens nach Anspruch 9.

Revendications

Systeme de traitement d’images permettant de
construire et d’afficher des informations concernant
une amplitude de déplacement de régions de paroi
d’un objet 3D déformable a I'étude, ledit systéme de
traitement d'images comprenant

- un moyen de traitement (120) pour
segmenter des données d’objet 3D dans une
séquence d'images ultrasonores 3D permettant
de localiser une paroi d’objet 3D (SLV),

définir une région d’intérét sur la paroi d’objet
3D,

traiter les données d'image de la paroi d’objet
3D pour déterminer une amplitude de déplace-
ment de ladite région d’intérét en fonction du
temps,

construire une premiéere représentation simpli-
fiée 2D (20.A) de la paroi d’objet 3D par projec-
tion de la paroi d’objet 3D (SLV), ladite premiére
représentation simplifiée 2D (20.A) comprenant
une projection (1A) de la région d’intérét, et
construire une seconde représentation simpli-
fiée 2D (20.B) de la paroi d’objet 3D, similaire a
la premiére représentation simplifiée 2D de la
paroi d’objet 3D, et avec une projection similaire
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de la région d'intérét ; et

- un moyen d’affichage pour

afficher une indication de I'amplitude maximale
ou minimale de déplacement de la région d’in-
térét de la paroi d’objet 3D au cours d’'une pé-
riode de temps dans la projection (1A) de ladite
région d’intérét dans ladite premiére représen-
tation simplifiée 2D (20.A),

afficher une indication de I'instant dans le temps,
auquel le maximum ou le minimum d’amplitude
de déplacement se produisent dans la région
d’intérét au cours de ladite période de temps,
dans ladite seconde représentation simplifiée
2D (20.B), et

afficher ladite premiére représentation simpli-
fiee 2D (20.A) et ladite seconde représentation
simplifiée 2D (20.B) ensemble dans la méme
image.

2. Systeme de traitement d'images selon la revendica-

tion 1, dans lequel le moyen de traitement (120) est
en outre agencé pour :

déterminer 'amplitude de déplacementde la pa-
roi d’objet 3D a 'emplacement de différentes zo-
nes ou faces, dans lequel de multiples zones ou
faces forment la région d'intérét ; et

calculer la moyenne, a divers instants dans le
temps au cours de la période de temps, des am-
plitudes de déplacement déterminées pour les
multiples zones ou faces formant la région d’in-
térét afin de déterminer I'amplitude du déplace-
ment maximal ou minimal pour larégion d’intérét
au cours de la période de temps.

Systéme de traitement d’'images selon l'une des re-
vendications 1 a 2, comprenant un moyen pour affi-
cherles valeurs d’amplitude et de temps dans la pre-
miére représentation simplifiée 2D et la seconde re-
présentation simplifiée 2D respectives indiquées
d’une maniére codée par couleurs.

Systéme selon la revendication 1, comprenant un
moyen pour afficher des indications d’amplitudes de
déplacement de la région d’intérét de la paroi d’objet
3D dans la projection respective de larégion d’intérét
dans ladite premiére représentation simplifiée 2D,
d’une maniére codée par couleurs, les indications
des amplitudes de déplacement changeant dans le
segment au rythme des images de la séquence, de
fagon a former une représentation simplifiée 2D ani-
mée en fonction du temps.

Systéme de traitement d’'images selon l'une des re-
vendications 1 a 4, comprenant un moyen pour affi-
cher la représentation simplifiée 2D de la paroi d’ob-
jet 3D comme une représentation de cible 2D.
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Systeme de traitement d’'images selon I'une quel-
conque des revendications précédentes, dans le-
quel I'objet a I'étude est le ventricule cardiaque gau-
che et la paroi d’objet 3D est la limite interne de la
paroi du ventricule gauche.

Systeme de traitement d’'images selon I'une quel-
conque des revendications précédentes, dans le-
quel le moyen de traitement permettant de localiser
la paroi d’'objet 3D comprend un moyen de segmen-
tation permettant d’exécuter une technique de seg-
mentation appliquée a I'objet 3D a I'étude, qui com-
prend l'utilisation d’une technique de modéle maillé,
et la remise en forme du modéle maillé afin de map-
per ledit modéle maillé sur la paroi de I'objet 3D a
I'étude, de fagon a fournir un volume simplifié avec
une paroi, appelée ci-aprés paroi d’objet, qui est'ob-
jet d’intérét.

Systeme comprenant un ordinateur convenable-
ment programmeé ou un processeur specialisé ayant
un moyen circuit, le systéme comprenant un syste-
me de traitement d’'images selon I'une quelconque
des revendications 1a 7.

Procédé de traitement d’images consistant a cons-
truire et afficher des informations concernant une
amplitude de déplacement de régions de paroi d’'un
objet 3D déformable a I'étude, comprenant :

la segmentation de données d’objet 3D dans
une séquence d’'images ultrasonores 3D per-
mettant de localiser une paroi d’objet 3D (SLV),
la définition d’'une région d’intérét sur la paroi
d’objet 3D,

le traitement des données d’images de la paroi
d’objet 3D pour déterminer une amplitude de dé-
placement de ladite région d’intérét en fonction
du temps,

la construction d’'une premiére représentation
simplifiée 2D (20.A) de la paroi d’'objet 3D par
projection de la paroi d’objet 3D (SLV), ladite
premiére représentation simplifiee 2D (20.A)
comprenant une projection (1A) de la région
d’intérét,

la construction d’'une seconde représentation
simplifiée 2D (20.B) de la paroi d’objet 3D, simi-
laire a la premiére représentation simplifiée 2D
de la paroi d’objet 3D, et avec une projection
similaire de la région d’intérét,

I'affichage d’'une indication de I'amplitude maxi-
male ou minimale de déplacement de la région
d’intérét de la paroi d’objet 3D au cours d’'une
période de temps dans la projection (1A) de la-
dite région d’intérét dans ladite premiere repré-
sentation simplifiée 2D (20.A),

I'affichage d’'une indication de l'instant dans le
temps, auquel le maximum ou le minium d’am-
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plitude de déplacement se produisent dans la
région d’intérét au cours de ladite période de
temps, dans ladite seconde représentation sim-
plifiée 2D (20.B), et

I'affichage de ladite premiére représentation
simplifiée 2D (20.A) et ladite seconde représen-
tation simplifiée 2D (20.B) ensemble dans la mé-
me image.

10. Procédé selon la revendication 9, le procédé étant

1.

configuré pour traiter des données d’images ultra-
sonores et pour afficher une image ultrasonore d’un
organe 3D déformable, en tant qu’objet 3D déforma-
ble, avec des indications des mouvements de paroi
d’organe, le procédé comprenant en outre des éta-
pes consistant a

acquérir des données d’images ultrasonores 3D
d’'une séquence d’'images de l'organe a I'étude, et
afficher une indication de I'amplitude maximale ou
minimale de déplacement de la région d’intérét de
la paroi d’organe segmentée 3D au cours d’une pé-
riode de temps dans la projection respective de la
région d’intérét dans ladite premiére représentation
simplifiée 2D d’une maniére codée par couleurs.

Produit programme d’ordinateur comprenant un jeu
d’instructions permettant de mettre en oeuvre un
procédé selon la revendication 9.
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