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SIMULATION OF MEDICAL TMAGING

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority under 35
USC§ 119(e) of US Provisional Patent Application bearing
gserial number 61/100,083, filed on September 25, 2008, the

contents of which are hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present invention relates to the field of
simulation of medical imaging, and particularly to medical
imaging using imaging devices, such as probes for ultrasound

imaging.

BACKGROUND

[0003] Ultrasound imaging simulators are used to train
students to the technique of ultrasonography. However, the
training offered using these types of devices is limited.
Certain ultrasonographic diagnosis training apparatuses use
3-D arrays of ultrasonographic datasets based on the precise
scanning of a real person’s body with an ultrasound device or
other medical diagnosis apparatuses, which is time-consuming
and costly to obtain. The various ultrasonographic “slices”
obtained during scanning are then saved in a database, and
interpolation techniques are used to £fill the gaps between
gslices. Most of the time the datasets are from healthy
patients, or from patients with minor pathologies that do not
require immediate treatment. It is very difficult to obtain
ultrasonographic datasets with rare pathologies or disease

conditions that require immediate intervention, as those
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patients are often not available for a prolonged time to do a

complete scan of the region of interest or organ.

[06004] Furthermore, there is a finite amount of data in
each case or dataset. The scanning windows and angles are
limited in comparison to a real, clinical examination. The
instructor and student may find themselves striving for an
even better image, but that perfect image is often beyond the

capabilities of the stored data.

[0005] Therefore, there is a need for improving

ultrasonographic diagnosis training devices.

SUMMARY

[0006] The method proposed herein involves the generation
of a 3D model of an organ using volume modeling. Unlike wire
frame and surface modeling, volume modeling systems ensure
that all surfaces meet properly and that the object is
geometrically correct. Volume modeling simulates an object
internally and externally. Volumic 3D models can be sectioned
to reveal their internal features. When an object is built as
a 3D model, cross sections of its internal structure can be

rendered as if it were sliced.

[0007] The virtual 3-D model generated wusing volume
modeling can be animated, to reproduce a beating heart for
example, and therefore this technique may be used to image

dynamic organs as well as static ones. In addition, the

method covers non-invasive, semi-invasive, and invasive
ultrasonography simulation techniques. Transthoracic
echocardiography, transesophageal echocardiography, and

intracardiac echography are examples of non-invasive, semi-
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invasive, and invasive ultrasound imaging ‘techniques,
respectively.
[0008] In accordance with a first broad aspect, there is

provided a method for simulating an imaging process for an
organ, the method comprising: retrieving from a memory a 3D
volume model of the organ, the 3D volume model describing a
3D structure of the organ and a distribution of density
within the 3D structure, the 3D structure representing a
surface and internal features of the organ; generating a
slice of the 3D model according to a position and an
orientation of an imaging device, the slice including a
cross-section of the surface and the internal features;
rendering an image 1in accordance with the slice; and

displaying the image.

[0009] In accordance with a second broad aspect, there 1is
provided a computer readable memory having recorded thereon a
set of data representative of a 3D volume model of an organ
and statements and instructions for execution by a processor
to carry out steps of slicing the 3D volume model in
accordance with a position and orientation of an imaging
device, rendering an image in accordance with the slice, and
displaying the image, the 3D volume model describing a 3D
structure of the organ and a distribution of density within
the 3D structure, the 3D structure representing a surface and
internal features of the organ, the slice including a cross-

section of the surface and the internal features.

[0010] In accordance with a further broad aspect, there is
provided a system for simulating an imaging process,

comprising: an imaging device; a position tracking device
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adapted to determine a position and orientation of the
imaging device; and a machine comprising a memory having a
set of data representative of a 3D volume model of an organ
stored therein and a processor configured for slicing the 3D
volume model in accordance with the position and orientation
of the imaging device, rendering an image in accordance with
the slice, and displaying the image on a display unit, the 3D
volume model describing a 3D structure of the organ and a
distribution of density within the 3D structure, the 3D
structure representing a surface and internal features of the
organ, the slice including a cross-section of the surface and

the internal features.

[0011] It should be understood that the terms
“echography”, “ultrasonography”, and “medical sonography” can

interchangeably be used.

[0012] The term “organ” should be understood as any
element or structure of a living being that can be scanned by
ultrasound, including muscles, tendons and internal organs
such as a heart, liver and the like. A foetus is also another

example of an organ.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Further features and advantages of the present
invention will become apparent from the following detailed
description, taken in combination with the appended drawings,

in which:

[0014] Fig. la 1s a flow chart of a method for simulating
an ultrasound image of an organ, in accordance with an

embodiment;
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[0015] Fig. 1b is a flow chart of a method for creating a

3D model in accordance with an embodiment;

[0016] Fig. 2 is cross-section of a 3D structure of a

heart, in accordance with an embodiment;

[0017] Fig. 3 1is a cross-section of a 3D structure of a
heart filled with random points, 1in accordance with an
embodiment ;

[0018] Fig. 4 illustrates the voxelization of a sphere
associated with a random point, in accordance with an
embodiment;

[0019] Fig. 5 illustrates a 3D heart intersected by a
first cross-sectional plane, in accordance with an
embodiment;

[o020] Fig. 6 illustrates a simulated ultrasound image

generated according to the cross-sectional plane of fig. 5,

in accordance with an embodiment;

[0021] Fig. 7 illustrates the 3D heart of fig. 5
intersected by a second cross-sectional plane, in accordance

with an embodiment;

[0022] Fig. 8 illustrates a simulated ultrasound image
generated according to the cross-sectional plane of fig. 7,

in accordance with an embodiment;

[0023] Fig. 9 1illustrates the 3D heart of fig. 5
intersected by a third cross-sectional plane, in accordance

with an embodiment;
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[0024] Fig. 10 illustrates a simulated ultrasound image
generated according to the cross-sectional plane of fig. 9,

in accordance with an embodiment;

[0025] Fig. 11 illustrates a simulated ultrasound image
generated from a 3D heart model before a filtering process,

in accordance with an embodiment;

[0026] Fig. 12 illustrates a simulated ultrasound image of
fig. 11 after a filtering process, in accordance with an

embodiment; and

[0027] Fig. 13 illustrates an ultrasound simulator, in

accordance with an embodiment.

DETAILED DESCRIPTION

[0028] Figure la illustrates one embodiment of a method 8
for simulating an ultrasound image of an organ. The first
step 10 of the method 8 consists in the creation of a 3D
volume model of the organ. The 3D model which may be stored
in a memory comprises a 3D structure of the organ which
includes both a 3D surface and the internal features of the
organ. The 3D surface of the organ comprises the external
surface of the organ and may also comprise internal surfaces.
Data such as density is distributed within the 3D model. The
internal features comprise elements contained within the
external surface of the organ, such as muscle myocytes,
veins, arteries, cavities, and the like. Taking the example
of a heart, the 3D model takes into account internal features
such as the endocardium, ventricular cavities, papillary

muscles, valves, and the like. Furthermore, the 3D model may
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also be modified to include any pathology, even rare

pathologies.

[0029] In one embodiment, the creation of the 3D model 10
comprises four steps, as illustrated in figure 1b. The first
step 16 is the generation of a 3D structure of the organ. The
3D structure is an empty model of the organ representing the
external outline of the organ. The empty model comprises the
external surface of the organ. In other words, the first step
16 is the creation of the external envelop of the organ. The
3D structure may also comprise internal features of the
organ. In this case, the empty model also comprises the
surface of any internal features. Taking the example of a
heart, Figure 2 illustrates a cross-section 20 of an empty
model of a heart. The empty model of the heart comprises the
external surface 22 of the heart and the surface of internal
cavities 24 and 26. It should be understood that the surface
of the internal cavities 24 and 26 may be omitted in the 3D
structure. Any surface modeling technique such as polygonal
surface modeling or non-uniform rational B-spline modeling

can be used to generate the empty model.

[0030] The second step 17 of the creation of the 3D model
10 is a distribution of points within the 3D structure of the
organ. In one embodiment, the points are randomly distributed
within the 3D structure of the organ. Figure 3 illustrates
the cross-section of the heart 20 in which points 30 have
been randomly distributed. Alternatively, the points 30 may
be spatially organized in accordance with a predetermined
spatial pattern. For example, points 30 may be aligned along
predetermined lines and successive points 30 may be spaced

apart by a predetermined distance. While in Figure 3 no
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points 30 are present in the cavities 24 and 26, it should be
understood that some points 30 may be distributed within the

cavities 24 and 26.

{0031] The next step 18 is the association of data with
each point 30. Data such as a value of density is associated
with each point 30. In Figure 3, the regions comprising no
points 30 are considered as being regions having a zero
density and appear as black on the simulated ultrasound
image. If points 30 are present in the cavities 24 and 26,
the density value associated with these points 1is set to

Z€YOo.

[0032] In one embodiment where the organ comprises
internal features, the 3D structure of the organ generated at
step 16 comprises no internal features. In this case, at step
17, points 30 are distributed within the 3D structure in a
random or organized way, and at step 18, data such as a
density value is associated with each point 30. The internal
features of the organ are generated in the 3D model by
setting the value of data associated with some points to a
particular value. For example, the value of the density of
points 30 contained in the regions of the 3D structure
corresponding to the cavities 24 and 26 may be set to zero.
These particular zero density regions appear as black on the

simulated ultrasound image.

[0033] In one embodiment, an influence parameter R is also
associated with each point 30. The parameter R can be a
radius defining a sphere centered on the point 30. The
density value of any point within the sphere is defined by

the density value associated with the center of the sphere,
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namely point 30. It should be understood that the parameter R
may be used to define a 3D object different from a sphere.
For example, the parameter R may define a cube centered on
the point 30 and the density value of any point within the
cube is defined by the density value associated with the
center of the cube, namely point 30. In one embodiment, the
parameter R may be fixed for all of the points 30 throughout
the 3D model. Alternatively, the parameter R may vary from
one point 30 to another. For example, large spheres may be
used 1in regions of the organ where the density varies
progressively whereas small spheres are used in regions where

the density varies widely within small regions.

[0034] The fourth step 19 of the generation of the 3D
model 10 is the voxelization of the model. The 3D model
comprising the points 30 is divided into a plurality of
unitary volume elements (voxels). A volume value, an index
indicative of a 3D spatial position, and a density value are
associated with each voxel. The density value associated with
each voxel is defined as a function of the density value of
the point 30 to which it is related. Figure 4 illustrates the

voxelization associated with a point 30.

[0035] In one embodiment, a density value dl and a radius
R are associated with each point 30. The point 30 is the
center of a sphere 32 having a radius R. The voxelization
generates voxels 34 which intersect the sphere 32. The sphere
32 defines an area of influence of the center of the sphere
30 for the assignment of density values to voxels. A value of
density is attributed to each voxel 34 as a function of the

density value dl associated with the point 30.
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[0036] In one embodiment, each voxel 34 shares the same
density wvalue dl as that associated with the point 30.
Alternatively, the density value associated with a particular
voxel 34 may depend on the density value of the point 30 and
the distance between the particular voxel and the point 30.
The density value associated with a particular voxel 34 may
also depend on more than one point 30 surrounding the voxel

34.

[0037] In the case of a voxel 34 belonging to more than
one sphere 32, its density may be an average of the density
values of the centers of the spheres to which it belongs. In
the case of a voxel comprising two points 30, a sub-sampling
can be performed. This means that voxels of smaller sizes are
generated so that each point 30 is comprised in a different
voxel. It should be understood that any mathematical method
to assign a density value to voxels as a function of the

density value of points 30 may be used.

[0038] In one embodiment, the voxelization step 19 1is
omitted and an ultrasound image 1s generated directly from
the cloud of points 30 and their associated data, such as a
density value. A parameter R, defining a sphere for example,
may also be associated with each point 30 of the cloud. In
this case, the density value of the points contained in the
sphere is determined in accordance with the density value of
the center of the sphere, namely point 30. The use of the
parameter R allows for the reduction of the number of points

30 required to create the 3D model of the organ.

[0039] Animated 3D models can also be created. For

example, images of a beating heart may be simulated. Another

- 10 -
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example is a live foetus. Any movement and/or any frequency
of the movement can be included in the 3D model. In one
embodiment, in order to animate the 3D model, at least one of
the density, the radius and the position associated with
points 30 is varied in time. Furthermore, the 3D structure
may also be animated so that the shape of the organ including
its internal features may vary 1in time. It should be
understood that any animation technique for animating the

organ, such as object deformation techniques, may be used.

[0040] In another embodiment, solid modeling is used to
create the 3D model of the organ. In this case, the 3D model
of the organ is directly achieved by a 3D assembly of voxels.
Data such as a density value is associated with each one of
the voxels. The value of density varying from one voxel to
another allows the internal features of an organ to be
defined. The size of the voxels may be constant throughout
the modeled heart. Alternatively, the size of the voxels may
vary within the model. The size of the voxels may depend on
the variation rate of the density within the organ. For
example, large voxels may be used in regions of the organ
where the density varies progressively whereas small voxels
are used in regions where the density varies widely within

small regions.

[0041] Animated solid 3D models can also be created. In
one embodiment, the organ is represented by a dataset of
dynamic voxels or doxels. A doxel is a voxel with another
dimension, namely time. Each doxel is a matrix in which a
value of density is associated with each time t. It should be
understood that each doxel can also contain information on

properties other than density. Any technique known by a

- 11 -
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person skilled in the art to make an animated 3D model of an

organ can be used.

[0042] Any technique known by a person skilled in the art
to create a 3D model of an organ comprising at least a
density value associated with points of the model can be
used. It should be noted that values of various properties
can be associated with each point or voxel of the model. Any
method known by a person skilled in the art to animate a 3D

model can be used.

[0043] In one embodiment, the step of distributing points
17 comprises distributing points 30 outside of the 3D
structure of the organ in order to take into account elements
surrounding the organ, such as bones or other organs for
example. In this case, the step 18 of associating data with
points comprises associating data with the external points
located outside the 3D structure of the organ. Data such as
density 1s associated with these external points and a
parameter R may also be associated with each one of these
external points in order to generate spheres, cubes or the
like. When a voxelization step 19 1s present, this step
comprises the voxelization of the region surrounding the
organ in which external points have been distributed. In one
embodiment in which solid modeling is used to generate the 3D
model of the organ, voxels or doxels can be distributed
outside of the 3D structure of the organ, and data such as
density is associated with the voxels or doxels external to
the organ in order to represent the surroundings of the

organ.
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[0044] Referring back to figure 1la, step 12 of the method
comprises the generation of a planar slice of the 3D model.
The slice 1is generated according to a position and an
orientation of a probe and has a given thickness. The
thickness of the slice is chosen so that the simulated
ultrasound image realistically reproduces a real ultrasound
image. The position and orientation of the probe define a
cross-sectional plane 52, as 1illustrated in Figure 5. The
slice is defined according to the cross-sectional plane. The
next step 14 comprises the rendering of an ultrasound image
using the slice generated at step 12. The volumes resulting
from the voxelization and the density values associated with
each voxel provide a virtual ultrasonographic texture to the
ultrasound image. The resulting ultrasound image may be
colored or greyscaled. The color or grey value of each pixel
of the displayed image is defined by the density value
associated with its corresponding voxel. If the thickness of
the slice is large enough to comprise several voxels, each
pixel of the displayed image is associated with several
voxels. In this case, the density value and the color
associated with this pixel 1is a function of the density
values of all of the voxels to which this pixel 1is
associated. For example, an average density value may be
calculated and used to assign a color to the particular pixel
of the displayed image. The last step 15 of the method 8
illustrated in Figure 1la is the displaying of the rendered

ultrasound image.

[0045] While the ©present description refers to an
embodiment in which the whole 3D model of the organ 1is

voxelized and subsequently sliced, it should be understood
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that the voxelization step may be performed after slicing the
model. In this case, a slice is first generated in accordance
with the position and orientation of the probe and
subsequently voxelized. The ultrasound image is then rendered

using the voxelized slice.

[0046] In one embodiment where the voxelization step 19 is
omitted, the slice comprises some points 30 each having at
least one associated density value. The color or grey value
of each pixel of the displayed image is defined by the
density value associated with its corresponding point 30.
Interpolation techniques may be used for determining the
color or grey value of the pixels. If the thickness of the
slice is large enough to comprise several points 30, each
pixel of the displayed image 1is associated with several
points 30. In this case, the density value and the color
associated with this pixel 1is a function of the density
values of all of the points 30 to which this pixel is
associated. For example, an average density value may be
calculated and used to assign a color to the particular pixel
of the displayed image. If a parameter R, defining a sphere
for example, is associated with each point 30, the density
value and the color associated with a particular pixel is a
function of the density values of all of the spheres to which

the particular pixel is associated.

[0047] In one embodiment where the step of voxelization 19
is omitted, the position of points 30 can be interpolated in
time to lower or increase the speed of the animation while
not substantially affecting the fluidity of the motion of the
displayed image. Furthermore, the cloud of points 30 may be

dynamically modified or deformed in substantially real-time,

- 14 -



WO 2010/034117 PCT/CA2009/001351

thereby providing the capability to simulate a dynamic change
in the shape of the simulated organ or any procedures that
would affect the shape of the simulated organ such as

surgical cuts.

[0048] By varying the location and orientation of the
probe, the cross-sectional plane changes and a different
ultrasound image 1s created and displayed. Figure 5
illustrates a 3D model of a heart 50 and a first cross-
sectional plane 52 according to which the ultrasound image 54
is generated, as illustrated 1in figure 6. Figure 7
illustrates a second cross-sectional plane 56 which
corresponds to a second position and orientation of the
probe. The intersection of the cross-sectional plane 56 with
the 3D heart 50 generates a second ultrasound image 58, as
illustrated in Figure 8. Finally, by moving the probe to a
third position and orientation, a cross-sectional plane 60 is
generated, as 1illustrated in Figure 9. The plane 60
intersects the modeled 3D heart 50 and a third ultrasound
image 62 of the heart 50 is generated and displayed, as

illustrated in Figure 10.

[0049] In one embodiment, the method illustrated in Figure
la may further comprise a step of refinement of the realistic
virtual ultrasonographic texture of the image to produce a
realistic ultrasonographic texture. The resulting image
corresponds to a view that one would see when using a real
ultrasound device. Figure 11 illustrates a simulated
ultrasonographic image 70 when no refinement of
ultrasonographic texture has been performed. The refinement
of the ultrasonographic texture can be performed by applying

a filter to the slice. Figure 12 illustrates an ultrasound

- 15 -
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image 72 presenting a realistic ultrasonographic texture. The
ultrasound images 70 and 72 result from the same slice but a
filtering step has been used to create the image 72, which

results in a realistic ultrasound image.

[0050] In some instances, the creation of the
ultrasonographic image may involve deteriorating the quality
of the image so as to more realistically reproduce an
ultrasound image. For example, the deterioration of the image
may be performed in order to take into account artefacts and
obstacles such as bones or other organs. The deterioration of
the image may be performed in accordance with the position
and orientation of the probe. Alternatively, the
deterioration of the image is independent of the position and

orientation of the probe.

[0051] In one embodiment, the creation of ultrasocund
images and their displaying is done in substantially real-
time, and the displayed image substantially corresponds to
the slice generated according to the actual position and

orientation of the probe.

[0052] In the case of the simulation of a beating heart,
the 3D model also contains time. The rendering of each image
is performed according to the density values associated with
each point 30 or voxel for a specific time. The animation is
achieved by successively displaying the ultrasound images.
For example, it is possible to simulate a beating heart of
which the beating frequency varies during the ultrasound
imaging simulation and likewise simulate any type of

arrhythmia.
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[0053] The method described above can be embodied in a
machine connectable to a probe and a display, and comprising
a processing unit and a memory. The 3D model of the organ is
stored in the memory and the processing unit is adapted to
generate a slice of the 3D model in accordance with the
position and orientation of the probe, render an ultrasound
image, and display the ultrasound image on the display. It
should also be understood that the method described above can
be embodied in a computer readable memory having recorded
thereon a 3D model of an organ and statements and
instructions for execution by a processor to carry out the
method of slicing the 3D model in accordance with a position
and orientation of a probe, rendering an ultrasound image

using the slice, and displaying the ultrasound image.

[0054] Figure 13 illustrates one embodiment of an
ultrasound simulator 110. The wultrasound simulator 110
comprises a computer 112 connected to a monitor 114, a probe
116, and a manneqguin 118. The mannequin 118 plays the role of
a patient that a user to be trained has to scan via
ultrasound. By displacing and orienting the probe 116, the

user selects the view of the organ to be displayed.

[0055] The computer 112 comprises a memory 120 accessible
by a processor 122. A 3D model of the organ comprising a 3D
structure of the organ and the internal features of the organ
is saved on the memory 120. In one embodiment, a data set
representative of the 3D model is stored in memory 120 and
comprises a cloud of position points each associated with a
3D spatial coordinate and data such as density. The position
points with their associated data represent a cloud of data

points distributed within the 3D structure. In one

- 17 -
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embodiment, the processor 122 1is adapted to perform a
voxelization of the cloud of data points in order to obtain a
3D grid of voxels or doxels. The density value of the voxels
or doxels is determined as a function of the density value of
the data points. Alternatively, the data set representative
of the 3D model and stored in memory 120 comprises the voxels

or doxels and their associated data.

[0056] The processor 122 is adapted to generate a slice of
the 3D model according to a cross-sectional plane 123 defined
by the position and orientation of the probe 116, and to
render an ultrasound image by wusing the slice. In one
embodiment in which the 3D model stored in memory 120
comprises the surface model of the organ and the cloud of
points to which a density value is associated, the processor
122 is adapted to render the ultrasound image using the cloud
of points. The ultrasound image is generated by assigning a
color or a grey scale value to each point of the slice in
accordance with the density wvalues of the points of the
cloud. The resulting ultrasound image 124 is displayed on the
monitor 114. Alternatively, the processor 122 1is adapted to
perform a voxelization of the slice, calculate a density
value for each voxel, and render the ultrasound image using
the voxelized model. The ultrasound image 1is generated by
assigning a color or a grey scale value to each point of the
slice in accordance with the density values of the voxels
associated with the particular point. In another embodiment
in which the 3D model stored in memory 120 comprises voxels
and associated data, the processor 122 1is adapted to slice
the 3D model and render an ultrasound image by assigning a

color or a grey scale value to each point of the slice in
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accordance with the density values of the voxels associated
with the particular point. The resulting ultrasound image 124

is displayed on the monitor 114.

[0057] In one embodiment of the ultrasound simulator 110,
the processor 122 is adapted to refine the ultrasound texture

by applying a filter to the slice.

[o058] The processor 122 generates and displays the
ultrasound images 124 1in substantially real-time. As a
result, when the probe 116 is moved by the wuser, the
simulator 110 displays the corresponding ultrasound image on
the monitor 114 without any substantial time delay.
Displacing the probe 116 results in displaying a different

view of the organ.

[0059] In one embodiment of the simulator 110, the
processor 122 is adapted to take into account artefacts and
obstacles when rendering the ultrasound image 124. For
example, the resulting wultrasound image 124 may be
deteriorated in order to take into account bones or other
organs located between the organ to be scanned and the probe.
These artefacts and obstacles may be selected by a professor

in charge of the training.

[0060] In another embodiment, the processor 122 is adapted
to receive information from a position tracking system or
device to determine the position and orientation of the probe
116. It should be understood that any adequate position
tracking system or device may be used. For example, the
position tracking system may comprise a signal emitting

device and a signal receiving device. The signal emitting
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device may be positioned in the mannequin 118 at a position
that would occupy the simulated organ in a human body, and
the signal receiving device may be located in the probe 116.
Alternatively, the signal emitting device may be positioned
at any position within the mannequin 118. The signal emitting
device is adapted to emit a signal in multiple directions and
the emitted signal varies as a function of the direction. The
signal receiving device is adapted to receive the emitted
signal, determine the position and orientation of the probe
116 using the received signal and the position of the signal
emitting device, and send the determined position and
orientation to the processor 122. Alternatively, the signal
receiving device is adapted to send data representative of
the received signal to the processor 122 which is adapted to
determine the position and orientation of the probe 116. In
another example, the position tracking system comprises a
sensor adapted to measure a signal emitted or reflected by a
trackable device located on the probe 116. The processor 122
is adapted to determine the position and orientation of the
probe 116 as a function of data received from the sensor. The
mannequin 118 can be provided with a reference marker

providing a reference position for the probe 116.

[0061] Any imaging device which allows for the selection
of a particular view or slice of an organ can be used. In one
embodiment, the imaging device is a real imaging device used
to take real medical images of an organ and provided with an
adequate 3D position tracking device. For example, the
imaging device can be a real probe provided with an adequate

3D position tracking device.
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[0062] In another embodiment, the imaging device is shaped
and sized to mimic a real imaging device that would be used
to take real medical images of the organ. For example, the
imaging device can be a fake probe provided with an adequate

position tracking device.

[0063] In a further embodiment, the imaging device is a
handheld device of which the size and/or shape is not related
to that of the real imaging device that would be used to
generate a real medical image of the organ. For example, the
imaging device can be a mouse of the computer 112, a
joystick, or the 1like. In this case, a virtual probe on a
representation of a body may be displayed on the display unit
114. By manipulating the mouse or the joystick, the user
displaces the virtual probe on the virtual body and the image
124 1is displayed as a function of the position and
orientation of the virtual probe on the display unit 114.
Alternatively, no virtual probe is provided and only a mouse
or joystick 1is wused. Any system or device allowing the
determination of the location and orientation of the imaging

device may be used.

[0064] In one embodiment, the simulated ultrasound images
may be animated to simulate echocardiography or obstetrical
ultrasound imaging, for example. In this case, the value of
density associated with each point or voxel of the 3D model,
the parameter R, and/or the position of the point or voxel is
time dependent. Hence, the beating of a heart may be
reproduced for example. The frequency of the movement of the
simulated organ can be changed during the training to be more

realistic.
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[0065] In one embodiment, a user of the simulator 110 may
vary the power and/or frequency of the simulated ultrasounds.
In order to simulate a variation of power and/or frequency,
the processor 122 applies a filter to the ultrasound image
124. This results in a modified wultrasound image 124
associated with a different wultrasound frequency and/or
power. Alternatively, the 3D model stored in the memory 120
may contain a different set of density values for each point
and/or voxel. A set of density values corresponds to a

particular ultrasound power and/or frequency.

[0066] In one embodiment, the 3D model is a realistic and
accurate representation of the organ. Alternatively, the 3D
model can be a simplified representation of the organ. It
should be understood that any feature can be included in the

3D model.

[0067] In one embodiment, the ultrasonographic simulator
110 can also simulate Doppler images. The Doppler technology
allows the determining of the speed and direction of blood
flow by utilizing the Doppler Effect. In this case, the 3D
model of the organ saved in memory 120 also contains
information relative to the speed and direction of blood.
Each point or doxel of the 3D model is associated with a
value of velocity in addition to other values required to

simulate ultrasound images.

[0068] In one embodiment, the ultrasound simulator 110 is
adapted to generate simulated M-mode ultrasound images. An M-
mode ultrasound image is an image along a single line of fire

according to time (time-motion ultrasonography) .
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[0069] The ultrasound imaging simulator 110 can be
provided with several 3D models representing different organs
or different models of a same organ. For example, a user can
start his training by using simplified models of an organ. As
the user 1is getting familiar with the wultrasound scan

technology, more complicated and accurate models can be used.

[0070] The mannequin 118 can be provided with an
oesophagus to train a user to the technique of
transesophageal echocardiography. In this case, the wuser
inserts the probe 116 into the mannequin’s oesophagus.
Simulated ultrasound images of the heart are then displayed
on display 114 according to the position and orientation of

the probe 116.

[0071] In one embodiment, the simulator comprises 3D
models of different organs so that a user can be trained on
the ultrasound imaging of different organs while using a
single and same simulator. In this case, the mannequin 118 is
adapted to the number and type of organs stored in the
computer 112. For example, the mannequin may comprise an

abdomen and/or a thorax and/or a head, and/or the like.

[0072] It should be noted that the above illustrated
methods and apparatus may be used to simulate two-dimensional

and/or three-dimensional echography.

[0073] It should be understood that the above illustrated
methods and apparatus may be used to simulate other
techniques of medical imaging, such as magnetic resonance

imaging, angiograms, CT scans, and the like.
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[0074] It should be noted that the embodiments of the
invention described above are intended to be exemplary only.
The present invention can be carried out as a method, can be
embodied in a system or a computer readable medium. The scope
of the invention is therefore intended to be limited solely

by the scope of the appended claims.
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I/WE CLAIM:

1. A method for simulating an imaging process for an organ,
said method comprising:

retrieving from a memory a 3D volume model of said
organ, said 3D volume model describing a 3D structure of said
organ and a distribution of density within said 3D structure,
said 3D structure representing a surface and internal
features of said organ;

generating a slice of said 3D model according to a
position and an orientation of an imaging device, said slice
including a cross-section of said surface and said internal
features;

rendering an image in accordance with said slice; and

displaying said image.

2. The method as claimed in claim 1, further comprising:
generating a 3D surface model of said organ;
distributing position points within said 3D surface

model, each one of said points having a 3D spatial

coordinate;

associating a density value to each one of said position
points, thereby obtaining a cloud of data points; and

storing said cloud of data points in said memory as said

3D volume model.

3. The method as claimed in claim 1, further comprising:

generating a 3D surface model of said organ;
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distributing position points within said 3D surface
model, each one of said points having a 3D spatial
coordinate;

associating a density value to each one of said position
points, thereby obtaining a cloud of data points;

performing a voxelization of said cloud of data points;
and

associating a density value with each one of said voxels
as a function of said density value of said data points,
thereby obtaining a grid of voxels; and

storing said grid of voxels in said memory as said 3D

volume model.

4. The method as claimed in claim 2 or 3, wherein an internal
surface of said 3D volume model defines a volume with no

position points therein.

5. The method as claimed in any one of claims 2 to 4, wherein
said associating said density value to each one of said
position points comprises associating a time-varying density

value to each one of said position points.

6. The method as claimed in any one of claims 1 to 5, wherein
said rendering said image further comprises refining said

image to obtain a realistic texture for said image.

7. The method as claimed in any one of claims 1 to 6, wherein
said generating a slice comprises generating a slice
according to a position and an orientation of a probe, and

said rendering and said displaying respectively comprise
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rendering an ultrasound image and displaying said ultrasound

image.

8. The method as claimed in any one of claims 1 to 7, wherein
said retrieving said 3D volume model of said organ comprises

retrieving a 3D volume model of a heart.

9. The method as claimed in claim 8, further comprising

animating said heart.

10. A computer readable memory having recorded thereon a set
of data representative of a 3D volume model of an organ and
statements and instructions for execution by a processor to
carry out steps of slicing the 3D volume model in accordance
with a position and orientation of an imaging device,
rendering an image in accordance with said slice, and
displaying said image, said 3D volume model describing a 3D
structure of said organ and a distribution of density within
said 3D structure, said 3D structure representing a surface
and internal features of said organ, said slice including a

cross-section of said surface and said internal features.

11. The computer readable memory as claimed in claim 10,
wherein said data set comprises data points each associated

with a 3D spatial coordinate and a density value.

12. The computer readable memory as claimed in claim 10,
wherein said data set comprises voxels each associated with a

volume, a 3D spatial coordinate, and a density value.
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13. The computer readable memory as claimed claim 11 or 12,

wherein said density value is time-varying.

14. The computer readable memory as claimed in any one of
claims 10 to 13, further comprising a step of refining said
image to obtain a realistic texture for said image (or
wherein said statements and said instructions are further
adapted for execution by a processor to carry out a step of
refining said image to obtain a realistic texture for said

image) .

15. A system for simulating an imaging process, comprising:

an imaging device;

a position tracking device adapted to determine a
position and orientation of said imaging device; and

a machine comprising a memory having a set of data
representative of a 3D volume model of an organ stored
therein and a processor configured for slicing the 3D volume
model in accordance with said position and orientation of
said imaging device, rendering an image in accordance with
said slice, and displaying said image on a display unit, said
3D volume model describing a 3D structure of said organ and a
distribution of density within said 3D structure, said 3D
structure representing a surface and internal features of
said organ, said slice including a cross-section of said

surface and said internal features.

16. The system as claimed in claim 15, wherein said set of
data comprises data points each associated with a 3D spatial

coordinate and a density value.
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17. The system as claimed in claim 15, wherein said data set
comprises voxels each associated with a volume, a 3D spatial

coordinate, and a density value.

18. The system as claimed in claim 16 or 17, wherein said

density value is time-varying.

19. The system as claimed in any one of claims 15 to 18,
wherein said processor 1is configured for refining said image

to obtain a realistic texture for said image.

20. The system as claimed in any one of claims 15 to 19,
wherein said imaging device 1is a probe, said position
tracking device is adapted to determine a position and
orientation of said probe, and said processor is configured
for rendering an ultrasound image of said organ and

displaying said ultrasound image.

21. The system as claimed in any one of claims 15 to 20,
wherein said set of data is representative of a 3D model of a

heart.

22. The system as claimed in claim 21, wherein said set of

data is representative of a 3D model of an animated heart.
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