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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates generally to ultra-
sound imaging, and specifically to methods and systems
for three-dimensional (3D) reconstruction of anatomical
structures based on ultrasound images.

BACKGROUND OF THE INVENTION

[0002] A variety of devices and methods for intracar-
diacultrasonicimaging are knownin the art. Forexample,
Biosense Webster Inc. (Diamond Bar, California) offers
the CartoSound™ system and SoundStar™ catheter for
producing 3D ultrasound images in real time. The Sound-
Star catheter, which is inserted through the vascular sys-
tem into the heart, contains a position sensor and a
phased array of ultrasound transducers. The Carto-
Sound system processes the signals from the position
sensor and the ultrasound transducers to generate 3D
images of the heart chambers.

[0003] Several methods are known in the art for non-
contact reconstruction of the endocardial surface using
intracardial ultrasonic imaging. For example, PCT Inter-
national Publication WO 00/19908, describes a steerable
transducer array for intracardial ultrasonic imaging. The
array forms an ultrasonic beam, which is steered in a
desired direction by an active aperture. U.S. Patent
6,004,269, describes an acoustic imaging system based
on an ultrasound device that is incorporated into a cath-
eter. The ultrasound device directs ultrasonic signals to-
ward an internal structure in the heart to create an ultra-
sonic image.

[0004] As another example, PCT International Publi-
cation WO 99/55233, describes a method for delineating
a 3-D surface of a patient’s heart. A 3-D mesh model is
developed using training data, to serve as an archetypal
shape for a population of patient hearts. Multiple ultra-
sound images of the patient’s heart are taken in different
image planes. Anatomical locations are manually identi-
fied in each of the images. The mesh model is rigidly
aligned with the images in respect to the predefined an-
atomical locations.

[0005] This sort of manual assistance in delineating
contours is common in methods for 3D reconstruction
based on ultrasound images. For example, U.S. Patent
Application Publication 2006/0241445, describes a
method for modeling of an anatomical structure, in which
aplurality of ultrasonicimages of the anatomical structure
are acquired using an ultrasonic sensor, at a respective
plurality of spatial positions of the ultrasonic sensor. Lo-
cation and orientation coordinates of the ultrasonic sen-
sor are measured at each of the plurality of spatial posi-
tions. Contours-of-interest that refer to features of the
anatomical structure are marked in one or more of the
ultrasonicimages. A three-dimensional (3D) model of the
anatomical structure is constructed, based on the con-
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tours-of-interest and on the measured location and ori-
entation coordinates Document W0O2005112773 A2 dis-
closes the preambles of claim 1 and 8 and the corre-
sponding subject-matter of claim 18.

SUMMARY OF THE DISCLOSURE

[0006] Embodiments of the present invention that are
described hereinbelow provide fast, accurate methods
for reconstructing 3D surfaces from collections of 2D ul-
trasound images.

[0007] There is therefore provided, in accordance with
an embodiment of the present invention, a method ac-
cording to claim 1.

[0008] Itis disclosed that acquiring the plurality of the
2D images includes inserting a probe including an ultra-
sound imaging device into the body, and capturing the
2D images using the probe inside the body. Inserting the
probe includes inserting a catheter into a heart of the
subject, and wherein the volume corresponds to the in-
terior of a chamber of the heart. Inserting the catheter
typically includes positioning the catheter so that the ul-
trasound imaging device is in a first chamber of the heart,
wherein the volume may correspond to the interior of a
second chamber of the heart, other than the first cham-
ber, such that reconstructing the outer surface includes
generating a 3D map of the interior surface of the second
chamber.

[0009] Typically, acquiring the plurality of the 2D im-
ages includes capturing the 2D images using an ultra-
sound probe including a position transducer, and regis-
tering the identified pixels includes receiving and
processing signals associated with the position transduc-
er so as to find coordinates of the probe in the 3D refer-
ence frame, and registering the identified pixels in the
3D reference frame using the coordinates.

[0010] In some embodiments, identifying the pixels in
the 2D ultrasonic images includes classifying pixels cor-
responding to locations in the body having a low reflect-
ance as belonging to the interior of the cavity. Typically,
classifying the pixels includes setting a threshold value,
and classifying the pixels having respective gray-scale
values below a specified threshold as belonging to the
interior of the cavity. In alternative embodiments, acquir-
ing the two-dimensional (2D) ultrasonic images includes
capturing Doppler images in which color represents flow,
and wherein identifying the pixels includes classifying
pixels as belonging to the interior of the cavity respon-
sively to respective color values of the pixels.

[0011] In a disclosed embodiment, reconstructing the
outer surface includes applying a ball-pivoting algorithm
to the pixels in the volume. Applying the ball-pivoting al-
gorithm may include processing the pixels with a resolu-
tion of reconstruction that varies over the volume.
[0012] There is also provided, in accordance with an
embodiment of the present invention, an apparatus ac-
cording to claim 8.

[0013] There is additionally provided, in accordance
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with an embodiment of the present invention, a computer
software product according to claim 18.

[0014] The present invention will be more fully under-
stood from the following detailed description of the em-
bodiments thereof, taken together with the drawings in
which:

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

Fig. 1 is a schematic, pictorial illustration of a cath-
eter-based system for ultrasonic imaging, in accord-
ance with an embodiment of the present invention;
Fig. 2 is a schematic side view of the distal end of a
catheter used in the system of Fig. 1;

Fig. 3 is a schematic representation of an ultrasound
image captured by a catheter, in accordance with an
embodiment of the present invention;

Fig. 4 is a flow chart that schematically illustrates a
method for fast anatomical mapping using ultra-
sound images, in accordance with an embodiment
of the present invention; and

Fig. 5 is a schematic representation of a 3D map of
a heart chamber produced in accordance with an
embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0016] Reference is now made to Figs. 1 and 2, which
schematically illustrate a catheter-based ultrasound im-
aging system 20, in accordance with an embodiment of
the present invention. Fig. 1 is a pictorial illustration of
the overall system, while Fig. 2 is a side view of the distal
end of a probe, such as a catheter 28, that is used in the
system. This system and catheter are shown here by way
of illustration, to assist in understanding the methods of
ultrasound-based 3D mapping that are described further
below. These methods, however, are not limited to cath-
eter-based ultrasonic sensing and may similarly be ap-
plied, mutatis mutandis, using 2D or 3D ultrasound im-
ages acquired by other types of probes, both intra- and
extra-corporeal. Furthermore, these methods may be
used in mapping of other anatomical cavities, not only in
the heart.

[0017] As shown in Fig. 1, an operator 22, such as a
physician, inserts catheter 28 into the body of a patient
26, so that the distal end of the catheter passes through
the vascular system into the patient’s heart 24. The cath-
eter is connected at its proximal end to a console 34,
which typically comprises a processor 38 with suitable
signal processing and user interface circuits. This proc-
essor receives and processes signals from catheter 28,
as described hereinbelow. Processor 38 may comprise
a general-purpose computer processor, which is pro-
grammed in software to carry out the functions that are
described herein. This software may be downloaded to
the processor in electronic form, over a network, for ex-
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ample. Alternatively or additionally, the software may be
stored on tangible computer-readable storage media,
such as optical, magnetic, or electronic memory media.
Further additionally or alternatively, at least some of the
functions of the processor may be carried out by a digital
signal processor (DSP) or by dedicated or programmable
hardware logic circuits.

[0018] Typically, console 34 also enables a user to ob-
serve and regulate the functions of catheter 28 and to
view and edit images that are formed using the catheter.
For these purposes, the console comprises a display 40
and a user interface 42.

[0019] Asshownin Fig. 2, the distal end of catheter 28
comprises an ultrasound imaging device 50, which is
used to produce ultrasound images of the inside of the
body. Device 50 typically comprises a phased array of
transducers 52, which is operated, as is known in the art,
so as to capture a two-dimensional (2D) "fan" image in
the plane of the scanning ultrasonic beam (referred to
herein as the "beam plane" or "image plane"), which con-
tains the longitudinal axis of the catheter. The transduc-
ers receive ultrasonic waves that are reflected from ob-
jects in the beam plane and output signals in response
to the reflected waves. Typically, these signals are con-
veyed by wires 56 running through catheter 28 to console
34, which processes the signals in order to form and dis-
play ultrasound images and 3D maps, as described here-
inbelow.

[0020] The distal end of catheter 28 further comprises
a position sensor 54, which generates signals that indi-
cate the position (location and orientation) of the catheter
within the body. Based on these position signals, console
34 determines the location and orientation of each fan
image captured by imaging device 50. Processor 38 is
thus able to determine the coordinates of objects appear-
ing in the fan image, as well as to register and combine
multiple 2D images captured at different catheter posi-
tions.

[0021] In the pictured embodiment, system 20 uses
magnetic position sensing to determine position coordi-
nates of the distal end of catheter 28 inside heart 24. To
determine the position coordinates, a driver circuit 36 in
console 34 drives field generators 30 to generate mag-
netic fields within the body of patient 26. Typically, field
generators 30 comprise coils, which are placed below
the patient’'s torso at known positions external to the
body. These coils generate magnetic fields in a prede-
fined working volume that contains heart 24. Sensor 54,
which may comprise, for example, one or more coils with-
in the distal end of catheter 28, generates electrical sig-
nals in response to these magnetic fields. Processor 38
processes these signals in order to determine the posi-
tion (location and orientation) coordinates of the distal
end of catheter 28. Console 34 may use the coordinates
in driving display 40 to show the location and status of
the catheter.

[0022] This method of position sensing and processing
is implemented in the CARTO™ system produced by Bi-
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osense Webster Inc. This sort of magnetic position sens-
ing is described in detail, for example, in U.S. Patent
6,266,551.

[0023] Other systems that combine ultrasonicimaging
with magnetic position sensing are described in U.S. Pat-
ents 6,690,963, 6,716,166 and 6,773,402.

[0024] Alternatively or additionally, system 20 may
comprise an automated mechanism (not shown) for
maneuvering and operating catheter 28 within the body
of patient 26. In such embodiments, processor 38 gen-
erates a control input for controlling the motion of the
catheter based on the signals provided by the position
sensing system.

[0025] Although Fig. 1 shows a particular system con-
figuration, other system configurations may be used in
alternative embodiments of the present invention. For
example, the methods described hereinbelow may be
applied using position transducers of other types, such
as impedance-based or ultrasonic position sensors. The
term "position transducer" as used herein refers to an
element mounted on or in catheter 28 that causes con-
sole 34 to receive signals indicative of the coordinates
of the element. The position transducer may thus com-
prise areceiver in the catheter, such as sensor 54, which
generates a position signal to the control unit based on
energy received by the transducer; or it may comprise a
transmitter, emitting energy that is sensed by a receiver
external to the probe. Furthermore, the methods de-
scribed hereinbelow may similarly be applied in mapping
and imaging applications using not only catheters, but
also probes of other types, both in the heart and in other
body organs and regions, as well as ultrasound probes
external to the body.

[0026] Fig. 3 is a schematic representation of an ultra-
sound image 60 captured by catheter 28, in accordance
with an embodiment of the present invention.

[0027] The image has the form of a 2D fan, with its
vertex at imaging device 50. As noted above, console 34
can determine the location of the vertex and the orienta-
tion of the fan in 3D space based on the signals received
from position sensor 54. Dark areas 62, 64 in the image
correspond to areas, such as the heart chambers, that
are filled with blood and therefore have low reflectance.
Brighter areas generally represent tissue, such as the
internal and external heart walls.

[0028] As noted earlier, operator 22 may manipulate
catheter 28 inside heart 24 to capture images from dif-
ferent locations and at different orientations. The reflec-
tions that make up the images may originate not only
from the heart chamber in which the distal end of the
catheter is located, but also from other heart chambers
and anatomical structures. Thus, for example, catheter
28 may be inserted into the right atrium (which is relatively
easy to access via the vena cava) and may capture im-
ages from the right atrium of the left atrium and possibly
the ventricles.

[0029] Fig. 4 is a flow chart that schematically illus-
trates a method for fast anatomical mapping using ultra-
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sound images, in accordance with an embodiment of the
presentinvention. At each iteration of the method, sensor
50 acquires a 2D ultrasound fan image, having the gen-
eral form of image 60 (Fig. 3), at an image acquisition
step 70. Image acquisition may be gated to a certain an-
notation point in the heart cycle (such as systole or dias-
tole), using an electrocardiogram (ECG) monitor for syn-
chronization, for example, or the images may alternative-
ly be acquired continuously, without gating. Processor
38 identifies the inside of the heart chamber of interest
(the blood pool area) in each 2D image acquired by the
ultrasound catheter, at a cavity identification step 72.
These "dark," low-reflectance areas may be identified,
for example, by applying a threshold to the gray scale
levels of the ultrasound image. The threshold may be set
automatically or manually. Any suitable method known
in the art may be used to choose the threshold automat-
ically, such as the Otsu method, in which the threshold
is chosen based on clustering of the pixel gray-scale val-
ues.

[0030] Alternatively, other ultrasound imaging modes
may be used in image capture at step 70, and the method
used to identify the cavity at step 72 may be adapted
accordingly. For example, the 2D images may be ac-
quired using Doppler imaging techniques, such as Color
Doppler, Power Doppler or Tissue Imaging Doppler, as
are known in the art. Such techniques use image color
(commonly referred to as pseudo-color) to represent
flow. In Color Doppler, areas of blood flow are colored in
the image, while areas of tissue are not. In this case,
pixels having a color value above a certain threshold may
be identified as belonging to the blood pool area at step
72. On the other hand, in Tissue Imaging Doppler, areas
of tissue are colored while blood is not, so that pixels
having a color value below a certain threshold will be
identified as belonging to the blood pool area.

[0031] Whicheverimaging modality is used, processor
38 applied the threshold to transform the 2D gray-scale
or color image into a binary image, at a binarization step
74. In the binary image, pixels with the value '0’ are clas-
sified as belonging to areas of blood, while pixels with
the value "1’ belong to tissue. Other image processing
operations may be applied in order to improve the preci-
sion of separation between blood and tissue separation.
For example, morphological erosion and dilation may be
applied in succession to remove small dark areas, which
may have been misidentified as blood pool areas, within
tissue regions.

[0032] Processor 38 finds the vertex location and the
orientation of the captured 2D image, at an image regis-
tration step 76. As noted above, the processor computes
the location and orientation coordinates on the basis of
the signals output by position sensor 54. Given the vertex
position and image orientation, the processor can calcu-
late the 3D coordinates of every pixel in the binarized
image in the fixed 3D reference frame of field generators
30, and thus registers the 2D image pixels in the 3D vol-
ume.
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[0033] After capturing each 2D image, the operator
moves the catheter tip in the heart, and the above 2D
image capture and processing steps are repeated until
the processor has collected a sufficient number of binary
pixel values within the volume of interest, at a capture
completion step 78.

[0034] Processor 38 collects the pixels with value 0’
(blood) and finds the outer surface bounding these pixels,
at a surface reconstruction step 80. The outer surface
bounding the blood pool in a heart chamber is the inner
surface of the heart wall surrounding that chamber. Thus,
by finding the bounding outer surface of the blood pool
the processor has, in effect, constructed a 3D map of the
chamber in question. Optionally, the processor may con-
tinue acquiring 2D images while reconstructing the 3D
surface and may thus refine the map progressively.
[0035] Using the blood pool in the 3D domain as the
basis for surface reconstruction has the advantage of
offering a fast, efficient way to overcome the problem of
image segmentation. Various algorithms may be used to
reconstruct the outer surface of a volume based on a
collection of interior points of this sort. For example, proc-
essor 38 may apply the ball-pivoting algorithm that is de-
scribed in U.S. Patent 6,968,299. This algorithm com-
putes a triangle mesh interpolating a given point cloud
by "rolling" a ball of a certain radius over the point cloud.
The vertices of the triangles that are found in this way
define the outer surface of the cloud.

[0036] To reduce the computational load, not all the '0’
pixels are necessarily used in building the model, and
processor 38 may apply different resolution levels in dif-
ferent areas. The above-mentioned ball-pivoting algo-
rithm may be adapted for this sort of variable-resolution
mapping by using different ball radii in different regions
of the map. High resolution is typically needed only in the
blood-tissue interface area (along the edge of the blood
pool). This area can be identified automatically or man-
ually in the binary images. The processor then performs
high-resolution reconstruction only near the tissue
boundary, and uses low resolution elsewhere. In other
words, the processor uses fewer pixels from the 2D im-
ages in areas far from the tissue, and more pixels in the
area of the tissue interface (typically within a thickness
on the order of 1 mm).

[0037] After processor 38 has reconstructed and dis-
played the 3D map in the manner described above, a
user may apply image editing tools, via user interface 42,
for example, to cut and/or morph the model in order to
correct artifacts and remove features that are not of in-
terest.

[0038] Fig.5is aschematicrepresentation ofa 3D map
90 of a heart chamber, of a type that may be produced
by the above method in accordance with an embodiment
of the present invention. The map in this case shows the
left ventricle of the heart, including parts of the pulmonary
veins. This sort of map may be used for various purposes,
such as serving as a starting point for an electro-anatom-
ical map (of the type produced by the above-mentioned
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CARTO system) or for segmentation of a full 3D ultra-
sonic or tomographic image.

[0039] It will be appreciated that the embodiments de-
scribed above are cited by way of example, and that the
present invention is not limited to what has been partic-
ularly shown and described hereinabove.

Claims

1. A method for three-dimensional (3D) mapping, com-
prising:

acquiring a plurality of two-dimensional (2D) ul-
trasonic images (60) of a cavity in a body of a
living subject (26) using an ultrasound probe ex-
ternal to the body, the 2D images having differ-
ent, respective positions in a 3D reference
frame;

characterised by identifying in each of the 2D
ultrasonic images pixels corresponding to loca-
tions within an interior of the cavity;

registering the identified pixels from the plurality
of the 2D images in the 3D reference frame so
as to define a volume of pixels corresponding to
the interior of the cavity; and

reconstructing, using a processor (38), an outer
surface of the volume of pixels, which represents
the interior surface of the cavity, by collecting
the volume of pixels and finding an outer surface
bounding these pixels.

2. The method according to claim 1, wherein acquiring
the plurality of the 2D images comprises capturing
the 2D images using an ultrasound probe comprising
a position transducer, and
wherein registering the identified pixels comprises
receiving and processing signals associated with the
position transducer so as to find coordinates of the
probe in the 3D reference frame, and registering the
identified pixels in the 3D reference frame using the
coordinates.

3. Themethod according to claim 1, wherein identifying
the pixels in the 2D ultrasonic images comprises
classifying pixels corresponding to locations in the
body having a reflectance below a specified thresh-
old as belonging to the interior of the cavity.

4. Themethodaccordingto claim 3, wherein classifying
the pixels comprises setting a threshold value, and
classifying the pixels having respective gray-scale
values below a specified threshold as belonging to
the interior of the cavity.

5. The method according to claim 1, wherein acquiring
the two-dimensional (2D) ultrasonic images com-
prises capturing Doppler images in which color rep-
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resents flow, and wherein identifying the pixels com-
prises classifying pixels as belonging to the interior
of the cavity responsively to respective color values
of the pixels.

The method according to claim 1, wherein recon-
structing the outer surface comprises applying a ball-
pivoting algorithm to the pixels in the volume.

The method according to claim 6, wherein applying
the ball-pivoting algorithm comprises processing the
pixels with a resolution of reconstruction that varies
over the volume.

An apparatus for three-dimensional (3D) mapping,
comprising:

an ultrasound probe (28), which is configured to
capture a plurality of two-dimensional (2D) ul-
trasonic images (60) of a cavity in a body of a
living subject (26), the 2D images having differ-
ent, respective positions in a 3D reference
frame; and characterised by

a processor (38), which is configured to identify
in each of the 2D ultrasonic images pixels cor-
responding to locations within an interior of the
cavity, to register the identified pixels from the
plurality of the 2D images in the 3D reference
frame so as to define a volume of pixels corre-
sponding to the interior of the cavity, and to re-
construct an outer surface of the volume of pix-
els, which represents the interior surface of the
cavity, by collecting the volume of pixels and
finding an outer surface bounding these pixels.

The apparatus according to claim 8, wherein the ul-
trasound probe is configured to be inserted into the
body and to capture the 2D images inside the body.

The apparatus according to claim 9, wherein the
probe comprises a catheter adapted for insertion into
a heart of the subject, wherein the catheter compris-
es an ultrasound imaging device.

The apparatus according to claim 10, wherein the
catheter is adapted for insertion into the heart and
so that the ultrasound imaging device is in a first
chamber of the heart once inserted, and adapted to
reconstruct the outer surface by generating a 3D
map of an interior surface of a second chamber.

The apparatus according to claim 8, wherein the ul-
trasound probe comprises a position transducer, and
wherein the processor is configured to receive and
process signals associated with the position trans-
ducer so as to find coordinates of the probe in the
3D reference frame, and to register the identified pix-
els in the 3D reference frame using the coordinates.
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13.

14.

15.

16.

17.

18.

19.

20.

The apparatus according to claim 8, wherein the
processor is configured to classify the pixels corre-
sponding to locations in the body having a reflect-
ance below a specified threshold as belonging to the
interior of the cavity.

The apparatus according to claim 8, wherein the
processor is configured to set a threshold value, and
to classify the pixels having respective gray-scale
values below a specified threshold as belonging to
the interior of the cavity.

The apparatus according to claim 8, wherein the two-
dimensional (2D) ultrasonic images comprise Dop-
pler images in which color represents flow, and
wherein the processor is configured to classify pixels
as belonging to the interior of the cavity responsively
to respective color values of the pixels.

The apparatus according to claim 8, wherein the
processor is configured to apply a ball-pivoting algo-
rithm to the pixels in the volume in order to recon-
struct the outer surface of the volume.

The apparatus according to claim 16, wherein the
processor is configured to process the pixels with a
resolution of reconstruction that varies over the vol-
ume.

A computer software product, comprising a compu-
ter-readable medium in which program instructions
are stored, which instructions, when read by a proc-
essor, cause the processor to receive a plurality of
two-dimensional (2D) ultrasonic images (60) of a
cavity in abody of aliving subject (26), the 2D images
having different, respective positions in a 3D refer-
ence frame, to identify in each of the 2D ultrasonic
images pixels corresponding to locations within an
interior of the cavity, to register the identified pixels
from the plurality of the 2D images in the 3D refer-
ence frame so as to define a volume of pixels corre-
sponding to the interior of the cavity, and to recon-
struct an outer surface of the volume of pixels, which
represents the interior surface of the cavity, by col-
lecting the volume of pixels and finding an outer sur-
face bounding these pixels.

The product according to claim 18, adapted to cap-
ture the 2D ultrasonic images using an ultrasound
imaging device in a first chamber of the heart, and
to reconstruct the outer surface by generating a 3D
map of an interior surface of a second chamber.

The product according to claim 18, wherein the 2D
images are captured using an ultrasound probe com-
prising a position transducer, and wherein the in-
structions cause the processor to process signals
associated with the position transducer so as to find
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coordinates of the probe in the 3D reference frame,
and to register the identified pixels in the 3D refer-
ence frame using the coordinates.

The product according to claim 18, wherein the in-
structions cause the processor to classify pixels cor-
responding to locations in the body having a reflect-
ance below a specified threshold as belonging to the
interior of the cavity.

The product according to claim 18, wherein the in-
structions cause the processor to apply a ball-pivot-
ing algorithm to the pixels in the volume in order to
reconstruct the outer surface.

The product according to claim 22, wherein the in-
structions cause the processor to process the pixels
with a resolution of reconstruction that varies over
the volume.

Patentanspriiche

1.

Verfahren zum dreidimensionalen(3D)-Abbilden,
das Folgendes umfasst:

Erfassen einer Vielzahl von zweidimensiona-
len(2D)-Ultraschallbildern (60) einer Korper-
héhle in einer lebenden Person (26) unter Ver-
wendung einer aufBerhalb des Kérpers befindli-
chen Ultraschallsonde, wobei die jeweiligen 2D-
Bilder unterschiedliche Positionen in einem 3D-
Referenzsystem aufweisen; gekennzeichnet
durch das Identifizieren von Pixeln in jedem der
2D-Ultraschallbilder, die Orten innerhalb eines
Innenraums der Hohle entsprechen; Registrie-
ren der identifizierten Pixel aus der Vielzahl von
2D-Bildern in dem 3D-Referenzsystem, um so-
mit ein Volumen aus Pixeln, das dem Innenraum
der Hohle entspricht, zu definieren; und Rekon-
struieren, unter Verwendung eines Prozessors
(38), einer auleren Oberflache des Volumens
aus Pixeln, das die innere Oberflache der Hohle
reprasentiert, durch Sammeln des Volumens
aus Pixeln und Finden einer duferen Oberfla-
che, die diese Pixel umrandet.

Verfahren nach Anspruch 1, wobei das Erfassen der
Vielzahl der 2D-Bilder das Aufnehmen der 2D-Bilder
unter Verwendung einer Ultraschallsonde, die einen
Positionswandler umfasst, umfasst, und wobei das
Registrieren der identifizierten Pixel das Empfangen
und Verarbeiten von Signalen, die mit dem Positi-
onswandler assoziiert sind, um somit Koordinaten
der Sonde in dem 3D-Referenzsystem zu finden,
und das Registrieren der identifizierten Pixel in dem
3D-Referenzsystem unter Verwendung der Koordi-
naten umfasst.
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Verfahren nach Anspruch 1, wobei das Identifizieren
der Pixel in den 2D-Ultraschallbildern das Klassifi-
zieren von Pixeln, die Orten im Koérper mit einer Re-
flektivitat unter einer spezifizierten Schwelle ent-
sprechen, als dem Innenraum der Héhle zugehorig
umfasst.

Verfahren nach Anspruch 3, wobei das Klassifizie-
ren der Pixel das Einstellen eines Schwellenwertes
und Klassifizieren der Pixel, die entsprechende
Grauwerte unter einer spezifizierten Schwelle auf-
weisen, als dem Innenraum der Héhle zugehdérig um-
fasst.

Verfahren nach Anspruch 1, wobei das Erfassen der
zweidimensionalen(2D)-Ultraschallbilder das Auf-
nehmen von Doppler-Bildern, in denen Farbe Stro-
mung reprasentiert, umfasst und wobei das |dentifi-
zieren der Pixel, als Reaktion auf jeweilige Farbwerte
der Pixel, das Klassifizieren von Pixeln als dem In-
nenraum der Héhle zugehdrig umfasst.

Verfahren nach Anspruch 1, wobei das Rekonstru-
ieren der aufleren Oberflache das Anwenden eines
Ball-Pivoting-Algorithmus auf die Pixel in dem Volu-
men umfasst.

Verfahren nach Anspruch 6, wobei das Anwenden
des Ball-Pivoting-Algorithmus das Verarbeiten der
Pixel mit einer Auflésung der Rekonstruktion, die
Uber das Volumen hinweg variiert, umfasst.

Einrichtung zum dreidimensionalen(3D)-Abbilden,
die Folgendes umfasst:

eine Ultraschallsonde (28), die ausgelegt ist
zum Erfassen einer Vielzahl von zweidimensio-
nalen(2D)-Ultraschallbildern (60) einer Korper-
héhle in einer lebenden Person (26), wobei die
jeweiligen 2D-Bilder unterschiedliche Positio-
nen in einem 3D-Referenzsystem aufweisen;
und gekennzeichnet durch einen Prozessor
(38), der ausgelegt ist zum Identifizieren von Pi-
xelninjedem der 2D-Ultraschallbilder, die Orten
innerhalb eines Innenraums der Hohle entspre-
chen; zum Registrieren der identifizierten Pixel
aus der Vielzahl von 2D-Bildern in dem 3D-Re-
ferenzsystem, um somit ein Volumen aus Pi-
xeln, das dem Innenraum der Hohle entspricht,
zu definieren; und zum Rekonstruieren einer du-
Beren Oberflache des Volumens aus Pixeln, das
die innere Oberflache der Hohle reprasentiert,
durch Sammeln des Volumens aus Pixeln und
Finden einer dulReren Oberflache, die diese Pi-
xel umrandet.

Einrichtung nach Anspruch 8, wobei die Ultraschall-
sonde ausgelegt ist zum Einfihren in den Koérper
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und zum Aufnehmen der 2D-Bilder innerhalb des
Korpers.

Einrichtung nach Anspruch 9, wobeidie Sonde einen
Katheter umfasst, der ausgelegt ist zum Einfiihren
in ein Herz der Person, wobei der Katheter eine Ul-
traschallabbildungsvorrichtung umfasst.

Einrichtung nach Anspruch 10, wobei der Katheter
ausgelegtistzum Einfiihren in das Herz, sodass sich
die Ultraschallabbildungsvorrichtung nach dem Ein-
fihrenin einerersten Kammer des Herzens befindet,
und ausgelegt ist zum Rekonstruieren der dulReren
Oberflache durch Erzeugen einer 3D-Abbildung ei-
ner inneren Oberflache einer zweiten Kammer.

Einrichtung nach Anspruch 8, wobei die Ultraschall-
sonde einen Positionswandler umfasst, und wobei
der Prozessor ausgelegt ist zum Empfangen und
Verarbeiten von Signalen, die mit dem Positions-
wandler assoziiert sind, um somit Koordinaten der
Sonde in dem 3D-Referenzsystem zu finden, und
zum Registrieren der identifizierten Pixel in dem 3D-
Referenzsystem unter Verwendung der Koordina-
ten.

Einrichtung nach Anspruch 8, wobei der Prozessor
ausgelegt ist zum Klassifizieren der Pixel, die Orten
im Korper mit einer Reflektivitat unter einer spezifi-
zierten Schwelle entsprechen, als dem Innenraum
der Hohle zugehdrig.

Einrichtung nach Anspruch 8, wobei der Prozessor
ausgelegt ist zum Einstellen eines Schwellenwertes
und zum Klassifizieren der Pixel, die entsprechende
Grauwerte unter einer spezifizierten Schwelle auf-
weisen, als dem Innenraum der Hohle zugehdrig.

Einrichtung nach Anspruch 8, wobei die zweidimen-
sionalen(2D)-Ultraschallbilder Doppler-Bilder um-
fassen, in denen Farbe Strémung reprasentiert, und
wobei der Prozessor ausgelegt ist, als Reaktion auf
jeweilige Farbwerte der Pixel, zum Klassifizieren von
Pixeln als dem Innenraum der Hohle zugehdrig.

Einrichtung nach Anspruch 8, wobei der Prozessor
ausgelegt ist zum Anwenden eines Ball-Pivoting-Al-
gorithmus auf die Pixel in dem Volumen, um die au-
Rere Oberflache des Volumens zu rekonstruieren.

Vorrichtung nach Anspruch 16, wobei der Prozessor
ausgelegtistzum Verarbeiten der Pixel mit einer Auf-
I6sung der Rekonstruktion, die Uber das Volumen
hinweg variiert.

Computersoftwareprodukt, das ein computerlesba-
res Medium umfasst, in dem Programmanweisun-
gen gespeichert werden, wobei die Anweisungen,
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wenn sie von dem Prozessor gelesen werden, den
Prozessor veranlassen zum Empfangen einer Viel-
zahl von zweidimensionalen(2D)-Ultraschallbildern
(60) einer Korperhohle in einer lebenden Person
(26), wobeidie jeweiligen 2D-Bilder unterschiedliche
Positionen in einem 3D-Referenzsystem aufweisen;
zum ldentifizieren von Pixeln in jedem der 2D-Ultra-
schallbilder, die Orten innerhalb eines Innenraums
der Hohle entsprechen; zum Registrieren der iden-
tifizierten Pixel aus der Vielzahl von 2D-Bildern in
dem 3D-Referenzsystem, um somit ein Volumen
aus Pixeln, das dem Innenraum der Hohle ent-
spricht, zu definieren; und zum Rekonstruieren einer
auBeren Oberflache des Volumens aus Pixeln, das
die innere Oberflache der Hohle reprasentiert, durch
Sammelndes Volumens aus Pixelnund Finden einer
auBeren Oberflache, die diese Pixel umrandet.

Produkt nach Anspruch 18, ausgelegt zum Aufneh-
men der 2D-Ultraschallbilder unter Verwendung ei-
ner Ultraschallabbildungsvorrichtung in einer ersten
Kammer des Herzens und zum Rekonstruieren der
aulleren Oberflache durch Erzeugen einer 3D-Ab-
bildung einerinneren Oberflache einer zweiten Kam-
mer.

Produkt nach Anspruch 18, wobei die 2D-Bilder un-
ter Verwendung einer Ultraschallsonde aufgenom-
men werden, die einen Positionswandler umfasst,
und wobei die Anweisungen den Prozessor veran-
lassen zum Verarbeiten von Signalen, die mit dem
Positionswandler assoziiert sind, um somit Koordi-
naten der Sonde in dem 3D-Referenzsystem zu fin-
den, und zum Registrieren der identifizierten Pixel
in dem 3D-Referenzsystem unter Verwendung der
Koordinaten.

Produkt nach Anspruch 18, wobei die Anweisungen
den Prozessor veranlassen zum Klassifizieren von
Pixeln, die Ortenim K&rper mit einer Reflektivitat un-
ter einer spezifizierten Schwelle entsprechen, als
dem Innenraum der Hohle zugehdrig.

Produkt nach Anspruch 18, wobei die Anweisungen
den Prozessor veranlassen zum Anwenden eines
Ball-Pivoting-Algorithmus auf die Pixel in dem Volu-
men, um die dulRere Oberflache zu rekonstruieren.

Produkt nach Anspruch 22, wobei die Anweisungen
den Prozessor veranlassen zum Verarbeiten der Pi-
xel mit einer Auflosung der Rekonstruktion, die tiber
das Volumen hinweg variiert.

Revendications

1.

Procédé de cartographie tridimensionnelle (3D),
comprenant : I'acquisition d’une pluralité d'images
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ultrasonores bidimensionnelles (2D) (60) d’'une ca-
vité a l'intérieur du corps d’un sujet vivant (26) a l'aide
d’'une sonde a ultrasons externe au corps, les ima-
ges 2D ayant des positions respectives différentes
dans une trame de référence 3D ; caractérisé par
I'identification dans chacune des images ultrasono-
res 2D de pixels correspondant a des emplacements
dans unintérieur de la cavité ; le repérage des pixels
identifiés parmi la pluralité des images 2D dans la
trame de référence 3D de fagon a définir un volume
de pixels correspondant a l'intérieur de la cavité ; et
lareconstruction, al’aide d’un processeur (38),d’'une
surface extérieure du volume de pixels, qui repré-
sente la surface intérieure de la cavité, par collecte
du volume de pixels et détermination d’une surface
externe délimitant ces pixels.

Procédé selon la revendication 1, dans lequel I'ac-
quisition de la pluralité des images 2D comprend la
capture des images 2D a l'aide d’une sonde a ultra-
sons comprenant un transducteur de position, et
dans lequel le repérage des pixels identifiés com-
prend la réception et le traitement de signaux asso-
ciés au transducteur de position de fagon a détermi-
ner des coordonnées de la sonde dans la trame de
référence 3D, et le repérage des pixels identifiés
dans la trame de référence 3D a 'aide des coordon-
nées.

Procédé selon larevendication 1, dans lequel I'iden-
tification des pixels dans les images ultrasonores 2D
comprend la classification des pixels correspondant
ades emplacements dans le corps ayant une réflec-
tance inférieure a un seuil spécifié€ comme apparte-
nant a l'intérieur de la cavité.

Procédé selon larevendication 3, dans lequel la clas-
sification des pixels comprend le réglage d’'une va-
leur seulil, et la classification des pixels ayant des
valeurs d’échelle de gris respectives inférieures a un
seuil spécifié comme appartenant a l'intérieur de la
cavité.

Procédé selon la revendication 1, dans lequel I'ac-
quisition desimages ultrasonores bidimensionnelles
(2D) comprend la capture d'images Doppler dans
lesquelles une couleur représente un écoulement,
et dans lequel l'identification des pixels comprend la
classification des pixels comme appartenant a I'in-
térieur de la cavité en fonction des valeurs de cou-
leurs respectives des pixels.

Procédé selon la revendication 1, dans lequel la re-
construction de la surface extérieure comprend I'ap-
plication d’un algorithme de la boule pivotante aux
pixels contenus dans le volume.

Procédé selon la revendication 6, dans lequel I'ap-
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plication de I'algorithme de la boule pivotante com-
prend le traitement des pixels avec une résolution
de reconstruction qui varie sur le volume.

Appareil de cartographie tridimensionnelle (3D),
comprenant : une sonde a ultrasons (28), qui est
configurée pour capturer une pluralité d'images ul-
trasonores bidimensionnelles (2D) (60) d’'une cavité
a l'intérieur du corps d’'un sujet vivant (26), les ima-
ges 2D ayant des positions respectives différentes
dans une trame de référence 3D ; et caractérisé par
un processeur (38), qui est configuré pour identifier
dans chacune des images ultrasonores 2D des
pixels correspondant a des emplacements dans un
intérieur de la cavité, repérer les pixels identifiés par-
mi la pluralité des images 2D dans la trame de réfé-
rence 3D de fagon a définir un volume de pixels cor-
respondant a l'intérieur de la cavité, et reconstruire
une surface extérieure du volume de pixels, qui re-
présente la surface intérieure de la cavité, par col-
lecte du volume de pixels et détermination d’une sur-
face externe délimitant ces pixels.

Appareil selon la revendication 8, dans lequel la son-
de a ultrasons est configurée pour étre insérée dans
le corps et pour capturer les images 2D a l'intérieur
du corps.

Appareil selon la revendication 9, dans lequel la son-
de comprend un cathéter adapté pour étre inséré
dans le coeur du sujet, le cathéter comprenant un
dispositif d’imagerie par ultrasons.

Appareil selon la revendication 10, dans lequel le
cathéter est adapté pour étre inséré dans le coeur,
de telle sorte que le dispositif d'imagerie par ultra-
sons se trouve dans une premiere chambre du coeur
une fois inséré, et adapté pour reconstruire la surfa-
ce extérieure par génération d’'une carte 3D d'une
surface intérieure d’'une deuxiéme chambre.

Appareil selon la revendication 8, dans lequel la son-
de a ultrasons comprend un transducteur de posi-
tion, et

danslequellle processeur estconfiguré pour recevoir
et traiter des signaux associés au transducteur de
position de fagon a déterminer des coordonnées de
la sonde dans la trame de référence 3D, et pour re-
pérer les pixels identifiés dans la trame de référence
3D a l'aide des coordonnées.

Appareil selon la revendication 8, dans lequel le pro-
cesseur est configuré pour classifier les pixels cor-
respondant a des emplacements dans le corps ayant
une réflectance inférieure a un seuil spécifié comme
appartenant a l'intérieur de la cavité.

Appareil selon la revendication 8, dans lequel le pro-
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cesseur est configuré pour régler une valeur seuil,
etpour classifier les pixels ayantdes valeurs d’échel-
le de gris respectives inférieures a un seuil spécifié
comme appartenant a l'intérieur de la cavité.

Appareil selon la revendication 8, dans lequel les
images ultrasonores bidimensionnelles (2D) com-
prennent des images Doppler dans lesquelles une
couleur représente un écoulement, et dans lequel le
processeur est configuré pour classifier les pixels
comme appartenant a l'intérieur de la cavité en fonc-
tion des valeurs de couleurs respectives des pixels.

Appareil selon la revendication 8, dans lequel le pro-
cesseur est configuré pour appliquer un algorithme
de la boule pivotante aux pixels contenus dans le
volume afin de reconstruire la surface extérieure du
volume.

Appareil selon la revendication 16, dans lequel le
processeur est configuré pour traiter les pixels avec
une résolution de reconstruction qui varie sur le vo-
lume.

Produit de logiciel informatique, comprenant un sup-
port lisible par ordinateur dans lequel sont stockées
des instructions de programme, lesquelles instruc-
tions, lorsqu’elles sont lues par un processeur, font
en sorte que le processeur recoive une pluralité
d’'images ultrasonores bidimensionnelles (2D) (60)
d’une cavité a l'intérieur du corps d’un sujet vivant
(26), les images 2D ayant des positions respectives
différentes dans une trame de référence 3D, identifie
dans chacune des images ultrasonores 2D des
pixels correspondant a des emplacements dans un
intérieur de la cavité, repere les pixels identifiés par-
mi la pluralité des images 2D dans la trame de réfé-
rence 3D de fagon a définir un volume de pixels cor-
respondant a I'intérieur de la cavité, et reconstruise
une surface extérieure du volume de pixels, qui re-
présente la surface intérieure de la cavité, par col-
lecte du volume de pixels et détermination d’'une sur-
face externe délimitant ces pixels.

Produit selon la revendication 18, adapté pour cap-
turer les images ultrasonores 2D a I'aide d’un dispo-
sitif d’imagerie par ultrasons dans une premiére
chambre du coeur et pour reconstruire la surface
extérieure par génération d'une carte 3D d’une sur-
face intérieure d’une deuxiéme chambre.

Produit selon la revendication 18, dans lequel les
images 2D sont capturées a l'aide d’une sonde a
ultrasons comprenant un transducteur de position,
et dans lequel les instructions font en sorte que le
processeur traite les signaux associés au transduc-
teur de position de fagon a déterminer des coordon-
nées de la sonde dans la trame de référence 3D, et
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repére les pixels identifiés dans la trame de référen-
ce 3D a l'aide des coordonnées.

Produit selon la revendication 18, dans lequel les
instructions font en sorte que le processeur classifie
les pixels correspondant a des emplacements dans
le corps ayant une réflectance inférieure a un seuil
spécifié comme appartenant a l'intérieur de la cavité.

Produit selon la revendication 18, dans lequel les
instructions font en sorte que le processeur applique
un algorithme de la boule pivotante aux pixels con-
tenus dans le volume afin de reconstruire la surface
extérieure.

Produit selon la revendication 22, dans lequel les
instructions font en sorte que le processeur traite les
pixels avec une résolution de reconstruction qui varie
sur le volume.
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