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Description

FIELD OF THE INVENTION

[0001] This invention relates to medical diagnostic ultrasonic imaging and, in particular, to ultrasound fusion imaging
systems which correct for probe induced deformation.

BACKGROUND OF THE INVENTION

[0002] Various medical diagnostic imaging systems have different characteristics which play important roles in diag-
nostic imaging. Magnetic resonance imaging (MRI) systems and computed tomography (CT) systems are known for
producing highly resolved images of tissue and organs inside the body, but do not lend themselves well to high frame
rate real time imaging. Ultrasound imaging, on the other hand, produces images with less resolution but at a high frame
rate more suitable for real time imaging. To take advantage of these different strengths image fusion system have been
developed which enable visualization of a patient’s anatomy with both ultrasound and CT or both ultrasound and MRI.
A common implementation is to view images from both modalities in co-registration, that is, overlaying (fusing) two
images of the same anatomy together in a common display. So-called fusion imaging systems thereby take advantage
of the strengths of both modalities. A CT or MRI image can be used for navigation, for instance, while the fused ultrasound
image enables the movement of tissues and blood flow to be viewed in real time.
[0003] To create high quality ultrasound images it is necessary that there be good acoustic contact between an
ultrasound probe and the body of the patient being scanned. Good acoustic contact is facilitated by the application of
coupling gel to the probe and skin of the patient and by sonographers maintaining good acoustic coupling by forcefully
pressing the ultrasound probe against the skin of the patient. When the probe is placed against soft tissue as is the case
during abdominal scanning, for example, the force of the probe against the body will depress the skin and body where
the probe is in contact with the patient. This is not the case with MRI or CT imaging, where the magnetic field or radiation
beams pass through the air and readily penetrate the body without physical contact of an instrument. Consequently, the
soft tissue and organs seen in CT and MRI images are uncompressed, whereas the same tissue and organs can be
significantly compressed by the probe during ultrasound imaging of the same anatomy. As a result, the physical differ-
ences between the uncompressed anatomy in a CT or MRI image and the compressed anatomy in an ultrasound image
can make the co-registration and fusing of the two images difficult. Accordingly it is desirable to be able to correct for
this compression induced by the ultrasound probe so that the two images can be accurately fused into a single display
of the anatomy under diagnosis.
[0004] Document US 2014/0193053 discloses a system and method for automatically fusing pre-operative images
and intra-operative images. The pre-operative images (reference images) are transformed based on the intra-operative
images.

SUMMARY OF THE INVENTION

[0005] Accordingly, it is an object of the present invention to provide a technique for recognizing and correcting for
the soft tissue compression induced by ultrasound probe pressure when two images are to be co-registered and fused
together.
[0006] It is a further object of the present invention to provide a simple and reliable technique for identifying probe
pressure compression.
[0007] It is a further object of the present invention to modify reference CT or MRI images so that they can be more
accurately co-registered with an ultrasound image.
[0008] The invention is defined by the claims.
[0009] In accordance with the principles of the present invention, a fusion imaging system is described in which real
time ultrasound images are fused with reference images such as those produced by MRI or CT imaging. In an illustrated
implementation, previously acquired CT or MRI or ultrasound images are acquired by the fusion imaging system for
fusion with live ultrasound images. An ultrasound system is operated in conjunction with a tracking system such as an
electromagnetic (EM) tracking system so that the ultrasound probe and images can be spatially tracked. A computerized
image processor registers the probe position with a reference image of the anatomy being scanned by the probe and
determines whether the probe appears to be inside the surface of the subject. For an external probe pressed against
the exterior of the body the surface is the skin line. For an internal probe the surface is generally the outer surface of
the organ being scanned. If the probe appears to be inside the surface, it is due to probe compression of the subject,
and the reference image is modified to locate the skin line or organ surface in the reference image in front of the ultrasound
probe. The modified reference image can then be readily co-registered and fused with an ultrasound image produced
by the probe.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] In the drawings:

FIGURE 1 illustrates an image fusion system operating with an EM tracking system and an ultrasound imaging
system.
FIGURE 2 illustrates a tomographic CT image of the torso of a subject and a surface rendering showing the skin of
the torso.
FIGURE 3 illustrates a reference CT image in spatial registration with an ultrasound probe represented by a probe
icon.
FIGURE 4 illustrates a reference image in a fusion imaging system which has been corrected for probe compression
in accordance with the principles of the present invention.
FIGURE 5 is a flowchart of a preferred method for correcting for ultrasound probe compression in an image fusion
system.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0011] Referring first to FIGURE 1, an image fusion system operating with an EM tracking system and an ultrasound
imaging system is shown in block diagram form. A system such as that shown in FIGURE 1 is commercially available
from Philips Healthcare of Andover, Massachusetts as the Epiqtm ultrasound system with the Percunav EM tracking
feature. An ultrasound imaging system 26 has a probe 12 which is pressed against the skin of a subject 8 to ultrasonically
image internal tissue and organs of the subject. The EM tracking feature includes a computer 24 which receives reference
images such as previously obtained CT or MRI images of the subject and fuses real time ultrasound images from the
ultrasound system 26 with reference images. The computer 24 is a general digital computer or processor, a control
processor, a digital signal processor, an application specific integrated circuit, a field programmable gate array, a digital
circuit, an analog circuit, or combinations thereof or other now known or later developed device which is capable of or
can be programmed to register ultrasonic image data with diagnostic images. The EM tracking feature also includes an
EM field generator 28 and a position sensing controller 20. The EM field generator 28 radiates a variable electromagnetic
field which permeates the subject 8 and the space in which the ultrasonic scanning is performed. Attached to the probe
is a probe orientation sensor 14 which detects the electromagnetic field and relays information about the field either by
wire or wirelessly as indicated by the dashed line to a position sensing controller 20. The position sensing controller
processes this information to compute the position and orientation of the ultrasound probe 12. This data identifies the
position and orientation of the probe aperture at the tip of the probe and also the position and orientation of the image
plane or volume which is being instantaneously scanned by the probe, such as image plane 16 inside the subject in
front of the probe. The position sensing controller reports this information to the computer 24, which uses it to track and
orient images of the image plane or volume 16 produced by the probe and ultrasound system in relation to reference
images. The computer does this by first co-registering an ultrasound image to a reference image as described below.
Thereafter as the probe is moved during scanning of the subject, its instantaneous position and orientation is continuously
reported to the computer by the position sensing controller and the computer is able to use this tracking information to
continuously maintain registration of the ultrasound images with the previously acquired reference images. The fused
ultrasound and reference images are displayed on image display 22. Further details of a system such as shown in
FIGURE 1 may be found in the Epiq Percunav user manual distributed with the Epiq ultrasound system, in US Pat.
6,216,029 (Paltieli), and in US Pat. 4,945,305 (Blood) for example.
[0012] Suppose that the system of FIGURE 1 is being used to diagnose the liver of a subject. The liver is thus the
region of interest in this example. Further suppose that the torso of the subject including the liver has previously been
scanned by CT imaging as illustrated in FIGURE 2, and that these CT images have been loaded into the computer of
FIGURE 1 to be used as reference images during live ultrasound scanning. As the live ultrasound images of the region
of interest are produced the system is first calibrated, and thereafter the live ultrasound images are co-registered to
images of the CT scan. Calibration of the ultrasound and EM tracking system can be done in various ways. One way is
for the clinician to scan the patient to produce images showing anatomical landmarks such as the hepatic duct or the
falciform ligament of the liver. These anatomical landmarks can be co-registered with the same landmarks in the reference
images, as by clicking on them in the reference and ultrasound images with a pointing device such as a mouse or
trackball. The computer will then co-register the ultrasound and reference images when guided by this user input. Image
processing can also be used to orient and align an ultrasound image with a reference image. The Epiq Percunav feature
provides another calibration technique, which is to place a fiducial device on the patient. The fiducial device is immediately
identified by the EM tracking system. The clinician then places the ultrasound probe in contact with the fiducial device
and the computer then co-registers the ultrasound probe and the fiducial device to a common inertial system such as
that of the EM field radiated by the EM field generator.
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[0013] Once the EM tracking system has been calibrated the clinician begins scanning the patient and the computer
24 will align the real time ultrasound images with the corresponding planes or volumes of the reference image dataset.
In this example the clinician is examining the liver, and so the registration software program executed by the computer
is trying to segment exactly the same region of interest, a liver, out of at least two different images. The segmentation
program in this example begins by deforming an initial model such as a shape model that roughly represents the shape
of the target object. In the example of the target object being a liver, the initial shape might be a sphere or a liver mean
shape. This shape is represented by an implicit function, i.e., a function Φ, defined in the whole space, which is positive
inside the shape and negative outside. The shape is then the zero level-set of such a function. The whole implicit function
is deformed by a space transformation ψ. In particular, the zero level-set will change and so will the corresponding object.
This transformation is decomposed into two transformations of different kinds that will correct the initial pose of the model: 

where G is a global transformation that can translate, rotate or rescale the initial shape and ξ is a local deformation that
will actually deform the object so that it matches more precisely the object to segment in the image.
[0014] The goal of the method is then to find the best ξ and G, using the image I information. This is done by minimizing
the following energy: 

[0015] In the first term, also called data fidelity, H is the Heaviside function (H(x)=1 if x>0 and 0 if x<0) which means
that the integral is actually only inside the deformed object. r(x) is an image-based function that returns at each point a
negative (or positive) value if the voxel is likely to be outside (or inside) the object of interest. For ambiguous regions,
r(x) is set to zero. The second term is the so-called regularization. The second term is the norm between ξ and the
identity function. The amplitude of the deformation is constrained because the object shape should not deviate too much
from the prior shape. It is to be emphasized that this second term is independent from the position and orientation of
the object which was the purpose of the decomposition of the transformation. The minimization of such energy is
performed using a gradient descent on both ξ and G at the same time.
[0016] In a simple example of only two images, and if the two images were already perfectly registered, then the
previously described equation can easily be extended by adding another data fidelity term: 

[0017] However, a registered acquisition might only take place if both images were acquired simultaneously or shortly
after one another. It is very unlikely that the images would be registered if acquired subsequently. Hence, this possibility
is taken into account with another transformation. In general, this further transformation might be non-rigid and of any
type. However, if an assumption of looking for the same object can be made, this transformation (denoted G12) can be
rigid, i.e., it allows a global change of position and orientation but only with the same size target. The transformation
G12 could also be set to any affine transform to take into account volume changes, without loss of computational
efficiency. The energy then becomes 

[0018] Basically, this equation corrects the image information coming from the second term by the transformation G12.
In case of the registration of more than two images, further terms for each image, each comprising its own transformation,
would be added.
[0019] The third term, which is optional, is constructed as a constraint to the local deformation. It restrains the defor-
mation if the local deformation causes the shape of the object to deviate too much from the initial geometric shape.
Hence, as we search for a minimum, in case the first and the second term lead to the same results, the solution
transforming the initial geometric shape less than the other solutions will be considered best. The parameter "λ" may
be set to determine the relevance of this constraint.
[0020] The optimization is performed by gradient descent simultaneously on ξ, G, and G12. At the end, a segmentation
as the zero level-set of the function Φ·ξ·G is more precise because it uses the information of the two images. Further,
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estimation of the transformation G12 allows registration of the images to each other to be more precisely achieved.
[0021] A preferred implementation of the present invention utilizes a system such as that illustrated in FIGURE 1, and
makes use of the fact that reference images such as those produced by CT or MRI scanning of a patient can image not
only the internal anatomy of a subject but the whole body of a subject out to and including the subject’s skin surface.
For instance, FIGURE 2a illustrates two tomographic images of a subject produced by CT scanning. In the 3D reference
grid shown are an image of a longitudinal plane of the subject and also a transverse image of the internal anatomy of
the subject. FIGURE 2b illustrates, in the same 3D grid system, a surface rendering of the exterior of the torso of the
same subject, illustrating that the CT imaging captures the full body of the subject including the skin line. A preferred
implementation of the present invention utilizes this capture of the patient’s skin line in the reference images to determine
whether modification of the reference images is necessary in order to better co-register the reference and ultrasound
images.
[0022] How this is accomplished is illustrated by the CT reference image of FIGURE 3, which extends out to the skin
surface 30. Overlaying the reference image, and in the same spatial coordinate system through use of EM tracking, is
an icon 12 representing the location of the ultrasound probe 12. The computer 24 can locate the icon 12 as a graphic
overlay using the position and orientation coordinates of the probe as reported by the position sensing controller, posi-
tioning the icon in relation to the reference image coordinates spatially related to the ultrasound image by the co-
registration process described above. A simpler approach is to locate the icon at the top of the co-registered ultrasound
image, since the ultrasound image emanates from the face (lens) of the probe. For a sector image this is simply locating
the icon at the apex of the image sector. It appears from the image in FIGURE 3 that the external ultrasound probe (icon
12) has actually penetrated into the body of the subject in the reference image. The reason for this appearance is that
the clinician performing the ultrasound scan is pressing firmly against the abdomen in order to acquire artifact-free
ultrasound images, compressing the abdomen inward with the probe. Hence, when the probe position 12 and the
reference image are spatially registered, the probe position during deformation of the abdomen appears to be inside the
body of the patient in the reference image, where no compression was applied.
[0023] In particular, the probe 12 appears to be inside the skin surface 30 of the patient. An implementation of the
present invention identifies the skin 30 by segmenting it in the reference image. This segmentation process is both
simple and reliable because the skin 30 is the outer surface of the subject in the CT or MRI image. The side of the skin
surface occupied by tissue and organs in the image is the inside of the body of the subject and the other side, where
the subject’s clothing and air return no signal, is the outside of the body. Thus, when the location of the probe 12 is found
to be inside the body in the reference image, the system concludes that this is due compression of the body by the probe
during ultrasound scanning.
[0024] The correction of the anomaly is then straightforward. The reference image is deformed so that it will more
readily register with the ultrasound image, in which the outer tissue is compressed due to probe pressure. This is done
by the computer redrawing the skin surface so that the surface 30’ does not overlap with and is in front of the probe as
shown in FIGURE 4. The skin surface can be smoothly redrawn by computer by spline fitting and/or affine transform
algorithms, for instance. Several approaches can be taken to modify the tissue and organs in front of the probe in the
reference image. The easiest approach is simply to truncate the tissue and organ structure that overlaps the probe so
that all of the tissue in the image is inside the redrawn skin surface 30’ as shown in FIGURE 4. In a case where the
reference image is to play a role in the diagnosis or more precision is desired, a more sophisticated approach can be
taken. That is to recast the tissue and organ structure in front of the probe with an appearance of greater density and/or
stiffness than in the original reference image, in recognition of the fact that it is being compressed by the probe. Tissue
and organs closest to the probe can be recast with the greatest density and/or stiffness, with the new characteristic
declining over a certain distance into the body. A distance over which this appearance of a declining density and/or
stiffness gradient is created can be established for different organs and parts of the body in consideration of the nominal
density and/or stiffness of particular parts of the body. For the liver, the predetermined distance of the declining gradient
could be 2cm, whereas for the prostrate the gradient distance might only be 0.25cm. For cases where the reference
image is only to be used for navigation and the ultrasound image will be the basis for the diagnosis, simple truncation
of the tissue and organs appearing outside the redrawn skin surface will generally suffice.
[0025] FIGURE 5 is a flowchart illustrating a preferred process for implementing the present invention with the system
of FIGURE 1. At step 50 the computer 24 accesses 2D or 3D reference images. This may be in the form of a 3D volume
dataset from which either 2D images or 3D volume images may be extracted by multiplanar reconstruction, for instance.
In some implementations the computer 24 may be part of a PACS system with reference CT or MRI data delivered to
the computer over a hospital data network. In other implementations the computer 24 may be a modularized processor
of the ultrasound system as it is in the Epiq ultrasound system. At 52 a subject is ultrasonically imaged with an EM
tracked ultrasound probe 12. At 54, in the case of 2D imaging, the computer fuses (co-registers) an ultrasound image
with a plane of the reference image data. In the case of 3D imaging, an ultrasonic volume image would be fused with a
reference volume image. It will be appreciated from FIGURE 3 that an implementation of the present invention need not
fuse an entire ultrasound image with a reference image when the spatial coordinates of the probe and the reference



EP 3 463 097 B1

6

5

10

15

20

25

30

35

40

45

50

55

image are both known in the same inertial reference system. In that case, it is sufficient to co-register just a probe icon
with a reference image as shown in FIGURE 3. In step 56 the computer program segments the skin surface 30 in the
reference image, and in step 60 the computer program determines whether the location of the probe 12 appears to be
inside the skin surface, e.g., as shown in FIGURE 3. If not, the fused ultrasound and reference images are displayed
on the image display 22 as indicated by step 70. If the answer to the inquiry is yes, the skin surface in the reference
image is redrawn in step 62 as shown at 30’ in FIGURE 4 and explained above. The tissue in front of the probe is
deformed in step 64 so that it is contained within the redrawn skin surface 30’. With these modifications the probe location
will now appear to be outside the skin 30’ as shown in FIGURE 4. The modified reference image may now be readily
fused with the ultrasound image in which the skin and body is depressed by probe pressure, and displayed on the image
display 22.
[0026] The concepts of the present invention can address the same problem caused by an internal probe such as an
intracavity probe used to image the prostate. In that case, probe pressure can compress and distend the prostate in the
ultrasound image compared to a CT image of the prostate in which no pressure is exerted against the organ. The surface
of the probe in the CT image can be modified as described above so that both the CT and ultrasound images of the
organ are in good registration.

Claims

1. A medical image fusion system comprising:

a computer (24) capable of processing medical images;
a source of previously acquired reference images, the reference images comprising a region of interest in a
body having a surface;
an ultrasound system (26) having a probe (12) arranged to produce ultrasound images of the region of interest;
a spatial tracking system, coupled to the probe, and arranged to track the spatial location of the probe during
body scanning;
wherein the computer is adapted to determine from the tracked probe location whether the probe location is
inside the surface of the body shown in a spatially corresponding reference image, and, if so,
wherein the computer is further adapted to modify the reference image, wherein the modifying of the reference
image comprises:

displaying the probe location outside the surface of the body shown in the reference image;
redrawing the surface shown in the reference image (62);
recasting the appearance of tissue in the reference image so that it is contained within the redrawn surface;
and
deforming the appearance of tissue in front of the probe location and inside the redrawn surface (64) in the
reference image, charactersied in that the deforming of the appearance of the tissue is performed in con-
sideration of the density and/or stiffness of the tissue.

2. The medical image fusion system of Claim 1, wherein the computer is further adapted to recast the appearance of
tissue in the reference image by truncating tissue which is not contained within the redrawn surface.

3. The medical image fusion system of Claim 1, wherein the reference images further comprise CT or MRI images.

4. The medical image fusion system of Claim 3, wherein the CT or MRI images further comprise a 3D image dataset.

5. The medical image fusion system of Claim 1, wherein the spatial tracking system further comprises an EM tracking
system.

6. The medical image fusion system of Claim 5, wherein the EM tracking system further comprises:

an EM field generator (28);
a probe orientation sensor attached to the probe (14); and
a position sensing controller (20).

7. The medical image fusion system of Claim 6, wherein the position sensing controller further produces position and
orientation information about the probe,
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wherein the position and orientation information is provided to the computer.

8. The medical image fusion system of Claim 1, wherein the computer is part of a PACS system.

9. The medical image fusion system of Claim 1, wherein the computer is a modularized processor of the ultrasound
system.

10. The medical image fusion system of Claim 1, wherein the computer is further adapted to fuse a modified reference
image with an ultrasound image.

11. The medical image fusion system of Claim 1, wherein the computer is further adapted to fuse modified reference
images with ultrasound images in real time.

Patentansprüche

1. Medizinisches Bildfusionssystem, umfassend:

einen Computer (24), der medizinische Bilder verarbeiten kann;
eine Quelle von zuvor erfassten Referenzbildern, wobei die Referenzbilder einen Bereich von Interesse in einem
Körper mit einer Oberfläche umfassen;
ein Ultraschallsystem (26) mit einer Sonde (12), das angeordnet ist, um Ultraschallbilder des Bereichs von
Interesse zu erzeugen;
ein System zum räumlichen Rückverfolgen, verbunden mit der Sonde und angeordnet, um die räumliche Lage
der Sonde während des Körperscannens rückzuverfolgen;
wobei der Computer angepasst ist, um aus der rückverfolgten Lage der Sonde zu bestimmen, ob die Lage der
Sonde in der in einem räumlich korrespondierenden Referenzbild dargestellten Körperoberfläche liegt, und,
falls dem so ist,
wobei der Computer weiter angepasst ist, um das Referenzbild zu modifizieren, wobei das Modifizieren des
Referenzbildes Folgendes umfasst:

Anzeigen der Lage der Sonde außerhalb der im Referenzbild dargestellten Köperoberfläche;
Neuentwerfen der im Referenzbild dargestellten Oberfläche (62);
Umgestalten des Erscheinungsbildes von Gewebe im Referenzbild, sodass es innerhalb der neu entwor-
fenen Oberfläche enthalten ist; und
Verformen des Erscheinungsbildes von Gewebe vor der Lage der Sonde und in der neu entworfenen
Oberfläche (64) im Referenzbild, dadurch gekennzeichnet, dass das Verformen des Erscheinungsbildes
des Gewebes unter Berücksichtigung der Dichte und/oder Steifigkeit des Gewebes durchgeführt wird.

2. Medizinisches Bildfusionssystem nach Anspruch 1, wobei der Computer weiter angepasst ist, um das Erschei-
nungsbild von Gewebe im Referenzbild durch Trunkieren von Gewebe, das nicht in der neu entworfenen Oberfläche
enthalten ist, umzugestalten.

3. Medizinisches Bildfusionssystem nach Anspruch 1, wobei die Referenzbilder weiter CT- oder MRT-Bilder umfassen.

4. Medizinisches Bildfusionssystem nach Anspruch 3, wobei die CT- oder MRT-Bilder weiter einen 3D-Bilddatensatz
umfassen.

5. Medizinisches Bildfusionssystem nach Anspruch 1, wobei das System zum räumlichen Rückverfolgen weiter ein
EM-Rückverfolgungssystem umfasst.

6. Medizinisches Bildfusionssystem nach Anspruch 5, wobei das EM-Rückverfolgungssystem weiter Folgendes um-
fasst:

einen EM-Feld-Generator (28);
einen an der Sonde befestigten Sondenausrichtungssensor (14), und
eine Positionswahrnehmungssteuerung (20).
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7. Medizinisches Bildfusionssystem nach Anspruch 6, wobei die Positionswahrnehmungssteuerung weiter Positions-
und Ausrichtungsinformationen über die Sonde erzeugt,
wobei die Positions- und Ausrichtungsinformationen dem Computer bereitgestellt werden.

8. Medizinisches Bildfusionssystem nach Anspruch 1, wobei der Computer Teil eines PACS-Systems ist.

9. Medizinisches Bildfusionssystem nach Anspruch 1, wobei der Computer ein modularisierter Prozessor des Ultra-
schallsystems ist.

10. Medizinisches Bildfusionssystem nach Anspruch 1, wobei der Computer weiter angepasst ist, um ein modifiziertes
Referenzbild mit einem Ultraschallbild zu fusionieren.

11. Medizinisches Bildfusionssystem nach Anspruch 1, wobei der Computer weiter angepasst ist, um modifizierte Re-
ferenzbilder mit Ultraschallbildern in Echtzeit zu fusionieren.

Revendications

1. Système de fusion d’image médicale comprenant :

un ordinateur (24) capable de traiter des images médicales ;
une source d’images de référence obtenues précédemment, les images de référence comprenant une région
d’intérêt dans un corps ayant une surface ;
un système à ultrasons (26) ayant une sonde (12) agencée pour produire des images échographiques de la
région d’intérêt ;
un système de suivi spatial, couplé à la sonde, et agencé pour suivre l’emplacement spatial de la sonde durant
un balayage corporel ;
dans lequel l’ordinateur est adapté pour déterminer, à partir de l’emplacement de la sonde suivie, si l’empla-
cement de la sonde est à l’intérieur de la surface du corps montrée dans une image de référence spatialement
correspondante, et, si c’est le cas,
dans lequel l’ordinateur est en outre adapté pour modifier l’image de référence, dans lequel la modification de
l’image de référence comprend :

l’affichage de l’emplacement de la sonde à l’extérieur de la surface du corps montrée dans l’image de
référence,
le retraçage de la surface montrée dans l’image de référence (62) ;
le remaniement de l’aspect de tissu dans l’image de référence de sorte qu’il soit contenu dans la surface
retracée ; et
la déformation de l’aspect de tissu devant l’emplacement de la sonde et à l’intérieur de la surface retracée
(64) dans l’image de référence, caractérisée en ce que la déformation de l’aspect du tissu est effectuée
compte tenu de la densité et/ou de la rigidité du tissu.

2. Système de fusion d’image médicale selon la revendication 1, dans lequel l’ordinateur est en outre adapté pour
remanier l’aspect de tissu dans l’image de référence en tronquant du tissu qui n’est pas contenu dans la surface
retracée.

3. Système de fusion d’image médicale selon la revendication 1, dans lequel les images de référence comprennent
en outre des images tomodensitométriques ou par résonance magnétique.

4. Système de fusion d’image médicale selon la revendication 3, dans lequel les images tomodensitométriques ou
par résonance magnétique comprennent en outre un ensemble de données d’image en 3D.

5. Système de fusion d’image médicale selon la revendication 1, dans lequel le système de suivi spatial comprend en
outre un système de suivi électromagnétique.

6. Système de fusion d’image médicale selon la revendication 5, dans lequel le système de suivi électromagnétique
comprend en outre :
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un générateur de champ électromagnétique (28) ;
un capteur d’orientation de sonde attaché à la sonde (14) ; et
un contrôleur de détection de position (20).

7. Système de fusion d’image médicale selon la revendication 6, dans lequel le contrôleur de détection de position
produit en outre des informations de position et d’orientation concernant la sonde,
dans lequel les informations de position et d’orientation sont fournies à l’ordinateur.

8. Système de fusion d’image médicale selon la revendication 1, dans lequel l’ordinateur fait partie d’un système PACS.

9. Système de fusion d’image médicale selon la revendication 1, dans lequel l’ordinateur est un processeur modularisé
du système à ultrasons.

10. Système de fusion d’image médicale selon la revendication 1, dans lequel l’ordinateur est en outre adapté pour
fusionner une image de référence modifiée avec une image échographique.

11. Système de fusion d’image médicale selon la revendication 1, dans lequel l’ordinateur est en outre adapté pour
fusionner des images de référence modifiées avec des images échographiques en temps réel.
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