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Description

[0001] Theinventionrelates to a device and to a meth-
od for combining a current image of an object and a map
image of the dwell region of the object.

[0002] The combination of a currentimage of an object
and amap image of the object surroundings is performed,
for example when navigating a catheter through the vas-
cular system of a patient. The underlying problem will
therefore be explained subsequently considering as ex-
ample a cardiac catheter examination, although the
present invention is not restricted to this area of applica-
tion. In the case of the systems customarily used for car-
diac treatment, static angiograms and fluoroscopic im-
ages currently being recorded are displayed on two dif-
ferent monitors side by side. Angiograms are here de-
pictions of the vascular system, in which the vessels are
displayed highlighted, for example by administering a
contrast medium. In the case of these systems, it is left
to the doctor carrying out treatment to relate the position
of an object, such as, for example, a catheter or a guide
wire, recognizable on the current picture, to the map im-
age of the vascular system, that is, to superimpose in his
mind the two monitor images displayed side by side.
[0003] In this context, a device is known from JP-A-
2002-237996, in which a current fluoroscopic image and
a static vascular map are superimposed on the same
monitor. The difficulty with such superimpositions is that
owing to an overall movement of the patient as well as
his heartbeat and breathing, the position and form of or-
gans in the current images constantly change, so that to
some extent considerable geometrical and anatomical
discrepancies exist between the superimposed images.
To alleviate this problem, data banks containing static
vascular maps from different phases of the cardiac and/or
respiratory cycle can be used in order by means of an
electrocardiogram (ECG) and/or the measured respira-
tion phase to allocate a current fluoroscopic image to the
static vascular map (from the same or a similar cardiac
or respiratory cycle) that is the best match for it. Even
when using such advanced methods, geometric discrep-
ancies between the superimposed images still remain,
which can seriously impair the optical impression and
consequently the usefulness of the superimposition.
[0004] WO 01/20552 A1 relates to a method for ren-
dering medical images in real-time. Images of a heart are
acquired with a high resolution medical imaging system
used to construct a dynamic high resolution 4D model.
During a medical procedure, such as endocardial phys-
iology mapping and ablation, real-time images are pro-
duced by an ultrasonic transducer inserted into the heart.
The high resolution heart model is registered with the
acquired real-time images and used to produce dynamic,
high resolution images for display during the medical pro-
cedure. An electrical activation map which depicts the
spatial distribution of heart wall electrical activation is
merged with the anatomic images to facilitate cardiac
ablation therapy.
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[0005] "Towards real-time multi-modality 3D medical
image registration”, by Thomas Netsch et al., 2001, re-
lates to the alignment of medial images. A multi-modality
measure based on local cross-correlation coefficients is
described.

[0006] "Aninvariantapproach forimage registration in
digital subtraction angiography", by Y. Bentoutou et al.,
2002, relates to the registration of digital angiographic
image sequences, based on local similarity detection by
means of template matching according to a combined
invariance-based similarity measure and on thin-plate
spline image warping.

[0007] Against this background, it is an object of the
present invention to provide means for improved com-
bined representation of a current image of an object and
a map image of the dwell region of the object.

[0008] That object is achieved by a device having the
features of claims 1 and 12 and by a method having the
features of claim 13. Advantageous embodiments are
contained in the subsidiary claims.

[0009] The device according to the invention is used
for combination (e.g. combined display) of an image of
an objectand a map image of the (especially form-chang-
ing) dwell region of the object. The first-mentioned image
is referred to hereinafter as the "current image", without
a restriction being associated with this in relation to spe-
cific periods of time. Neither are there any fundamental
restrictions in respect of the dimensions of the current
image and the map image (1D, 2D, 3D, 4D,). The object
can in general be any object or region to be displayed
for the purpose of a "motive". For example, the "object"
can be an anatomical structure of interest (organ, bone,
tumor etc.), a functionally defined region (e.g. an area
with specific activity of metabolism or blood vessel for-
mation), a catheter tip or a guide wire in the vascular
system of a patient, or a capsule located in the gastroin-
testinal tract. The last-mentioned examples pertain to an
especially important situation in which the object is locat-
ed in a path network and is able to move only along the
paths allowed by this. In these cases, the map image
preferably portrays the path network in highlighted form.
For example, the map image can be an angiogram that
has been prepared from the vascular system of a patient
to whom contrast medium has been administered. The
term "map image" is incidentally, however, to be under-
stood quite generally as any collection of information that
is or can be assigned to locations in the dwell region of
the object. Mathematically, a map image can typically
generally be described by a single-valued or multiple-
valued function across a one-dimensional or higher-di-
mensional definition range.

[0010] The device contains a data-processing system,
which is designed to perform the following steps:

a) To estimate the position of the object of interest
is relation to the map image. This means that in the
currentimage the position of the object is established
and the position corresponding thereto in the map
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image is estimated. If the position and form of the
dwell region of the object on the current image and
on the map image were the same, then it would be
possible to determine the corresponding position ex-
actly. In reality, however, the dwell region changes
its form and position in an unknown manner, so that
the corresponding position has to be estimated. At
the same time, it can optionally be considered cor-
rective that the object must inevitably be located in
a path network, if this condition applies in the case
of the underlying application.

b) The map image is combined with the current im-
age in such a way that the estimated position of the
object in the map image coincides with the actual
position of the object in the current image; for the
combination, only a section of the map image and/or
a section of the currentimage are/is used. The "com-
bination" of the map image and the current image
can include in particular an additive superimposition
of the images, or alternatively a subtraction, a con-
tour emphasis or any other operation for combining
the image contents. In the following, the case in
which only a section of the map image is used will
be taken as a representative basis (the relevant re-
marks shall apply correspondingly also to the use of
a section of the current image). As a rule, the entire
current image is then used in the combination. Lim-
itation to a sub-region of the current image is also
possible, however, wherein in that case the sizes of
the map image section and sub-region will preferably
correspond.

[0011] With the device described it is possible to com-
bine a "current" image of an object with a static map im-
age of the dwell region thereof without disruptive global
discrepancies between the two images occurring. This
is achieved in that from the map image (or the current
image) only a section around the object of interest is used
for the combination. Such a - comparatively small - sec-
tion can be allocated with great accuracy and geometri-
cally correctly to the actual position of the object, since
during the image registration the coincidence between
current image and map image does not have to be ori-
ented to a global (mean) dimension. Using the device, in
particular also a satisfactory, geometrically correct su-
perimposition is therefore possible in the case of path
networks, such as the vascular system of a patient for
example, which have an inherent deformability that can
be described only with difficulty or only with unsatisfac-
tory accuracy by mathematical transformations. Restric-
tion of the combination to a local section can advanta-
geously be used irrespective of the specifically used
method of image registration (rigid, non-rigid, unimodal,
multimodal etc.) and in many cases allows the use of
new or known algorithms that were not suitable for a glo-
bal registration. A further advantage of the restriction lies
in the fact that as a rule the image registration is clearly
less costly as regards its time and memory requirement.
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[0012] Inan optional embodiment of the invention, the
map image can contain additional information about
structures and/or functions of the dwell region of the ob-
ject. For example, it can reproduce the (assumed) posi-
tion of organs, the intensity of blood vessel formation
and/or the metabolic activity in the dwell region of the
object. Inthatrespectthereis a virtually unlimited number
of applications in which the "multimodal” registration of
information from different sources is desired and helpful
for the user. The combination of CT pictures of part of
the skeleton with NMR (magnetic resonance) pictures of
the tissue in the associated region of the bones and the
joints can be mentioned as representative of this. Ac-
cording to the proposed method, in this case a section
of a NMR image can be brought locally into register with
a CT image or conversely a section of a CT image can
be brought into register with a NMR image. The object
forming the basis of the registration can in this case be,
for example a swelling of the tissue that is on the one
hand a typical indication of a fracture, but on the other
hand does not show up on X-ray images. In the case of
those fractures that cannot readily be identified on an X-
ray image, using the proposed method the site of the
swelling observable on the NMR image can be localized
on the X-ray image and the region that is to be examined
with greatest attention for a fracture can be indicated on
the X-ray image.

[0013] The device can in particular contain a monitor
linked to the data- processing arrangement, on which the
combination of the currentimage and the map image (or
the corresponding sections) is displayed. In the context
of a catheterinvestigation, for example, a doctor can then
observe on the monitor fluoroscopic live images of the
catheter, which at the same time show him the vascular
structure around the catheter as a section of a vascular
map.

[0014] According to a further aspect of the device, this
contains a memory for storing a number of map images,
the map images being categorized according to a varying
state of the dwell region of the object. In this instance it
is possible to select from among the several map images
an optimum map image for the combination to be effect-
ed.

[0015] The device contains furthermore preferably a
sensor device for detecting at least one parameter that
describes a varying state of the dwell region of the object.
In particular, the sensor device can be designed to detect
an electrocardiogram and/or the respiratory cycle of a
patent undergoing examination. Such a sensor device
can be used in conjunction with the above-mentioned
memory for a number of map images, in order on the one
hand to categorize the stored map images according to
the associated state of the path network and in order on
the other hand to determine the state of the dwell region
pertaining to the current image.

[0016] In conjunction with the above-mentioned em-
bodiment of the device containing a memory, the data-
processing system can furthermore be arranged to select
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from the memory of the device those map images of
which the "index" or associated state of the dwell region
of the object is the best match for the state of the said
dwell region that existed as the current image was being
taken. If, for example, the memory contains several map
images of the vascular system of a patient at different
phases of the cardiac cycle, one can select from these
the one that comes from the same phase of the cardiac
cycle as the current image. In this manner it is possible
to take into account parameterizable and especially cy-
clical spontaneous movements of the path network and
from the outset to combine the current image only with
a map image that is the best possible match.

[0017] There are various options for estimating the cor-
respondent position of the object in a map image within
the framework of an image registration of current image
and map image. In particular, with the existence of a spa-
tially-defined structure, such as an organ or a path net-
work, for example, the data-processing system can be
arranged to assign to each pixel in a map image a prob-
ability that it will belong to the structure (e.g. to the path
network). In many cases of application, it is in fact im-
possible to distinguish reliably between pixels that belong
to a structure and those that do not belong to it. In such
cases, when using the map image a probability-based
segmentation allows the highest possible probability for
the accuracy of the result to be sought and the reliability
of the result to be quantified.

[0018] Furthermore, the data-processing system can
be arranged to produce a distance image from the map
image by a distance transformation. A distance transfor-
mationis an operation known from digital image-process-
ing (cf. Jahne, Digital Bildverarbeitung, 5th edition, Chap-
ter 18, Springer Verlag Berlin Heidelberg, 2002). Here,
a pixel of the distance image can in particular contain
information about in which direction and/or at what spac-
ing from that point there is a greater probability for the
existence of a specific segmentation object. The distance
image is therefore well suited for estimating the position
of an object relative to the map image. For example, a
roughly estimated starting position of a catheter on the
map image can be converted by means of the distance
information into a position of the catheter that lies with
greater probability in the vascular system (path network).
Distance images can advantageously be calculated in
advance from the existing map images, so that they are
ready and available during the processing of a current
image. This allows an error-tolerant estimation of the po-
sition of the object in real time. Superimposition of map
image and current image can therefore be carried out so
quickly and so accurately that it represents real assist-
ance for the eye-hand co-ordination of the doctor.
[0019] Depending on the application, the section that
is used from the current image and/or the map image
can be of different size and of different form. In particular,
it can be rectangular or oval. Typically, the size (area,
volume) of the section amounts to about 5% to 50%, pref-
erably about 10% to 30%, of the size of the map image
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or current image. According to an optional embodiment
of the device, the section contains only the separate rep-
resentation of a spatially-defined structure, such as a
path network for example. All points that do not lie on the
structure are then transparent in the section. In that way,
the section accentuates only the said structure around
the object of interest, without concealing other image in-
formation of the current image.

[0020] The device can contain in particular an imaging
means, such as an X-ray apparatus, for example, and/or
an NMR apparatus, with which the current image of the
object can be produced. Furthermore, the imaging
means can be used to produce the map images of the
dwell region of the object as well. Such a device is es-
pecially suitable for navigating a catheter in the case of
surgical treatment. The device can in particular contain
more than one imaging means, for example, an X-ray
apparatus and an NMR apparatus, so that the current
image and the map image(s) can originate from different
modalities.

[0021] The invention relates furthermore to a device
and to a method for combined portrayal of a currentimage
of an object that is located in a path network and a map
image of the path network. The device contains a data-
processing system that is arranged to execute the said
method, the method comprising the following steps:

a) in the map image, to assign to each pixel a prob-
ability that it belongs to the path network;

b) to produce a distance image from the map image
by a distance transformation;

c) by means of the distance image to estimate the
position of the object in relation to the map image of
the path network, and

d) to superimpose the map image wholly or partially
on the current image or a section thereof so that the
estimated position of the object in the map image is
brought into register with the actual position of the
object in the current image.

[0022] Whenin step d) only a section of the map image
and/or of the current image are/is used, the device cor-
responds to a variant of the above-defined device as
claimed in claim 1. For a more detailed explanation, the
reader can therefore be referred largely to the above de-
scription. According to an independent aspect of the in-
vention, the above-defined device nevertheless also in-
cludes the case in which a different section of the map
image or the entire map image is superimposed on the
currentimage. The advantage of the device in this regard
lies in enabling an error-tolerant superimposition in real
time with a probability-based segmentation and a dis-
tance imaging, which significantly increases the value of
the superimposition, for example, within the scope of a
monitor display.

[0023] Finally, the invention also relates to a method
for combining a current image of an object and a map
image of the dwell region of the object. The method here
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contains the following steps:

a) estimation of the position of the object in relation
to the map image,

b) combination of the map image around the esti-
mated position of the object with the current image,
the estimated position of the object in the map image
being brought into register with the actual position
of the object in the currentimage, and only a section
of the map image and/or of the current image being
used.

[0024] The method implements in general form the
steps that can be performed with a device of the kind
described above. As regards the definition of terms, ad-
vantages and further aspects of the method, the reader
is therefore referred to the above description of the de-
vice.

[0025] These and other aspects of the invention are
apparent from and will be elucidated, by way of non-lim-
itative example, with reference to the embodiments de-
scribed hereinafter.

[0026] The single Figure shows schematically the
components of a device according to the invention for
superimposed representation of two images.

[0027] Inthe case of the medical applicationillustrated
in the Figure as a representative example, the movement
of a catheter 2 or more precisely of the catheter tip and/or
a guide wire 8 in the vascular system 9 of a patient 1 is
to be observed. For that purpose, fluoroscopic X-rays
images of the body volume being examined are produced
with an X-ray apparatus 4, and are transferred as current
images A to a data-processing system 5. The difficulty
with such fluoroscopic images is that the vascular system
9 stands out only faintly thereon, so that with this system
reliable navigation of the catheter or a guide wire to a
specific location within the vascular system is hardly pos-
sible. A better portrayal of the vascular system could,
admittedly, be achieved by injection of a contrast medi-
um, but such measures must be used as sparingly as
possible, owing to the stress associated therewith for the
patient.

[0028] To improve catheter navigation, in the case of
the systemiillustrated several angiograms B are prepared
with the X-ray apparatus 4 before or during the actual
catheter examination 4 and are stored in a memory 6 of
the data-processing system 5. The angiograms can be
produced, for example, by injections of contrast medium,
so that the vascular tree of the patient can easily be seen
on them. They are therefore hereinafter referred to also
as "map images or "vascular maps" (road maps).
[0029] Since the heartbeat has significant effects on
the position and form of the vascular system of the heart
and the adjoining organs, map images B from different
phases of the cardiac cycle of the patient 1 are archived
in the memory. The cardiac phase belonging to a partic-
ular map image B is here indicated by an electrocardio-
gram, which is recorded by an electrocardiograph 3 in
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parallel with the X-ray images. Furthermore, map images
canbe prepared also at different phases of the respiratory
cycle, which is detected by a respiration sensor such as
a chest belt or similar. For the sake of clarity, such an
additional or alternative indication of the map images B
by way of the respiratory cycle is not specifically shown
in the Figure.

[0030] During the catheter examination carried out for
therapeutic or diagnostic purposes, fluoroscopic images
A of the catheter tip or a guide wire 8 are continuously
produced and passed together with the associated ECG
to the data-processing system 5. The phase of the elec-
trocardiogram or of the cardiac cycle pertaining to a cur-
rentimage A is then established by the data-processing
system 5, and the map image B that matches this cardiac
phase best is selected from the memory 6.

[0031] The currentimage A and the map image B can
in principle be displayed side by side on two different
monitors or superimposed on one another on the same
monitor. Since the map image B to the matching cardiac
phase was selected, the geometrical or anatomical cor-
respondence between the images A, B thus superim-
posed would already be a comparatively good one. Nev-
ertheless, because of parallax in the image production,
because of soft tissue movementand as a result of similar
influences, in practice slight discrepancies always ap-
pear between the superimposed aggregate images, and
cannot be eliminated by global transformations. These
discrepancies can be visually very disruptive and con-
siderably diminish the use of the superimposition.
[0032] To avoid the above-described problems in the
complete superimposition of a current image A and a
map image B, it is proposed in the combined portrayal C
to use just one more or less small section 7 of the map
image B for the superimposition, which just covers the
region of interest around the catheter tip or the guide wire
8. Typically, the area of the section 7 amounts to about
25% of the area of the map image B. In such a limited
region, the positioning or registering of the section 7 can
be carried out with greater accuracy than with a global
registering of two images A. B. Moreover, all bothersome
inconsistencies between the two superimposed images
outside the region 7 are omitted. In the superimposed
portrayal C, the currentimage A therefore remains largely
unchanged, whilst in the overlap region 7 even relatively
small shifts, which are created, for example, by parallax
or patient movements, can be compensated for with good
accuracy.

[0033] The preceding and following remarks naturally
apply analogously also in the case of an equivalent em-
bodiment of the method, in which a section of the current
image A is superimposed on a map image B (or a part
thereof).

[0034] In a preferred algorithm for superimposing a
section 7 of the map image B on a current image A, in
the map images B the vascular tree is roughly pre-seg-
mented. Segmentation in image processing is under-
stood to mean the assignment of pixels to objects. Since
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in the case of real X-ray images of the vascular system
it is not normally possible to assign a pixel reliably to a
vessel, a probability-based segmentation is preferably
effected here. In this, each pixel is assigned a value that
describes the probability that the pixel belongs to a ves-
sel. Furthermore, for each such map image a distance
image D is produced by means of a distance transforma-
tion. The value of a pixel of the distance image indicates
in what direction from or at what distance from the point
under consideration there is a greater probability of the
presence of a vessel. The probability-based map image
B can be rendered visible, for example, by a height relief
across an image area, in which the highest points of the
relief have the greatest probability of belonging to the
vascular system. The associated distance image can
then be defined as the gradient field of the relief, wherein
each gradient vector points in the direction of the most
directroute to a vessel. The calculation of the probability-
based map images B and the associated distance imag-
es D can advantageously be effected off-line or in ad-
vance, the results being held in the memory 6. During
the medical examination, these calculations therefore do
not impede implementation of the method.

[0035] After selecting from the memory 6 the map im-
age B thatbest matches the currentimage A, the distance
image D pertaining to this map image B is used to esti-
mate the position of the object of interest (catheter or
guide wire) on the map image B. For that purpose, first
of all, the (radio-opaque) object in the current image A is
segmented. The map image B is then brought into reg-
ister with the segmented object using the distances of all
object pixels out of the distance image D. At the same
time, only a rigid displacement (shift and/or rotation) of
the segmented object relative to the map image B is per-
mitted.

[0036] Asaresultofthe described registration, the best
possible estimated position of the catheter or the guide
wire 8 relative to the map image B is known. Using this
information, depending on the application, a section 7
from the map image B can then be fixed around the es-
timated position of the object. On a monitor 10, this sec-
tion 7 is finally superimposed on the current image A in
a combination image C, the estimated position of the ob-
jectin section 7 being brought into register with the actual
position of the object (e.g. the guide wire 8) on the current
image A. The geometrical discrepancy between the su-
perimposed structures is extremely small in the combi-
nation image C.

[0037] The form of the section 7 can in principle be
selected as desired. Apart from the elliptical form illus-
trated in the Figure, alternatively a rectangular form or
any desired different form could be selected. Moreover,
the section 7 could contain merely the vessel itself, and
otherwise be transparent. Furthermore, a digital contrast
enhancement is preferably carried out within the region
7,in order to improve the recognizability of the guide wire
8.
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Claims

1. A device for combining a current image (A) of an
object (8) and a map image (B) of the dwell region
(9) of the object (8),
characterized in that
the device is containing a data-processing system
(5) that is arranged

a) to estimate the position of the object (8) in
relation to the map image (B), and

b) to combine the map image (B) around the
estimated position of the object (8) with the cur-
rentimage (A), the estimated position of the ob-
jectin the map image (B) being brought into reg-
ister with the actual position of the object in the
current image (A), and only a section (7) of the
map image (B) and/or of the current image (A)
being used.

2. A device as claimed in claim 1, characterized in
that the object (8) is located in a path network (9)
and the map image (B) at least partially reproduces
the path network (9).

3. A device as claimed in claim 1, characterized in
that the map image (B) contains additional informa-
tion about the structures and/or functions of the dwell
region (9) of the object (8).

4. A device as claimed in claim 1, characterized in
that it contains a monitor (10) for displaying the com-
bination of the currentimage (A) and the section (7)
of the map image (B).

5. A device as claimed in claim 1, characterized in
that it has a memory (6) for storing a number of map
images (B), which are being categorized according
to a varying state of the dwell region (9) of the object

(8).

6. A device as claimed in claim 1, characterized in
that it has a sensor device (3) for detecting at least
one parameter that describes a varying state of the
dwell region of the object (8), preferably for detecting
an electrocardiogram and/or the respiratory cycle.

7. A device as claimed in claim 5, characterized in
that the data-processing system (5) is arranged to
select from the memory (6) a map image (B) whose
associated state of the dwell region (9) of the object
(8) is a best possible match for the state of the dwell
region during the current image (A).

8. A device as claimed in claim 1, characterized in
that the data-processing system (5) is arranged to
assign in the map image (B) to each pixel a proba-
bility that it belongs to a spatially-defined structure,
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such as a path network (9) for example.

A device as claimed in claim 1, characterized in
that the data-processing system (5) is arranged to
produce a distance image (D) from the map image
(B) by a distance transformation.

A device as claimed in claim 1, characterized in
that, in the section (7), points not belonging to a spa-
tially-defined structure, such as a path network (9)
for example, are transparent.

A device as claimed in claim 1, characterized in
that it has an imaging means, especially an X-ray
apparatus (4) and/or an NMR apparatus, for produc-
ing the current image (A) and optionally the map im-
age (B).

A device for combined portrayal of a current image
(A) of an object (8) that is located in a path network
(9) and a map image (B) of the path network (9),
characterized in that

the device is containing a data-processing system
(5) that is arranged

a) in the map image (B) to assign to each pixel
a probability that it belongs to the path network
)

b) to produce a distance image (D) from the map
image (B) by a distance transformation;

c) by means of the distance image (D) to esti-
mate the position of the object (8) in relation to
the map image (B) of the path network (9), and
d) to superimpose the map image (B) wholly or
in sections on the current image (A) or a section
thereof so that the estimated position of the ob-
jectin the map image (B) is brought into register
with the actual position of the object in the cur-
rent image (A).

A method for combining a current image (A) of an
object (8) and a map image (B) of the dwell region
of the object,

characterized in that

the method is containing the following steps:

a) estimation of the position of the object (8) in
relation to the map image (B);

b) combination of the map image (B) around the
estimated position of the object with the current
image (A), the estimated position of the object
in the map image (B) being brought into register
with the actual position of the object in the cur-
rent image, and only a section (7) of the map
image (B) and/or of the current image (A) being
used.
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Patentanspriiche

1.

Vorrichtung zum Kombinieren eines aktuellen Bildes
(A) eines Objekts (8) und eines Kartenbilds (B) der
Verweilregion (9) des Objekts (8),

dadurch gekennzeichnet, dass

die Vorrichtung einen Datenprozessor (5) umfasst,
der ausgelegt ist

a) fur die Schatzung der Position des Objekts
(8) in Bezug auf das Kartenbild (B) und

b) fir die Kombination des Kartenbilds (B) um
die geschatzte Position des Objekts (8) herum
mit dem aktuellen Bild (A), wobei die geschatzte
Position des Objekts in dem Kartenbild (B) mit
der tatsachlichen Position des Objekts in dem
aktuellen Bild (A) registriert wird und nur ein Ab-
schnitt (7) des Kartenbilds (B) und/oder des ak-
tuellen Bildes (A) verwendet wird.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass sich das Objekt (8) in einem Wege-
netz (9) befindet und das Kartenbild (B) zumindest
teilweise das Wegenetz (9) abbildet.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass das Kartenbild (B) zusatzliche Infor-
mation en Uber die Strukturen und/oder Funktionen
der Verweilregion (9) des Objekts (8) enthalt.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass sie einen Monitor (10) zur Anzeige
der Kombination des aktuellen Bilds (A) und des Ab-
schnitts (7) des Kartenbildes (B) umfasst.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass sie einen Speicher (6) zur Speiche-
rung einer Anzahl von Kartenbildern (B) aufweist,
die gemal einem sich verandernden Zustand der
Verweilregion (9) des Objekts (8) kategorisiert sind.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass sie einen Sensor (3) zur Erkennung
zumindest eines Parameters aufweist, der einen
sich verdndernden Zustand der Verweilregion des
Objekts (8) beschreibt, vorzugsweise zur Erkennung
eines Elektrokardiogramms und/oder des Atemzyk-
lus.

Vorrichtung nach Anspruch 5, dadurch gekenn-
zeichnet, dass der Datenprozessor (5) so ausgelegt
ist, dass er aus dem Speicher (6) ein Kartenbild (B)
auswabhlt, dessen zugehdriger Zustand der Verweil-
region (9) des Objekts (8) die bestmdgliche Uber-
einstimmung mit dem Zustand der Verweilregion
wahrend des aktuellen Bildes (A) darstellt.

Vorrichtung nach Anspruch 1, dadurch gekenn-
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zeichnet, dass der Datenprozessor (5) fur die Zu-
ordnung einer Wahrscheinlichkeit zu jedem Pixel in
dem Kartenbild (B) ausgelegt ist, dass es zu einer
raumlich festgelegten Struktur, wie beispielsweise
einem Wegenetz (9), gehort.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass der Datenprozessor (5) fiir die Er-
zeugung eines Distanzbildes (D) durch eine Distanz-
transformation ausgehend von dem Kartenbild (B)
ausgelegt ist.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass in dem Abschnitt (7) Punkte, die
nichtzu einer rdumlich festgelegten Struktur, wie bei-
spielsweise einem Wegenetz (9), gehéren, transpa-
rent sind.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass sie Abbildungsmittel, im Besonde-
ren ein Roéntgengerat (4) und/oder ein Kernspinre-
sonanzgerat, zur Erzeugung des aktuellen Bildes (A)
und optional des Kartenbildes (B) aufweist.

Vorrichtung zur kombinierten Darstellung eines ak-
tuellen Bildes (A) eines Objekts (8), das sich in einem
Wegenetz (9) befindet, und eines Kartenbildes (B)
des Wegenetzes (9),

dadurch gekennzeichnet, dass die Vorrichtung ei-
nen Datenprozessor (5) umfasst, der ausgelegt ist

a) fur die Zuordnung einer Wahrscheinlichkeit
zu jedem Pixel in dem Kartenbild (B), dass es
zu dem Wegenetz (9) gehort,

b) fur die Erzeugung eines Distanzbildes (D)
durch eine Distanztransformation ausgehend
von dem Kartenbild (B),

c) fur die Schatzung anhand des Distanzbildes
der Position des Objekts (8) in Bezug auf das
Kartenbild (B) des Wegenetzes (9) und

d) fiir die Uberlagerung des Kartenbilds (B) im
Ganzen oderin Abschnitten aufdas aktuelle Bild
(A) oder einen Abschnitt davon, so dass die ge-
schatzte Position des Objekts in dem Kartenbild
(B) mit der tatsachlichen Position des Objekts
in dem aktuellen Bild (A) registriert wird.

Verfahren zur Kombination eines aktuellen Bildes
(A) eines Objekts (8) und eines Kartenbildes (B) der
Verweilregion des Objekts,
dadurch gekennzeichnet, dass das Verfahren die
folgenden Schritte umfasst:

a) Schatzung der Position des Objekts (8) in Be-
zug auf das Kartenbild (B) und

b) Kombination des Kartenbilds (B) um die ge-
schatzte Position des Objekts (8) herum mitdem
aktuellen Bild (A), wobei die geschéatzte Position
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des Objekts in dem Kartenbild (B) mit der tat-
sachlichen Position des Objekts in dem aktuel-
len Bild (A) registriert wird und nur ein Abschnitt
(7) des Kartenbilds (B) und/oder des aktuellen
Bildes (A) verwendet wird.

Revendications

Dispositif permettant de combiner une image active
(A) d’un objet (8) et une image cartographique (B)
de la région de séjour (9) de I'objet (8),
caractérisé en ce que

le dispositif contient un systéme de traitement de
données (5) qui est congu

a) pour estimer la position de I'objet (8) par rap-
port a I'image cartographique (B), et

b) pour combiner I'image cartographique (B)
autour de la position estimée de I'objet (8) avec
I'image active (A), la position estimée de I'objet
sur 'image cartographique (B) étant alignée
avec la position réelle de I'objet sur I'image ac-
tive (A) et seulement une section (7) de 'image
cartographique (B) et/ou de I'image active (A)
étant utilisée.

Dispositif selon la revendication 1, caractérisé en
ce que I'objet (8) est situé dans un réseau de voies
(9) et 'image cartographique (B) reproduit au moins
partiellement le réseau de voies (9).

Dispositif selon la revendication 1, caractérisé en
ce que I'image cartographique (B) contient des in-
formations supplémentaires concernant les structu-
res et/ou les fonctions de la région de séjour (9) de
I'objet (8).

Dispositif selon la revendication 1, caractérisé en
ce qu’il contient un moniteur (10) servant a afficher
la combinaison de I'image active (A) et de la section
(7) de 'image cartographique (B).

Dispositif selon la revendication 1, caractérisé en
ce qu’il comporte une mémoire (6) servant a stocker
un certain nombre d’images cartographiques (B) qui
sont classées en fonction d’'un état variable de la
région de séjour (9) de I'objet (8).

Dispositif selon la revendication 1, caractérisé en
ce qu’il comporte un dispositif de détection (3) ser-
vant a détecter au moins un parametre qui décrit un
état variable de la région de séjour de I'objet (8), de
préférence pour détecter un électrocardiogramme
et/ou le cycle respiratoire.

Dispositif selon la revendication 5, caractérisé en
ce que le systéme de traitement de données (5) est
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congu pour sélectionner dans la mémoire (6) une
image cartographique (B) dont I'état associé de la
région de séjour (9) de I'objet (8) est la meilleure
correspondance possible pour I'état de la région de
séjour pendant 'image active (A).

Dispositif selon la revendication 1, caractérisé en
ce que le systéme de traitement de données (5) est
congu pour attribuer a chaque pixel de I'image car-
tographique (B) une probabilité qu'il appartienne a
une structure spatialement définie, tel qu’un réseau
de voies (9) par exemple.

Dispositif selon la revendication 1, caractérisé en
ce que le systéeme de traitement de données (5) est
congu pour produire une image de distance (D) a
partir de I'image cartographique (B) par une trans-
formation de distance.

Dispositif selon la revendication 1, caractérisé en
ce que, dans la section (7), des points n’appartenant
pas a une structure spatialement définie, telle qu’'un
réseau de voies (9) par exemple, sont transparents.

Dispositif selon la revendication 1, caractérisé en
ce qu’il comporte un moyen d’imagerie, en particu-
lier un appareil a rayons X (4) et/ou un appareil RMN,
servant a produire I'image active (A) et éventuelle-
ment 'image cartographique (B).

Dispositif de représentation combiné d’'une image
active (A) d’'un objet (8) qui est situé dans un réseau
de voies (9) et d’'une image cartographique (B) du
réseau de voies (9), caractérisé en ce que

le dispositif contient un systéme de traitement de
données (5) qui est congu

a) pour attribuer a chaque pixel de I'image car-
tographique (B) une probabilité qu’il appartienne
au réseau de voies (9) ;

b) pour produire une image de distance (D) a
partir de I'image cartographique (B) par une
transformation de distance ;

c) pour estimer, au moyen de I'image de distan-
ce (D), la position de I'objet (8) par rapport a
limage cartographique (B) du réseau de voies
(9), et

d) pour superposer lI'image cartographique (B)
entierement ou en sections sur I'image active
(A) ou une section de celle-ci, de fagon que la
position estimée de I'objet sur 'image cartogra-
phique (B) soit alignée avec la position réelle de
I'objet sur I'image active (A).

Procédé de combinaison d’'uneimage active (A) d’'un
objet (8) et d’'une image cartographique (B) de la
région de séjour de I'objet (8),

caractérisé en ce que le procédé comprend les éta-
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pes suivantes :

a) 'estimation de la position de I'objet (8) par
rapport a 'image cartographique (B) ;

b) la combinaison de I'image cartographique (B)
autour de la position estimée de I'objet avec
I'image active (A), la position estimée de I'objet
sur 'image cartographique (B) étant alignée
avec la position réelle de I'objet sur I'image ac-
tive et seulement une section (7) de I'image car-
tographique (B) et/ou de I'image active (A) étant
utilisée.
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