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Description

FIELD OF EMBODIMENTS OF THE INVENTION

[0001] Some applications of the present invention gen-
erally relate to automatic image processing. Specifically,
some applications of the present invention relate to med-
ical imaging and analysis of such images.

BACKGROUND

[0002] Medical imaging is used to treat and diagnose
diseases. There are a large number of imaging modalities
that are used to generate medical images, including vid-
eo, fluoroscopy, angiography, ultrasound, CT, MR, PET,
PET-CT, CT angiography, SPECT, Gamma camera im-
aging, Optical Coherence Tomography (OCT), Near-In-
fra-Red Spectroscopy (NIRS), Vibration Response Im-
aging (VRI), optical imaging, infrared imaging, electrical
mapping imaging, other forms of functional imaging, Fo-
cused Acoustic Computed Tomography (FACT), Optical
Frequency Domain Imaging (OFDI).
[0003] There are a large variety of endoluminal medical
devices that are used both for therapeutic and diagnostic
purposes. Devices such as intravascular ultrasound
(IVUS) probes, fractional flow reserve (FFR), and instan-
taneous wave-free ratio (iFR) probes typically acquire
endoluminal data while moving through a lumen.
[0004] Relevant prior art is disclosed in documents US
2013/223702 A1 and WO 2014/124447 A1.

SUMMARY OF EMBODIMENTS

[0005] In accordance with some applications of the
present invention, an endoluminal device that includes
one or more radiopaque portions moves through a lumen
of a subject. Typically, the lumen is a blood vessel that
moves as a result of the subject’s cardiac cycle, respira-
tory cycle, and/or large body movement of the subject.
For example, the blood vessel may be a coronary artery.
Using a radiographic imaging device, a sequence of ra-
diographic images of a portion of the subject’s body in
which the lumen is disposed is acquired, during move-
ment of the endoluminal device through the lumen. For
example, the endoluminal device may be an endoluminal
data-acquisition device that acquires data from inside the
lumen while the device is moved along the lumen, e.g.,
an endoluminal imaging device, such as an IVUS probe.
[0006] A computer processor identifies locations at
which the one or more radiopaque portions of the endo-
luminal device were imaged during the movement of the
endoluminal device through the lumen, by analyzing the
sequence of radiographic images. The computer proc-
essor defines a set of locations at which the one or more
radiopaque portions of the endoluminal device were dis-
posed during the movement of the endoluminal device
through the lumen, based upon the identified locations.
[0007] For example, a combined image may be gen-

erated in which the identified locations form an integrated
set of locations, by overlaying, upon each other, images
in which the radiopaque portions of the endoluminal de-
vice have been identified. An endoluminal path of the
device through the lumen is estimated based upon the
set of locations. Typically, a curve that defines the set of
locations is identified and the endoluminal path of the
device through the lumen is determined based upon the
curve. An output is generated on an output device, based
upon the estimated endoluminal path of the device along
the lumen.
[0008] The present invention will be more fully under-
stood from the following detailed description of embodi-
ments thereof, taken together with the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1 is a schematic illustration of apparatus that is
used in a catheterization laboratory, in accordance
with some applications of the present invention;

Figs. 2A and 2B are flowcharts showing steps of an
algorithm that is performed by a processor, in ac-
cordance with some applications of the present in-
vention;

Fig. 3A is an example of a combined image that is
generated by overlaying a plurality of binary images
upon one another, in accordance with some appli-
cations of the present invention;

Figs. 3B and 3C are examples of images that are
generated by applying image-processing tech-
niques to the combined image of Fig. 3A, in order to
identify locations of a radiopaque portion of the en-
doluminal device in the combined image shown in
Fig. 3A, in accordance with some applications of the
present invention;

Fig. 4 is an example of an estimated endoluminal
path of an endoluminal device through a lumen, the
estimate being based upon locations of a radiopaque
portion of the endoluminal device identified in the
image shown in Fig. 3C, in accordance with some
applications of the present invention;

Figs. 5A and 5B show (Fig. 5A) an angiographic im-
age of a blood vessel, and (Fig. 5B) the angiographic
image of the blood vessel, with (a) the center-line of
the blood vessel, as derived manually from the an-
giographic image, and (b) the estimated endoluminal
path of an endoluminal device through the blood ves-
sel, both overlaid upon the angiographic image, in
accordance with some applications of the present
invention;
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Fig. 6 shows (a) the center-line of the blood vessel,
as derived manually from the angiographic image,
and (b) the estimated endoluminal path of an endo-
luminal device through the blood vessel, both over-
laid upon the image shown in Fig. 3C, in accordance
with some applications of the present invention; and

Fig. 7 shows (a) the estimated endoluminal path of
an endoluminal device through the blood vessel, and
(b) an estimated center-line of the vessel that was
derived automatically using the estimated endolumi-
nal path of the endoluminal device through the blood
vessel, both overlaid upon an angiographic image
of the blood vessel, in accordance with some appli-
cations of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0010] Reference is now made to Fig. 1, which is a
schematic illustration of apparatus that is used in a cath-
eterization laboratory, in accordance with some applica-
tions of the present invention. Typically, a subject is im-
aged using an extraluminal imaging device (i.e., an ex-
traluminal image-acquisition device) 20, which may in-
clude a fluoroscope that acquires fluoroscopic images in
the absence of contrast agent in the blood vessels of the
subject that are being imaged) and/or in angiographic
mode, while there is a presence of contrast agent in the
blood vessels of the subject that are being imaged.
[0011] Fig. 1 additionally shows a guide catheter 22
that has been inserted into a lumen of the subject (e.g.,
a blood vessel, such as a coronary artery) over a
guidewire 24. An endoluminal device 26 has been insert-
ed into the subject’s lumen (e.g., the subject’s blood ves-
sel, such as the subject’s coronary artery), through the
guide catheter and over the guidewire. Typically, the en-
doluminal device includes radiopaque portions 27 (e.g.,
radiopaque markers). For some applications (e.g., for ap-
plications in which the endoluminal device is an iFR
probe), the endoluminal device is inserted into the vessel
in the absence of guidewire 24.
[0012] For some applications, endoluminal device 26
includes an endoluminal data-acquisition device that is
configured to acquire data (e.g., functional data or imag-
es) from inside the subject’s blood vessels. For some
applications, the endoluminal data-acquisition device is
an imaging probe, such as an IVUS probe. For some
applications, the endoluminal data-acquisition device is
a probe that acquires data in a form other than images,
such as an FFR probe, and/or an iFR probe. For example,
the data may include data related to pressure, flow, tem-
perature, electrical activity, oxygenation, biochemical
composition, or any combination thereof.
[0013] For some applications, endoluminal device 26
includes a therapeutic device, such as a stent, a balloon
(e.g., an angioplasty balloon), a graft, a filter, a valve,
and/or a different type of therapeutic endoluminal device.
[0014] A computer processor 28 typically receives and

processes images (e.g., extraluminal images or endolu-
minal images). The computer processor communicates
with a memory 29. Via a user interface 30, a user (e.g.,
a physician and/or a catheterization laboratory techni-
cian) sends instructions to the computer processor. For
some applications, the user interface includes a key-
board 32, a mouse 34, a joystick 36, a touchscreen device
38 (such as a smartphone or a tablet computer), a touch-
pad, a trackball, a voice-command interface, and/or other
types of user interfaces that are known in the art. Typi-
cally, the computer processor generates an output using
an output device 40. Further typically, the output device
includes a display, such as a monitor (as shown in Fig.
1), and the output includes an output that is displayed on
the display. For some applications, the display includes
a head-up display and/or a head-mounted display, such
as Google Glass®. For some applications, the processor
generates an output on a different type of visual, text,
graphics, tactile, audio, and/or video output device, e.g.,
speakers, headphones, a smartphone, or a tablet com-
puter. For some applications, user interface 30 acts as
both an input device and an output device. For some
applications, the processor generates an output on a
computer-readable medium (e.g., a non-transitory com-
puter-readable medium), such as a disk, or a portable
USB drive.
[0015] It is noted that, for some applications, more than
one computer processor is used to perform the functions
described herein as being performed by computer proc-
essor 28. For some applications, more than one extralu-
minal imaging device is used with computer processor
28. For example, a first extraluminal imaging device may
be used to acquire a first set of extraluminal images, and
a second extraluminal imaging device may be used to
acquire a second set of extraluminal images.
[0016] Reference is now made to Figs. 2A-B, which
are flowcharts showing steps of an algorithm that is per-
formed, in accordance with some applications of the
present invention. Fig. 2A shows a general algorithm that
is performed in accordance with some applications of the
invention, and Fig. 2B shows sub-steps that are per-
formed within some of the steps of the algorithm that is
shown in Fig. 2A.
[0017] For some applications, endoluminal device 26
is moved along a lumen, such as a blood vessel. For
example, the endoluminal device may move through the
lumen by being pushed forward through the lumen, or
pulled back through the lumen. Typically, endoluminal
device 26 is moved along a moving blood vessel. For
example, the blood vessel may undergo motion due to
the subject’s cardiac cycle, due the subject’s respiratory
cycle, due to large body motion of the subject, and/or due
the movement of device 26 along the blood vessel (e.g.,
due to the device changing the shape of the portion of
the vessel in which it is disposed). For some applications,
the blood vessel is a coronary artery. For some applica-
tions, endoluminal device 26 is an endoluminal data-ac-
quisition device, such as an IVUS probe, that is config-
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ured to acquire respective data sets from inside the blood
vessel, at respective locations along the blood vessel,
while the device is moved along the blood vessel. For
example, the data set that is acquired at each of the lo-
cations along the blood vessel may be an image that is
acquired at the location, and/or a data set that is acquired
at the location that is indicative of a functional character-
istic of the blood vessel at the location (i.e., a functional
data set).
[0018] With reference to Fig. 2A, in a first step 50, a
sequence of radiographic images is acquired during the
movement of endoluminal device 26 through the blood
vessel. For some applications, the sequence of images
is a sequence of fluoroscopic images that is acquired in
the absence of contrast agent in the blood vessel. Due
to the absence of contrast agent in the blood vessel, the
blood vessel itself is substantially not visible within the
images, but the radiopaque portions 27 of endoluminal
device 26 are visible within the images. In addition, other
radiopaque features, e.g., anatomical features (such as
the subject’s ribs), and/or non-anatomical features (such
as CABG clips or wires), may be visible within images
belonging to the radiographic image sequence. It is noted
that, for some applications, contrast agent is periodically
injected into the blood vessel, while the sequence of im-
ages is acquired.
[0019] In a second step 52, computer processor 28
identifies locations at which radiopaque portion(s) 27 of
endoluminal device 26 were imaged in images belonging
to the sequence, by analyzing images belonging to the
radiographic image sequence.
[0020] Referring to Fig. 2B, for some applications, step
52 is performed using the following algorithm. In a first
sub-step 80, the computer processor performs pre-
processing upon the images belonging to the sequence
of images. For example, the pre-processing may include
the reduction of static and/or dynamic noise, background
removal, background normalization, or a combination
thereof. For some applications, the preprocessing in-
cludes the detection and removal from the image frames
of coronary artery bypass grafting (CABG) wires, CABG
clips, wires and/or electrodes of implanted tools such as
pacemakers or defibrillators, and/or wires and/or elec-
trodes of external devices such as an ECG monitor,
and/or an external defibrillator.
[0021] In a second sub-step 81, the computer proces-
sor performs filtering in order to emphasize portions of
the image that are candidates for radiopaque portions of
the endoluminal device.
[0022] In a third sub-step 82, candidates for radio-
paque portions of the endoluminal device are scored,
based on the extent to which the candidates exhibit char-
acteristics of the radiopaque portions.
[0023] In a fourth sub-step 83, it is determined whether
candidates having a score that passes a threshold score
can be matched or paired to each other based upon rel-
ative location, distance, orientation, visual similarity,
and/or other factors. Candidates that satisfy a matching

and/or pairing criterion are identified as corresponding
to the radiopaque portions of the tool.
[0024] It is noted that, as described hereinbelow with
reference to step 86 and with reference to Figs. 3A-C,
some visible elements may falsely be identified as cor-
responding to radiopaque portions of the endoluminal
device. Typically, step 86 is performed, in order to ac-
count for such elements.
[0025] For some applications, the computer processor
uses machine-learning techniques in order to identify ra-
diopaque portions of the device, if the radiopaque por-
tions of the device have a given machine-learnable char-
acteristic (e.g., a given shape, or pattern).
[0026] For some applications, the radiopaque por-
tion(s) of the endoluminal device include radiopaque
markers and the markers are identified using one or more
of the techniques described in US 8,781,193 to Stein-
berg, which is incorporated herein by reference. For
some applications, the radiopaque portion(s) of the en-
doluminal device include an elongate radiopaque ele-
ment (e.g., the radiopaque tip of a guidewire). Such an
element may be detected by detecting a set of pixels with
high maximal eigenvalue and low absolute value of low
eigenvalue. For some applications, the radiopaque por-
tion(s) of the endoluminal device are identified using
techniques for identifying an object in an image as de-
scribed in International Patent Application
PCT/IL2015/050509 to Klaiman (published as WO
15/173821).
[0027] For some applications, radiopaque markers
and/or elongate radiopaque elements are identified using
one or more of the following steps:

a. Pre-processing: Individual image frames (or a re-
gion of interest (ROI) within such frames) along the
image sequence are pre-processed in order to facil-
itate the subsequent identification of markers. Such
pre-processing typically comprises the reduction of
static and/or dynamic noise, background removal,
or a combination thereof. For some applications, a
median filter, a Mexican hat filter, a directional Mex-
ican hat filter, and/or a low-pass filter is applied to
the individual image frames. For some applications,
the preprocessing includes the detection and remov-
al from the image frames of CABG wires, CABG
clips, wires and/or electrodes of implanted tools such
as pacemakers or defibrillators, and/or wires and/or
electrodes of external devices such as an ECG mon-
itor, and/or an external defibrillator.
b. Filtering of non-marker-like features: Individual im-
age frames (or an ROI within such frames) along the
image sequence are processed to filter out remain-
ing features that are clearly not markers. For some
applications, the filtering includes the application to
the image frames of a median filter, a Mexican hat
filter, a directional Mexican hat filter, a maximal sta-
ble external regions (MSER) filter, an MSER-like fil-
ter, a Hessian filter, or a combination thereof.
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For some applications, Hessian eigenvalues are cal-
culated for each pixel in each image frame, or for all
pixels within an ROI of the image frame. Typically,
local clusters of pixels with high minimal eigenvalues
represent a "paraboloid-like" area in the image and
are identified as a potential radiopaque marker.
c. Scoring: Remaining features in individual image
frames (or an ROI within such frames) along the im-
age sequence are assigned a "fitness" score (i.e., a
"markerness" score, or a "dotness" score in the case
of the most common markers), describing the likeli-
hood that they are markers. For some applications,
the score is calculated from the abovementioned fil-
tering.
d. Matching: Remaining features in individual image
frames (or an ROI within such frames) are analyzed
for matching with one another. For example, in the
case of aiming to detect the two radiopaque markers
of an endoluminal device, pair-matching is per-
formed. Such matching is typically performed based
upon relative location, distance, orientation, visual
similarity, and/or other factors.
e. Detection: For some applications, once a pair of
clusters (with such two clusters being strong candi-
dates to be tool markers) has been identified at a
similar distance from one another and/or relative an-
gle to one another in several consecutive image
frames, the pair of clusters is determined to be the
two markers of a tool.
f. Bridging: For some applications, if two elongate
elements are detected, the computer processor de-
termines whether the ends of the elements match
one another, based upon the locations of the ele-
ments and the orientations of the ends of the ele-
ments. Matched ends are connected by a straight
line, such that the two elements are combined into
a single elongate element.

[0028] Typically, the output of performing step 52 of
Fig. 2A is that a set of binary images is generated, in
which, in each of the images belonging to the set, pixels
that have been identified as corresponding to the radio-
paque portions of the endoluminal device are assigned
a first value, and pixels that have not been identified as
corresponding to the radiopaque portions of the endolu-
minal device have a second value.
[0029] Referring again to Fig. 2A, in a third step 54,
the computer processor defines a set of locations at
which the one or more radiopaque portions of the endo-
luminal device were disposed during the movement of
the endoluminal device through the lumen, based upon
the identified locations. As shown in Fig. 2B, for some
applications, the third step is performed using by first
performing a sub-step 84 of generating a combined im-
age, by overlaying, upon each other, the binary images
generated in step 52.
[0030] Reference is now made to Figs. 3A and 3B,
which are examples of a combined image (Fig. 3A) that

was generated by overlaying a plurality of binary images
upon one another, and an image (Fig. 3B) generated by
performing morphological operations upon the combined
image, in accordance with some applications of the
present invention.
[0031] Fig. 3A was generated by acquiring a sequence
of radiographic images of a human subject’s coronary
arteries, while a guidewire having a radiopaque tip was
pulled-back through the coronary artery. Binary images
were generated, based upon images belonging to the
sequence, and the binary images were then overlaid up-
on each other, in the manner described hereinabove. As
shown, the set of locations at which visible elements that
were identified as corresponding to the locations at which
the radiopaque tip of the guidewire were imaged is the
white portion of the combined image. Fig. 3B was gen-
erated by performing closure upon the set of locations at
which the radiopaque tip of the guidewire were imaged,
within the combined image shown in Fig. 3A, in accord-
ance with some applications of the present invention.
[0032] For some applications, the blood vessel under-
goes cyclical motion as a result of a physiological cycle
of the subject (such as the subject’s cardiac cycle, or
respiratory cycle). For some such applications, the com-
puter processor performs step 54 of Fig. 2A (i.e., defining
the set of locations) by defining a set of locations at which
the one or more radiopaque portions of the endoluminal
device were imaged at a given phase of the subject’s
physiological cycle. For example, the computer proces-
sor may receive the subject’s ECG signal, and, using the
ECG signal, the computer processor may determine lo-
cations at which the radiopaque portion(s) of the endo-
luminal device were determined to have been disposed
at a given phase of the cardiac cycle.
[0033] For some applications, the computer processor
performs step 54 of Fig. 2A (i.e., defining the set of loca-
tions) by identifying a sub-set of identified locations of
the radiopaque portion(s) of the endoluminal device,
such that each member of the sub-set of identified loca-
tions is disposed within a given distance of at least one
other member of the sub-set of identified locations. For
example, a sub-set of identified locations may be identi-
fied such that each of the members of the sub-set over-
laps with at least one other member of the subset, and/or
is within a given number of pixels of at least one other
member of the sub-set. The computer processor then
identifies the sub-set as being the set of locations at which
the one or more radiopaque portions of the endoluminal
device were disposed during the movement of the endo-
luminal device through the lumen.
[0034] As noted hereinabove, in step 52 of Fig. 2A,
some visible elements may falsely be identified as cor-
responding to radiopaque portions of the endoluminal
device. For example, in Fig. 3A (which shows the com-
bined image before morphological operations have been
applied), and in Fig. 3B (which shows the combined im-
age after closure has been applied), in addition to white
portion 92, which has a generally luminal shape, there
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are other white portions 94, which correspond to other
visible features (such as CABG clips or wires) that were
present in images belonging to the radiographic image
sequence. Typically, sub-step 86 of step 54 is performed,
in order to account for such elements.
[0035] In sub-step 86, the computer processor distin-
guishes between true and false locations at which the
radiopaque portion(s) of the endoluminal device were
identified within the combined image. Typically, the com-
puter processor identifies that one or more locations with-
in the combined image at which radiopaque features
were imaged within the radiographic image sequence do
not correspond to locations at which the radiopaque por-
tions of the endoluminal device were disposed, and ex-
cludes the one or more locations from the set of locations.
[0036] For some applications, the computer processor
analyzes the sequence of radiographic images in order
to identify visible features that (a) undergo movement
over the course of the radiographic image sequence, and
(b) the movement of which includes a substantial non-
cyclical component. The device moves along the blood
vessel over the course of the radiographic image se-
quence, whereas other moving visible elements may be
expected to move substantially only as a result of cyclical
motion of the subject’s body (e.g., as a result of the sub-
ject’s cardiac cycle, or respiratory cycle). Therefore, the
processor identifies visible elements as corresponding
to the radiopaque portion(s) of the endoluminal device,
if the visible elements (a) undergo movement over the
course of the radiographic image sequence, and (b) un-
dergo movement that includes a substantial non-cyclical
component.
[0037] Since the radiopaque portion(s) of the endolu-
minal device move along the lumen over the course of
the radiographic image sequence, the radiopaque por-
tion(s) of the endoluminal device may be expected to be
imaged at any particular location for only a relatively small
portion of the radiographic image sequence. By contrast,
since other visible components (such as CABG clips or
wires) within the images may be expected to remain sta-
tionary with respect to the portion of the subject’s body
to which they are attached, such features would be ex-
pected to remain at approximately the same location
throughout the sequence of radiographic images (other
than movement that the portion of the subject’s body un-
dergoes). Therefore, for some applications, for each of
the locations at which radiopaque elements were identi-
fied within the sequence, the computer processor deter-
mines which of the images included a radiopaque ele-
ment at the location. In this manner, the computer proc-
essor is able to distinguish between (a) imaged radio-
paque elements that correspond to the radiopaque por-
tion(s) of the endoluminal device, and (b) other imaged
radiopaque elements. For example, the processor may
identify a location as corresponding to a true location of
the radiopaque portion(s) of the endoluminal device, by
determining that a visible element was imaged at the lo-
cation in less than a given percentage of the images be-

longing to the sequence.
[0038] Further alternatively or additionally, the compu-
ter processor may identify a set of locations at which vis-
ible elements were located over the course of the radio-
graphic image sequence, which, when viewed as an in-
tegrated set of locations, have a luminal shape. Since
the endoluminal device moved along the lumen over the
course of the radiographic image sequence, such loca-
tions are identified as corresponding to true locations of
the radiopaque portion(s) of the device.
[0039] Reference is now made to Fig. 3C, which shows
the output of step 86 having been performed on the image
shown in Fig. 3B, in accordance with some applications
of the present invention. As shown, subsequent to ap-
plying step 86, only white portion 92, which has a gen-
erally luminal shape, appears in the image, whereas the
other white portions (portions 94 from Fig. 3B) have been
removed.
[0040] Referring again to Fig. 2A, in step 56, the com-
puter processor uses the set of locations at which the
radiopaque portion(s) of the endoluminal device were
disposed to estimate the endoluminal path of the device
along the blood vessel. With reference to Fig. 2B, for
some applications, step 56 is performed by performing
sub-step 88, of identifying a curve. The curve is derived
by integrating a set of locations. For some applications,
a center-line of the identified locations is identified as the
curve.
[0041] As described hereinabove, for some applica-
tions, before identifying the curve, the computer proces-
sor performs morphological operations on the identified
set of locations at which the radiopaque portions of the
endoluminal device were imaged. For example, a closure
operation may be performed upon the set of locations,
and the curve may be identified based upon the closed
set of locations. For some applications, a center-line of
the closed set of locations is identified as the curve. In
sub-step 90, the endoluminal path of the device is esti-
mated based upon the identified curve. Typically, the en-
doluminal path of the device is estimated as being the
curve.
[0042] As described hereinabove, for some such ap-
plications, the computer processor performs step 54 of
Fig. 2A (i.e., defining the set of locations) by defining a
set of locations at which the one or more radiopaque
portions of the endoluminal device were imaged at a giv-
en phase of the subject’s physiological cycle. For such
applications, the endoluminal path of the device through
the lumen is estimated based upon the set of locations.
For example, a curve that defines the set of locations
may be identified. For some applications, a center-line
of the identified locations is identified as the curve.
[0043] Also as described hereinabove, for some appli-
cations, the computer processor performs step 54 of Fig.
2A (i.e., defining the set of locations) by identifying a sub-
set of identified locations of the radiopaque portion(s) of
the endoluminal device, such that each member of the
sub-set of identified locations is disposed within a given
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distance of at least one other member of the sub-set of
identified locations. For such applications, the endolumi-
nal path of the device through the lumen is estimated
based upon the identified sub-set of identified locations.
For example, a curve that defines the identified sub-set
of locations may be identified. For some applications, a
center-line of the sub-set of locations is identified as the
curve.
[0044] Reference is now made to Fig. 4, which is an
example of an estimated endoluminal path 100 of an en-
doluminal device through a lumen, the estimate being
based upon the set of locations of the radiopaque por-
tion(s) of the endoluminal device in the image shown in
Fig. 3C, in accordance with some applications of the
present invention. The endoluminal path shown in Fig. 4
was estimated by identifying a center-line of the closed
set of locations of the radiopaque guidewire tip identified
in Fig. 3C, in accordance with the techniques described
hereinabove.
[0045] It is noted that, for some applications, algorith-
mic operations are performed by the computer processor
that are the equivalent of a combined image (as shown
in Fig. 3A) being generated, morphological operations
being performed on the combined image (as shown in
Fig. 3B), true locations of the radiopaque portion(s) of
the endoluminal device being identified (as shown in Fig.
3C), and/or a curve that defines the set of locations being
identified. Such algorithmic operations may be per-
formed without images such as those shown in Figs. 3A-
C and/or without the curve as shown in Fig. 4 actually
being displayed. An output may be generated by the com-
puter processor based upon the above-described algo-
rithmic operations being performed, in accordance with
the techniques described herein.
[0046] Reference is made to Figs. 5A-B, which show
an angiographic image of a blood vessel (Fig. 5A), and
(Fig. 5B) the angiographic image of the blood vessel, with
(a) a center-line 102 of the blood vessel, as derived from
the angiographic image using a manual input, and (b)
estimated endoluminal path 100 of an endoluminal de-
vice through the blood vessel, both overlaid upon the
angiographic image, in accordance with some applica-
tions of the present invention. Reference is also made to
Fig. 6, which shows (a) center-line 102 of the blood ves-
sel, as derived from the angiographic image, and (b) es-
timated endoluminal path 100 of endoluminal device 26
through the blood vessel, both overlaid upon the com-
bined and image-processed image of Fig. 3C, in accord-
ance with some applications of the present invention.
[0047] Fig. 5A is an angiographic image of the same
blood vessel as was imaged radiographically in order to
generate the image shown in Fig. 3A, the angiographic
image having been acquired in the presence of contrast
agent inside the blood vessel, such that the blood vessel
is visible in Fig. 5A. Curve 102, which is overlaid on the
angiogram in Fig. 5B is the center-line of the visible ves-
sel, as derived manually, i.e., by a user deriving the lo-
cation of the center-line based upon the visible vessel. It

may be observed, in both Fig. 5 and Fig. 6, that there is
correspondence between the shape of center-line 102
of the blood vessel as derived from the angiographic im-
age, and estimated endoluminal path 100 of the endolu-
minal device.
[0048] It is noted that path 100 was estimated for a
guidewire that was moving through a coronary artery.
Since coronary arteries undergo substantial movement,
the endoluminal path of the guidewire along the vessel
did not define a continuous curve. Nevertheless, as in-
dicated in Figs. 5B and 6, the path of the endoluminal
device as estimated using the techniques described
herein does provide a reasonable estimation of the en-
doluminal path along which the endoluminal device
moved. Therefore, for some applications, the estimated
endoluminal path is used for one or more of the tech-
niques described herein. Referring again to Fig. 2A, typ-
ically, in a final step 58 of the procedure, an output is
generated based upon the estimated endoluminal path
of the endoluminal device. The output is typically gener-
ated on output device 40, e.g., a display (as shown in
Fig. 1).
[0049] For some applications, computer processor 28
calibrates the estimated endoluminal path of the endo-
luminal device by determining the relationship between
the physical length of a longitudinal portion of the blood
vessel and a number of pixels in a portion of the estimated
endoluminal path that corresponds to the longitudinal
portion of the blood vessel (e.g., the length in mm along
the blood vessel, per pixel along the estimated endolu-
minal path). It is noted that typically, the calibration factors
associated with respective longitudinal portions of the
endoluminal path of an endoluminal device in an image
vary, due to respective portions of the blood vessel being
disposed at respective angles with respect to the extra-
luminal imaging device, and, therefore, having respective
amounts of foreshortening associated therewith. There-
fore, typically, the computer processor determines a plu-
rality of local calibration factors along the estimated en-
doluminal path, so as to determine the extent of fore-
shortening of respective portions of the estimated endo-
luminal path of the device.
[0050] For some applications, techniques are used for
estimating local calibration factors along the estimated
endoluminal path of the endoluminal device that are gen-
erally similar to techniques for determining local calibra-
tion factors along a roadmap pathway as described in
US 2014/0094691 to Steinberg.
[0051] For some applications, the calibration is per-
formed based upon known dimensions associated with
the radiopaque portion(s) of the endoluminal device. For
example, the computer processor may use the known
length of a radiopaque portion of the endoluminal device,
and/or a known separation between two radiopaque por-
tions. Since the estimated endoluminal path is deter-
mined based upon the imaged radiopaque portions, the
computer processor is able to determine at any given
location along the endoluminal path a calibration factor
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associated with that location by identifying the radio-
paque portion(s) within an image in which the radiopaque
portion(s) appeared at that location and determining a
dimension associated with the radiopaque portion(s)
within the image.
[0052] For some applications, even if physical dimen-
sions associated with the radiopaque portion(s) are not
known, the computer processor determines the relative
calibration factors of respective longitudinal portions of
the estimated endoluminal path of the endoluminal de-
vice, based upon the relative number of pixels that a given
radiopaque portion, or separation between radiopaque
portions, occupies while the endoluminal device was dis-
posed at respective locations along the estimated endo-
luminal path.
[0053] For some applications, a length scale is placed
along the roadmap pathway of the roadmap image based
upon the determined calibration factors.
[0054] As described hereinabove, for some applica-
tions, endoluminal device 26 is an endoluminal data-ac-
quisition device that is configured to acquire respective
data sets from inside the blood vessel, at respective lo-
cations along the blood vessel, while the device is moved
along the blood vessel. For some applications, the en-
doluminal data-acquisition device is an imaging probe,
such as an IVUS probe. For some applications, the en-
doluminal data-acquisition device is a probe that acquires
data in a form other than images, such as an FFR probe,
and/or an iFR probe. For example, the data may include
data related to pressure, flow, temperature, electrical ac-
tivity, oxygenation, biochemical composition, or any com-
bination thereof. Thus, in accordance with some appli-
cations, the data set that is acquired at each of the loca-
tions along the blood vessel is an image that is acquired
at the location, and/or a data set that is acquired at the
location that indicative of a functional characteristic of
the blood vessel at the location (i.e., a functional data set).
[0055] For some such applications, computer proces-
sor 28 registers respective endoluminal data sets to re-
spective locations along the estimated endoluminal path
of the device through the lumen. For example, the com-
puter processor may determine that, when a given en-
doluminal data set was acquired, one of the radiographic
images belonging to the sequence of radiographic imag-
es was acquired. The computer processor may derive
the location of the endoluminal data set with respect to
the estimated endoluminal path of the endoluminal de-
vice, based upon the location of the radiopaque portion(s)
of the endoluminal device within the radiographic image.
[0056] For some applications, in the above-described
manner, the computer processor coregisters respective
endoluminal data sets to respective locations along the
estimated endoluminal path of the endoluminal device
through the lumen, without requiring the user to input an
indication of the shape and/or location of the vessel lu-
men. For some such applications, in response to a single
input from the user that is indicative of a desire of the
user to perform coregistration of endoluminal data sets

to the lumen path, the computer processor automatically
performs the coregistration.
[0057] For some applications, computer processor 28
uses the endoluminal data sets to determine the vessel
diameter at respective locations along the estimated en-
doluminal path of the endoluminal device. In this manner,
the computer processor may, for example, identify a lo-
cation of a lesion (e.g., a partial occlusion) within the
blood vessel, with respect to the estimated endoluminal
path of the endoluminal device, and/or may perform
quantitative analysis on the blood vessel with respect to
the estimated endoluminal path of the device. For some
applications, the computer processor measures dimen-
sions of an identified lesion, and a tool (e.g., a stent or
an angioplasty balloon) is selected for placement at the
lesion in response thereto.
[0058] Alternatively or additionally, the computer proc-
essor may generate a virtual representation of the vessel
upon the display. For example, the computer processor
may use the estimated endoluminal path of the endolu-
minal device to provide information regarding the shape
of the vessel, and the derived diameters of the vessel to
provide information regarding the diameters of the vessel
at respective longitudinal locations along the vessel.
[0059] For some applications, the computer processor
derives the location of the vessel center-line from an an-
giographic image of the blood vessel that is received by
the computer processor. In accordance with respective
applications, the angiographic image is acquired before
the endoluminal device is placed within the lumen, while
the endoluminal device is disposed within the lumen, or
after the endoluminal device is removed from within the
lumen. For example, Fig. 5 shows center-line 102 as de-
rived from the angiographic image upon which the center-
line is overlaid.
[0060] It is noted that center-line 102 was derived man-
ually (i.e., based upon input from a user). However, for
some applications, the computer processor automatical-
ly derives the location of the vessel center-line from an
angiographic image of the blood vessel that is received
by the computer processor. For example, the computer
processor may derive the location of the vessel center-
line using active contour methods, using the estimated
path curve as an input. Or, the computer processor may
perform optimization on a graph representing the vascu-
lature in the image.
[0061] Alternatively or additionally, the computer proc-
essor may receive an indication from a user of the loca-
tion of the vessel center-line upon an angiographic image
of the vessel. For example, the computer processor may
derive the location of the vessel center-line using tech-
niques as described in US 8,781,193 to Steinberg. For
some applications, using an input device, the user indi-
cates the location of the vessel center-line upon a dis-
played angiographic image. For some applications, the
computer processor derives the location of the vessel
center-line from an angiographic image of the blood ves-
sel that is received by the computer processor, based
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upon manual input in combination with automatic image-
processing steps. For example, an automatically-derived
center-line may be displayed and the computer may allow
the user to perform local corrections upon the automat-
ically-derived center-line.
[0062] For some applications, the computer processor
determines a transformation function for transforming the
shape of the estimated endoluminal path of the endolu-
minal device to the shape of a vessel center-line, as de-
rived (manually and/or automatically) from the angio-
graphic image. For example, a transformation function
may be determined using techniques as described in US
2010/0222671 to Cohen, and/or in US 2014/0094691 to
Steinberg. In this manner, the computer processor reg-
isters respective locations along the estimated endolu-
minal path of the device through the lumen to respective
locations along the center-line of the lumen within the
angiographic image of the lumen.
[0063] For some applications, using the above-de-
scribed transformation function, the computer processor
determines a correspondence between respective lon-
gitudinal locations along the estimated endoluminal path
of the endoluminal device, and respective longitudinal
locations along the vessel center-line, as derived from
the angiographic image. As described hereinabove, for
some applications, computer processor 28 registers re-
spective endoluminal data sets to respective locations
along the estimated endoluminal path of the device
through the lumen. For some such applications, in a sub-
sequent step, the computer processor co-registers re-
spective endoluminal data sets to respective longitudinal
locations along the vessel center-line, as derived from
the angiographic image. Typically, the computer proces-
sor performs the aforementioned co-registration step
based upon the determined correspondence between re-
spective longitudinal locations along the estimated en-
doluminal path of the endoluminal device, and respective
longitudinal locations along the vessel center-line, as de-
rived from the angiographic image. Thus, coregistration
of endoluminal data sets to the vessel center-line is per-
formed by, first coregistering respective endoluminal da-
ta sets to respective locations along the estimated endo-
luminal path, and then registering the estimated endolu-
minal path to the vessel center-line. Alternatively, the
coregistration of endoluminal data sets to the vessel cent-
er-line is performed by directly coregistering respective
endoluminal data sets to respective locations along the
vessel center-line.
[0064] As described hereinabove, for some applica-
tions, the computer processor coregisters respective en-
doluminal data sets to respective locations along the es-
timated endoluminal path of the endoluminal device
through the lumen, without requiring the user to input an
indication of the shape and/or location of the path of the
lumen. Alternatively or additionally, the computer proc-
essor coregisters respective endoluminal data sets to re-
spective locations along an automatically-derived vessel
center-line that is derived using the estimated endolumi-

nal path, as described above. For some applications, in
response to a single input from the user that is indicative
of a desire of the user to perform coregistration of endo-
luminal data sets to the vessel center-line, the computer
processor automatically performs the coregistration, us-
ing the coregistration techniques described herein.
[0065] For some applications, based upon the co-reg-
istering of the respective endoluminal data sets to the
respective longitudinal locations along the vessel center-
line, as derived from the angiographic image, the com-
puter processor identifies a location of a lesion (e.g., a
partial occlusion) within the blood vessel, with respect to
the vessel center-line. For some applications, the com-
puter processor measures dimensions of an identified
lesion, and, optionally, a tool (e.g., a stent or an angi-
oplasty balloon) is selected for placement at the lesion
in response thereto.
[0066] For some applications, computer processor 28
performs quantitative analysis on the blood vessel with
respect to the vessel center-line. For some applications,
the computer processor generates a virtual representa-
tion of the vessel upon the display. For example, the com-
puter processor may use the vessel center-line as de-
rived from the angiographic image to provide information
regarding the shape of the vessel, and the derived diam-
eters of the vessel to provide information regarding the
diameters of the vessel at respective longitudinal loca-
tions along the vessel center-line.
[0067] For some applications, endoluminal path 100 is
identified at least partially by using, as an input, a vessel
center-line as derived (manually or automatically) from
an angiographic image. Typically, the vessel center-line
is used in combination with the identified locations of the
radiopaque portion(s) of the endoluminal device over the
sequence of radiographic images. For example, the com-
puter processor may perform a best-fit operation, to best
fit the vessel center-line to the identified locations of the
radiopaque portion(s) of the endoluminal device.
[0068] Reference is now made to Fig. 7, which shows
an angiographic image of a blood vessel with (a) an es-
timated endoluminal path 100 of endoluminal device 26
through the blood vessel, and (b) a vessel center-line
104 automatically derived based upon estimated endo-
luminal path 100, both overlaid upon the angiographic
image, in accordance with some applications of the
present invention.
[0069] For some applications, the computer processor
uses the estimated endoluminal path of the endoluminal
device through the lumen as an input for determining the
location of the center-line of the lumen. For example, the
computer processor may receive an angiographic image
of a blood vessel, and uses the estimated endoluminal
path of an endoluminal device through the blood vessel
as an input for determining the location of the vessel cent-
er-line with respect to the angiographic image. As noted
hereinabove with reference to Fig. 5B and 6, there is
typically correspondence between the shape of the cent-
er-line of a blood vessel, and the estimated endoluminal
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path of an endoluminal device through the blood vessel.
Therefore, for some applications, the computer proces-
sor uses the estimated endoluminal path as an input for
estimating the center-line of the vessel. In this manner,
the vessel center-line may be determined automatically,
without requiring an input from a user. As may be ob-
served in Fig. 7, an automatically derived center-line pro-
vides a reasonable estimate of the location of the vessel
center-line.
[0070] For some applications, the above-described
technique for using the estimated endoluminal path of an
endoluminal device through the blood vessel as an input
for determining the location of the vessel center-line with
respect to the angiographic image, is applied to a plurality
of angiographic images, such as to generate a plurality
of angiographic images with vessel center-lines indicated
thereon. For some such applications, the computer proc-
essor then selects one of the vessel center-lines to be
used for additional processing steps (or to be displayed
to the user), based upon the quality of the resulting cent-
er-lines. For example, in selecting the center-line, the
computer processor may use criteria that include the
quality of shape match between an input image and the
resulting center-line, and/or the strength of a vesselness
value in the image based on the resulting center-line. For
some applications, the computer processor allows the
user to select which center-line to use.
[0071] It is noted that although some techniques de-
scribed herein are described primarily with respect to ex-
traluminal fluoroscopic/angiographic images, the scope
of the present invention includes applying the techniques
described herein to other forms of extraluminal images,
mutatis mutandis.
[0072] Although some techniques described herein
are described primarily as being performed on an artery,
the scope of the present application includes performing
similar techniques on any lumen in the vascular system,
the respiratory tract, the digestive tract, the urinary tract,
any other luminal structure within a patient’s body, or any
other suitable anatomical structure within a patient’s
body, mutatis mutandis. Examples of an anatomical
structure to which the techniques described herein may
be applied include a coronary vessel, a coronary lesion,
a vessel, a vascular lesion, a lumen, a luminal lesion,
and/or a valve.
[0073] Applications of the invention described herein
can take the form of a computer program product acces-
sible from a computer-usable or computer-readable me-
dium (e.g., a non-transitory computer-readable medium)
providing program code for use by or in connection with
a computer or any instruction execution system, such as
computer processor 28. For the purposes of this descrip-
tion, a computer-usable or computer-readable medium
can be any apparatus that can comprise, store, commu-
nicate, propagate, or transport the program for use by or
in connection with the instruction execution system, ap-
paratus, or device. The medium can be an electronic,
magnetic, optical, electromagnetic, infrared, or semicon-

ductor system (or apparatus or device) or a propagation
medium. Typically, the computer-usable or computer-
readable medium is a non-transitory computer-usable or
computer-readable medium.
[0074] Examples of a computer-readable medium in-
clude a semiconductor or solid state memory, magnetic
tape, a removable computer diskette, a random access
memory (RAM), a read-only memory (ROM), a rigid mag-
netic disk, and an optical disk. Examples of optical disks
include compact disk-read only memory (CD-ROM),
compact disk-read/write (CD-R/W) and DVD.
[0075] A data processing system suitable for storing
and/or executing program code will include at least one
processor (e.g., computer processor 28) coupled directly
or indirectly to memory elements (e.g., memory 29)
through a system bus. The memory elements can include
local memory employed during actual execution of the
program code, bulk storage, and cache memories which
provide temporary storage of at least some program code
in order to reduce the number of times code must be
retrieved from bulk storage during execution. The system
can read the inventive instructions on the program stor-
age devices and follow these instructions to execute the
methodology of the embodiments of the invention.
[0076] Network adapters may be coupled to the proc-
essor to enable the processor to become coupled to other
processors or remote printers or storage devices through
intervening private or public networks. Modems, cable
modem, and Ethernet cards are just a few of the currently
available types of network adapters.
[0077] Computer program code for carrying out oper-
ations of the present invention may be written in any com-
bination of one or more programming languages, includ-
ing an object-oriented programming language such as
Java, Smalltalk, C++ or the like, and conventional pro-
cedural programming languages, such as the C program-
ming language or similar programming languages.
[0078] It will be understood that each block of the flow-
charts shown in Figs. 2A-B and combinations of blocks
in the flowchart, can be implemented by computer pro-
gram instructions. These computer program instructions
may be provided to a processor of a general-purpose
computer, special-purpose computer, or other program-
mable data processing apparatus to produce a machine,
such that the instructions, which execute via the proces-
sor of the computer (e.g., computer processor 28) or oth-
er programmable data processing apparatus, create
means for implementing the functions/acts specified in
the flowcharts and/or algorithms described in the present
application. These computer program instructions may
also be stored in a computer-readable medium (e.g., a
non-transitory computer-readable medium) that can di-
rect a computer or other programmable data processing
apparatus to function in a particular manner, such that
the instructions stored in the computer-readable medium
produce an article of manufacture, including instruction
means which implement the function/act specified in the
flowchart blocks and algorithms. The computer program
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instructions may also be loaded onto a computer or other
programmable data processing apparatus to cause a se-
ries of operational steps to be performed on the computer
or other programmable apparatus to produce a computer
implemented process such that the instructions which
execute on the computer or other programmable appa-
ratus provide processes for implementing the func-
tions/acts specified in the flowcharts and/or algorithms
described in the present application.
[0079] Computer processor 28 is typically a hardware
device programmed with computer program instructions
to produce a special-purpose computer. For example,
when programmed to perform the algorithms described
with reference to Figs. 2A-B, computer processor 28 typ-
ically acts as a special-purpose, device-path-estimation
computer processor. Typically, the operations described
herein that are performed by computer processor 28
transform the physical state of memory 29, which is a
real physical article, to have a different magnetic polarity,
electrical charge, or the like depending on the technology
of the memory that is used.
[0080] There is therefore provided, in accordance with
some applications of the present disclosure, a method
for use with an endoluminal device that includes one or
more radiopaque portions and that moves through a lu-
men of a subject, the method including:

using a radiographic imaging device, acquiring a se-
quence of radiographic images of a portion of the
subject’s body in which the lumen is disposed, during
movement of the endoluminal device through the lu-
men; and
using at least one computer processor:

identifying locations at which the one or more
radiopaque portions of the endoluminal device
were imaged during the movement of the endo-
luminal device through the lumen, by analyzing
the sequence of radiographic images;
defining a set of locations at which the one or
more radiopaque portions of the endoluminal
device were disposed during the movement of
the endoluminal device through the lumen,
based upon the identified locations;
estimating an endoluminal path of the device
through the lumen based upon the set of loca-
tions; and
generating an output on an output device.

[0081] In some applications, the lumen includes a lu-
men of the subject that undergoes motion, and estimating
the endoluminal path includes estimating the endolumi-
nal path of the device through the lumen that undergoes
motion.
[0082] In some applications, the method further in-
cludes, based upon the estimated endoluminal path, reg-
istering a current position of the portion of the subject’s
body to an additional image of the portion of the subject’s

body, by accounting for a change in a position of the
portion of the subject’s body between acquisition of the
additional image and acquisition of the sequence of ra-
diographic images.
[0083] In some applications, the method further in-
cludes, using the computer processor, determining an
extent of foreshortening of respective portions of the en-
doluminal path of the device through the lumen, by ana-
lyzing the plurality of radiographic images.
[0084] In some applications, the lumen includes a lu-
men that undergoes cyclical motion as a result of a phys-
iological cycle of the subject, and defining the set of lo-
cations includes identifying a set of locations at which
the one or more radiopaque portions of the endoluminal
device were imaged at a given phase of the subject’s
physiological cycle.
[0085] In some applications, defining the set of loca-
tions includes:

identifying a sub-set of the identified locations at
which the one or more radiopaque portions of the
endoluminal device were imaged, such that each
member of the sub-set of the identified locations is
disposed within a given distance from at least one
other member of the sub-set of the identified loca-
tions; and
defining the sub-set of the identified locations as the
set of locations at which the one or more radiopaque
portions of the endoluminal device were disposed
during the movement of the endoluminal device
through the lumen.

[0086] In some applications, the method further in-
cludes, using the computer processor:

receiving an image of the lumen in which the lumen
is visible;
receiving an indication of a center-line of the lumen
within the received image of the lumen; and
registering respective locations along the estimated
endoluminal path of the device through the lumen to
respective locations along the center-line of the lu-
men within the received image of the lumen.

[0087] In some applications,
the method further comprises, using the computer proc-
essor:

receiving an image of the lumen in which the lumen
is visible; and
receiving an indication of a center-line of the lumen
within the received image of the lumen, and

estimating the endoluminal path of the device through
the lumen comprises estimating the endoluminal path of
the device through the lumen using the set of locations
in combination with the lumen center-line.
[0088] In some applications, the endoluminal device
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includes an endoluminal data-acquisition device config-
ured to acquire a plurality of endoluminal data sets at
respective locations along the lumen, the method further
including registering respective endoluminal data sets to
respective locations along the estimated endoluminal
path of the device through the lumen.
[0089] In some applications, the method further in-
cludes, using the computer processor:

receiving an image of the lumen in which the lumen
is visible; and
registering respective endoluminal data sets to re-
spective locations along the lumen in the received
image, based upon the registering of the respective
endoluminal data sets to the respective locations
along the estimated endoluminal path of the device
through the lumen.

[0090] In some applications, the method further in-
cludes determining diameters of the lumen at respective
locations along the estimated endoluminal path of the
device through the lumen, based upon the registering of
the respective endoluminal data sets to the respective
locations along the estimated endoluminal path of the
device through the lumen.
[0091] In some applications, the method further in-
cludes identifying a location of a lesion along the esti-
mated endoluminal path of the device through the lumen,
based upon the determined diameters of the lumen.
[0092] In some applications, defining the set of loca-
tions includes generating a combined image in which the
identified locations form an integrated set of locations,
by overlaying, upon each other, images in which the ra-
diopaque portions of the endoluminal device have been
identified.
[0093] In some applications, defining the set of loca-
tions further includes identifying that one or more loca-
tions within the combined image at which radiopaque fea-
tures were imaged within the radiographic image se-
quence do not correspond to locations at which the ra-
diopaque portions of the endoluminal device were dis-
posed, and excluding the one or more locations from the
set of locations.
[0094] In some applications, estimating the endolumi-
nal path of the device through the lumen includes iden-
tifying a curve that defines the set of locations within the
combined image and estimating that the endoluminal
path of the device through the lumen was along the iden-
tified curve.
[0095] In some applications, the method further in-
cludes estimating a location of a center-line of the lumen
based upon the estimated endoluminal path of the de-
vice.
[0096] In some applications, estimating the location of
the center-line of the lumen includes:

using the computer processor, receiving an image
of the lumen in which the lumen is visible; and

estimating the location of the center-line with respect
to the received image of the lumen, using the esti-
mated endoluminal path of the device as an input for
estimating the location of the center-line.

[0097] In some applications, the endoluminal device
includes an endoluminal data-acquisition device config-
ured to acquire a plurality of endoluminal data sets at
respective locations along the lumen, the method further
including registering respective endoluminal data sets to
respective locations along the estimated center-line.
[0098] In some applications, registering respective en-
doluminal data sets to respective locations along the es-
timated center-line includes directly registering respec-
tive endoluminal data sets to respective locations along
the estimated center-line.
[0099] In some applications, registering respective en-
doluminal data sets to respective locations along the es-
timated center-line includes:

registering respective endoluminal data sets to re-
spective locations along the estimated endoluminal
path of the device; and
registering the estimated endoluminal path to the es-
timated center-line.

[0100] There is further provided, in accordance with
some applications of the present invention, apparatus
including:

an endoluminal device that comprises one or more
radiopaque portions and that is configured to move
through a lumen of a subject;
a radiographic imaging device configured to acquire
a sequence of radiographic images of a portion of
the subject’s body in which the lumen is disposed,
during movement of the endoluminal device through
the lumen;
an output device; and
at least one computer processor configured to:

identify locations at which the one or more radi-
opaque portions of the endoluminal device were
imaged during the movement of the endoluminal
device through the lumen, by analyzing the se-
quence of radiographic images;
define a set of locations at which the one or more
radiopaque portions of the endoluminal device
were disposed during the movement of the en-
doluminal device through the lumen, based up-
on the identified locations;
estimate an endoluminal path of the device
through the lumen based upon the set of loca-
tions; and
generate an output on the output device.

[0101] In some applications, the lumen includes a lu-
men of the subject that undergoes motion, and the com-
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puter processor is configured to estimate an endoluminal
path of the device through the lumen that undergoes mo-
tion.
[0102] In some applications, the computer processor
is configured, based upon the estimated endoluminal
path, to register a current position of the portion of the
subject’s body to an additional image of the portion of
the subject’s body, by accounting for a change in a po-
sition of the portion of the subject’s body between acqui-
sition of the additional image and acquisition of the se-
quence of radiographic images.
[0103] In some applications, the computer processor
is configured to determine an extent of foreshortening of
respective portions of the endoluminal path of the device
through the lumen, by analyzing the plurality of radio-
graphic images.
[0104] In some applications, the lumen includes a lu-
men that undergoes cyclical motion as a result of a phys-
iological cycle of the subject, and the computer processor
is configured to define the set of locations by identifying
a set of locations at which the one or more radiopaque
portions of the endoluminal device were imaged at a giv-
en phase of the subject’s physiological cycle.
[0105] In some applications, the computer processor
is configured to define the set of locations by:

identifying a sub-set of the identified locations at
which the one or more radiopaque portions of the
endoluminal device were imaged, such that each
member of the sub-set of identified locations is dis-
posed within a given distance from at least one other
member of the sub-set of the identified locations, and
defining the sub-set of the identified locations as the
set of locations at which the one or more radiopaque
portions of the endoluminal device were disposed
during the movement of the endoluminal device
through the lumen.

[0106] In some applications, the computer processor
is configured to:

receive an image of the lumen in which the lumen is
visible;
receive an indication of a center-line of the lumen
within the received image of the lumen; and
register respective locations along the estimated en-
doluminal path of the device through the lumen to
respective locations along the center-line of the lu-
men within the received image of the lumen.

[0107] In some applications, the computer processor
is configured:

to receive an image of the lumen in which the lumen
is visible; and
to receive an indication of a center-line of the lumen
within the received image of the lumen,
to estimate the endoluminal path of the device

through the lumen by estimating the endoluminal
path of the device through the lumen using the set
of locations in combination with the lumen center-
line.

[0108] In some applications, the endoluminal device
includes an endoluminal data-acquisition device config-
ured to acquire a plurality of endoluminal data sets at
respective locations along the lumen, and the computer
processor is configured to register respective endolumi-
nal data sets to respective locations along the estimated
endoluminal path of the device through the lumen.
[0109] In some applications, the computer processor
is configured to:

receive an image of the lumen in which the lumen is
visible; and
register respective endoluminal data sets to respec-
tive locations along the lumen in the received image,
based upon the registering of the respective endo-
luminal data sets to the respective locations along
the estimated endoluminal path of the device through
the lumen.

[0110] In some applications, the computer processor
is configured to determine diameters of the lumen at re-
spective locations along the estimated endoluminal path
of the device through the lumen, based upon the regis-
tering of the respective endoluminal data sets to the re-
spective locations along the estimated endoluminal path
of the device through the lumen.
[0111] In some applications, the computer processor
is configured to identify a location of a lesion along the
estimated endoluminal path of the device through the
lumen, based upon the determined diameters of the lu-
men.
[0112] In some applications, the computer processor
is configured to define the set of locations by generating
a combined image in which the identified locations form
an integrated set of locations, by overlaying, upon each
other, images in which the radiopaque portions of the
endoluminal device have been identified.
[0113] In some applications, the computer processor
is configured to define the set of locations by:

identifying that one or more locations within the com-
bined image at which radiopaque features were im-
aged within the radiographic image sequence do not
correspond to locations at which the radiopaque por-
tions of the endoluminal device were disposed, and
excluding the one or more locations from the set of
locations.

[0114] In some applications, the computer processor
is configured to estimate the endoluminal path of the de-
vice through the lumen by identifying a curve that defines
the set of locations within the combined image and esti-
mating that the endoluminal path of the device through
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the lumen was along the identified curve.
[0115] In some applications, the computer processor
is configured to estimate a location of a center-line of the
lumen based upon the estimated endoluminal path of the
device.
[0116] In some applications, the computer processor
is configured to estimate the location of the center-line
of the lumen by:

receiving an image of the lumen in which the lumen
is visible; and
estimating the location of the center-line with respect
to the received image of the lumen, using the esti-
mated endoluminal path of the device as an input for
estimating the location of the center-line.

[0117] There is further provided, in accordance with
some applications of the present invention, a computer
software product, for use with an endoluminal device that
includes one or more radiopaque portions and that
moves through a lumen of a subject, and a radiographic
imaging device, configured to acquire a sequence of ra-
diographic images of a portion of the subject’s body in
which the lumen is disposed, during movement of the
endoluminal device through the lumen, the computer
software product including a non-transitory computer-
readable medium in which program instructions are
stored, which instructions, when read by a computer
cause the computer to perform the steps of: identifying
locations at which the one or more radiopaque portions
of the endoluminal device were imaged during the move-
ment of the endoluminal device through the lumen, by
analyzing the sequence of radiographic images; defining
a set of locations at which the one or more radiopaque
portions of the endoluminal device were disposed during
the movement of the endoluminal device through the lu-
men, based upon the identified locations; estimating an
endoluminal path of the device through the lumen based
upon the set of locations; and, generating an output on
an output device.
[0118] There is further provided, in accordance with
some applications of the present invention, a method in-
cluding:

while an endoluminal data-acquisition device moves
along a portion of a lumen:

acquiring a plurality of endoluminal data sets
from respective locations along the lumen, using
the endoluminal data-acquisition device; and
acquiring a sequence of extraluminal images of
the endoluminal device inside the lumen, using
an extraluminal imaging device;

using at least one computer processor, coregistering
respective endoluminal data sets to respective loca-
tions along a path of the lumen, without requiring the
user to input, to the computer processor, an indica-

tion of a shape of the path of the lumen.

Claims

1. Apparatus comprising:

an endoluminal device (26) that comprises one
or more radiopaque portions (27) and that is con-
figured to move through a lumen of a subject;
an output device (40); and
at least one computer processor (28) configured
to:

receive, from an extraluminal radiographic
imaging device (20), a sequence of radio-
graphic images of a portion of the subject’s
body in which the lumen is disposed, during
movement of the endoluminal device
through the lumen
identify locations at which the one or more
radiopaque portions of the endoluminal de-
vice were imaged during the movement of
the endoluminal device through the lumen,
by analyzing the sequence of radiographic
images;
define a set of locations at which the one or
more radiopaque portions of the endolumi-
nal device were disposed during the move-
ment of the endoluminal device through the
lumen by identifying a sub-set of the identi-
fied locations such that each member of the
sub-set of the identified locations is dis-
posed within a given distance of at least one
other member of the sub-set of the identified
locations;
estimate an endoluminal path of the device
through the lumen, based upon the defined
set of locations; and
generate an output on the output device.

2. The apparatus according to claim 1, wherein the lu-
men includes a lumen of the subject that undergoes
motion, and wherein the computer processor is con-
figured to estimate an endoluminal path of the device
through the lumen that undergoes motion.

3. The apparatus according to claim 1, wherein the
computer processor is configured, based upon the
estimated endoluminal path, to register a current po-
sition of the portion of the subject’s body to an addi-
tional image of the portion of the subject’s body, by
accounting for a change in a position of the portion
of the subject’s body between acquisition of the ad-
ditional image and acquisition of the sequence of
radiographic images.

4. The apparatus according to claim 1, wherein the
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computer processor is configured to determine an
extent of foreshortening of respective portions of the
endoluminal path of the device through the lumen,
by analyzing the plurality of radiographic images.

5. The apparatus according to claim 1, wherein the lu-
men includes a lumen that undergoes cyclical motion
as a result of a physiological cycle of the subject,
wherein the computer processor is configured to de-
fine the set of locations by identifying a set of loca-
tions at which the one or more radiopaque portions
of the endoluminal device were imaged at a given
phase of the subject’s physiological cycle.

6. The apparatus according to claim 1, wherein the
computer processor is configured to:

receive an image of the lumen in which the lu-
men is visible;
receive an indication of a center-line of the lu-
men within the received image of the lumen; and
register respective locations along the estimat-
ed endoluminal path of the device through the
lumen to respective locations along the center-
line of the lumen within the received image of
the lumen.

7. The apparatus according to claim 1, wherein the
computer processor is configured:

to receive an image of the lumen in which the
lumen is visible; and
to receive an indication of a center-line of the
lumen within the received image of the lumen,
to estimate the endoluminal path of the device
through the lumen by estimating the endolumi-
nal path of the device through the lumen using
the set of locations in combination with the lu-
men center-line.

8. The apparatus according to any one of claims 1-7,
wherein the endoluminal device comprises an endo-
luminal data-acquisition device configured to acquire
a plurality of endoluminal data sets at respective lo-
cations along the lumen, and wherein the computer
processor is configured to register respective endo-
luminal data sets to respective locations along the
estimated endoluminal path of the device through
the lumen.

9. The apparatus according to claim 8, wherein the
computer processor is configured to:

receive an image of the lumen in which the lu-
men is visible; and
register respective endoluminal data sets to re-
spective locations along the lumen in the re-
ceived image, based upon the registering of the

respective endoluminal data sets to the respec-
tive locations along the estimated endoluminal
path of the device through the lumen.

10. The apparatus according to claim 8, wherein the
computer processor is configured to determine di-
ameters of the lumen at respective locations along
the estimated endoluminal path of the device through
the lumen, based upon the registering of the respec-
tive endoluminal data sets to the respective locations
along the estimated endoluminal path of the device
through the lumen.

11. The apparatus according to claim 10, wherein the
computer processor is configured to identify a loca-
tion of a lesion along the estimated endoluminal path
of the device through the lumen, based upon the
determined diameters of the lumen.

12. The apparatus according to any one of claims 1-7,
wherein the computer processor is configured to de-
fine the set of locations by generating a combined
image in which the identified locations form an inte-
grated set of locations, by overlaying, upon each oth-
er, images in which the radiopaque portions of the
endoluminal device have been identified.

13. The apparatus according to claim 12, wherein the
computer processor is configured to define the set
of locations by:

identifying that one or more locations within the
combined image at which radiopaque features
were imaged within the radiographic image se-
quence do not correspond to locations at which
the radiopaque portions of the endoluminal de-
vice were disposed, and
excluding the one or more locations from the set
of locations.

14. A computer software product comprising a non-tran-
sitory computer-readable medium storing a set of
program instructions, which instructions, when read
by a computer, cause the computer to perform the
steps of: identifying locations at which the one or
more radiopaque portions of an endoluminal device
were imaged during a movement of the endoluminal
device through a lumen, by analyzing a sequence of
radiographic images; defining a set of locations at
which one or more radiopaque portions of the endo-
luminal device were disposed during the movement
of the endoluminal device through the lumen by iden-
tifying a sub-set of the identified locations such that
each member of the sub-set of the identified loca-
tions is disposed within a given distance of at least
one other member of the sub-set of the identified
locations; estimating an endoluminal path of the de-
vice through the lumen based upon the defined set
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of locations; and generating an output on an output
device.

Patentansprüche

1. Gerät, umfassend:

eine endoluminale Vorrichtung (26), die einen
oder mehrere röntgendichte Abschnitte (27) um-
fasst und die dafür ausgelegt ist, sich durch ein
Lumen eines Subjekts zu bewegen;
eine Ausgabevorrichtung (40); und
mindestens einen Computerprozessor (28), der
ausgelegt ist zum:

Empfangen einer Folge von Röntgenbil-
dern eines Abschnitts des Körpers des Sub-
jekts, in dem sich das Lumen befindet, von
einer extraluminalen Röntgenbildgebungs-
vorrichtung (20), während sich die endolu-
minale Vorrichtung durch das Lumen be-
wegt;
Identifizieren von Stellen, an denen der eine
oder die mehreren röntgendichten Ab-
schnitte der endoluminalen Vorrichtung
während der Bewegung der endoluminalen
Vorrichtung durch das Lumen abgebildet
worden sind, durch Analysieren der Folge
von Röntgenbildern;
Definieren eines Satzes von Stellen, an de-
nen sich der eine oder die mehreren rönt-
gendichten Abschnitte der endoluminalen
Vorrichtung während der Bewegung der en-
doluminalen Vorrichtung durch das Lumen
befunden haben, durch Identifizieren eines
Untersatzes der identifizierten Stellen, so
dass sich jedes Element des Untersatzes
der identifizierten Stellen innerhalb eines
bestimmten Abstands von mindestens ei-
nem anderen Element des Untersatzes der
identifizierten Stellen befindet;
Bestimmen eines endoluminalen Weges
der Vorrichtung durch das Lumen auf Basis
des definierten Satzes von Stellen; und
Erzeugen einer Ausgabe auf der Ausgabe-
vorrichtung.

2. Gerät nach Anspruch 1, wobei das Lumen ein Lumen
des Subjekts einschließt, das eine Bewegung durch-
macht, und wobei der Computerprozessor dafür
ausgelegt ist, einen endoluminalen Weg der Vorrich-
tung durch das Lumen, das eine Bewegung durch-
macht, zu bestimmen.

3. Gerät nach Anspruch 1, wobei der Computerprozes-
sor dafür ausgelegt ist, auf Basis des bestimmten
endoluminalen Weges eine aktuelle Position des Ab-

schnitts des Körpers des Subjekts mit einem zusätz-
lichen Bild des Abschnitts des Körpers des Subjekts
abzustimmen, wobei eine Änderung einer Position
des Körpers des Subjekts zwischen einer Aufnahme
des zusätzlichen Bildes und einer Aufnahme der Fol-
ge von Röntgenbildern berücksichtigt wird.

4. Gerät nach Anspruch 1, wobei der Computerprozes-
sor dafür ausgelegt ist, durch Analysieren der Viel-
zahl von Röntgenbildern festzustellen, inwieweit je-
weilige Abschnitte des endoluminalen Weges der
Vorrichtung durch das Lumen verkürzt sind.

5. Gerät nach Anspruch 1, wobei das Lumen ein Lumen
einschließt, das als Folge eines physiologischen Zy-
klus des Subjekts eine zyklische Bewegung durch-
macht, wobei der Computerprozessor dafür ausge-
legt ist, den Satz von Stellen durch Identifizieren ei-
nes Satzes von Stellen zu definieren, an denen der
eine oder die mehreren röntgendichten Abschnitte
der endoluminalen Vorrichtung in einer bestimmten
Phase des physiologischen Zyklus des Subjekts ab-
gebildet worden sind.

6. Gerät nach Anspruch 1, wobei der Computerprozes-
sor ausgelegt ist zum:

Empfangen eines Bildes des Lumens, in dem
das Lumen sichtbar ist;
Empfangen einer Angabe einer Mittelachse des
Lumens innerhalb des empfangenen Bildes des
Lumens; und Abstimmen jeweiliger Stellen ent-
lang des bestimmten endoluminalen Weges der
Vorrichtung durch das Lumen mit jeweiligen
Stellen entlang der Mittelachse des Lumens in-
nerhalb des empfangenen Bildes des Lumens.

7. Gerät nach Anspruch 1, wobei der Computerprozes-
sor ausgelegt ist zum:

Empfangen eines Bildes des Lumens, in dem
das Lumen sichtbar ist; und
Empfangen einer Angabe einer Mittelachse des
Lumens innerhalb des empfangenen Bildes des
Lumens,
Bestimmen des endoluminalen Weges der Vor-
richtung durch das Lumen durch Bestimmen
des endoluminalen Weges der Vorrichtung
durch das Lumen unter Verwendung des Satzes
von Stellen in Kombination mit der Mittelachse
des Lumens.

8. Gerät nach einem der Ansprüche 1-7, wobei die en-
doluminale Vorrichtung eine endoluminale Datener-
fassungsvorrichtung umfasst, die dafür ausgelegt
ist, eine Vielzahl von endoluminalen Datensätzen an
jeweiligen Stellen entlang des Lumens zu erfassen,
und wobei der Computerprozessor dafür ausgelegt
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ist, jeweilige endoluminale Datensätze mit jeweiligen
Stellen entlang des bestimmten endoluminalen We-
ges der Vorrichtung durch das Lumen abzustimmen.

9. Gerät nach Anspruch 8, wobei der Computerprozes-
sor ausgelegt ist zum:

Empfangen eines Bildes des Lumens, in dem
das Lumen sichtbar ist; und
Abstimmen jeweiliger endoluminaler Datensät-
ze mit jeweiligen Stellen entlang des Lumens in
dem empfangenen Bild auf Basis der Abstim-
mung der jeweiligen endoluminalen Datensätze
mit den jeweiligen Stellen entlang des bestimm-
ten endoluminalen Weges der Vorrichtung
durch das Lumen.

10. Gerät nach Anspruch 8, wobei der Computerprozes-
sor ausgelegt ist zum Feststellen von Durchmessern
des Lumens an jeweiligen Stellen entlang des be-
stimmten endoluminalen Weges der Vorrichtung
durch das Lumen auf Basis der Abstimmung der je-
weiligen endoluminalen Datensätze mit den jeweili-
gen Stellen entlang des bestimmten endoluminalen
Weges der Vorrichtung durch das Lumen.

11. Gerät nach Anspruch 10, wobei der Computerpro-
zessor dafür ausgelegt ist, auf Basis der festgestell-
ten Durchmesser des Lumens eine Stelle zu identi-
fizieren, wo sich entlang des bestimmten endolumi-
nalen Weges der Vorrichtung durch das Lumen eine
Läsion befindet.

12. Gerät nach einem der Ansprüche 1-7, wobei der
Computerprozessor dafür ausgelegt ist, den Satz
von Stellen zu definieren durch Erzeugen eines kom-
binierten Bildes, in dem die identifizierten Stellen ei-
nen integrierten Satz von Stellen bilden, durch Über-
einanderlegen von Bildern, in denen die röntgen-
dichten Abschnitte der endoluminalen Vorrichtung
identifiziert worden sind.

13. Gerät nach Anspruch 12, wobei der Computerpro-
zessor dafür ausgelegt ist, den Satz von Stellen zu
definieren durch:

Identifizieren, dass eine oder mehrere Stellen
innerhalb des kombinierten Bildes, an denen in-
nerhalb der Folge von Röntgenbildern röntgen-
dichte Abschnitte abgebildet wurden, keinen
Stellen, wo sich die röntgendichten Abschnitte
der endoluminalen Vorrichtung befunden ha-
ben, entsprechen, und
Ausschließen der einen oder der mehreren Stel-
len aus dem Satz von Stellen.

14. Computersoftwareprodukt, ein nicht-flüchtiges com-
puterlesbares Medium umfassend, auf dem en Satz

von Programmbefehlen gespeichert ist, wobei die
Befehle, wenn sie von einem Computer gelesen wer-
den, den Computer veranlassen, die Schritte durch-
zuführen: Identifizieren von Stellen, an denen der
eine oder die mehreren röntgendichten Abschnitte
einer endoluminalen Vorrichtung während einer Be-
wegung der endoluminalen Vorrichtung durch ein
Lumen abgebildet wurden, durch Analysieren einer
Folge von Röntgenbildern; Definieren eines Satzes
von Stellen, an denen sich ein oder mehrere rönt-
gendichte Abschnitte der endoluminalen Vorrich-
tung während der Bewegung der endoluminalen
Vorrichtung durch das Lumen befunden haben,
durch Identifizieren eines Untersatzes der identifi-
zierten Stellen, so dass sich jedes Element des Un-
tersatzes der identifizierten Stellen innerhalb eines
bestimmten Abstands von mindestens einem ande-
ren Element des Untersatzes der identifizierten Stel-
len befindet; Bestimmen eines endoluminalen We-
ges der Vorrichtung durch das Lumen auf Basis des
definierten Satzes von Stellen; und Erzeugen einer
Ausgabe an der Ausgabevorrichtung.

Revendications

1. Appareil comprenant :

un dispositif endoluminal (26), lequel comprend
au moins une partie radio-opaque (27) et lequel
est conçu pour se déplacer à travers une lumière
d’un sujet ;
un dispositif de sortie (40) ; et
au moins un processeur informatique (28)
conçu :

pour recevoir, d’un dispositif d’imagerie ra-
diographique extraluminale (20), une sé-
quence d’images radiographiques d’une
partie du corps du sujet dans laquelle la lu-
mière est disposée,
pour identifier, lors du mouvement du dis-
positif endoluminal à travers la lumière, des
emplacements où l’au moins une partie ra-
dio-opaque du dispositif endoluminal a été
imagée lors du mouvement du dispositif en-
doluminal à travers la lumière, par analyse
de la séquence d’images radiographiques ;
pour définir un ensemble d’emplacements
auxquels l’au moins une partie radio-opa-
que du dispositif endoluminal a été dispo-
sée lors du mouvement du dispositif endo-
luminal à travers la lumière par identification
d’un sous-ensemble des emplacements
identifiés de telle sorte que chaque membre
du sous-ensemble des emplacements
identifiés est disposé à une distance don-
née d’au moins un autre membre du sous-
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ensemble des emplacements identifiés ;
pour estimer un trajet endoluminal du dis-
positif à travers la lumière, en fonction de
l’ensemble défini d’emplacements ; et
pour générer une sortie sur le dispostif de
sortie.

2. Appareil selon la revendication 1, dans lequel la lu-
mière comprend une lumière du sujet, laquelle subit
un mouvement, et dans lequel le processeur infor-
matique est conçu pour estimer un trajet endoluminal
du dispositif à travers la lumière, lequel subit un mou-
vement.

3. Appareil selon la revendication 1, dans lequel le pro-
cesseur informatique est conçu pour enregistrer, en
fonction du trajet endoluminal estimé, une position
actuelle de la partie du corps du sujet sur une image
supplémentaire de la partie du corps du sujet, en
fonction d’un changement de position de la partie du
corps du sujet entre l’acquisition de l’image supplé-
mentaire et l’acquisition de la séquence d’images
radiographiques.

4. Appareil selon la revendication 1, dans lequel le pro-
cesseur informatique est conçu pour déterminer une
étendue de raccourcissement des parties respecti-
ves du trajet endoluminal du dispositif à travers la
lumière, par l’analyse de la pluralité d’images radio-
graphiques.

5. Appareil selon la revendication 1, dans lequel la lu-
mière comprend une lumière, laquelle subit un mou-
vement cyclique à la suite d’un cycle physiologique
du sujet,
dans lequel le processeur informatique est conçu
pour définir l’ensemble d’emplacements par identi-
fication d’un ensemble d’emplacements auxquels
l’au moins une partie radio-opaque du dispositif en-
doluminal a été imagée à une phase donnée du cycle
physiologique du sujet.

6. Appareil selon la revendication 1, dans lequel le pro-
cesseur informatique est conçu :

pour recevoir une image de la lumière dans la-
quelle la lumière est visible ;
pour recevoir une indication d’une ligne média-
ne de la lumière dans l’image reçue de la
lumière ; et pour enregistrer des emplacements
respectifs le long du trajet endoluminal estimé
du dispositif à travers la lumière vers des em-
placements respectifs le long de la ligne média-
ne de la lumière à l’intérieur de l’image reçue de
la lumière.

7. Appareil selon la revendication 1, dans lequel le pro-
cesseur informatique est conçu :

pour recevoir une image de la lumière dans la-
quelle la lumière est visible ; et
pour recevoir une indication d’une ligne média-
ne de la lumière à l’intérieur de l’image reçue de
la lumière,
pour estimer le trajet endoluminal du dispositif
à travers la lumière par estimation du trajet en-
doluminal du dispositif à travers la lumière à
l’aide de l’ensemble d’emplacements en combi-
naison avec la ligne médiane de la lumière.

8. Appareil selon l’une quelconque des revendications
1 à 7, dans lequel le dispositif endoluminal comprend
un dispositif d’acquisition de données endolumina-
les conçu pour acquérir une pluralité d’ensembles
de données endoluminales à des emplacements
respectifs le long de la lumière, et dans lequel le
processeur informatique est conçu pour enregistrer
des ensembles de données endoluminales respec-
tifs à des emplacements respectifs le long du trajet
endoluminal estimé du dispositif à travers la lumière.

9. Appareil selon la revendication 8, dans lequel le pro-
cesseur informatique est conçu :

pour recevoir une image de la lumière dans la-
quelle la lumière est visible ; et
pour enregistrer des ensembles de données en-
doluminales respectifs à des emplacements
respectifs le long de la lumière dans l’image re-
çue, en fonction de l’enregistrement des ensem-
bles de données endoluminales respectifs aux
emplacements respectifs le long du trajet endo-
luminal estimé du dispositif à travers la lumière.

10. Appareil selon la revendication 8, dans lequel le pro-
cesseur informatique est conçu pour déterminer les
diamètres de la lumière à des emplacements res-
pectifs le long du trajet endoluminal estimé du dis-
positif à travers la lumière, en fonction de l’enregis-
trement des ensembles de données endoluminales
respectifs aux emplacements respectifs le long du
trajet endoluminal estimé du dispositif à travers la
lumière.

11. Appareil selon la revendication 10, dans lequel le
processeur informatique est conçu pour identifier un
emplacement d’une lésion le long du trajet endolu-
minal estimé du dispositif à travers la lumière, en
fonction des diamètres déterminés de la lumière.

12. Appareil selon l’une quelconque des revendications
1 à 7, dans lequel le processeur informatique est
conçu pour définir l’ensemble d’emplacements par
génération d’une image combinée dans laquelle les
emplacements identifiés forment un ensemble inté-
gré d’emplacements, en superposant, les uns sur
les autres, des images dans lesquelles les parties
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radio-opaques du dispositif endoluminal ont été
identifiées.

13. Appareil selon la revendication 12, dans lequel le
processeur informatique est conçu pour définir l’en-
semble d’emplacements :

par identification qu’au moins un emplacement
dans l’image combinée, auquel les caractéristi-
ques radio-opaques ont été imagées dans la sé-
quence d’images radiographiques, ne corres-
pond pas aux emplacements où les parties ra-
dio-opaques du dispositif endoluminal ont été
disposées, et
par exclusion de l’au moins un emplacement de
l’ensemble d’emplacements.

14. Produit logiciel informatique comprenant un support
non transitoire lisible par ordinateur mémorisant un
ensemble d’instructions de programme, lesdites ins-
tructions, lorsqu’elles sont lues par un ordinateur,
amènent l’ordinateur à mettre en œuvre les étapes
suivantes :

l’identification des emplacements auxquels au
moins une partie radio-opaque d’un dispositif
endoluminal a été imagée lors d’un mouvement
du dispositif endoluminal à travers une lumière,
par analyse d’une séquence d’images
radiographiques ;
par définition d’un ensemble d’emplacements
auxquels au moins une partie radio-opaque du
dispositif endoluminal a été disposée lors du
mouvement du dispositif endoluminal à travers
la lumière par identification d’un sous-ensemble
des emplacements identifiés de telle sorte que
chaque membre du sous-ensemble du dispositif
identifié des emplacements sont disposés à une
distance donnée d’au moins un autre membre
du sous-ensemble des emplacements
identifiés ;
par estimation d’un trajet endoluminal du dispo-
sitif à travers la lumière en fonction de l’ensem-
ble défini d’emplacements ; et
par génération d’une sortie sur un dispositif de
sortie.
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