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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims the benefit of pri-
ority to U.S. Provisional Application No. 62/290,198, filed
on February 2, 2016.

TECHNICAL FIELD

[0002] This disclosure relates generally to radiation
therapy or radiotherapy. More specifically, this disclosure
relates to systems and methods for managing patient
motions in image-guided radiotherapy.

BACKGROUND

[0003] Radiotherapy is used to treat cancers and other
ailments in mammalian (e.g., human and animal) tissue.
An exemplary radiotherapy is provided using a linear ac-
celerator (LINAC), whereby a tumor is irradiated by high-
energy particles (e.g., electrons, protons, ions and the
like). During the course of radiation treatment, images of
the tumor and surrounding tissues may be acquired using
an image acquisition device to improve the accuracy of
radiation field placement. For example, information re-
vealed by the images may be used to compensate for
changes of the tumor due to treatment or due to move-
ment of the patient.
[0004] Images may be acquired prior to a treatment
session to determine changes of the tumor between ses-
sions, or during a treatment session to determine chang-
es of the tumor due to, for example, movements of the
patient. Magnetic Resonance Imaging (MRI) techniques
may be used to produce such images thanks to its ex-
cellent soft tissue contract and high resolution. However,
the acquisition time of MRI images, especially three-di-
mensional (3D) MRI images, is relatively long. For ex-
ample, a 3D MRI image may take several minutes to
acquire. Such a long acquisition time makes 3D MRI un-
suitable for tracking movement related tumor changes
during a treatment session.
[0005] US 2007/127845 A1 discloses a method for reg-
istering 2-D radiographic images to a 3-D volume.
[0006] The following document discusses the advan-
tages and disadvantages of 2D/3D registration methods:
WEESE J ET AL: "2D/3D registration and motion tracking
for surgical interventions", PHILIPS JOURNAL OF RE-
SEARCH, ELSEVIER, AMSTERDAM, NL, vol. 51, no. 2,
1 January 1998.

SUMMARY

[0007] Certain embodiments of the present disclosure
relate to a radiotherapy system. The radiotherapy system
includes an image acquisition device configured to ac-
quire images of an anatomical region of interest of a pa-
tient. The radiotherapy system also includes a radiother-

apy device configured to deliver a dose of radiation to
the anatomical region of interest based on the images of
the anatomical region of interest. The radiotherapy sys-
tem further includes a processor device. The processor
device is configured to control the image acquisition de-
vice to acquire a plurality of two-dimensional (2D) imag-
es. The plurality of 2D images comprises a first 2D image
acquired at a first time point and a second 2D image
acquired at a second time point, the second time point
being more recent than the first time point. Each of the
first and second 2D images include a cross-sectional im-
age of the anatomical region of interest. The processor
device is also configured to generate a predicted image
by advancing the first 2D image forward in time to the
second time point. The processor device is also config-
ured to perform automatic contouring to extract a first set
of contour elements segmenting the cross-sectional im-
age of the anatomical region of interest in the predicted
image and a second set of contour elements segmenting
the cross-sectional image of the anatomical region of in-
terest in the second 2D image. The processor device is
also configured to match the first and second set of con-
tour elements to a three-dimensional (3D) surface image
of the anatomical region of interest to determine a motion
of the anatomical region of interest. In addition, the proc-
essor device is configured to control radiation delivery
based on the determined motion.
[0008] Certain embodiments of the present disclosure
relate to a method for managing motions of an anatomical
region of interest of a patient during an image-guided
radiotherapy session. The method is implemented by a
processor device, which may be a processor device of a
radiotherapy system. The method includes controlling an
image acquisition device to acquire a plurality of 2D im-
ages. The plurality of 2D images comprises a first 2D
image acquired at a first time point and a second 2D
image acquired at a second time point, the second time
point being more recent than the first time point. Each of
the first and second 2D images include a cross-sectional
image of the anatomical region of interest. The method
also includes generating a predicted image by advancing
the first 2D image forward in time to the second time
point. The method also includes performing automatic
contouring to extract a first set of contour elements seg-
menting the cross-sectional image of the anatomical re-
gion of interest in the predicted image and a second set
of contour elements segmenting the cross-sectional im-
age of the anatomical region of interest in the second 2D
image. The method also includes matching the first and
second set of contour elements to a 3D surface image
of the anatomical region of interest to determine a motion
of the anatomical region of interest. In addition, the meth-
od may include controlling a radiotherapy device to de-
liver radiation based on the determined motion.
[0009] The radiotherapy system may include an image
acquisition device configured to acquire MRI images of
an anatomical region of interest of a patient. The radio-
therapy system may also include a radiotherapy device
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including a linear accelerator (LINAC) and configured to
deliver a dose of radiation to the anatomical region of
interest based on the MRI images of the anatomical re-
gion of interest. The plurality of 2D images may include
2D images acquired in at least two of a sagittal plane, a
coronal plane, or a transverse plane. The first and second
2D images may be acquired at different anatomical
planes. The processor device may also be configured to
generate a predicted image by advancing the first 2D
image forward in time to the second time point based on
a periodical motion of the patient. The periodical motion
may include a respiratory motion. The processor device
is configured to perform automatic contouring to extract
a first set of contour elements segmenting the cross-sec-
tional image of the anatomical region of interest in the
predicted image and a second set contour elements seg-
menting the cross-sectional image of the anatomical re-
gion of interest in the second 2D image. Each of the first
and second sets of contour elements may include at least
one of a set of points, a set of line segments, or a set of
image patches. The processor device may also be con-
figured to match the first and second sets of contour el-
ements to a 3D surface image of the anatomical region
of interest by minimizing a distance between the first and
second sets of contour elements and the 3D surface to
determine a motion of the anatomical region of interest.
The motion may include at least one of a displacement
or a rotation. In addition, the processor device may be
configured to control radiation delivery based on the de-
termined motion, including at least one of controlling a
gating of a radiation beam; controlling a modification of
a multi-leaf collimator (MLC); or controlling a movement
of a patient supporting system.
[0010] Additional objects and advantages of the
present disclosure will be set forth in part in the following
detailed description, and in part will be obvious from the
description, or may be learned by practice of the present
disclosure. The objects and advantages of the present
disclosure will be realized and attained by means of the
elements and combinations particularly pointed out in
the, appended claims.
[0011] Aspects of the present invention are set out in
the independent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which constitute
a part of this specification, illustrate several embodiments
and, together with the description, serve to explain the
disclosed principles.

Fig. 1 is a block diagram of an exemplary radiother-
apy system, according to some embodiments of the
present disclosure.
Fig. 2 is a schematic diagram of an exemplary image-
guided radiotherapy device, according to some em-
bodiments of the present disclosure.
Fig. 3 illustrates an image of an exemplary anatom-

ical region of interest and exemplary 2D image
planes, according to some embodiments of the
present disclosure.
Figs. 4A-4C illustrate contours of cross-sectional im-
ages of an exemplary anatomical region of interest,
according to some embodiments of the present dis-
closure.
Fig. 5 illustrates an exemplary matching between
three exemplary sets of contour elements and an
exemplary 3D surface image, according to some em-
bodiments of the present disclosure.
Fig. 6 is a flowchart of an exemplary method of man-
aging motions of an anatomical region of interest of
a patient during an image-guided radiotherapy ses-
sion, according to some embodiments of the present
disclosure.

DETAILED DESCRIPTION

[0013] Exemplary embodiments are described with
reference to the accompanying drawings. Wherever con-
venient, the same reference numbers are used through-
out the drawings to refer to the same or like parts. While
examples and features of disclosed principles are de-
scribed herein, modifications, adaptations, and other im-
plementations are possible without departing from the
spirit and scope of the disclosed embodiments. Also, the
words "comprising," "having," "containing," and "includ-
ing," and other similar forms are intended to be equivalent
in meaning and be interpreted as open ended, in that, an
item or items following any one of these words is not
meant to be an exhaustive listing of such item or items,
or meant to be limited to only the listed item or items. And
the singular forms "a," "an," and "the" are intended to
include plural references, unless the context clearly dic-
tates otherwise.
[0014] Systems and methods consistent with the
present disclosure are directed to image-guided radiation
therapy or radiotherapy (IGRT). As used herein, the term
"radiation therapy," "radiotherapy," and "radiation oncol-
ogy" are used interchangeably. IGRT refers to a tech-
nique of using frequent 2D or 3D imaging to direct radi-
otherapy during a course of radiation treatment. IGRT
technique may be used to improve the accuracy of radi-
ation field placement, and to reduce the exposure of
healthy tissue during radiation treatments.
[0015] In IGRT, images may be acquired prior to a
treatment session (e.g., prior to applying a radiation
dose). For example, in a multi-session treatment, radia-
tion doses may be delivered across several days. There-
fore, there may be daily changes in a target subject to
radiotherapy. A target may include an organ, a tumor, an
anomaly, or an anatomical structure that is subject to or
related to radiotherapy. Acquiring an image prior to a
treatment session may account for the daily changes in
the target. 3D images, such as 3D MRI, CT, and/or ul-
trasound images may be used as pre-session images.
[0016] A target may change not only from day-to-day,
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but also during a treatment session. For example, the
target may move due to movement of the patient such
as breathing, coughing, swallowing, etc. Motions during
a treatment session may be referred to as intrafractional
motions. Because some intrafractional motions occur in
a relatively short period of time (e.g., respiratory mo-
tions), capturing such motions may require fast imaging
techniques. 3D MRI, for example, generally requires 1-5
minutes to acquire an image, and therefore is too slow
to track such fast intrafractional motions. Embodiments
of the present application enable tracking of fast intra-
fractional motions using one or more 2D images, which
can be acquired much faster than 3D images. For exam-
ple, a 2D MRI image can be acquired in 50-200 millisec-
onds. The one or more 2D images may contain cross-
sectional images of the target, which can be automati-
cally segmented using auto-contouring techniques. The
segmented contour(s) may be matched to a 3D surface
image of the target that is acquired prior to the treatment
session. Assuming the target is substantially rigid during
the treatment session, the matching may generate a mo-
tion of the target (e.g., a displacement and/or a rotation)
relative to its original position (e.g., the position of the 3D
surface in the 3D image acquired prior to the treatment
session). In some cases, multiple 2D images acquired in
different anatomical planes may be used to provide mul-
tiple contours for matching with the 3D surface. For ex-
ample, images in orthogonal anatomical planes may be
used to improve accuracy. In some cases, the multiple
2D images may be acquired at different times (e.g., in
sequence), and the time period between successive 2D
images may not be insignificant. In these cases, past 2D
images acquired earlier in time may be advanced forward
in time to generate predicted images approximating im-
ages that would have been acquired at a more recent
time point. The prediction may be based on the periodic
nature of certain patient motions, such as respiratory mo-
tions. For example, the cycle of the respiratory motions
may be monitored to predict the motion of the target at
a particular time point.
[0017] Fig. 1 illustrates an exemplary radiotherapy sys-
tem 100, according to some embodiments of the present
disclosure. Radiotherapy system 100 may be an IGRT
system. As shown in Fig. 1, radiotherapy system 100
may include a control console 110, a database 120, a
radiotherapy device 130, and an image acquisition de-
vice 140. In some embodiments, radiotherapy device 130
and image acquisition device 140 may be integrated into
a single image-guided radiotherapy device 150, as indi-
cated by the dashed box 150 in Fig. 1. In some embod-
iments, radiotherapy device 130 and image acquisition
device 140 may be separate devices. In some embodi-
ments, radiotherapy device 130 and image acquisition
device 140 may be physically or communicative connect-
ed to each other, as indicated by a dotted-dashed line
between radiotherapy device 130 and image acquisition
device 140 in Fig. 1.
[0018] Control console 110 may include hardware and

software components to control radiotherapy device 130
and image acquisition device 140 and/or to perform func-
tions or operations such as treatment planning, treatment
execution, image acquisition, image processing, motion
tracking, motion management, or other tasks involved in
a radiotherapy process. The hardware components may
include one or more computers (e.g., general purpose
computers, workstations, servers, terminals, porta-
ble/mobile devices, etc.); processor devices (e.g., central
processing units (CPUs), graphics processing units
(GPUs), microprocessors, digital signal processors
(DSPs), field programmable gate arrays (FPGAs), spe-
cial-purpose or specially-designed processors, etc.);
memory/storage devices (e.g., read-only memories
(ROMs), random access memories (RAMs), flash mem-
ories, hard drives, optical disks, solid-state drives
(SSDs), etc.); input devices (e.g., keyboards, mice, touch
screens, mics, buttons, knobs, trackballs, levers, han-
dles, joysticks, etc.); output devices (e.g., displays, print-
ers, speakers, vibration devices, etc.); circuitries; printed
circuit boards (PCBs); or other suitable hardware. The
software components may include operation system soft-
ware, application software, etc. For example, as shown
in Fig. 1, control console 110 may include treatment plan-
ning/delivery software 115 that may be stored in a mem-
ory/storage device of control console 110. Software 115
may include computer readable and executable codes
or instructions. A processor device of control console 110
may be communicatively connected to the memory/stor-
age device storing software 115 to access and execute
the codes or instructions. The execution of the codes or
instructions may cause the processor device to perform
operations to achieve one or more functions consistent
with the disclosed embodiments.
[0019] Control console 110 may be communicatively
connected to database 120 to access data. In some em-
bodiments, database 120 may be implemented using lo-
cal hardware devices, such as one or more hard drives,
optical disks, and/or servers that are in the proximity of
control console 110. In some embodiments, database
120 may be implemented in a data center or a server
located remotely with respect to control console 110.
Control console 110 may access data stored in database
120 through wired or wireless communication.
[0020] Database 120 may include patient data 122. Pa-
tient data may include information such as imaging data
associated with a patient (e.g., MRI, CT, X-ray, PET,
SPECT, and the like); anatomical region, organ, or vol-
ume of interest segmentation data; functional organ mod-
eling data (e.g., serial versus parallel organs, and appro-
priate dose response models); radiation dosage data
(e.g., may include dose-volume histogram (DVH) infor-
mation); lab data (e.g., hemoglobin, platelets, cholester-
ol, triglycerides, creatinine, sodium, glucose, calcium,
weight); vital signs (blood pressure, temperature, respi-
ratory rate and the like); genomic data (e.g., genetic pro-
filing); demographics (age, sex, ethnicity, etc.); other dis-
eases affecting the patient (e.g., cardiovascular disease,
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respiratory disease, diabetes, radiation hypersensitivity
syndromes, and the like); medications and drug reac-
tions; diet and lifestyle (e.g., smoking or non-smoking);
environmental risk factors; tumor characteristics (histo-
logical type, tumor grade, hormone and other receptor
status, tumor size, vascularity cell type, cancer staging,
Gleason score, etc.); previous treatments (e.g., surger-
ies, radiation, chemotherapy, hormone therapy, etc.);
lymph node and distant metastases status; genetic/pro-
tein biomarkers (e.g., MYC, GADD45A, PPM1D, BBC3,
CDKN1A, PLK3, XPC, AKT1, RELA, BCL2L1, PTEN,
CDK1, XIAP, and the like); single nucleotide polymor-
phisms (SNP) analysis (e.g., XRCC1, XRCC3, APEX1,
MDM2, TNFR, MTHFR, MTRR, VEGF, TGFβ, TNFα,
etc.), and the like.
[0021] Database 120 may include machine data 124.
Machine data 124 may information associated with radi-
otherapy device 130, image acquisition device 140, or
other machines relevant to radiotherapy, such as radia-
tion beam size, arc placement, on/off time duration, co-
ordinate system, multi-leaf collimator (MLC) configura-
tion, MRI pulse sequence, and the like.
[0022] Image acquisition device 140 may provide med-
ical images of a patient. For example, image acquisition
device 140 may provide one or more of MRI images (e.g.,
2D MRI, 3D MRI, 2D streaming MRI, 4D volumetric MRI,
4D cine MRI); Computed Tomography (CT) images;
Cone-Beam CT images; Positron Emission Tomography
(PET) images; functional MRI images (e.g., fMRI, DCE-
MRI, diffusion MRI); X-ray images; fluoroscopic images;
ultrasound images; radiotherapy portal images; Single-
Photo Emission Computed Tomography (SPECT) imag-
es; and the like. Accordingly, image acquisition device
140 may include an MRI imaging device, a CT imaging
device, a PET imaging device, an ultrasound imaging
device, a fluoroscopic device, a SPECT imaging device,
or other medical imaging devices for obtaining the med-
ical images of the patient.
[0023] Radiotherapy device 130 may include a Leksell
Gamma Knife, a LINAC, or other suitable devices capa-
ble of delivering radiation to an anatomical region of in-
terest of a patient in a controllable manner.
[0024] Fig. 2 illustrates an exemplary image-guided ra-
diotherapy device 150, according to some embodiments
of the present disclosure. Device 150 includes a couch
210, an image acquisition portion corresponding to image
acquisition device 140, and a radiation delivery portion
corresponding to radiotherapy device 130.
[0025] Couch 210 may be used for supporting a patient
(not shown) during a treatment session, and may also
be referred to as a patient supporting system. Couch 210
may be movable along a horizontal, translation axis (la-
belled "I"), such that the patient resting on couch 210 can
be moved into and/or out of device 150. In some embod-
iments, couch 210 may be rotatable around a central
vertical axis of rotation, transverse to the translation axis.
Couch 210 may be motorized to move in various direc-
tions and rotate along various axes to properly position

the patient according to a treatment plan.
[0026] Image acquisition device 140 may include an
MRI machine used to acquire 2D or 3D MRI images of a
patient before, during, and/or after a treatment session.
Image acquisition device 140 may include a magnet 146
for generating a primary magnetic field for magnetic res-
onance imaging. The magnetic field lines generated by
operation of magnet 146 may run substantially parallel
to the central translation axis I. Magnet 146 may include
one or more coils with an axis that runs parallel to the
translation axis I. In some embodiments, the one or more
coils in magnet 146 may be spaced such that a central
window 147 of magnet 146 is free of coils. In other em-
bodiments, the coils in magnet 146 may be thin enough
or of a reduced density such that they are substantially
transparent to radiation of the wavelength generated by
radiotherapy device 130. Image acquisition device 140
may also include one or more active shielding coils, which
may generate a magnetic field outside magnet 146 of
approximately equal magnitude and opposite polarity to
cancel the magnetic field outside magnet 146. A radiation
source 134 of radiotherapy device 130 may be positioned
in the region where the magnetic field is cancelled, at
least to a first order.
[0027] Image acquisition device 140 may also include
two gradient coils 148 and 149, which may generate a
gradient magnetic field that is superposed on the primary
magnetic field. Coils 148 and 149 may generate a gra-
dient in the resultant magnetic field that allows spatial
encoding of the protons so that their position can be de-
termined. Gradient coils 148 and 149 may be positioned
around a common central axis with the magnet 146, and
may be displaced from on another along that central axis.
The displacement may create a gap, or window, between
coils 148 and 149. In the embodiments wherein magnet
146 also includes a central window 147 between coils,
the two windows may be aligned with each other.
[0028] Radiotherapy device 130 may include the
source of radiation 134, such as an X-ray source or a
linear accelerator, and a multi-leaf collimator (MLC) 132.
Radiotherapy device 130 may be mounted on a chassis
138. Chassis 138 may be continuously rotatable around
couch 210 when it is inserted into the treatment area,
powered by one or more chassis motors. A radiation de-
tector may also be mounted on chassis 138 if desired,
preferably opposite to radiation source 134 and with the
rotational axis of chassis 138 positioned between radia-
tion source 134 and the detector. The control circuitry of
radiotherapy device 130 may be integrated within device
150 or remote from it, and is functionally represented by
control console 110 of Fig. 1.
[0029] During a radiotherapy treatment session, a pa-
tient may be positioned on couch 210, which may be
inserted into the treatment area defined by magnetic coils
146, 148, 149, and chassis 138. Control console 110 may
control radiation source 134, MLC 132, and the chassis
motor(s) to deliver radiation to the patient through the
window between coils 148 and 149.
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[0030] Fig. 3 illustrates an image of an exemplary an-
atomical region of interest and exemplary 2D image
planes, according to some embodiments of the present
disclosure. As used herein, an anatomical region of in-
terest may include an organ, an organ at risk (OAR), a
tumor, a surrounding tissue, a radiotherapy target, an
isocenter, or any other anatomical structures relevant to
radiotherapy. As shown in Fig. 3, a 3D image of an an-
atomical region of interest 320 may be included in a 3D
image 310. For simplicity, the image of anatomical region
of interest 320 may also be referred to as anatomical
region of interest 320 or target 320. In some embodiment,
3D image 310 may be acquired prior to (e.g., immediately
before) application of a radiation dose in a treatment ses-
sion. For example, 3D image 310 may be a 3D MRI image
(or a snapshot of a 4D MRI image), a 3D CT image, a
3D ultrasound image, etc. Once 3D image 310 is ac-
quired, the 3D surface of target 320 may be generated
using automatic or manual contouring techniques. The
3D surface may be used to determine intrafractional mo-
tions of target 320.
[0031] During a radiotherapy session (e.g., radiation
beam-on process), one or more 2D images may be ac-
quired to monitor intrafractional motions. Each 2D image
may be acquired in an anatomical plane, such as a sag-
ittal plane (e.g., plane 314), a coronal plane (e.g., plane
316), or a transverse plane (e.g., plane 312). As used
herein, a sagittal plane is a plane parallel to the sagittal
suture, dividing a body into left and right portions; a coro-
nal plane (also known as a frontal plane) divides the body
into dorsal and ventral (back and front, or posterior and
anterior) portions; a transverse plane divides the body
into cranial and caudal (superior and inferior, or head and
tail) portions. When multiple 2D images are acquired, the
multiple 2D images may be acquired in different anatom-
ical planes (e.g., at least two of the sagittal plane, the
coronal plane, and/or the transverse plane). In some em-
bodiments, target 320 may be located at the intersection
of the two or more anatomical planes in which the multiple
2D images are acquired. Specific anatomical plane(s) in
which 2D image(s) are acquired may be determined by
control console 110 based on, for example, the type of
the anatomical region of interest, the treatment plan, the
medical images of the anatomical region of interest, etc.
[0032] Each 2D image may include a cross-sectional
image of target 320. Control console 110 may perform
automatic contouring in each 2D image to extract a set
of contour elements segmenting the cross-sectional im-
age of target 320. Automatic contouring may include im-
age segmentation and may be performed using tech-
niques such as active contour, snakes, level sets, etc. In
some embodiment, automatic contouring may be per-
formed immediately following the acquisition of a 2D im-
age. In some embodiments, when multiple 2D images
are used, automatic contouring may be performed on
certain predicted images undergone time forwarding ap-
proximation to advance the acquisition time point forward
in time to a more recent time point. In any case, after

automatic contouring, a set of contour elements may be
extracted from each 2D image segmenting the cross-
sectional image of target 320 in that 2D image.
[0033] In some embodiments, the set of contour ele-
ments may include a set of points. For example, the con-
tour may be represented by a set of image points sub-
stantially enclosing or covering at least a portion of the
cross-sectional image of target 320. In some embodi-
ments, the set of contour elements may include a set of
line segments. For example, the set of line segments
may collectively form a substantially continuous curve
enclosing at least a portion of the cross-sectional image
of target 320. In some embodiments, the set of contour
elements may include a set of image patches. For exam-
ple, the set of image patches may collectively cover at
least a portion of the cross-sectional image of target 320.
[0034] Figs. 4A-4C are exemplary 2D images showing
contours of cross-sectional images of an exemplary an-
atomical region of interest, according to some embodi-
ments of the present disclosure. Images shown in Figs.
4A-4C are 2D MRI images of a patient’s abdominal area
in the transverse plane (4A), the sagittal plane (4B), and
the coronal plane (4C). These images include cross-sec-
tional images of an anatomical region of interest - a kid-
ney of a patient, indicated by contours 412, 414, and 416.
As described above, contours 412, 414, and 416 may be
obtained using automatic contouring techniques.
[0035] During a radiotherapy session, the position of
an anatomical region of interest, such as the kidney
shown in Figs. 4A-4C, may change. For example, the
kidney may move relatively quickly and periodically due
to, for example, breathing of the patient. Assuming the
kidney is relatively rigid during the radiotherapy session,
the moving the the kidney may involve displacement
and/or rotation. As used herein, a change in the position
of an anatomical region of interest such as displace-
ment/rotation is commonly referred to as a motion of the
anatomical region of interest. The imaging techniques
disclosed herein enable accurate capture of one or more
motions of an anatomical region of interest during a ra-
diation delivery session.
[0036] Once one or more contours are extracted, the
extracted contour(s) (e.g., the set(s) of contour elements)
may be used to determine a motion of target 320 by
matching the contour(s) to the 3D surface image of target
320 acquired prior to the treatment session. Fig. 5 illus-
trates an exemplary matching between three exemplary
sets of contour elements and an exemplary 3D surface
image 520. As shown in Fig. 5, 3D surface image 520
may be obtained from a 3D image acquired prior to the
treatment session using automatic or manual contouring
techniques. Three sets of contour elements 512, 514,
and 516 may be extracted from three 2D images acquired
in the transverse plane, the sagittal plane, and the coronal
plane, respectively, using automatic contouring tech-
niques, as described above. In Fig. 5, the three sets of
contour elements are image points. In other embodiment,
line segments or image patches may also be used. When
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no motion occurs (e.g. neither displacement nor rotation
occurs) between the acquisition of the 3D image from
which 3D surface image 520 is extracted and the acqui-
sition of each of the 2D images from which the set contour
elements 512, 514, or 516 is extract, the three sets of
contour elements 512, 514, and 516 should substantially
match the 3D surface image 520. If, however, certain
motion occurs, such as when displacement and/or rota-
tion occurs, mismatch between the three sets of contour
elements 512, 514, and 516 and the 3D surface image
520 may also occur. Because the anatomical region of
interest is assumed to be relatively rigid, optimizing the
matching between the three sets of contour elements
512, 514, and 516 and the 3D surface image 520 may
result in displacement and/or rotation of the 3D surface
image 520 that substantially track the motion of the an-
atomical region of interest that actually occurs. There-
fore, control console 110 may determine the motion of
the anatomical region of interest by matching the set(s)
of contour elements (e.g., 512, 514, 516) to the 3D sur-
face image (e.g., 520). For example, the matching may
be performed using an iterative closest point (ICP) algo-
rithm that minimizes a distance between the contour el-
ements and the 3D surface. The distance may be calcu-
lated as a summation of individual distances between
each contour element and the 3D surface. For example,
in Fig. 5, an individual distance between a point and the
surface may be calculated as the shortest distance be-
tween the point and the surface. The distance between
all three sets of points and the surface may be the sum-
mation of all individual distances. The matching algorithm
may then seek to minimize the distance by displacing
and/or rotating 3D surface 520, and use the resulting
displacement and/or rotation as an approximation of the
actual motion of the anatomical region of interest.
[0037] Fig. 6 is a flowchart of an exemplary method
600 of managing motions of an anatomical region of in-
terest of a patient during an image-guided radiotherapy
session, according to some embodiments of the present
disclosure. Method 600 includes a plurality of steps,
some of which may be optional.
[0038] In step 610, control console 110 may control
image acquisition device 140 to acquire at least one 2D
image (e.g., Figs. 4A-4C). Each acquired 2D image may
include a cross-sectional image of an anatomical region
of interest (e.g., cross-sectional images indicated by con-
tours 412, 414, and 416).
[0039] In step 620, control console 110 may generate
one or more predicted images by advancing any past
image(s) forward in time to a more recent time point.
[0040] In some embodiments, multiple 2D images may
be acquired at different time points. For example, images
shown in Figs. 4A-4C may be acquired at t1, t2, and t3,
respectively, where t1<t2<t3. In other words, the image
shown in Fig. 4C is the most recent image. While images
shown in Figs. 4A-4C may be acquired sequentially, the
time delay between successive images may not be in-
significant in some cases. Therefore, images acquired

at an earlier time point may be advanced forward in time
to a more recent time point. For example, the image
shown in Fig. 4A may be advanced forward in time (e.g.,
t1->t3) such that a predicted image may be generated to
approximate a "would-be" image as if Fig. 4A is acquired
at t3. Similarly, the image shown in Fig. 4B may be ad-
vance forward in time from t2 to t3. Once Figs. 4A and
4B are brought to the same time point as Fig. 4C, auto-
matic contouring may be performed to extract the corre-
sponding set of contour elements in each figure. These
sets of contour elements, assuming being extracted from
images acquired at the same time point, can be used to
match to the 3D surface image (e.g., 520) to determine
the motion of the anatomical region of interest. In some
embodiments, automatic contouring may be performed
on original 2D images to extract a set of contour ele-
ments. The set of contour elements may then be modified
to account for the time-forwarding effect.
[0041] In some embodiments, control console 110 may
generate the predicted image undergone time forwarding
based on a periodical motion of the patient. For example,
when the motion of the anatomical region of interest is
primary due to a periodical motion of the patient, such
as a respiratory motion, the pattern of the periodical mo-
tion may be monitored and analyzed. For example, mul-
tiple cycles of the periodical motion may be recorded to
generate a prediction model for predicting the motion of
the anatomical region of interest. In some embodiment,
the prediction may be reflected by an approximate
change in position of certain cross-sectional image por-
tions in a 2D image. Statistical method may be used to
improve the accuracy of the prediction. In some embod-
iments, the prediction model may predict the position of
a cross-sectional portion in a 2D image (e.g., the cross-
sectional image of the anatomical region of interest) and
modify the contour(s) extracted from original 2D images
based on the prediction.
[0042] In step 630, control console 110 may perform
automatic contouring in each 2D image (e.g., Figs. 4A-
4C) to extract a set of contour elements (e.g., 412, 414,
and 416) segmenting the cross-sectional image in that
2D image. As described above, the automatic contouring
may be performed using a segmentation algorithm such
as active contour, snakes, level sets, etc. The set of con-
tour elements may include points, line segments, and/or
image patches.
[0043] In step 640, control console 110 may match one
or more sets of contour elements to a 3D surface image
(e.g., 520) to determine a motion of the anatomical region
of interest. For example, the matching may be performed
using a surface match algorithm such as ICP algorithm,
which minimizes the distance between the contour ele-
ments and the 3D surface. As described above, the mo-
tion of the anatomical region of interest may include dis-
placement and/or rotation.
[0044] Once a motion is detected, control console 110
may control radiation delivery, including performing var-
ious operations, to compensate for the motion. For ex-
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ample, in step 650, control console 110 may control ra-
diotherapy device 130 to gate a radiation beam if a certain
motion exceeds a threshold. In another example, control
console 110 may modify the configuration of a MLC (e.g.,
MLC 132) to change the beam shape. In another exam-
ple, control console 110 may move patient support sys-
tem 210 and/or chassis motor(s) to realign the anatomical
region of interest with the isocenter of the radiation
beams. Other operation or treatment parameters may
also be changed based on the determined motion.
[0045] Various operations or functions are described
herein, which may be implemented or defined as soft-
ware code or instructions. Such content may be directly
executable ("object" or "executable" form), source code,
or difference code ("delta" or "patch" code). Software im-
plementations of the embodiments described herein may
be provided via an article of manufacture with the code
or instructions stored thereon, or via a method of oper-
ating a communication interface to send data via the com-
munication interface. A machine or computer readable
storage medium may cause a machine to perform the
functions or operations described, and includes any
mechanism that stores information in a form accessible
by a machine (e.g., computing device, electronic system,
and the like), such as recordable/non-recordable media
(e.g., read only memory (ROM), random access memory
(RAM), magnetic disk storage media, optical storage me-
dia, flash memory devices, and the like). A communica-
tion interface includes any mechanism that interfaces to
any of a hardwired, wireless, optical, and the like, medium
to communicate to another device, such as a memory
bus interface, a processor bus interface, an Internet con-
nection, a disk controller, and the like. The communica-
tion interface can be configured by providing configura-
tion parameters and/or sending signals to prepare the
communication interface to provide a data signal describ-
ing the software content. The communication interface
can be accessed via one or more commands or signals
sent to the communication interface.
[0046] The present invention also relates to a system
for performing the operations herein. This system may
be specially constructed for the required purposes, or it
may comprise a general-purpose computer selectively
activated or reconfigured by a computer program stored
in the computer. Such a computer program may be stored
in a computer readable storage medium, such as, but
not limited to, any type of disk including floppy disks, op-
tical disks, CDROMs, and magnetic-optical disks, read-
only memories (ROMs), random access memories
(RAMs), EPROMs, EEPROMs, magnetic or optical
cards, or any type of media suitable for storing electronic
instructions, each coupled to a computer system bus.
[0047] The order of execution or performance of the
operations in embodiments of the invention illustrated
and described herein is not essential, unless otherwise
specified. That is, the operations may be performed in
any order, unless otherwise specified, and embodiments
of the invention may include additional or fewer opera-

tions than those disclosed herein. For example, it is con-
templated that executing or performing a particular op-
eration before, contemporaneously with, or after another
operation is within the scope of aspects of the invention.
[0048] Embodiments of the invention may be imple-
mented with computer-executable instructions. The com-
puter-executable instructions may be organized into one
or more computer- executable components or modules.
Aspects of the invention may be implemented with any
number and organization of such components or mod-
ules. For example, aspects of the invention are not limited
to the specific computer-executable instructions or the
specific components or modules illustrated in the figures
and described herein. Other embodiments of the inven-
tion may include different computer-executable instruc-
tions or components having more or less functionality
than illustrated and described herein.
[0049] When introducing elements of aspects of the
invention or the embodiments thereof, the articles "a,"
"an," "the," and "said" are intended to mean that there
are one or more of the elements. The terms "comprising,"
"including," and "having" are intended to be inclusive and
mean that there may be additional elements other than
the listed elements.
[0050] The invention is defined by the appended
claims.

Claims

1. A radiotherapy system, comprising:

an image acquisition device (140) configured to
acquire images of an anatomical region of inter-
est of a patient;
a radiotherapy device (130) configured to deliver
a dose of radiation to the anatomical region of
interest based on the images of the anatomical
region of interest; and
a processor device (110) configured to:

(610) control the image acquisition device
(140) to acquire a plurality of two-dimen-
sional (2D) images, the plurality of 2D im-
ages comprising a first 2D image acquired
at a first time point and a second 2D image
acquired at a second time point, the second
time point being more recent than the first
time point, each of the first and second 2D
images including a cross-sectional image
of the anatomical region of interest;
(620) generate a predicted image by ad-
vancing the first 2D image forward in time
to the second time point;
(630) perform automatic contouring to ex-
tract a first set of contour elements seg-
menting the cross-sectional image of the
anatomical region of interest in the predict-
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ed image and a second set of contour ele-
ments segmenting the cross-sectional im-
age of the anatomical region of interest in
the second 2D image;
(640) match the first and second sets of con-
tour elements to a three-dimensional (3D)
surface image of the anatomical region of
interest to determine a motion of the ana-
tomical region of interest; and
(650) control radiation delivery based on the
determined motion.

2. The radiotherapy system of claim 1, wherein the im-
age acquisition device (140) is configured to acquire
2D Magnetic Resonance Imaging (MRI) images of
the anatomical region of interest of the patient.

3. The radiotherapy system of claim 1, wherein the ra-
diotherapy device (130) includes a linear accelerator
(LINAC).

4. The radiotherapy system of claim 1, wherein the set
of contour elements include at least one of:

a set of points;
a set of line segments; or
a set of image patches.

5. The radiotherapy system of any preceding claim,
wherein the plurality of 2D images include 2D images
acquired in at least two of a sagittal plane, a coronal
plane, or a transverse plane.

6. The radiotherapy system of any preceding claim,
wherein the first and second 2D images are acquired
in different anatomical planes.

7. The radiotherapy system of any preceding claim,
wherein the processor device is configured to:
generate the predicted image based on a periodical
motion of the patient.

8. The radiotherapy system of claim 7, wherein the pe-
riodical motion of the patient includes a respiratory
motion.

9. The radiotherapy system of claim 1, wherein the
processor device configured to:
match the set of contour elements to the 3D surface
image of the anatomical region of interest by mini-
mizing a distance between the set of contour ele-
ments and the 3D surface.

10. The radiotherapy system of claim 1, wherein the mo-
tion of the anatomical region of interest includes at
least one of a displacement or a rotation, or
wherein the processor device is configured to deter-
mine the motion and control the radiation delivery

during a radiotherapy session.

11. The radiotherapy system of claim 1, wherein the
processor is configured to control at least one of the
following based on the determined motion:

a gating of a radiation beam;
a modification of a multi-leaf collimator (MLC); or
a movement of a patient supporting system.

12. A computer-implemented method for managing mo-
tions of an anatomical region of interest of a patient,
implemented by a processor device, the method
comprising:

(610) controlling an image acquisition device to
acquire a plurality of two-dimensional (2D) im-
ages, the plurality of 2D images comprising a
first 2D image acquired at a first time point and
a second 2D image acquired at a second time
point, the second time point being more recent
than the first time point, each of the first and
second 2D images including a cross-sectional
image of the anatomical region of interest;
(620) generating a predicted image by advanc-
ing the first 2D image forward in time to the sec-
ond time point;
(630) performing automatic contouring to extract
a first set of contour elements segmenting the
cross-sectional image of the anatomical region
of interest in the predicted image and a second
set of contour elements segmenting the cross-
sectional image of the anatomical region of in-
terest in the second 2D image; and
(640) matching the first and second sets of con-
tour elements to a three-dimensional (3D) sur-
face image of the anatomical region of interest
to determine a motion of the anatomical region
of interest.

13. A machine readable medium carrying machine read-
able instructions that, when executed by one or more
processors of a machine, cause the machine to per-
form the method of claim 12.

Patentansprüche

1. Strahlentherapiesystem, umfassend:

eine Bilderfassungsvorrichtung (140), die konfi-
guriert ist zum Erfassen von Bildern eines inte-
ressierenden anatomischen Bereichs eines Pa-
tienten,
eine Strahlentherapievorrichtung (130), die kon-
figuriert ist zum Abgeben einer Strahlungsdosis
auf den interessierenden anatomischen Bereich
aufgrund der Bilder des interessierenden ana-
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tomischen Bereichs;
und eine Prozessorvorrichtung (110), die konfi-
guriert ist zum:

(610) Steuern der Bilderfassungsvorrich-
tung (140), um eine Vielzahl von zweidi-
mensionalen Bildern (2D-Bildern) zu erfas-
sen, wobei die Vielzahl von 2D-Bildern ein
erstes 2D-Bild, das zu einem ersten Zeit-
punkt erfasst wurde, und ein zweites 2D-
Bild umfasst, das zu einem zweiten Zeit-
punkt erfasst wurde, wobei der zweite Zeit-
punkt neuer als der erste Zeitpunkt ist, wo-
bei jedes des ersten und des zweiten 2D-
Bildes ein Querschnittsbild des interessie-
renden anatomischen Bereichs aufweist;
(620) Erzeugen eines vorhergesagten Bil-
des, indem das erste 2D-Bild in der Zeit vor-
wärts zu dem zweiten Zeitpunkt bewegt
wird;
(630) Ausführen eines automatischen Kon-
turierens, um eine erste Gruppe von Kon-
turelementen zum Segmentieren des Quer-
schnittsbildes des interessierenden anato-
mischen Bereichs in dem vorhergesagten
Bild und eine zweite Gruppe von Konture-
lementen zum Segmentieren des Quer-
schnittsbildes des interessierenden anato-
mischen Bereichs in dem 2D-Bild zu extra-
hieren;
(640) Abgleichen der ersten und der zwei-
ten Gruppe von Konturelementen zu einem
dreidimensionalen Oberflächenbild (3D-
Oberflächenbild) des interessierenden ana-
tomischen Bereichs, um eine Bewegung
des interessierenden anatomischen Be-
reichs zu ermitteln; und
(650) Steuern einer Strahlungsabgabe auf-
grund der ermittelten Bewegung.

2. Strahlentherapiesystem nach Anspruch 1, wobei die
Bilderfassungsvorrichtung (140) konfiguriert ist zum
Erfassen von 2D-Magnetresonanztomographiebil-
dern (2D Magnetic Resonance Imaging images, 2D-
MRI-Bildern) des interessierenden anatomischen
Bereichs des Patienten,

3. Strahlentherapiesystem nach Anspruch 1, wobei die
Strahlentherapievorrichtung (130) einen Linearbe-
schleuniger (Linear Accelerator, LINAC) aufweist.

4. Strahlentherapiesystem nach Anspruch 1, wobei die
Gruppe von Konturelementen mindestens Eine auf-
weist von:

einer Gruppe von Punkten;
einer Gruppe von Liniensegmenten; oder
einer Gruppe von Bildausschnitten.

5. Strahlentherapiesystem nach einem der vorherge-
henden Ansprüche, wobei die Vielzahl von 2D-Bil-
dern 2D-Bilder in mindestens zwei einer Sagittale-
bene, einer Frontalebene oder einer Transversale-
bene aufweist.

6. Strahlentherapiesystem nach einem der vorherge-
henden Ansprüche, wobei das erste und das zweite
2D-Bild in unterschiedlichen anatomischen Ebenen
erfasst werden.

7. Strahlentherapiesystem nach einem der vorherge-
henden Ansprüche, wobei die Prozessorvorrichtung
konfiguriert ist zum
Erzeugen des vorhergesagten Bildes aufgrund einer
regelmäßigen Bewegung des Patienten.

8. Strahlentherapiesystem nach Anspruch 7, wobei die
regelmäßige Bewegung des Patienten eine Atem-
bewegung aufweist.

9. Strahlentherapiesystem nach Anspruch 1, wobei die
Prozessorvorrichtung konfiguriert ist zum:
Abgleichen der Gruppe von Konturelementen mit
dem 3D-Oberflächenbild des interessierenden ana-
tomischen Bereichs, indem eine Distanz zwischen
den Konturelementen und der 3D-Oberfläche auf ein
Mindestmaß herabgesetzt wird.

10. Strahlentherapiesystem nach Anspruch 1, wobei die
Bewegung des interessierenden anatomischen Be-
reichs mindestens Eine einer Verlagerung oder einer
Drehung aufweist, oder
wobei die Prozessorvorrichtung konfiguriert ist zum
Ermitteln der Bewegung und zum Steuern der Strah-
lungsabgabe während einer Strahlentherapiesit-
zung.

11. Strahlentherapiesystem nach Anspruch 1, wobei der
Prozessor konfiguriert ist, um aufgrund der ermittel-
ten Bewegung mindestens Eine der folgenden Akti-
onen zu steuern:

ein Gating eines Strahlenkegels;
eine Änderung eines Multileaf-Kollimators (Mul-
ti-Leaf Collimator, MLC); oder
eine Bewegung eines Patientenlagerungssys-
tems.

12. Computergestütztes Verfahren zum Verwalten von
Bewegungen eines interessierenden anatomischen
Bereichs, das durch eine Prozessorvorrichtung um-
gesetzt wird, wobei das Verfahren umfasst:

(610) Steuern einer Bilderfassungsvorrichtung,
um eine Vielzahl von zweidimensionalen Bildern
(2D-Bildern) zu erfassen, wobei die Vielzahl von
2D-Bildern ein erstes 2D-Bild, das zu einem ers-
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ten Zeitpunkt erfasst wurde, und ein zweites 2D-
Bild umfasst, das zu einem zweiten Zeitpunkt
erfasst wurde, wobei der zweite Zeitpunkt neuer
als der erste Zeitpunkt ist, wobei jedes des ers-
ten und des zweiten 2D-Bildes ein Querschnitts-
bild des interessierenden anatomischen Be-
reichs aufweist;
(620) Erzeugen eines vorhergesagten Bildes,
indem das erste 2D-Bild in der Zeit vorwärts zu
dem zweiten Zeitpunkt bewegt wird;
(630) Ausführen eines automatischen Konturie-
rens, um eine erste Gruppe von Konturelemen-
ten zum Segmentieren des Querschnittsbildes
des interessierenden anatomischen Bereichs in
dem 2D-Bild und eine zweite Gruppe von Kon-
turelementen zum Segmentieren des Quer-
schnittsbildes des interessierenden anatomi-
schen Bereichs in dem vorhergesagten Bild zu
extrahieren; und
(640) Abgleichen der ersten und der zweiten
Gruppe von Konturelementen zu einem dreidi-
mensionalen Oberflächenbild (3D-Oberflä-
chenbild) des interessierenden anatomischen
Bereichs, um eine Bewegung des interessieren-
den anatomischen Bereichs zu ermitteln.

13. Maschinenlesbares Medium, in dem maschinenles-
bare Befehle abgelegt sind, die, wenn sie von einem
oder mehreren Prozessoren einer Maschine ausge-
führt werden, die Maschine veranlassen, das Ver-
fahren nach Anspruch 12 auszuführen.

Revendications

1. Système de radiothérapie, comprenant :

un dispositif d’acquisition d’images (140) confi-
guré pour acquérir des images d’une région ana-
tomique d’intérêt d’un patient ;
un dispositif de radiothérapie (130) configuré
pour délivrer une dose de rayonnement à la ré-
gion anatomique d’intérêt en fonction des ima-
ges de la région anatomique d’intérêt ; et
un dispositif processeur (110) configuré pour :

(610) contrôler le dispositif d’acquisition
d’images (140) pour acquérir une pluralité
d’images bidimensionnelles (2D), la plura-
lité d’images 2D comprenant une première
image 2D acquise à un premier point tem-
porel et une deuxième image 2D acquise à
un deuxième point temporel, le deuxième
point temporel étant plus récent que le pre-
mier point temporel, chacune des première
et deuxième images 2D comportant une
image en coupe transversale de la région
anatomique d’intérêt ;

(620) générer une image prédite en faisant
avancer la première image 2D dans le
temps jusqu’au deuxième point temporel ;
(630) réaliser une définition automatique
des contours pour extraire un premier en-
semble d’éléments de contour segmentant
l’image en coupe transversale de la région
anatomique d’intérêt dans l’image prédite
et un deuxième ensemble d’éléments de
contour segmentant l’image en coupe
transversale de la région anatomique d’in-
térêt dans la deuxième image 2D ;
(640) mettre les premier et deuxième en-
sembles d’éléments de contour en corres-
pondance avec une image de surface tridi-
mensionnelle (3D) de la région anatomique
d’intérêt pour déterminer un mouvement de
la région anatomique d’intérêt ; et
(650) contrôler la délivrance de rayonne-
ment en fonction du mouvement déterminé.

2. Système de radiothérapie de la revendication 1,
dans lequel le dispositif d’acquisition d’images (140)
est configuré pour acquérir des images d’imagerie
par résonance magnétique (IRM) 2D de la région
anatomique d’intérêt du patient.

3. Système de radiothérapie de la revendication 1,
dans lequel le dispositif de radiothérapie (130) com-
porte un accélérateur linéaire (LINAC).

4. Système de radiothérapie de la revendication 1,
dans lequel l’ensemble d’éléments de contour com-
porte au moins un des ensembles suivants :

un ensemble de points ;
un ensemble de segments de ligne ; et
un ensemble de morceaux d’image.

5. Système de radiothérapie d’une quelconque reven-
dication précédente, dans lequel la pluralité d’ima-
ges 2D comportent des images 2D acquises dans
au moins deux plans parmi un plan sagittal, un plan
frontal, et un plan transversal.

6. Système de radiothérapie d’une quelconque reven-
dication précédente, dans lequel les première et
deuxième images 2D sont acquises dans des plans
anatomiques différents.

7. Système de radiothérapie d’une quelconque reven-
dication précédente, dans lequel le dispositif proces-
seur est configuré pour :
générer l’image prédite en fonction d’un mouvement
périodique du patient.

8. Système de radiothérapie de la revendication 7,
dans lequel le mouvement périodique du patient
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comporte un mouvement respiratoire.

9. Système de radiothérapie de la revendication 1,
dans lequel le dispositif processeur est configuré
pour :
mettre l’ensemble d’éléments de contour en corres-
pondance avec l’image de surface 3D de la région
anatomique d’intérêt en minimisant une distance en-
tre l’ensemble d’éléments de contour et la surface
3D.

10. Système de radiothérapie de la revendication 1,
dans lequel le mouvement de la région anatomique
d’intérêt comporte un déplacement et/ou une rota-
tion, ou
dans lequel le dispositif processeur est configuré
pour déterminer le mouvement et contrôler la déli-
vrance de rayonnement pendant une séance de ra-
diothérapie.

11. Système de radiothérapie de la revendication 1,
dans lequel le processeur est configuré pour contrô-
ler au moins une des opérations suivantes en fonc-
tion du mouvement déterminé :

un déclenchement périodique d’un faisceau de
rayonnement ;
une modification d’un collimateur multilame
(MLC) ; et
un mouvement d’un système de support de pa-
tient.

12. Procédé mis en œuvre par ordinateur pour gérer des
mouvements d’une région anatomique d’intérêt d’un
patient, mis en œuvre par un dispositif processeur,
le procédé comprenant :

(610) le contrôle d’un dispositif d’acquisition
d’images pour acquérir une pluralité d’images
bidimensionnelles (2D), la pluralité d’images 2D
comprenant une première image 2D acquise à
un premier point temporel et une deuxième ima-
ge 2D acquise à un deuxième point temporel, le
deuxième point temporel étant plus récent que
le premier point temporel, chacune des premiè-
re et deuxième images 2D comportant une ima-
ge en coupe transversale de la région anatomi-
que d’intérêt ;
(620) la génération d’une image prédite par
avance de la première image 2D dans le temps
jusqu’au deuxième point temporel ;
(630) la réalisation d’une définition automatique
des contours pour extraire un premier ensemble
d’éléments de contour segmentant l’image en
coupe transversale de la région anatomique
d’intérêt dans l’image prédite et un deuxième
ensemble d’éléments de contour segmentant
l’image en coupe transversale de la région ana-

tomique d’intérêt dans la deuxième image 2D ;
et
(640) la mise des premier et deuxième ensem-
bles d’éléments de contour en correspondance
avec une image de surface tridimensionnelle
(3D) de la région anatomique d’intérêt pour dé-
terminer un mouvement de la région anatomi-
que d’intérêt.

13. Support lisible par machine portant des instructions
lisibles par machine qui, lorsqu’elles sont exécutées
par un ou plusieurs processeurs d’une machine, con-
duisent la machine à réaliser le procédé de la reven-
dication 12.
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