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7) ABSTRACT

A method for patient setup includes: obtaining a first two-
dimensional movie having a first plurality of image frames;
obtaining a first plurality of two-dimensional images; and
displaying the first plurality of two-dimensional images
together with the image frames from the first two-dimen-
sional movie in an overlay configuration and in a synchro-
nized manner, wherein the act of displaying is performed

Filed: Oct. 1, 2015 during a patient setup procedure. A method for patient setup
includes: obtaining a plurality of three-dimensional images;
C P obtaining a first two-dimensional movie having a first plu-
Publication Classification rality of image frames; determining a first plurality of
Int. CL. two-dimensional images from the plurality of three-dimen-
A61B 5/00 (2006.01) sional images; and displaying the first plurality of two-
A61B 6/03 (2006.01) dimensional images together with the image frames from the
A61B 5/055 (2006.01) first two-dimensional movie in an overlay configuration and
GO6T 7/00 (2006.01) in a synchronized manner, wherein the act of displaying is

A61B 5/08 (2006.01) performed during a patient setup procedure.
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400

402 /

Obtaining a plurality of three-dimensional images

404

Obtaining a first two-dimensional movie having a first
plurality of image frames

406

Determining a first plurality of two-dimensional images
from the plurality of three-dimensional images

408

Displaying the first plurality of two-dimensional images
together with the image frames from the first two-
dimensional movie in an overlay configuration and in a
synchronized manner, wherein the act of displaying is
performed during a patient setup procedure

FIG. 5
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Obtaining a first two-dimensional movie having a first

602

plurality of image frames

804

Obtaining a first plurality of two-dimensional images

606

Displaying the first plurality of two-dimensional images
together with the image frames from the first two-
dimensional movie in an overlay configuration and in a
synchronized manner, wherein the act of displaying is
performed during a patient setup procedure

FIG. 6
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PATIENT SETUP USING RESPIRATORY
GATED AND TIME RESOLVED IMAGE
DATA

FIELD

[0001] The field of the application relates to medical
procedures, and more particularly, to systems and methods
for setting up patient in medical procedures.

BACKGROUND

[0002] Radiation therapy involves medical procedures that
selectively expose certain areas of a human body, such as
cancerous tumors, to high doses of radiation. Radiation may
also be used to obtain images of the patient during an
imaging procedure.

[0003] In aradiation treatment procedure, before radiation
is delivered, the patient is first setup at the treatment
machine. Currently, image guidance is used to correctly
setup the patient at the treatment machine, with respect to
the planned position. In one technique, one or multiple x-ray
projection images of the patient are acquired and registered
to a two-dimensional digitally reconstructed radiographs
(DRR), calculated for the corresponding x-ray projection
direction and geometry using the diagnostic computer
tomography (CT) three-dimensional image. The result of
this rigid registration is then used to calculate a couch
position correction. The couch position correction is then
used to adjust the patient position until the patient position
matches the planned position In some cases, instead of using
two-dimensional image projections for the patient setup
procedure, a CT image of the patient may be acquired, and
a three-dimensional rigid registration to the planning CT
image may be performed.

SUMMARY

[0004] A method for patient setup includes: obtaining a
plurality of three-dimensional images; obtaining a first two-
dimensional movie having a first plurality of image frames;
determining a first plurality of two-dimensional images from
the plurality of three-dimensional images; and displaying the
first plurality of two-dimensional images together with the
image frames from the first two-dimensional movie in an
overlay configuration and in a synchronized manner,
wherein the act of displaying is performed during a patient
setup procedure. As used in this specification, the term
“patient setup procedure”, or any of other similar terms,
refers to any procedure that is performed while treatment
radiation is not being delivered. By means of non-limiting
examples, the patient setup procedure may be a process that
involves determining and/or adjusting a position of a target
relative to a treatment device, a patient position verification
process, an imaging process, an image processing process,
etc., or any combination of the foregoing. Thus, a patient
setup procedure may or may not involve a patient.

[0005] Optionally, the method further includes: obtaining
a second two-dimensional movie having a second plurality
of image frames; determining a second plurality of two-
dimensional images from the plurality of three-dimensional
images; and displaying the second plurality of two-dimen-
sional images together with the image frames from the
second two-dimensional movie in an overlay configuration
and in a synchronized manner.
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[0006] Optionally, the first plurality of image frames in the
first two-dimensional movie comprises a first set of fluoro-
scopic images, and the second plurality of image frames in
the second two-dimensional movie comprises a second set
of fluoroscopic images.

[0007] Optionally, the first set of fluoroscopic images
comprises kV images, and the second set of fluoroscopic
images comprises MV images.

[0008] Optionally, the first set of fluoroscopic images
comprises a first set of kV or MV images, and the second set
of fluoroscopic images comprises a second set of kV or MV
images.

[0009] Optionally, the act of determining the plurality of
two-dimensional images comprises determining a cross sec-
tion in one of the three-dimensional images that matches
with one of the image frames in the first two-dimensional
movie, wherein the match results in a first registration.
[0010] Optionally, the act of determining the plurality of
two-dimensional images further comprises: applying the
first registration for an other one of the image frames in the
first two-dimensional movie; wherein the one of the image
frames is associated with a first phase of a respiratory cycle,
the other one of the image frames is associated with a second
phase of the respiratory cycle, the first phase being different
from the second phase.

[0011] Optionally, the act of determining the plurality of
two-dimensional images comprises determining an other
cross section in an other one of the three-dimensional
images that matches with an other one of the image frames
in the first two-dimensional movie, wherein the one of the
image frames is associated with a first phase of a respiratory
cycle, the other one of the image frames is associated with
a second phase of the respiratory cycle, the first phase being
different from the second phase.

[0012] Optionally, the first plurality of two-dimensional
images and the image frames from the first two-dimensional
movie are synchronized to a common time frame based on
breathing signals provided from a breathing monitoring
device.

[0013] Optionally, the three-dimensional images are
binned into a first number of phase bins, and wherein the
method further comprises binning the first plurality of image
frames in the first two-dimensional movie into a second
number of phase bins, the first number being equal to the
second number.

[0014] Optionally, a phase bin in the second number of
phase bins has multiple images from the first plurality of
image frames, and wherein the method further comprises
selecting one of the images from the phase bin in the second
number of the phase bins for registration with one of the
three-dimensional images.

[0015] Optionally, the selected one of the images has an
associated breathing phase that is closer to a breathing phase
associated with the one of the three-dimensional images
compared to other ones of the images.

[0016] Optionally, the first two-dimensional movie is gen-
erated using x-ray.

[0017] Optionally, the x-ray comprises kV x-ray.
[0018] Optionally, the x-ray comprises MV x-ray.
[0019] Optionally, the first two-dimensional movie is gen-

erated using ultrasound or magnetic resonance.

[0020] Optionally, the three dimensional images comprise
CBCT images, magnetic resonance images, CT images, or
PET images.
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[0021] Optionally, the first plurality of two-dimensional
images has a first frame rate, the first two-dimensional
movie has a second frame rate, the first frame rate being
different from the second frame rate.

[0022] Optionally, the overlay configuration indicates
whether a target is at a desired position for receiving
treatment radiation.

[0023] An apparatus for patient setup includes: a process-
ing unit having one or more input for obtaining a plurality
of three-dimensional images, and for obtaining a first two-
dimensional movie having a first plurality of image frames;
wherein the processing unit comprises a two-dimensional
image determination module configured for determining a
first plurality of two-dimensional images from the plurality
of three-dimensional images; and wherein the processing
unit further comprises a synchronization display module
configured to output the first plurality of two-dimensional
images and the image frames from the first two-dimensional
movie for display together in an overlay configuration and in
a synchronized manner in a patient setup procedure.

[0024] Optionally, the one or more input of the processing
unit is configured for obtaining a second two-dimensional
movie having a second plurality of image frames; wherein
the two-dimensional image determination module is config-
ured for determining a second plurality of two-dimensional
images from the plurality of three-dimensional images; and
wherein the synchronization display module is configured
for displaying the second plurality of two-dimensional
images together with the image frames from the second
two-dimensional movie in an overlay configuration and in a
synchronized manner.

[0025] Optionally, the first plurality of image frames in the
first two-dimensional movie comprises a first set of fluoro-
scopic images, and the second plurality of image frames in
the second two-dimensional movie comprises a second set
of fluoroscopic images.

[0026] Optionally, the first set of fluoroscopic images
comprises kV images, and the second set of fluoroscopic
images comprises MV images.

[0027] Optionally, the first set of fluoroscopic images
comprises a first set of kV or MV images, and the second set
of fluoroscopic images comprises a second set of kV or MV
images.

[0028] Optionally, the two-dimensional image determina-
tion module is configured for determining a cross section in
one of the three-dimensional images that matches with one
of the image frames in the first two-dimensional movie,
wherein the match results in a first registration.

[0029] Optionally, the two-dimensional image determina-
tion module is configured for applying the first registration
for an other one of the image frames in the first two-
dimensional movie; wherein the one of the image frames is
associated with a first phase of a respiratory cycle, the other
one of the image frames is associated with a second phase
of the respiratory cycle, the first phase being different from
the second phase.

[0030] Optionally, the two-dimensional image determina-
tion module is configured for determining an other cross
section in an other one of the three-dimensional images that
matches with an other one of the image frames in the first
two-dimensional movie; wherein the one of the image
frames is associated with a first phase of a respiratory cycle,
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the other one of the image frames is associated with a second
phase of the respiratory cycle, the first phase being different
from the second phase.

[0031] Optionally, the processing unit is also configured to
obtain breathing signals generated using a breathing moni-
toring device, and wherein the synchronization display
module is configured to synchronize the first plurality of
two-dimensional images and the image frames from the first
two-dimensional movie to a common time frame based on
the breathing signals.

[0032] Optionally, the three-dimensional images are
binned into a first number of phase bins, and wherein the
processing unit comprises a binning module configured to
bin the first plurality of image frames in the first two-
dimensional movie into a second number of phase bins, the
first number being equal to the second number.

[0033] Optionally, a phase bin in the second number of
phase bins has multiple images from the first plurality of
image frames, and wherein the two-dimensional image
determination module is configured for selecting one of the
images from the phase bin in the second number of phase
bins for registration with one of the three-dimensional
images.

[0034] Optionally, the selected one of the images has an
associated breathing phase that is closer to a breathing phase
associated with the one of the three-dimensional images
compared to other ones of the images.

[0035] Optionally, the first two-dimensional movie is gen-
erated using x-ray.

[0036] Optionally, the x-ray comprises kV x-ray.
[0037] Optionally, the x-ray comprises MV x-ray.
[0038] Optionally, the first two-dimensional movie is gen-

erated using ultrasound or magnetic resonance.

[0039] Optionally, the three dimensional images comprise
CBCT images, magnetic resonance images, CT images, or
PET images.

[0040] Optionally, the first plurality of two-dimensional
images has a first frame rate, the first two-dimensional
movie has a second frame rate, the first frame rate being
different from the second frame rate.

[0041] Optionally, the overlay configuration indicates
whether a target is at a desired position for receiving
treatment radiation.

[0042] A processor-program product includes a set of
instruction, an execution of which by a processing umit
causes a method of detecting camera defect to be performed,
the method comprising: obtaining a plurality of three-di-
mensional images; obtaining a first two-dimensional movie
having a first plurality of image frames; determining a first
plurality of two-dimensional images from the plurality of
three-dimensional images; and displaying the first plurality
of two-dimensional images together with the image frames
from the first two-dimensional movie in an overlay configu-
ration and in a synchronized manner, wherein the act of
displaying is performed during a patient setup procedure.
[0043] A method for patient setup includes: obtaining a
first two-dimensional movie having a first plurality of image
frames; obtaining a first plurality of two-dimensional
images; and displaying the first plurality of two-dimensional
images together with the image frames from the first two-
dimensional movie in an overlay configuration and in a
synchronized manner, wherein the act of displaying is
performed during a patient setup procedure.
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[0044] Optionally, the two-dimensional images are two-
dimensional sections of respective three-dimensional
images.

[0045] Optionally, the first plurality of two-dimensional
images comprises a first plurality of projection images.
[0046] Optionally, the overlay configuration indicates
whether a target is at a desired position for receiving
treatment radiation.

[0047] An apparatus for patient setup includes: a process-
ing unit configured to obtain a first two-dimensional movie
having a first plurality of image frames, and to obtain a first
plurality of two-dimensional images; wherein the processing
unit comprises a synchronization display module configured
to output the first plurality of two-dimensional images and
with the image frames from the first two-dimensional movie
for display in an overlay configuration and in a synchronized
manner in a patient setup procedure.

[0048] Optionally, the two-dimensional images are two-
dimensional sections of respective three-dimensional
images.

[0049] Optionally, the first plurality of two-dimensional
images comprises a first plurality of projection images.
[0050] Optionally, the overlay configuration indicates
whether a target is at a desired position for receiving
treatment radiation.

[0051] A processor-program product includes a set of
instruction, an execution of which by a processing unit
causes a method of detecting camera defect to be performed,
the method comprising: obtaining a first two-dimensional
movie having a first plurality of image frames; obtaining a
first plurality of two-dimensional images; and displaying the
first plurality of two-dimensional images together with the
image frames from the first two-dimensional movie in an
overlay configuration and in a synchronized manner,
wherein the act of displaying is performed during a patient
setup procedure.

[0052] Other and further aspects and features will be
evident from reading the following detailed description.

DESCRIPTION OF THE DRAWINGS

[0053] The drawings illustrate the design and utility of
embodiments, in which similar elements are referred to by
common reference numerals. These drawings are not nec-
essarily drawn to scale. In order to better appreciate how the
above-recited and other advantages and objects are obtained,
a more particular description of the embodiments will be
rendered, which are illustrated in the accompanying draw-
ings. These drawings depict only exemplary embodiments
and are not therefore to be considered limiting in the scope
of the claims.

[0054] FIG. 1 illustrates a radiation treatment system.
[0055] FIG. 2 illustrates time-resolved image data.
[0056] FIG. 3 graphically illustrates a technique for

patient setup in accordance with some embodiments.
[0057] FIG. 4A illustrates an example of a display.
[0058] FIG. 4B illustrates one of the windows in the
display of FIG. 4A.

[0059] FIG. 5 illustrates a method for patient setup in
accordance with some embodiments.

[0060] FIG. 6 illustrates another method for patient setup
in accordance with some embodiments.

[0061] FIG. 7 illustrates a specialized processing system
with which embodiments described herein may be imple-
mented.
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DETAILED DESCRIPTION

[0062] Various embodiments are described hereinafter
with reference to the figures. It should be noted that the
figures are not drawn to scale and that elements of similar
structures or functions are represented by like reference
numerals throughout the figures. It should also be noted that
the figures are only intended to facilitate the description of
the embodiments. They are not intended as an exhaustive
description of the invention or as a limitation on the scope
of the invention. In addition, an illustrated embodiment
needs not have all the aspects or advantages shown. An
aspect or an advantage described in conjunction with a
particular embodiment is not necessarily limited to that
embodiment and can be practiced in any other embodiments
even if not so illustrated, or if not so explicitly described.

[0063] FIG. 1 illustrates a radiation treatment system 10.
The system 10 includes an arm gantry 12, a patient support
14 for supporting a patient 20, and a control system 18 for
controlling an operation of the gantry 12 and delivery of
radiation. The system 10 also includes a radiation source 22
that projects a beam 26 of radiation towards the patient 20
while the patient 20 is supported on support 14, and a
collimator system 24 for changing a cross sectional shape of
the radiation beam 26. The radiation source 22 may be
configured to generate a cone beam, a fan beam, or other
types of radiation beams in different embodiments. Also, in
other embodiments, the source 22 may be configured to
generate proton beam as a form of radiation for treatment
purpose. Also, in other embodiments, the system 10 may
have other form and/or configuration. For example, in other
embodiments, instead of an arm gantry 12, the system 10
may have a ring gantry 12.

[0064] Inthe illustrated embodiments, the radiation source
22 is a treatment radiation source for providing treatment
energy. In other embodiments, in addition to being a treat-
ment radiation source, the radiation source 22 can also be a
diagnostic radiation source for providing diagnostic energy
for imaging purpose. In such cases, the system 10 will
include an imager, such as the imager 80, located at an
operative position relative to the source 22 (e.g., under the
support 14). In further embodiments, the radiation source 22
may be a treatment radiation source for providing treatment
energy, wherein the treatment energy may be used to obtain
images. In such cases, in order to obtain imaging using
treatment energies, the imager 80 is configured to generate
images in response to radiation having treatment energies
(e.g., MV imager). In some embodiments, the treatment
energy is generally those energies of 160 kilo-electron-volts
(keV) or greater, and more typically 1 mega-electron-volts
(MeV) or greater, and diagnostic energy is generally those
energies below the high energy range, and more typically
below 160 keV. In other embodiments, the treatment energy
and the diagnostic energy can have other energy levels, and
refer to energies that are used for treatment and diagnostic
purposes, respectively. In some embodiments, the radiation
source 22 is able to generate X-ray radiation at a plurality of
photon energy levels within a range anywhere between
approximately 10 keV and approximately 20 MeV. In the
illustrated embodiments, the radiation source 22 is carried
by the arm gantry 12. Alternatively, the radiation source 22
may be located within a bore (e.g., coupled to a ring gantry).
[0065] In the illustrated embodiments, the control system
18 includes a processing unit 54, such as a processor,
coupled to a control 40. The control system 18 may also



US 2017/0095197 A1l

include a monitor 56 for displaying data and an input device
58, such as a keyboard or a mouse, for inputting data. The
operation of the radiation source 22 and the gantry 12 are
controlled by the control 40, which provides power and
timing signals to the radiation source 22, and controls a
rotational speed and position of the gantry 12, based on
signals received from the processing unit 54. Although the
control 40 is shown as a separate component from the gantry
12 and the processing unit 54, in alternative embodiments,
the control 40 can be a part of the gantry 12 or the processing
unit 54.

[0066] In some embodiments, the system 10 may be a
treatment system configured to deliver treatment radiation
beam towards the patient 20 at different gantry angles.
During a treatment procedure, the source 22 rotates around
the patient 20 and delivers treatment radiation beam from
different gantry angles towards the patient 20. While the
source 22 is at different gantry angles, the collimator 24 is
operated to change the shape of the beam to correspond with
a shape of the target tissue structure. For example, the
collimator 24 may be operated so that the shape of the beam
is similar to a cross sectional shape of the target tissue
structure. In another example, the collimator 24 may be
operated so that different portions of the target tissue struc-
ture receive different amount of radiation (as in an IMRT
procedure).

[0067] As shown in FIG. 1, the medical system 10 also
includes a first imaging system 150 and a second imaging
system 160. In the illustrated embodiments, the first imaging
system 150 is a first fluoroscopic imaging system having a
first x-ray source 152 and a corresponding first detector 154.
Similarly, the second imaging system 160 is a second
fluoroscopic imaging system having a second x-ray source
162 and a corresponding second detector 164. The first and
second imaging systems 150, 160 may be used to generate
x-ray movies for use to setup patient. In some embodiments,
the two imaging systems 150, 160 may be oriented at 90°
with respect to each other. In other embodiments, the two
imaging systems 150, 160 may be oriented at other angles
with respect to each other. The imaging systems 150, 160
may be coupled to a same gantry ring that allows them to
rotate together, or to separate respective gantry rings that
allow them to rotate independently. Also, in some embodi-
ments, the first and second imaging systems 150, 160 may
be configured to generate images simultaneously together to
form respective first and second x-ray movies. In other
embodiments, the first and second imaging systems 150, 160
may be configured to operate in an interleaving or staggering
manner, so that only one of the two imaging systems 150,
160 is activated at a time. In further embodiments, the
medical system 10 may include a single imaging system
(e.g., imaging system 150). In such cases, the imaging
system may be operated to obtain the first and second x-ray
movies sequentially.

[0068] In a radiation treatment procedure, before treat-
ment radiation is delivered to the patient 20, the patient 20
is first setup at the medical system 10. In accordance with
one or more embodiments described herein, respiratory
motion of the patient 20 is taken into account when per-
forming patient setup. In one technique, one or multiple
fluoroscopic x-ray movie(s) are acquired at the medical
system 10. The x-ray movie(s) is then registered to a time
resolved three-dimensional CT data. In some cases, a patient
monitoring device may be provided to determine breathing
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phases of the patient 20. For example, respiration monitor-
ing system RPM available at Varian in Palo Alto, Calif., may
be used. The breathing phases may be used to synchronize
the fluoroscopic x-ray movie(s) with the three-dimensional
CT data. Also, cross sections (two-dimensional images) of
the three-dimensional images corresponding to the image
frames in the fluoroscopic x-ray movies may be obtained.
Since the three-dimensional images are synchronized with
the fluoroscopic x-ray movie, the two-dimensional images
derived from the three-dimensional images are also synchro-
nized with the fluoroscopic x-ray movie. The synchronized
movie(s) and the two-dimensional images derived from the
three-dimensional CT images may be displayed together in
an overlay configuration. This allows a physician to see any
deviation in the tissue position between the fluoroscopic
x-ray movie and the cross sections of the three dimensional
images through the different breathing phases of the patient
during the patient setup procedure.

[0069] FIG. 2 illustrates examples of image data that may
be used to perform patient setup. As shown in the figure, the
patient setup technique involves a plurality of three-dimen-
sional images 2004-200d. The three-dimensional images
2004-2004 may be arranged in a sequence so that they form
a video 202. As shown in the figure, the three-dimensional
images 200a4-200d are associated with four respective
breathing phase ranges P1-P4 of a respiratory cycle. If a
respiratory cycle has phases quantified from 0°-360°, then
the first phase range P1 may cover 0°-90°, the second phase
range P2 may cover 90°-180°, the third phase range P3 may
cover 180°-270°, and the fourth phase range may cover
270°-360°. In one implementation, the three-dimensional
images 200a-2004 may be volumetric CT images that are
generated using a CT machine during treatment planning. In
particular, projection images may be obtained at different
gantry angles by rotating a diagnostic radiation source
around the patient during treatment planning. As the pro-
jection images are being obtained, breathing signals 204
representing a breathing of the patient are being obtained.
Such may be accomplished using a breathing monitoring
device. The breathing signals 204 may be processed to
determine the different breathing phases. After the projec-
tion images are obtained, projection images may be grouped
into different phase ranges or phase bins. For example, if a
breathing cycle of the patient is divided into four ranges
P1-P4, like that shown in FIG. 2, then projection images
with corresponding breathing phases that fall within each
phase range is grouped together in that phase bin. After that,
the projection images in each phase bin (e.g., phase bin for
P1) are then used in a CT reconstruction process to recon-
struct the three-dimensional image 200a. This is repeated for
other phase bins to obtain other three-dimensional images
2005-200d.

[0070] In other embodiments, the respiratory cycle may be
divided in a number of phase ranges or phase bins that are
more or fewer than four. In such cases, the number of
three-dimensional images 200 may correspondingly be more
or fewer than four.

[0071] Also, in the illustrated embodiments, the three-
dimensional images 200a-200d are volumetric CT images
that are obtained during treatment planning. In other
embodiments, the three-dimensional images 200a-2004 may
be volumetric CT images obtained during a patient setup
procedure. The CT images may be cone beam CT (CBCT)
in some cases. Also, in some embodiments, instead of CT
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images, the three-dimensional images 2002-200d may be
positron emission tomography (PET) images. In further
embodiments, the images 200 may be generated using other
techniques, such as magnetic resonance imaging (MRI), in
which cases, the images 200 may be MRI images.

[0072] As shown in FIG. 2, the patient setup technique
described herein also involves a first two-dimensional movie
210a, and a second two-dimensional movie 2105. Each of
the movies 210a, 2015 includes a plurality of image frames
212 that are generated during the patient setup procedure. In
the illustrated embodiments, the first two-dimensional
movie 210z includes a plurality of fluoroscopic x-ray images
generated using the first imaging system 150, and the second
two-dimensional movie 2105 includes a plurality of fluoro-
scopic X-ray images generated using the second imaging
system 160. In other embodiments, instead of two two-
dimensional movies 210a, 2105, the patient setup technique
described herein may use only one two-dimensional movie,
or more than two two-dimensional movies.

[0073] As shown in the figure, the frame rate of the
two-dimensional movies 210q, 21054 is different from the
frame rate of the movie formed by the three-dimensional
images 200a-200d. In particular, as shown in the example,
there are four three-dimensional images 2004-2004 in a
respiratory cycle. However, there are ten image frames in a
respiratory cycle in each of the movies 2104, 2105. Thus, the
frame rate of the two-dimensional movies 210a, 2104 is
higher than that of the movie 202 formed by the three-
dimensional images 200a-200d. In other embodiments, the
frame rates may be the same. In further embodiments, the
frame rate of the two-dimensional movies 210a, 21056 may
be lower than that of the movie 202 formed by the three-
dimensional movies 2004-2004.

[0074] As shown in FIG. 2. while the fluoroscopic x-ray
images 212 are generated, breathing signals 214 represent-
ing a breathing of the patient are again being obtained. Such
may be accomplished using a breathing monitoring device.
The breathing signals 214 may be processed to determine
the different breathing phases. Also, the fluoroscopic x-ray
images 212 in each movie 210 may be grouped into different
phase ranges or phase bins, wherein the number of phase
ranges or phase bins is the same number (e.g., 4 in the
example) as that for the three-dimensional images 200. In
the above example, there are four phase ranges P1-P4.
Accordingly, the fluoroscopic x-ray images 212 in each
movie 210 are binned into the four phase bins that corre-
spond with the phase ranges P1-P4. Thus, through the
breathing signals, the image frames 212 in the two-dimen-
sional movie 210 may be registered with corresponding ones
of the three-dimensional images 200.

[0075] FIG. 3 graphically illustrates a patient setup tech-
nique in accordance with some embodiments. As shown in
the figure, the three-dimensional images 200a-2004
obtained from treatment planning are associated with
respective phase ranges P1-P4. Also, as discussed, through
breathing signals obtained from breathing monitoring
device, the image frames 212 in the first two-dimensional
movie 210a are associated with respective phase ranges
P1-P4. Similarly, through breathing signals obtained from
breathing monitoring device, the image frames 212 in the
second two-dimensional movie 210b are associated with
respective phase ranges P1-P4. Because the frame rate of the
two-dimensional movie 210 may be higher than the frame
rate of the three-dimensional movie 202, several consecutive
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image frames 212 may have the same associated phase range
(e.g., P1) before the next phase range is reached.

[0076] In accordance with some embodiments, during
patient setup, a processing unit may access the three-dimen-
sional images 200a-2004, the image frames 212 in the first
two-dimensional movie 210a, and the image frames 212 in
the second two-dimensional movie 2105. In the example, the
first two-dimensional movie 210a includes image frames
212a-2120. The processing unit may select an image frame
212 (image frame 212fwith associated phase range P2) from
the two-dimensional movie 210aq, and may also select a
corresponding three-dimensional image (three-dimensional
image 2006 in the example) with the same associated phase
range (P2 in the example).

[0077] The processing unit may then determine a cross
section 300 in the three-dimensional image 2005 that
matches with the selected image frame 212/. In one imple-
mentation, the processing unit may have a two-dimensional
image determination module configured to determine the
cross section 300 as the two-dimensional image that matches
the selected image frame 212/, The two-dimensional image
300 may be displayed together with the image frame 212/in
an overlay configuration for presentation to a physician.
[0078] The process of determining cross section 300 may
be repeated for other image frames 212 in the first two-
dimensional movie 210a. Thus, a cross section 300 from one
of the three-dimensional images 200¢-200d may be dis-
played in an overlay configuration with each of the image
frames 212 in the first two-dimensional movie 210a. This
will cause two movies to be displayed in an overlay con-
figuration and in a synchronized manner.

[0079] As shown in the figure, from the match, the pro-
cessing unit can determine a registration R1 (e.g., transfor-
mation matrix) that maps the selected image frame 212f'to
the cross section 300 in the three-dimensional image 2004.
The registration R1 represents the orientation in the three-
dimensional image 2005 that corresponds with that of the
image frame 212f'in the first two-dimensional movie 210q.
Since all of the image frames 212 in the first two-dimen-
sional movie 2104 are generated at the same orientation with
respect to the patient 20, the same registration R1 may be
used to determine cross sections 300 of other three-dimen-
sional images 200 that match other image frames 212 in the
two-dimensional movie 210q, including those with different
associated phase ranges (e.g., P1, P3, P4). For example, the
same registration R1 may be applied to the three-dimen-
sional image 2005 to obtain cross section 300. The resulting
cross section 300 will be displayed together with the image
frame 212g at another time point, and also displayed with
image frame 212/ at another time point (because they have
the same corresponding breathing phase range P2). Simi-
larly, the same registration R1 may be applied to the
three-dimensional image 200¢ (with associated phase range
P3) to obtain a cross section 300 from the image 200¢. The
resulting cross section 300 will be displayed together with
image frame 212 at a time point, and also with image frame
212 at another time point, and also with image frame 2124
at another time point (because they all have the same
corresponding breathing phase range P3).

[0080] The above technique is advantageous because it
allows a plurality of two-dimensional images 300 (derived
from volumetric images 200) to be displayed together with
image frames 212 from the first two-dimensional movie
210¢ in an overlay configuration and in a synchronized
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manner. From the overlay images, a physician in a patient
setup procedure can see whether certain tissue is at the same
position as that in the treatment planning through the dif-
ferent breathing phases of a breathing cycle. It is possible
that certain tissue remains in the same position as that in the
treatment planning for certain breathing phases, but falls
outside a certain positional tolerance in another breathing
phase. The above technique allows the physician to capture
this deviation, which is not possible with pervious technique
in which only one image is matched without considering the
breathing of the patient.

[0081] In the above embodiments, the same registration
R1 is used for determining the cross sections 300 of the
three-dimensional images 200 for display with all image
frames 212 in the two-dimensional movie 210a, regardless
of the associated breathing phase ranges P1-P4. In other
embodiments, the processing unit may determine four dif-
ferent cross sections 300 from the four respective three-
dimensional images 200a-2004 for the four respective phase
ranges P1-P4. In such cases, when determining the cross
section 300 from the three-dimensional image 200c for
display with the image frames 212i-212% (having the same
associated phase range P3), the processing unit find a cross
section 300 from the three-dimensional image 300c that
matches with image frame 212i. The same cross section 300
from the three-dimensional image 300¢ is also used for
display with the image frame 212/, and also with image
frame 212%.

[0082] In the illustrated embodiments, the same process
described above may be performed for the second two-
dimensional movie 2105, which includes image frames
212p-212ad. In particular, the processing unit may select an
image frame 212 (image frame 212w with associated phase
range P2) from the second two-dimensional movie 2104,
and may also select a corresponding three-dimensional
image (three-dimensional image 2005 in the example) with
the same associated phase range (P2 in the example). The
processing unit may then determine a cross section 300 in
the three-dimensional image 2005 that matches with the
selected image frame 212w. In one implementation, the
processing unit may have a two-dimensional image detet-
mination module configured to determine the cross section
300 as the two-dimensional image that matches the selected
image frame 212w. The two-dimensional image 300 may be
displayed together with the image frame 212w in an overlay
configuration for presentation to a physician. The process of
determining cross section 300 may be repeated for other
image frames 212 in the second two-dimensional movie
21056. Thus, a cross section 300 from one of the three-
dimensional images 200a-200d may be displayed in an
overlay configuration with each of the image frames 212 in
the second two-dimensional movie 2105. This will cause
two movies to be displayed in an overlay configuration and
in a synchronized manner.

[0083] Insome embodiments, the registrations R1 and R2
(which may be matrix transformations), may be used to
obtain T(R1,R2), which is a transformation matrix that
converts the two 2D/3D image registrations (R1-R2) into a
physical couch correction with six degrees of freedom (e.g.,
pitch, roll, rot, lat, Ing, vrt).

[0084] FIG. 4A illustrates an example of a display 350,
particularly showing a first display region 352, and a second
display region 354. The first display region 352 includes a
first window 360 sequentially displaying the image frames
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212 from the first movie 210a together with two-dimen-
sional images 300 derived from the three-dimensional
images 2004-2004 in an overlay configuration and synchro-
nized manner, wherein for a certain given time instance, the
same image frame 212 from the first movie 210a is also
displayed in window 364, and the two-dimensional image
300 is also displayed in window 362. As shown in the figure,
an image frame 212 from the first two-dimensional movie
210a is being displayed at a certain time point in an overlay
configuration with a two-dimensional image 300 derived
from one of the three-dimensional images 200a-200d4. How-
ever, it should be understood that as time passes, different
image frames 212 from the first two-dimensional movie
210a may be displayed in an overlay configuration with
other two-dimensional images 300. Thus, two movies are
displayed together in an overlay configuration and in a
synchronized manner. Similarly, the second display region
354 includes a second window 370 displaying the image
frames 212 from the second movie 2105 together with
two-dimensional images 300 derived from the three-dimen-
sional images 200a¢-200d in an overlay configuration and
synchronized manner, wherein for a certain given time
instance, the same image frame 212 from the second movie
2105 is also displayed in window 374, and the two-dimen-
sional image 300 is also displayed in window 372. The
image frame 212 and the two-dimensional image 300 in the
window 370 are more clearly shown in FIG. 4B.

[0085] Since the first and second movies 210a, 2105 are
generated at different orientations with respect to the patient
20, by viewing both windows 360, 370, the physician can
see whether certain tissue is where it should be for different
breathing phases of the respiratory cycle, and from two
different angles. If the tissue is within positional tolerance
through the different phases of the breathing cycle, or
through the important phases that matter, then treatment
radiation may be delivered to treat the patient. On the other
hand, if the tissue is not within positional tolerance at certain
phase(s) of the breathing cycle, the physician may operate
the treatment system 10 to re-position the patient 20. For
example, the patient support 14 may be moved (e.g., trans-
lated and/or tilted). Alternatively, the physician may adjust
the treatment plan based on the detected deviation. Also, by
displaying the image frames 212 together with two-dimen-
sional images 300 derived from the three-dimensional
images 200 as two movies in an overlay configuration and
synchronized manner, the physician can easily see whether
anything in the human anatomy has changed since the
treatment planning, whether the patient 20 1s breathing the
same way, and whether the relationship between certain
fiducial position and tumor position is still the same as that
determined in treatment planning.

[0086] Using the above new approach, patient setup is not
based anymore on pure static image information, but allows
considering as well respiratory induced tumor and organ
motion. Also, the above approach involving respiratory
synchronization and geometrical registration allows reduc-
tion in setup inaccuracies induced by respiratory motion and
improves the image based registration. As another benefit,
the above patient setup technique may be optimized for
better targeting the tumor or sparing organs at risk. This
improves the efficacy of the treatment and/or reduces dose
induced side effects.

[0087] Also, in some embodiments, from the images pre-
sented in the display 350, variation of different target
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movements can be captured during the patient setup, so that
the physician can determine whether the target is at a desired
position (e.g., in sight of a treatment beam) or not.

[0088] In addition, in some embodiments, if a variation of
a position of a target between the two overlayed images
(e.g., an image frame 212 from the first movie 210q and a
two-dimensional image 300 derived from one of the three-
dimensional images 200a-2004) exceeds a certain threshold,
such condition may be used to trigger an adjustment of a
treatment plan. In one implementation, the processing unit
may be configured to determine a difference in a position of
a target (or a certain fiducial position) between an image
frame 212 from the first movie 210a and a two-dimensional
image 300 derived from one of the three-dimensional
images 200a-200d. If the difference exceeds a certain thresh-
old, then the processing unit may generate a signal to
indicate to a user that the treatment plan needs to be
adjusted. Alternatively, or additionally, the processing unit
may also adjust the treatment plan based on the image
frames 212 from the first movie 210a, image frames 212
from the second movie 2105, or both.

[0089] In the above embodiments, the selection of an
image frame 212 from the two-dimensional movie 210 may
be performed by the processing unit in an arbitrary manner.
In other embodiments, for a certain breathing phase range
(e.g., P2), the processing unit may be configured to select the
first image frame 212 (image frame 212f'in the example) for
registration with the corresponding three-dimensional image
(the three-dimensional image 2005 in the example). In
further embodiments, for a certain breathing phase range
(e.g., P2), the processing unit may be configured to select
one of the image frames 212 that has an associated breathing
phase closest to that associated with the three-dimensional
image (e.g., the three-dimensional image 20056). For
example, the phase bin for breathing phase P2 has multiple
image frames 212/-212/. Accordingly, the processing unit
may select one of the image frames 212f-212/ associated
with the breathing phase range P2 for registration with the
three-dimensional image 2005 that is also associated with
the same breathing phase range P2. In one implementation,
the processing unit is configured to select one of the image
frames 212/-212% with an associated breathing phase that is
the closest to a breathing phase associated with the three-
dimensional images. In particular, even though image
frames 212/-212h are all associated with the breathing phase
range P2, they all have respective breathing phases that are
different from each other since they are generated while the
patient is undergoing different breathing phases. For
example, breathing phase range P2 may cover a breathing
phase range from 90°-180°. Accordingly, if the image
frames 212/212% from the movie 210a are generated at
breathing phases of 95°, 125°, 156°, respectively for
examples, then these image frames 212/-212/ will be asso-
ciated with the breathing phase range P2, but they will still
have different respective associated breathing phases. In the
illustrated embodiments, for the purpose of image registra-
tion, the processing unit may select one of these image
frames 212/-212% for association or registration with the
corresponding three-dimensional image 2004. In one imple-
mentation, if the corresponding three-dimensional image
200) has an associated breathing phase of 135° (which is the
average of the phase range 90°-180° covered by the phase
range P2) for example, the image registration module may
then select image frame 212f'that has the closest breathing
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phase (125° in the above example) for registration with the
three-dimensional image 2004. In other implementation, the
image registration module may pick the middle or average
one for registration with the three-dimensional image.
[0090] FIG. Sillustrates a method 400 for patient setup in
accordance with some embodiments. In some embodiments,
the method 400 may be performed by a processing unit. By
means of non-limiting examples, the processing unit may be
the processing unit 54, or another processing unit. Also, the
processing unit may be implemented using one or more
processors, such as a FPGA processor, an ASIC processor, a
microprocessor, a signal processor, a general purpose pro-
cessor, or any of other types of processor. In some cases, the
processing unit may be considered an improved processing
unit compared to known processing units because the pro-
cessing unit described herein contains features, functions,
and/or capabilities that are believed to be unavailable in
known processing units.

[0091] First, a plurality of three-dimensional images 200
are obtained (item 402). In some embodiments, the three-
dimensional images 200 are volumetric CT images that are
generated for treatment planning. The three-dimensional
images 200 may be arranged in a sequence so that they form
a video/movie. Also, in some embodiments, the three-
dimensional images 200 are associated with different respec-
tive breathing phase ranges P of a respiratory cycle. For
example, in some embodiments, the respiratory cycle may
be divided in four phase ranges P1-P4, and the plurality of
three-dimensional images 200 may include four volumetric
CT images 200a-200d for the four respective phase ranges
P1-P4. In other examples, the number of phase ranges may
be more or fewer than four. In the illustrated embodiments,
the act of obtaining the three-dimensional images 200 may
be performed by the processing unit, which accesses a
storage medium storing the three-dimensional images 200.
[0092] Next, the processing unit obtains a first two-dimen-
sional movie 210q having a first plurality of image frames
212 (item 404). In the illustrated embodiments, the image
frames 212 in the first two-dimensional movie 210a are
fluoroscopic images generated using the first imaging sys-
tem 150. The fluoroscopic images are generated in a
sequence during a patient setup procedure (i.e., while the
patient is on the patient support, but before treatment radia-
tion is delivered to the patient to treat the patient).

[0093] In one implementation, the processing unit may
include one or more input for obtaining the three-dimen-
sional images 200 and the two-dimensional movie 210.
[0094] Next, the processing unit determines a first plural-
ity of two-dimensional images 300 from the plurality of
three-dimensional images 300 (item 406). In the illustrated
embodiments, a two-step approach is utilized to determine
the plurality of two-dimensional images 300, in which
respiratory synchronization is performed, followed by geo-
metrical registration.

[0095] In some cases, the three-dimensional images 200
are already binned, during treatment planning, into a first
number of phase bins based on breathing signals obtained
from a breathing monitoring device. In such cases, to
perform respiratory synchronization, the processing unit
may include a binning module that bins the first plurality of
image frames 212 in the first two-dimensional movie 210a
into a second number of phase bins, the first number being
equal to the second number. As a result, the three-dimen-
sional images 200 and the image frames 212 from the first
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two-dimensional movie 210a are synchronized to a common
time frame based on breathing signals provided from a
breathing monitoring device.

[0096] Insome embodiments, when the three-dimensional
images 300 are generated in the treatment planning phase,
the breathing pattern of the patient may be recorded as
breathing signals using a breathing monitoring device. Thus
the three-dimensional images 300 may be associated with
respective breathing phase ranges of a respiratory cycle of
the patient. For example, three-dimensional image 200a may
be associated with breathing phase range P1, three-dimen-
sional image 2005 may be associated with breathing phase
range P2, three-dimensional image 200¢ may be associated
with breathing phase range P3, and three-dimensional image
2004 may be associated with breathing phase range P4.
Later on, when the patient is being setup during the treat-
ment procedure, when the two-dimensional movie 210a is
being generated, the breathing phase of the patient is again
determined. Following the above example, if the breathing
phase during the patient setup is determined to be in the
phase range P2 while image frames 212/-212/ in the two-
dimensional movie 210a are generated, then the binning
module may associate the image frames 212/-212/ with the
breathing phase range P2. This way, through the breathing
phase as determined from the breathing signals, certain one
of the three-dimensional images 200 may be associated with
certain one(s) of the image frames 212 in the two-dimen-
sional movie 210a.

[0097] After the two-dimensional image frames 212 from
the two-dimensional movie 2104 has been respiratory syn-
chronized with the three-dimensional images 300, one of the
image frames 212 may be selected for geometrical registra-
tion with a corresponding one the three-dimensional images
200.

[0098] In the above example, the phase bin for breathing
phase range P2 has multiple image frames 212/-212/.
Accordingly, the method 400 may further include selecting
one of the image frames 212/-212% from the phase bin for
registration with the corresponding three-dimensional image
200 that is also associated with the same breathing phase
range P2. In one implementation, the processing unit may
include a two-dimensional image determination module
configured to select one of the image frames 212/-212% with
an associated breathing phase that is closer to a breathing
phase associated with the corresponding three-dimensional
image 200 compared to other ones of the image frames
212f-212/ in the phase bin. In particular, even though image
frames 212/-212/ are all associated with the breathing phase
range P2, they all have respective breathing phases that are
different from each other since they are generated while the
patient is undergoing different breathing phases. For
example, breathing phase range P2 may cover a breathing
phase range from 90°-180°. Accordingly, if the image
frames 212/-212/ are generated at breathing phases of 95°,
125° 156°, respectively for examples, then these image
frames 212/-212% will be associated with the breathing
phase range P2, but they will still have different respective
associated breathing phases. In the illustrated embodiments,
for the purpose of geometrical registration, the two-dimen-
sional image determination module may select one of these
image frames 212/-212/ for association or registration with
the corresponding three-dimensional image 2005. In one
implementation, if the corresponding three-dimensional
image 2005 has an associated breathing phase of 135° for
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example, the image registration module may then select
image frame 212g that has the closest breathing phase (156°
in the above example) for registration with the three-dimen-
sional image 2005. In other implementation, the two-dimen-
sional image determination module may pick the middle or
average one for registration with the three-dimensional
image 2005. In further embodiments, the two-dimensional
image determination module may pick the first image frame
212 (image frame 212/in the example) for the phase range
P2 for geometrical registration with the corresponding three-
dimensional image 2005.

[0099] Insome embodiments, to perform geometrical reg-
istration, the two-dimensional image determination module
may then determine a cross-section of the three-dimensional
image 2005 that matches the selected two-dimensional
image frame 212 from the movie 210a. From the match, a
first registration R that registers the image frames 212 in the
first two-dimensional movie 210a with the cross section 300
in the three-dimensional image 2005 is obtained. In some
cases, the registration R may be a transformation matrix that
links the image frame 212 with a cross section 300 of the
three-dimensional image 2005 that matches the image frame
212.

[0100] Also, in some embodiments, the act of determining
the plurality of two-dimensional images 300 may further
include: applying the first registration R, by the two-dimen-
sional determination module, for an other one of the image
frames 212 in the first two-dimensional movie 210q, in order
to determine a corresponding two-dimensional image 300
from a corresponding three-dimensional image 200; wherein
the one of the image frames 212 is associated with a first
phase of a respiratory cycle, the other one of the image
frames 212 is associated with a second phase of the respi-
ratory cycle, the first phase being different from the second
phase.

[0101] In other embodiments, the act of determining the
plurality of two-dimensional images 300 may include: deter-
mining, by the two-dimensional image determination mod-
ule, a second registration R that registers an other one of the
image frames 212 in the first two-dimensional movie 210a
with another one of the three-dimensional images 300,
wherein the one of the image frames 212 is associated with
a first phase of a respiratory cycle, the other one of the image
frames 212 is associated with a second phase of the respi-
ratory cycle, the first phase being different from the second
phase.

[0102] Referring again to FIG. 5, next, the first plurality of
two-dimensional images together with the image frames
from the first two-dimensional movie are displayed in an
overlay configuration and in a synchronized manner,
wherein the act of displaying is performed during a patient
setup procedure (item 408). In one implementation, the
processing unit includes a synchronization display module
configured to output the first plurality of two-dimensional
images and the image frames from the first two-dimensional
movie for display in an overlay configuration and in a
synchronized manner.

[0103] In the above embodiments, the method 400 is
described as involving a first two-dimensional movie. In
other embodiments, the method 400 may involve one or
more additional two-dimensional movies. For example, in
some embodiments, the method 400 may further include
obtaining a second two-dimensional movie 2105 having a
second plurality of image frames 212. The image frames 212
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in the second two-dimensional movie 2105 may be fluoro-
scopic images generated using the second imaging system
160. The fluoroscopic images are generated in a sequence
during a patient setup procedure (i.e., while the patient is on
the patient support, but before treatment radiation is deliv-
ered to the patient to treat the patient). In such cases, the
method 400 may further include determining a second
plurality of two-dimensional images 300 from the plurality
of three-dimensional images 200, and displaying the second
plurality of two-dimensional images 300 together with the
image frames 212 from the second two-dimensional movie
2105 in an overlay configuration and in a synchronized
manner.

[0104] In the above embodiments, the first plurality of
image frames 212 in the first two-dimensional movie 210a
comprises a first set of fluoroscopic images, and the second
plurality of image frames 212 in the second two-dimensional
movie 2105 comprises a second set of fluoroscopic images.
In some cases, the first set of fluoroscopic images comprises
kV images, and the second set of fluoroscopic images
comprises MV images. In other cases, the first set of
fluoroscopic images comprises a first set of kV images, and
the second set of fluoroscopic images comprises a second set
of kV images. In further cases, the first set of fluoroscopic
images may include a first set of MV images, and the second
set of fluoroscopic images may include a second set of MV
images. In still further cases, the first set of fluoroscopic
images may include kV images or MV images, and the
second set of fluoroscopic images may include magnetic
resonance images, or vice versa.

[0105] In some embodiments, the first two-dimensional
movie 210a is generated using x-ray. For example, the x-ray
for generating the first two-dimensional movie 210a may
comprise kV x-ray. Alternatively, the x-ray for generating
the first two-dimensional movie 210a may comprise MV
x-ray. In other embodiments, the first two-dimensional
movie 210a may be generated using ultrasound. In further
embodiments, the first two-dimensional movie 210a may be
generated using other imaging techniques.

[0106] Also, the three dimensional images 200 may com-
prise CBCT images, magnetic resonance images, CT
images, or positron emission tomography (PET) images.
[0107] In some embodiments, the first plurality of two-
dimensional images 300 has a first frame rate, the first
two-dimensional movie 210q has a second frame rate, the
first frame rate being different from the second frame rate. In
other embodiments, the first frame rate may be the same as
the second frame rate.

[0108] In the above embodiments, the two-dimensional
images for registration with the image frames from the
two-dimensional movie are obtained as cross sections from
a plurality of three-dimensional images. In other embodi-
ments, the two-dimensional images for registration with the
image frames from the two-dimensional movie may be raw
projection images, or any of other types of images that are
not derived from three-dimensional images. Accordingly,
the method 400 may be generalized for other types of
two-dimensional images for registration with the image
frames from the two-dimensional movie. FIG. 6 illustrates a
method 600 for patient setup in accordance with some
embodiments. In some embodiments, the method 600 may
be performed by a processing unit. By means of non-limiting
examples, the processing unit may be the processing unit 54,
or another processing unit. Also, the processing unit may be
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implemented using one or more processors, such as a FPGA
processor, an ASIC processor, a microprocessor, a signal
processor, a general purpose processor, or any of other types
of processor. In some cases, the processing unit may be
considered an improved processing unit compared to known
processing units because the processing unit described
herein contains features, functions, and/or capabilities that
are believed to be unavailable in known processing units.
[0109] The method 600 is similar to the method 400,
except that the two-dimensional images for registration with
the image frames from the movie is not limited to sectional
images derived from three-dimensional images. First, the
processing unit obtains a first two-dimensional movie hav-
ing a first plurality of image frames (item 602). Item 602 is
similar to item 404 described previously with reference to
the method 400.

[0110] Next, the processing unit obtains a first plurality of
two-dimensional images (item 604). In some embodiments,
the two-dimensional images comprise a first plurality of
projection images. For example, the projection images may
be raw projection images of a CT (e.g., CBCT) data set. In
other embodiments, the two-dimensional images are two-
dimensional sections of respective three-dimensional
images.

[0111] Next, the first plurality of two-dimensional images
and the image frames from the first two-dimensional movie
are displayed together in an overlay configuration and in a
synchronized manner, wherein the act of displaying is
performed during a patient setup procedure (item 606). Item
606 is similar to item 408 described previously with refer-
ence to the method 400.

[0112] In the above embodiments, the patient setup tech-
nique is described as involving use of breathing signals
obtained from breathing monitoring device. In other
embodiments, the breathing signals may not be available. In
such cases, instead of the 2D/3D registration described
above (i.e., registering a x-ray image frame against one
respiratory phase of the 4D CT), the processing unit may be
configured to perform 2D/4D registration. The additional
degree of freedom in the optimization algorithm run by the
processing unit would then be responsible for finding the
best corresponding respiratory phase out of the 4D CT. In
some cases, instead of calculating the optimal registration
between a 2D movie frame and the 4D CT, the processing
unit may calculate an average best match by registering each
2D movie frame with the 4D data set.

[0113] Also, it should be noted that the synchronous
display of images described herein may be performed ret-
roactively in some embodiments. In other embodiments, the
synchronous display of images may be performed in real
time. The synchronous display of images may be performed
shortly (e.g., within 2 seconds, and more preferably within
1 second, and even more preferably within 0.5 seconds or
less) after the image frame 212 in the movie 210 is gener-
ated.

[0114] Processing System Architecture

[0115] FIG. 7 is a block diagram illustrating an embodi-
ment of a specialized processing system 1600 that can be
used to implement various embodiments described herein.
For example, the processing system 1600 may be configured
to implement the method of FIG. 5/6 in accordance with
some embodiments. Also, in some embodiments, the pro-
cessing system 1600 may be used to implement the pro-
cessing unit 54 of FIG. 1. The processing system 1600
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includes a bus 1602 or other communication mechanism for
communicating information, and a processor 1604 coupled
with the bus 1602 for processing information. The processor
1604 may be an example of the processor 54 of FIG. 1, or
an example of any processor described herein. The process-
ing system 1600 also includes a main memory 1606, such as
a random access memory (RAM) or other dynamic storage
device, coupled to the bus 1602 for storing information and
instructions to be executed by the processor 1604. The main
memory 1606 also may be used for storing temporary
variables or other intermediate information during execution
of instructions to be executed by the processor 1604. The
processing system 1600 further includes a read only memory
(ROM) 1608 or other static storage device coupled to the bus
1602 for storing static information and instructions for the
processor 1604. A data storage device 1610, such as a
magnetic disk or optical disk, is provided and coupled to the
bus 1602 for storing information and instructions.

[0116] The processing system 1600 may be coupled via
the bus 1602 to a display 167, such as a cathode ray tube
(CRT), for displaying information to a user. An input device
1614, including alphanumeric and other keys, is coupled to
the bus 1602 for communicating information and command
selections to processor 1604. Another type of user input
device is cursor control 1616, such as a mouse, a trackball,
or cursor direction keys for communicating direction infor-
mation and command selections to processor 1604 and for
controlling cursor movement on display 167. This input
device typically has two degrees of freedom in two axes, a
first axis (e.g., x) and a second axis (e.g., y), that allows the
device to specify positions in a plane.

[0117] In some embodiments, the processing system 1600
can be used to perform various functions described herein.
According to some embodiments, such use is provided by
processing system 1600 in response to processor 1604
executing one or more sequences of one or more instructions
contained in the main memory 1606. Those skilled in the art
will know how to prepare such instructions based on the
functions and methods described herein. Such instructions
may be read into the main memory 1606 from another
processor-readable medium, such as storage device 1610.
Execution of the sequences of instructions contained in the
main memory 1606 causes the processor 1604 to perform
the process steps described herein. One or more processors
in a multi-processing arrangement may also be employed to
execute the sequences of instructions contained in the main
memory 1606. In alternative embodiments, hard-wired cir-
cuitry may be used in place of or in combination with
software instructions to implement the various embodiments
described herein. Thus, embodiments are not limited to any
specific combination of hardware circuitry and software.

[0118] The term “processor-readable medium” as used
herein refers to any medium that participates in providing
instructions to the processor 1604 for execution. Such a
medium may take many forms, including but not limited to,
non-volatile media, volatile media, and transmission media.
Non-volatile media includes, for example, optical or mag-
netic disks, such as the storage device 1610. A non-volatile
medium may be considered an example of non-transitory
medium. Volatile media includes dynamic memory, such as
the main memory 1606. A volatile medium may be consid-
ered an example of non-transitory medium. Transmission
media includes coaxial cables, copper wire and fiber optics,
including the wires that comprise the bus 1602. Transmis-
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sion media can also take the form of acoustic or light waves,
such as those generated during radio wave and infrared data
communications.

[0119] Common forms of processor-readable media
include, for example, a floppy disk, a flexible disk, hard disk,
magnetic tape, or any other magnetic medium, a CD-ROM,
any other optical medium, punch cards, paper tape, any other
physical medium with patterns of holes, a RAM, a PROM,
and EPROM, a FLASH-EPROM, any other memory chip or
cartridge, a carrier wave as described hereinafter, or any
other medium from which a processor can read.

[0120] Various forms of processor-readable media may be
involved in carrying one or more sequences of one or more
instructions to the processor 1604 for execution. For
example, the instructions may initially be carried on a
magnetic disk of a remote computer. The remote computer
can load the instructions into its dynamic memory and send
the instructions over a telephone line using a modem. A
modem local to the processing system 1600 can receive the
data on the telephone line and use an infrared transmitter to
convert the data to an infrared signal. An infrared detector
coupled to the bus 1602 can receive the data carried in the
infrared signal and place the data on the bus 1602. The bus
1602 carries the data to the main memory 1606, from which
the processor 1604 retrieves and executes the instructions.
The instructions received by the main memory 1606 may
optionally be stored on the storage device 1610 either before
or after execution by the processor 1604.

[0121] The processing system 1600 also includes a com-
munication interface 1618 coupled to the bus 1602. The
communication interface 1618 provides a two-way data
communication coupling to a network link 1620 that is
connected to a local network 1622. For example, the com-
munication interface 1618 may be an integrated services
digital network (ISDN) card or a modem to provide a data
commuication connection to a corresponding type of tele-
phone line. As another example, the communication inter-
face 1618 may be a local area network (LAN) card to
provide a data communication connection to a compatible
LAN. Wireless links may also be implemented. In any such
implementation, the communication interface 1618 sends
and receives electrical, electromagnetic or optical signals
that carry data streams representing various types of infor-
mation.

[0122] The network link 1620 typically provides data
communication through one or more networks to other
devices. For example, the network link 1620 may provide a
connection through local network 1622 to a host computer
1624 or to equipment 1626 such as a radiation beam source
or a switch operatively coupled to a radiation beam source.
The data streams transported over the network link 1620 can
comprise electrical, electromagnetic or optical signals. The
signals through the various networks and the signals on the
network link 1620 and through the communication interface
1618, which carry data to and from the processing system
1600, are exemplary forms of carrier waves transporting the
information. The processing system 1600 can send messages
and receive data, including program code, through the
network(s), the network link 1620, and the communication
interface 1618.

[0123] Although particular embodiments have been
shown and described, it will be understood that it is not
intended to limit the claimed inventions to the preferred
embodiments, and it will be obvious to those skilled in the
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art that various changes and modifications may be made
without department from the spirit and scope of the claimed
inventions. The specification and drawings are, accordingly,
to be regarded in an illustrative rather than restrictive sense.
The claimed inventions are intended to cover alternatives,
modifications, and equivalents.

1. A method for patient setup, comprising:

obtaining a plurality of three-dimensional images;

obtaining a first two-dimensional movie having a first

plurality of image frames;

determining a first plurality of two-dimensional images

from the plurality of three-dimensional images; and
displaying the first plurality of two-dimensional images
together with the image frames from the first two-
dimensional movie in an overlay configuration and in a
synchronized manner, wherein the act of displaying is
performed during a patient setup procedure.

2. The method of claim 1, further comprising:

obtaining a second two-dimensional movie having a sec-

ond plurality of image frames;

determining a second plurality of two-dimensional

images from the plurality of three-dimensional images;
and

displaying the second plurality of two-dimensional

images together with the image frames from the second
two-dimensional movie in an overlay configuration and
in a synchronized manner.

3. The method of claim 2, wherein the first plurality of
image frames in the first two-dimensional movie comprises
a first set of fluoroscopic images, and the second plurality of
image frames in the second two-dimensional movie com-
prises a second set of fluoroscopic images.

4. The method of claim 3, wherein the first set of
fluoroscopic images comprises kV images, and the second
set of fluoroscopic images comprises MV images.

5. The method of claim 3, wherein the first set of
fluoroscopic images comprises a first set of kV or MV
images, and the second set of fluoroscopic images comprises
a second set of kV or MV images.

6. The method of claim 1, wherein the act of determining
the plurality of two-dimensional images comprises:

determining a cross section in one of the three-dimen-

sional images that matches with one of the image
frames in the first two-dimensional movie, wherein the
match results in a first registration.

7. The method of claim 6, wherein the act of determining
the plurality of two-dimensional images further comprises:

applying the first registration for an other one of the image

frames in the first two-dimensional movie;

wherein the one of the image frames is associated with a

first phase of a respiratory cycle, the other one of the
image frames is associated with a second phase of the
respiratory cycle, the first phase being different from
the second phase.

8. The method of claim 6, wherein the act of determining
the plurality of two-dimensional images comprises:

determining an other cross section in an other one of the

three-dimensional images that matches with an other
one of the image frames in the first two-dimensional
movie,

wherein the one of the image frames is associated with a

first phase of a respiratory cycle, the other one of the
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image frames is associated with a second phase of the
respiratory cycle, the first phase being different from
the second phase.

9. The method of claim 1, the first plurality of two-
dimensional images and the image frames from the first
two-dimensional movie are synchronized to a common time
frame based on breathing signals provided from a breathing
monitoring device.

10. The method of claim 1, wherein the three-dimensional
images are binned into a first number of phase bins, and
wherein the method further comprises binning the first
plurality of image frames in the first two-dimensional movie
into a second number of phase bins, the first number being
equal to the second number.

11. The method of claim 10, wherein a phase bin in the
second number of phase bins has multiple images from the
first plurality of image frames, and wherein the method
further comprises selecting one of the images from the phase
bin in the second number of the phase bins for registration
with one of the three-dimensional images.

12. The method of claim 11, wherein the selected one of
the images has an associated breathing phase that is closer
to a breathing phase associated with the one of the three-
dimensional images compared to other ones of the images.

13. The method of claim 1, wherein the first two-dimen-
sional movie is generated using x-ray.

14. The method of claim 13, wherein the x-ray comprises
kV x-ray.

15. The method of claim 13, wherein the x-ray comprises
MV Xx-ray.

16. The method of claim 1, wherein the first two-dimen-
sional movie is generated using ultrasound or magnetic
resonance.

17. The method of claim 1, wherein the three dimensional
images comprise CBCT images, magnetic resonance
images, CT images, or PET images.

18. The method of claim 1, wherein the first plurality of
two-dimensional images has a first frame rate, the first
two-dimensional movie has a second frame rate, the first
frame rate being different from the second frame rate.

19. The method of claim 1, wherein the overlay configu-
ration indicates whether a target is at a desired position for
receiving treatment radiation.

20. An apparatus for patient setup, comprising:

a processing unit having one or more input for obtaining
a plurality of three-dimensional images, and for obtain-
ing a first two-dimensional movie having a first plu-
rality of image frames;

wherein the processing unit comprises a two-dimensional
image determination module configured for determin-
ing a first plurality of two-dimensional images from the
plurality of three-dimensional images; and

wherein the processing unit further comprises a synchro-
nization display module configured to output the first
plurality of two-dimensional images and the image
frames from the first two-dimensional movie for dis-
play together in an overlay configuration and in a
synchronized manner in a patient setup procedure.
21. The apparatus of claim 20, wherein the one or more
input of the processing unit is configured for obtaining a
second two-dimensional movie having a second plurality of
image frames;
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wherein the two-dimensional image determination mod-
ule is configured for determining a second plurality of
two-dimensional images from the plurality of three-
dimensional images; and

wherein the synchronization display module is configured

for displaying the second plurality of two-dimensional
images together with the image frames from the second
two-dimensional movie in an overlay configuration and
in a synchronized manner.

22. The apparatus of claim 21, wherein the first plurality
of image frames in the first two-dimensional movie com-
prises a first set of fluoroscopic images, and the second
plurality of image frames in the second two-dimensional
movie comprises a second set of fluoroscopic images.

23. The apparatus of claim 22, wherein the first set of
fluoroscopic images comprises kV images, and the second
set of fluoroscopic images comprises MV images.

24. The apparatus of claim 22, wherein the first set of
fluoroscopic images comprises a first set of kV or MV
images, and the second set of fluoroscopic images comprises
a second set of kV or MV images.

25. The apparatus of claim 20, wherein the two-dimen-
sional image determination module is configured for deter-
mining a cross section in one of the three-dimensional
images that matches with one of the image frames in the first
two-dimensional movie, wherein the match results in a first
registration.

26. The apparatus of claim 25, wherein the two-dimen-
sional image determination module is configured for apply-
ing the first registration for an other one of the image frames
in the first two-dimensional movie;

wherein the one of the image frames is associated with a

first phase of a respiratory cycle, the other one of the
image frames is associated with a second phase of the
respiratory cycle, the first phase being different from
the second phase.

27. The apparatus of claim 25, wherein the two-dimen-
sional image determination module is configured for deter-
mining an other cross section in an other one of the three-
dimensional images that matches with an other one of the
image frames in the first two-dimensional movie;

wherein the one of the image frames is associated with a

first phase of a respiratory cycle, the other one of the
image frames is associated with a second phase of the
respiratory cycle, the first phase being different from
the second phase.

28. The apparatus of claim 20, wherein the processing unit
is also configured to obtain breathing signals generated
using a breathing monitoring device, and wherein the syn-
chronization display module is configured to synchronize
the first plurality of two-dimensional images and the image
frames from the first two-dimensional movie to a common
time frame based on the breathing signals.

29. The apparatus of claim 20, wherein the three-dimen-
sional images are binned into a first number of phase bins,
and wherein the processing unit comprises a binning module
configured to bin the first plurality of image frames in the
first two-dimensional movie into a second number of phase
bins, the first number being equal to the second number.

30. The apparatus of claim 29, wherein a phase bin in the
second number of phase bins has multiple images from the
first plurality of image frames, and wherein the two-dimen-
sional image determination module is configured for select-
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ing one of the images from the phase bin in the second
number of phase bins for registration with one of the
three-dimensional images.

31. The apparatus of claim 30, wherein the selected one
of the images has an associated breathing phase that is closer
to a breathing phase associated with the one of the three-
dimensional images compared to other ones of the images.

32. The apparatus of claim 20, wherein the first two-
dimensional movie is generated using x-ray.

33. The apparatus of claim 32, wherein the x-ray com-
prises kV x-ray.

34. The apparatus of claim 32, wherein the x-ray com-
prises MV x-ray.

35. The apparatus of claim 20, wherein the first two-
dimensional movie is generated using ultrasound or mag-
netic field.

36. The apparatus of claim 20, wherein the three dimen-
sional images comprise CBCT images, magnetic resonance
images, CT images, or PET images.

37. The apparatus of claim 20, wherein the first plurality
of two-dimensional images has a first frame rate, the first
two-dimensional movie has a second frame rate, the first
frame rate being different from the second frame rate.

38. The apparatus of claim 20, wherein the overlay
configuration indicates whether a target is at a desired
position for receiving treatment radiation.

39. A processor-program product having a set of instruc-
tion, an execution of which by a processing unit causes a
method of detecting camera defect to be performed, the
method comprising:

obtaining a plurality of three-dimensional images;

obtaining a first two-dimensional movie having a first
plurality of image frames;

determining a first plurality of two-dimensional images
from the plurality of three-dimensional images; and

displaying the first plurality of two-dimensional images
together with the image frames from the first two-
dimensional movie in an overlay configuration and in a
synchronized manner, wherein the act of displaying is
performed during a patient setup procedure.

40. A method for patient setup, comprising:

obtaining a first two-dimensional movie having a first
plurality of image frames;

obtaining a first plurality of two-dimensional images; and

displaying the first plurality of two-dimensional images
together with the image frames from the first two-
dimensional movie in an overlay configuration and in a
synchronized manner, wherein the act of displaying is
performed during a patient setup procedure.

41. The method of claim 40, wherein the two-dimensional
images are two-dimensional sections of respective three-
dimensional images.

42. The method of claim 40, wherein the first plurality of
two-dimensional images comprises a first plurality of pro-
jection images.

43. An apparatus for patient setup, comprising:

a processing unit configured to obtain a first two-dimen-
sional movie having a first plurality of image frames,
and to obtain a first plurality of two-dimensional
images;

wherein the processing unit comprises a synchronization
display module configured to output the first plurality
of two-dimensional images and with the image frames
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from the first two-dimensional movie for display in an
overlay configuration and in a synchronized manner in
a patient setup procedure.

44. The apparatus of claim 43, wherein the two-dimen-
sional images are two-dimensional sections of respective
three-dimensional images.

45. The apparatus of claim 43, wherein the first plurality
of two-dimensional images comprises a first plurality of
projection images.

46. A processor-program product having a set of instruc-
tion, an execution of which by a processing unit causes a
method of detecting camera defect to be performed, the
method comprising:

obtaining a first two-dimensional movie having a first

plurality of image frames;

obtaining a first plurality of two-dimensional images; and

displaying the first plurality of two-dimensional images

together with the image frames from the first two-
dimensional movie in an overlay configuration and in a
synchronized manner, wherein the act of displaying is
performed during a patient setup procedure.

I I T T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCHRS

CPCH%E=

HAB A TF SOk
S\EReERE

BE@®F)

—HATEERENSESE KBRS -2 EGMME——gs & \
Y HREE SN LB HALUBEERBENRS R FREE——gn 8 ‘\
FHEGMEE - —4REG-—EER , AR ERFRESREER % T4

TERSE, —HRATERERENFEZTE  RESI=4EBBRER
BRI EGMNE - 48 MNRSNM =EBGBRESE -1 =

4 E 1%,

e RN E D #ERERERTRERE

US20170095197A1 NI (»&E)B

US14/873184

REZEREERRG LT

REZETREGEFRRHLF

RERESRGEERRG AT

KLEINER DAVID
KUNZ PATRIK
HUBER MICHAEL

KLEINER, DAVID
KUNZ, PATRIK
HUBER, MICHAEL

A61B5/00 A61B6/03 A61B5/055 GO6T7/00 A61B5/08

201

201

patsnap

7-04-06

5-10-01

A61B5/4836 G06T7/0012 A61B5/0071 A61B5/08 A61B5/055 G06T2207/10104 A61B6/037 G06T2207
/10121 G06T2207/10081 G06T2207/10088 A61B6/032 A61B6/463 A61B6/486 A61B6/487 A61B6/5223
A61B6/5235 A61B6/5288 A61B6/541 AG1N5/1037 A61N5/1068 A61N2005/1061 A61B5/7285

US10631778

Espacenet USPTO

B

N

13-

i
Ak

li#



https://share-analytics.zhihuiya.com/view/5bc50585-f85d-474c-93f5-834d428ec606
https://worldwide.espacenet.com/patent/search/family/056997357/publication/US2017095197A1?q=US2017095197A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170095197%22.PGNR.&OS=DN/20170095197&RS=DN/20170095197

