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Description

Field of the Invention

[0001] This invention relates generally to systems and
methods for prompting patient, and more specifically, to
systems and methods for prompting patient to control
patient movement.

Background of the Invention

[0002] Computed tomography is an imaging technique
that has been widely used in the medical field. In a pro-
cedure for computed tomography, an x-ray source and
a detector apparatus are positioned on opposite sides of
a portion of a patient under examination. The x-ray source
generates and directs a x-ray beam towards the patient,
while the detector apparatus measures the x-ray absorp-
tion at a plurality of transmission paths defined by the x-
ray beam during the process. The detector apparatus
produces a voltage proportional to the intensity of inci-
dent x-rays, and the voltage is read and digitized for sub-
sequent processing in a computer. By taking a plurality
of readings from multiple angles around the patient, rel-
atively massive amounts of data are thus accumulated.
The accumulated data are then analyzed and processed
for reconstruction of a matrix (visual or otherwise), which
constitutes a depiction of a density function of a volume
of the bodily region being examined. By considering one
or more sections in the volume, a skilled diagnostician
can often diagnose various bodily ailments such as tu-
mors, blood clots, etc.
[0003] Computed tomography has found its principal
application to examination of bodily structures or the like
which are in a relatively stationary condition. However,
currently available computed tomographic apparatus
may not be able to generate tomographic images with
sufficient quality or accuracy due to physiological move-
ment of a patient. For example, beating of a human heart
and breathing have been known to cause degradation of
quality in CT images. U.S. Patent No. 3,952,201 issued
to Hounsfield, describes a system that compensates for
a blurring of a radiograph due to heart motions by col-
lecting image data of a patient at different angles while
monitoring the patient’s heart. The image data and the
heart motion data are then correlated in a computer, and
image data that was obtained when the heart’s motion
exceeded a threshold level is rejected. However, such
method does not generate desirable CT images for a
portion of a cardiac cycle when the heart’s motion ex-
ceeds the threshold level.
[0004] Degradation of quality of CT images due to pa-
tient’s breathing is more difficult to address than that as-
sociated with heart motion. Patients’ breathing poses a
unique problem to CT imaging that is different from heart
motion. This is because the pattern and the period of a
patient’s breathing cycle is generally less consistent
when compared to those of the patient’s cardiac cycle.

As such, while a particular phase of a cardiac cycle may
be predicted with sufficient accuracy, a particular phase
of a breathing cycle may not be as easily predicted or
determined.
[0005] Furthermore, there has been an increased de-
sire to visualize organ motion by viewing a sequence of
CT images as a movie sequence. However, collecting a
large quantity of CT image data sufficient for forming a
video while considering breathing motion may take a
much longer time. This may cause a patient who is con-
fined within a gantry opening to feel uncomfortable and
subject the patient to excessive radiation.
[0006] To reduce durations of CT image acquisition
procedures, patient prompting techniques have been
used to control patients’ breathing during CT procedures.
Such techniques involve sending an audio signal to in-
struct a patient to inhale, exhale, or hold breath. However,
successful implementation of such techniques requires
the audio signal be provided to the patient in a timely
manner. If the signal is provided too early, the patient
may perform a required Physiological movement earlier
than expected. On the other hand, if the signal is provided
too late, the patient may not be able to perform the re-
quired physiological movement in time to meet the pro-
cedure’s requirement. Also, different patients may have
different reaction times - i.e., some patients may react
faster in response to the audio signal, while others may
react slower in response to the audio signal. As such,
existing techniques for prompting a patient are difficult
to implement, and may not provide satisfactory results
due to different patients’ reaction time.
[0007] For the foregoing, it would be desirable to have
an improved method and system for prompting a patient
in a medical procedure.
[0008] WO 03/003796 discloses a patient visual
prompt that informs a patient a desired breathing level.
The visual prompt allows a patient to see his/her own
breathing level, but does not indicate the future time at
which the desired breathing level is desired to be accom-
plished, nor does the visual prompt provide an indication
to the patient of when such future time will arrive.
[0009] JP 2000 325339 discloses a voice control circuit
for controlling a voice generating circuit. The voice gen-
erating circuit is configured to store a voice signal for a
message for guidance in stopping of breathing, and gen-
erate a voice signal according to a control signal of the
voice control circuit.
[0010] US 2003 188757 A1 discloses a respiration con-
trol apparatus having an inhalation circuit and an exha-
lation circuit for controlling a breathing of a patient.

SUMMARY OF THE INVENTION

[0011] The present invention provides a method of
prompting a patient, a computer program product and a
system as defined in the independent claims. Optional
features of the invention are defined in the dependent
claims.
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[0012] In accordance with some embodiments of the
invention, a method of prompting a patient includes in-
forming a patient a relationship between a result of an
activity being performed by the patient, and a first target
result to be achieved by the activity.
[0013] In accordance with other embodiments of the
invention, a computer program product that includes a
medium is provided. The medium includes a set of in-
structions, an execution of which causes a process to be
performed, the process comprising informing a patient a
relationship between a result of an activity being per-
formed by the patient, and a first target result to be
achieved by the activity.
[0014] In accordance with other embodiments of the
invention, a system for prompting a patient includes
means for informing a patient a relationship between a
result of an activity being performed by the patient, and
a first target result to be achieved by the activity.
[0015] In accordance with other embodiments of the
invention, a user interface for prompting a patient in-
cludes a screen displaying graphics for informing a pa-
tient a relationship between a result of an activity being
performed by the patient, and a first target result to be
achieved by the activity.
[0016] In accordance with other embodiments of the
invention, a method of prompting a patient includes in-
forming a patient a relationship between a time and a
target result to be achieved by an activity.
[0017] In accordance with other embodiments of the
invention, a computer program product that includes a
medium is provided. The medium includes a set of in-
structions, an execution of which causes a process to be
performed, the process comprising informing a patient a
relationship between a time and a target result to be
achieved by an activity.
[0018] In accordance with other embodiments of the
invention, a system for prompting a patient includes
means for informing a patient a relationship between a
time and a target result to be achieved by an activity.
[0019] In accordance with other embodiments of the
invention, a user interface for prompting a patient in-
cludes a screen displaying graphics for informing a pa-
tient a relationship between a time and a target result to
be achieved by an activity.
[0020] In accordance with other embodiments of the
invention, a method of prompting a patient includes in-
forming a patient a relationship between a position of a
portion of the patient and a first target position for the
portion.
[0021] In accordance with other embodiments of the
invention, a computer program product that includes a
medium is provided. The medium includes a set of in-
structions, an execution of which causes a process to be
performed, the process comprising informing a patient a
relationship between a position of a portion of the patient
and a first target position for the portion.
[0022] In accordance with other embodiments of the
invention, a system for prompting a patient includes

means for informing a patient a relationship between a
position of a portion of the patient and a first target posi-
tion for the portion.
[0023] In accordance with other embodiments of the
invention, a user interface for prompting a patient in-
cludes a screen displaying graphics for informing a pa-
tient a relationship between a position of a portion of the
patient and a first target position for the portion.
[0024] Other aspects and features of the invention will
be evident from reading the following detailed description
of the preferred embodiments, which are intended to il-
lustrate, not limit, the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The drawings illustrate the design and utility of
preferred embodiments of the present invention, in which
similar elements are referred to by common reference
numerals. In order to better appreciate how advantages
and objects of the present invention are obtained, a more
particular description of the present invention briefly de-
scribed above will be rendered by reference to specific
embodiments thereof, which are illustrated in the accom-
panying drawings. Understanding that these drawings
depict only typical embodiments of the invention and are
not therefore to be considered limiting of its scope, the
invention will be described and explained with additional
specificity and detail through the use of the accompany-
ing drawings in which:

FIG. 1 illustrates a computed tomography system in
which embodiments of the invention can be imple-
mented;
FIG. 2A-2C illustrates examples of breathing wave-
forms relative to gantry rotational angles;
FIG. 3A-3C illustrate a user interface in accordance
with some embodiments of the invention;
FIG. 4 illustrates a user interface having a curvilinear
bar in accordance with other embodiments of the
invention;
FIG. 5 illustrates a user interface in accordance with
other embodiments of the invention, showing the in-
terface displaying graphics that represent prescribed
inhale and exhale levels of a breathing;
FIG. 6 illustrates a user interface in accordance with
other embodiments of the invention, showing the in-
terface displaying a curve that represents a target
breathing motion;
FIG. 7 illustrates a user interface in accordance with
other embodiments of the invention; and
FIG. 8 is a block diagram that illustrates an embod-
iment of a computer system upon which embodi-
ments of the invention may be implemented.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0026] Various embodiments of the present invention
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are described hereinafter with reference to the figures. It
should be noted that the figures are not drawn to scale
and elements of similar structures or functions are rep-
resented by like reference numerals throughout the fig-
ures. It should also be noted that the figures are only
intended to facilitate the description of specific embodi-
ments of the invention. They are not intended as an ex-
haustive description of the invention or as a limitation on
the scope of the invention. Also, an aspect described in
conjunction with a particular embodiment of the present
invention is not necessarily limited to that embodiment
and can be practiced in any other embodiments of the
present invention. In addition, a means for performing a
function may be used to perform another function, and a
function may be performed by one or more means.

Computed Tomography Image Acquisition System

[0027] Referring now to the drawings, in which similar
or corresponding parts are identified with the same ref-
erence numeral, FIG. 1 illustrates a computed tomogra-
phy image acquisition system 10, in which embodiments
of the present invention can be employed. The system
10 includes a gantry 12 having an opening (or bore) 13,
a patient support 14 for supporting a patient 16, and a
control system 18 for controlling an operation of the gan-
try 12. In other embodiments, instead of the ring config-
uration shown, the gantry 12 can have other configura-
tions. For example, the gantry 12 can have a C-arm con-
figuration, such as that used in the cone beam CT ma-
chines manufactured by Varian Medical Systems, Inc.,
in Palo Alto, California. The system 10 also includes an
x-ray source 20 that projects a beam (which can be a
cone beam, a fan beam, or the like) of x-rays towards a
detector 24 on an opposite side of the gantry 12 while
the patient 16 is positioned at least partially between the
x-ray source 20 and the detector 24. The detector 24 has
a plurality of sensor elements configured for sensing a
x-ray that passes through the patient 16. Each sensor
element generates an electrical signal representative of
an intensity of the x-ray beam as it passes through the
patient 16.
[0028] In the illustrated embodiment, the control sys-
tem 18 includes a processor 54, such as a computer proc-
essor, coupled to a gantry rotation control 40 and a pa-
tient prompting device 100. The control system 18 may
also include a monitor 56 for displaying data and an input
device 58, such as a keyboard or a mouse, for inputting
data. During a scan to acquire x-ray projection data (i.e.,
CT image data), the gantry 12 rotates about the patient
16. The rotation of the gantry 12 and the operation of the
x-ray source 20 are controlled by the gantry rotation con-
trol 40, which provides power and timing signals to the
x-ray source 20 and controls a rotational speed and po-
sition of the gantry 12 based on signals received from
the processor 54. Although the control 40 is shown as a
separate component from the gantry 12 and the proces-
sor 54, in alternative embodiments, the control 40 can

be a part of the gantry 12 or the processor 54. The proc-
essor 54 is configured to send prompting signals to the
patient prompting device 100 in a prescribed manner
(e.g., in synchronization with a rotation of the gantry 12).
[0029] The patient prompting device 100 is configured
to provide visual signals to the patient 16 during a pro-
cedure, thereby instructing the patient 16 to perform cer-
tain task(s). The patient prompting device 100 includes
a screen 101, an image source 104, and a structure 106
to which the screen 101 and the image source 104 are
coupled. The structure 106 has a low profile, thereby al-
lowing the screen 101 be placed within the opening 13
of the gantry. The screen 101 is preferably made from a
non-metallic material and does not include circuitry for
preventing interference with a radiation field. In the illus-
trated embodiments, the screen 101 has a mirror surface,
and the image source 104 includes a flat panel screen
(or a monitor screen). During use, the image source 104
receives image data from the processor 54 and displays
graphics in response thereto. The graphics is reflected
by the mirror surface, and the patient 16 can see the
reflected graphics by looking towards the mirror surface
102. In other embodiments, the screen 101 can include
a non-mirror (e.g., a non-reflective) surface. In such cas-
es, instead of the image source 104 being a flat panel or
a screen, the image source 104 includes an image pro-
jector that projects image onto the surface. Also, in other
embodiments, the image source 104 can include fiber
optics for transmitting image signals to a viewing surface.
In such case, the screen 101 can be a component of a
glasses or goggles, with the viewing surface being an
inside face of the glasses or goggles. Other types of im-
age source can also be used in alternative embodiments.
For example, in further embodiments, the screen 101
can itself be a LCD screen (an image source) provided
that its electronics do not significantly interfere with a
radiation field. In such cases, the patient prompting de-
vice 100 does not include the image source 104. The
above described embodiments of the patient prompting
device 100 has been described in U.S. Patent Application
entitled, "Patient Multimedia Display", filed concurrently
with this application. Other display mechanism can also
be used as long as it provides a viewing surface from
which the patient 16 can receive image signals. In the
illustrated embodiments, the image/graphics as shown
in the screen 101 provides visual signal to control the
patient’s breathing (e.g., by instructing the patient 16 to
hold breath, to inhale, and/or to exhale) while the gantry
12 rotates around the patient 16 to collect image data,
thereby ensuring that CT image data that correspond to
a prescribed phase of a breathing cycle are obtained.
However, in other embodiments, the image/graphics as
shown in the screen 101 can be configured to instruct
the patient 16 to perform other task(s).
[0030] The system 10 also includes a position moni-
toring system 200 for monitoring a position of a portion
of the patient 16, and producing a position signal in re-
sponse thereto. The position signal is transmitted to the
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processor 54, which causes the image source 104 to
generate a visual indicator representing a position of the
patient portion. In the illustrated embodiments, the posi-
tion monitoring system 200 includes a marker block 202
placed on the patient 16, and an optical device 204 cou-
pled to the processor 54. The optical device 204 may be
a camera or other imaging devices, and is configured to
sense an image of the marker block 202. The marker
block 202 preferably comprises a reflective or retro-re-
flective material that can reflect light, whether in the vis-
ible or invisible wavelengths. The marker block 202 has
a rectangular shape with multiple retro-reflective ele-
ments 203 located on its surface. Alternatively, the mark-
er block 202 can have a different shape, such as a hem-
ispherical shape, or a disk shape, as long as the size,
spacing, and position of the reference locations are con-
figured such that the optical device 204 can view and
generate an image that accurately shows the positioning
of the marker block 202.
[0031] When using the position monitoring system
200, one or more marker block 202 is placed on or se-
cured to the patient 16, and the optical device 204 is used
to sense the marker block(s) 202. The optical device 204
produces a set of image coordinates for the marker ele-
ments on the marker block(s) 202. The position and dis-
tance of the marker elements located on the marker
block(s) 202 is known relative to other marker elements
on the same respective marker block(s) 202. By compar-
ing the position and distance between the marker ele-
ments on a recorded image frame with a reference po-
sition and image stored for the position monitoring sys-
tem 200, the absolute position and orientation of the
marker block(s) 202 can be determined with a high de-
gree of accuracy. This, in turn, provides an accurate po-
sition and orientation estimation for the patient position
or the patient body position upon which the marker
block(s) 202 is attached. Such and similar physiological
gating systems have been described in U.S. Patent No.
6,621,889, and U.S. Patent Application Serial No.
09/893,122, filed June 26, 2001.
[0032] It should be noted that other types of patient
position monitoring system can also be used. For exam-
ple, in alternative embodiments, instead of using an op-
tical system, another device, such as a spirometer, strain-
gauge, a laser sensor, a pressure sensor, or any of other
devices known in the art of position or activity state mon-
itoring, can be used to sense and/or measure a patient
movement or an activity state during a procedure.

Patient Prompting Interface

[0033] During a CT image acquisition procedure, as
the radiation source 20 is rotated about the patient 16 to
generate CT image data at a plurality of gantry rotational
angles, the patient prompting system 100 is used to guide
the patient 16 to control his/her breathing such that one
or more breathing state of the patient 16 can be synchro-
nized with the rotation of the gantry 12, thereby allowing

desired image quality to be obtained at prescribed gantry
angles. Particularly, the processor 54 is configured (e.g.,
programmed) to cause the image source 104 to provide
visual signals for prompting the patient 16 during a pro-
cedure based on signals/data received from the optical
device 204 and a rotational position of the gantry 12 (or
the radiation source 20).
[0034] FIGS. 2A-2C illustrate examples of the patient’s
breathing waveforms as the gantry 12 rotates around the
patient’s 16 to collect image data. As the gantry 12 rotates
360° around the patient 16 in a first direction during a
first rotation, the patient 16 undergoes a plurality of
breathing cycles (the amplitude of which is represented
by curve 360). When the patient’s inhale level satisfies
a prescribed criteria (e.g., lies between a minimum pre-
scribed inhale level and a maximum prescribed inhale
level, represented by lines 350, 352, respectively), the
processor 54 then causes the radiation source 20 to ac-
tivate to deliver a radiation beam and generate CT image
data. Similarly, when the patient’s inhale level falls out-
side the boundaries 350, 352, the processor 54 then
causes the radiation source 20 to deactivate and cease
generating CT image data. Alternatively, the radiation
source 20 can continue to transmit radiation at a plurality
of gantry rotational angles even when the patient’s inhale
level falls outside the prescribed range. In such cases,
the processor 54 maintains a record of the CT image
data that are collected, and chooses only desired CT
image data (e.g., CT image data that correspond to a
desired breathing level) for reconstruction of tomography
image(s).
[0035] As shown in FIG. 2A, during a first gantry rota-
tion, CT image data are collected at gantry angles that
are between 50°-120°, 210°-275°, and 325-360° (repre-
sented by clear portions 372a, 372b, 372c, respectively,
of a bar 370), with CT image data desired to be collected
at remaining gantry angles represented by hatched por-
tions 374a, 374b, 374c of the bar 370.
[0036] During a next gantry rotation, the gantry 12 ro-
tates (e.g., in an opposite direction), and additional CT
image data are collected at gantry angles that correspond
to the patient’s inhale level satisfying the prescribed cri-
teria (e.g., inhale level lying between prescribed levels
350, 352). As shown in FIG. 2B, during the second gantry
rotation, with the aid of the patient prompting device 100,
the patient 16 attempts to cause additional CT image
data be collected by trying to match his/her breathing
with the portions 374a-374c. As a result, additional CT
image data are collected at gantry angles at which image
data (or desirable image data) were not previously ob-
tained in the first gantry rotation. In the illustrated exam-
ple, CT image data are collected at gantry angles that
are between 0°-50°, 140°-210°, and 260°-330°, corre-
sponding to portions 376a, 376b, 376c shown in the
graph, with CT image data desired to be collected at re-
maining gantry angles that are represented by hatched
portions 378a, 378b, 378c.
[0037] In some embodiments, it may be desirable to
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have CT image data collected from one gantry rotation
overlap CT image data collected from another gantry ro-
tation. For example, although image data have been col-
lected between gantry rotational angles 210°-275° (cor-
responding to portion 372b) during the first gantry rota-
tion, and image data have been collected between gantry
rotational angles 140°-210° (corresponding to portion
376b) during the second gantry rotation, it may be desir-
able to have additional image data collected at or adja-
cent the seam between the two portions 372b, 376b. As
such, in the illustrated example, hatched portion 378a is
shown to correspond to a portion of a gantry rotation at
which overlapping image data are desired. Similar is true
for portion 378a and part of portion 378b. In alternative
embodiments, CT image data collected from one gantry
rotation is not required to overlap CT image data collected
from another gantry rotation.
[0038] During a next gantry rotation, the gantry 12 ro-
tates (e.g., in an opposite direction from that of the last
rotation), and additional CT image data are collected at
gantry angles that correspond to the patient’s inhale level
satisfying the prescribed criteria. As shown in FIG. 2C,
during the third gantry rotation, with the aid of the patient
prompting device 100, the patient 16 attempts to cause
additional CT image data be collected by trying to match
his/her breathing with the portions 378a-378c. As a re-
sult, additional CT image data are collected at gantry
angles at which image data (or desirable image data)
were not obtained in the first and the second gantry ro-
tations. In the illustrated example, CT image data are
collected at portions 380a, 380b, 380c of the gantry ro-
tation. When all desired image data have been collected,
the CT image data acquisition procedure is then termi-
nated. Although the CT image data acquisition procedure
has been described with reference to the gantry 12 mak-
ing three gantry rotations in the illustrated example, it
should be understood that a CT image data acquisition
procedure may require more or less than three gantry
rotations.
[0039] As mentioned previously, the patient prompting
device 100 assists or guides the patient 16 in controlling
his/her breathing during a CT image data acquisition pro-
cedure. FIG. 3A-3C illustrate a user interface 300 for
prompting the patient 16 in accordance with some em-
bodiments of the invention. The user interface 300 in-
cludes a first indicator (displayed object) 302 for indicat-
ing a state/result of a patient activity, and a second indi-
cator (displayed object) 304 for indicating a target
state/target result of the patient activity. The first and the
second indicators 302, 304 are displayed in the screen
101 of the patient prompting device 100. The first indica-
tor 302 includes a bar, the position of which relative to
the screen 101 represents a breathing level of the patient
16. In the illustrated embodiments, the optical device 204
generates an image of the marker block 202, and trans-
mits image signals to the processor 54. The processor
54 analyzes the image signals to determine the position
and/or orientation of the marker block 202, and output a

signal to cause the image source 104 to display the first
indicator 302 at a position in the screen 101 that is indic-
ative of, or associated with, the determined position
and/or orientation of the marker block 202. As such, as
the patient 16 breaths, the marker block 202 moves in
response to the patient’s breathing, and the processor
54 in turn causes the first indicator 302 to move in cor-
respondence with the patient’s breathing. In the illustrat-
ed embodiments, when the patient 16 inhales, the first
indicator 302 moves in a first direction 312, and when
the patient 16 exhales, the first indicator 302 moves in a
second direction 314.
[0040] As shown in FIG. 3A, the second indicator 304
includes a bar 306 having a first line 308, and a second
line 310. The first line 308 represents a prescribed min-
imum inhale level of a breathing, and the second line 310
represents a prescribed maximum inhale level of a
breathing. The bar 306 also has a length 318, which rep-
resents at least a portion of a range of gantry angles at
which CT image data is desired to be collected. In some
embodiments, the length of the bar 306 represents an
entire range of gantry angles at which CT image data are
desired to be collected. Alternatively, the bar 306 as dis-
played in the screen 101 represents different portion(s)
of an entire range of gantry angles at which CT image
data are desired to be collected as the bar 306 moves
across the screen 101. During use, the processor 54 re-
ceives an instantaneous gantry angle read-out, and gen-
erate the bar 306 (or at least portion(s) thereof) based
on the instantaneous gantry angle. The bar 306 moves
in a direction indicated by arrow 311, and in synchroni-
zation with a rotation of the gantry 12 (or the radiation
source 20). The patient 16 is instructed (either before or
during a radiation procedure) to move the first indicator
302 in between the first and the second lines 308, 310
by inhaling, and keep the first indicator 302 in between
the first and the second lines 308, 310 by breath-holding.
[0041] When the first indicator 302 has been positioned
by the patient 16 in between the first and the second lines
308, 310, the processor 54 sends a "ON" signal to acti-
vate the radiation source 20, thereby creating CT image
data. The radiation source 20 is activated at a plurality
of gantry rotational angles as the gantry 12 is rotated
about the patient 16 as long as the first indicator 302 is
between the first and the second lines 308, 310 (repre-
senting a desired breathing state for collecting CT image
data). When the patient 16 no longer holds his/her breath
within the prescribed range inhale levels, the patient 16
will exhale, causing the first indicator 302 to move out of
the prescribed range of inhale levels. In such cases, the
processor 54 sends a "OFF" signal to deactivate the ra-
diation source 20 to cease transmitting radiation. Such
feature is advantageous because it minimizes an amount
of radiation delivered to the patient 16. However, in al-
ternative embodiments, the radiation source 20 can con-
tinue to transmit radiation at a plurality of gantry rotational
angles even when the first indicator 302 has moved out
of the prescribed range of inhale levels. In such cases,
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the processor 54 maintains a record of the CT image
data that are collected, and chooses only the desired
image data (e.g., image data that correspond to desired
breathing level) for reconstruction of tomography im-
age(s).
[0042] As FIG. 3B shows, after the patient 16 has
moved the first indicator 302 in between the first and the
second lines 308, 310, a portion 320 of the bar 306 where
the first indicator 302 intercepts the bar 306 changes
color (or appears to be removed if the changed color is
similar to a background color). The portion 320 repre-
sents part of the prescribed range of gantry angles at
which CT image data has been collected, while a remain-
ing portion(s) 322 of the bar 306 represents the part(s)
of the prescribed range of gantry angles at which CT
image data are still desired to be collected. Since the bar
306 is moving in the direction 311 in synchronization with
the gantry 12 rotation, more portion of the bar 306 will
change color (or the portion 320 will grow) as long as the
patient 16 controls his/her breathing to maintain the first
indicator 302 between the first and the second lines 308,
310.
[0043] When the patient 16 exhales, the first indicator
302 moves out of the location between the first and the
second lines 308, 310 in response thereto, and the bar
306 ceases changing. However, the bar 306 continues
to move in the direction 311 in correspondence with a
rotation of the gantry 12. The patient 16 can repeat the
step of inhaling to move the first indicator 302 between
the first and the second lines 308, 310 again to cause
another portion of the bar 306 to change color (or to be
removed) - thereby causing CT image data to be collect-
ed at additional gantry rotational angles. For example,
during a CT image acquisition procedure, the patient 16
can inhale and exhale for a plurality of times, resulting in
a plurality of portions 320a, 320b of the bar 306 changing
color (or being removed), with the remaining portions
322a, 322b of the bar 306 representing the parts of the
prescribed range of gantry angles at which CT image
data are still desired to be collected (FIG. 3C). In some
embodiments, the processor 54 is configured to make
adjustment to the bar 306 such that additional (or over-
lapping) CT image data can be collected (e.g., at a range
of gantry angles that are adjacent to that represented by
the interface between the portion 322a and the portion
320b). For example, the processor 54 can be configured
to change at least a part of a removed portion 320 back
to a hatched portion 322.
[0044] In the illustrated embodiments, the uncovered
gantry angle intervals resulting from the patient’s breath-
ing being non-compliance defines the configuration of
the bar 306 (e.g., spacing and length of the remaining
portions (or indicator boxes) 322) for the next gantry ro-
tation. As remaining portion(s) of the bar 306 approach
the first indicator 302 a second time (corresponding to a
second gantry rotation), the patient 16 can repeat the
breathing step(s) in an attempt to cause additional CT
image data be collected at remaining gantry angles at

which CT image data were not previously collected. The
gantry 12 continues to make additional rotation, and the
user interface 300 continues to display remaining por-
tions of the bar 306 (e.g., based on an instantaneous
gantry angle read-out), until the patient 16 has caused
the entire bar 306 to change color (or the entire bar 306
to be removed), representing the condition that CT image
data at all prescribed gantry rotational angles have been
collected.
[0045] Providing the first indicator 302 is advanta-
geous because it informs the patient 16 a relationship
between a result of an activity being performed by the
patient, and a first target result desired to be achieved
by the activity, thereby allowing the patient 16 to gauge
himself/herself while performing the activity. For exam-
ple, the patient 16 can breath harder or less based on a
position of the first indicator 302 as observed by the pa-
tient 16. In addition, providing the second indicator 304
is also advantageous because it informs the patient 16
a relationship between a time and a target result desired
to be achieved by an activity, thereby allowing the patient
16 to decide when to perform a certain task based on
his/her own awareness of a target result desired to be
accomplished. The combination of these two features
allows a patient to control his/her breathing such that CT
image data at prescribed range(s) of gantry angles can
be collected efficiently.
[0046] It should be noted that the user interface 300
should not be limited by the example described previous-
ly, and that the user interface 300 can have other con-
figurations in alternative embodiments. FIG. 4 illustrates
a variation of the user interface 300. In such cases, in-
stead of having a straight profile, the bar 306 has a profile
that resembles a portion of a circle. The arc angle of the
bar 306 corresponds to a prescribed range of gantry an-
gles at which CT image data are desired to be collected.
During use, the bar (in the form of an arc) rotates about
a center 390 in a direction and speed that corresponds
to a rotation of the gantry 12 (or the radiation source 20),
and the patient 16 is instructed (either before or during
a radiation procedure) to move the first indicator 302 in
the first direction 312 (e.g., by inhaling) such that the first
indicator 302 intercepts the bar 306, as similarly de-
scribed previously. Initially, the bar 306 has a first color
(represented by hatch in the example). As the patient 16
successfully causes the first indicator 302 to intercept
the bar 306, portion(s) 320 of the bar 306 changes color
(or is removed), indicating to the patient 16 that the CT
image data at the corresponding gantry angles have
been collected. The patient 16 continues to control
his/her breathing to cause the first indicator 302 to inter-
cept remaining portion(s) 322 as the bar 306 rotates
about the center 390 (either continuously in one direction,
or in a back-and-forth manner), until CT image data at
all prescribed gantry angles have been collected. In al-
ternative embodiments, instead of the bar 306 being an
arc, the bar 306 can be a complete circle.
[0047] In the above embodiments, the user interface
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300 is configured to guide the patient’s breathing by pre-
scribing a range of inhale levels. In alternative embodi-
ments, the user interface 300 can be configured to guide
the patient’s breathing by prescribing a range of exhale
levels. In such cases, the user interface 300 includes
lines that represent a minimum exhale level and a max-
imum exhale level (that are similar to the minimum and
maximum inhale levels 308, 310 discussed previously).
[0048] In further embodiments, the user interface 300
can be configured to guide a patient’s breathing by pre-
scribing both ranges of inhale and exhale levels. FIG. 5
illustrates a user interface 400 for prompting a patient in
accordance with other embodiments of the invention. The
user interface 400 includes a first indicator (displayed
object) 402 for indicating a state/result of a patient activ-
ity, and a plurality of indicators (displayed object) 404
representing target state/ target result of the patient ac-
tivity. The indicators 402, 404 are displayed in the screen
101 of the patient prompting device 100. The first indica-
tor 402 includes a bar, the position of which relative to
the screen 101 represents a breathing level of the patient
16. In the illustrated embodiments, the optical device 204
generates an image of the marker block 202, and trans-
mits image signals to the processor 54. The processor
54 analyzes the image signals to determine the position
and/or orientation of the marker block 202, and output a
signal to cause the image source 104 to display the first
indicator 302 at a position in the screen 101 that is indic-
ative of, or associated with, the determined position
and/or orientation of the marker block 202. As such, as
the patient 16 breaths, the marker block 202 moves in
response to the patient’s breathing, and the processor
54 in turn causes the first indicator 302 to move in cor-
respondence with the patient’s breathing.
[0049] As shown in FIG. 5, the first target 404a repre-
sents a prescribed inhale level desired to be accom-
plished by the patient 16. The target 404a has bottom
and top sides that correspond to a minimum inhale level
420 and a maximum inhale level 422, respectively. Sim-
ilar is true for the target 404c. The second target 404b
represents a prescribed exhale level desired to be ac-
complished by the patient 16. The target 404b has top
and bottom sides that correspond to a minimum exhale
level 424 and a maximum exhale level 426, respectively.
In some embodiments, the distances (e.g., distances,
430, 432) between successive targets 404 can be ad-
justed, depending on a particular need of a procedure.
Also, in other embodiments, a length of a target can be
adjusted, e.g., made longer to indicate that a breath-hold
is desired. In some embodiments, the prescribed inhale
level, the prescribed exhale level, and the distances 430,
432 are user specific, and can be determined during a
training session. Such will make the patient more com-
fortable because the interface is prescribing a manner of
breathing in which the patient is accustomed to perform-
ing.
[0050] During use of the interface 400, the targets 404
move in a direction indicated by arrow 411, and in syn-

chronization with a rotation of the gantry 12 (or the radi-
ation source 20). The patient 16 is instructed (either be-
fore or during a radiation procedure) to move the first
indicator 402 to intercept the targets 404, e.g., one after
the other, by inhaling and exhaling, as the targets 404
moves across the screen 101, thereby controlling sub-
stantially all phases of the patient’s breathing cycle. Such
result is particularly desirable in the case in which sets
of image data are desired to be collected for different
prescribed phases of a breathing cycle, which requires
patient breathing period to be as constant as possible
and the phase of the periodic breathing motion to be syn-
chronized with the gantry angle at any given time. In the
illustrated embodiments, the processor 54 is configured
to activate the radiation source 20 to generate image
data when the first indicator 402 intercepts a target (one
of the targets 404), and deactivate the radiation source
20 when the first indicator 402 misses a target. In some
embodiments, a physician can prescribe a number N of
phases into which a breathing cycle is divided. In such
cases, the processor 54 is configured to provide appro-
priate visual signals via the patient prompting interface
400, and to provide timing signals to the gantry control
40 such that sets of image data for each of the N pre-
scribed phases of a breathing cycle can be collected.
[0051] In other embodiments, instead of collecting CT
image data for each of the N phases of a breathing cycle,
CT image data are collected only for a desired phase
range of a breathing cycle. For example, a breathing cy-
cle may be divided into N = 3 intervals, but CT image
data may be desired to be collected for only the first 1/3
of a breathing cycle. In such cases, the patient prompting
interface 400 can accordingly be configured to provide
appropriate visual signals to the patient 16 such that the
patient 16 can control his/her breathing at the right time
to enable all desired CT image data be collected for the
first 1/3 of the breathing cycle. Moreover, in some cases,
fewer rotations can be used by foregoing having data for
the entire 360° coverage for the phase(s) of interest and
instead having data for such phase(s) from a sufficient
number of angles to produce an image of sufficient quality
for the purpose at hand.
[0052] If CT image data for all prescribed phases of a
breathing cycle have been collected, then the CT image
data collection process is terminated, and CT images are
reconstructed using the collected CT image data. The
reconstruction of CT images may be performed using a
technique or method known in the art. In one embodi-
ment, the processor 54 sorts the CT image data accord-
ing to the phase segment of the respiratory cycle at which
it was acquired, and synchronizes the collected CT image
data such that data corresponding to a given phase of a
respiratory cycle are combined to reconstruct an image
for that phase. When CT images for all phases of a res-
piratory cycle have been reconstructed, the CT images
may be displayed in a sequence to form a video.
[0053] It should be noted that the configuration of the
user interface 400 is not limited by the examples dis-
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cussed previously, and that the user interface 400 can
have other configurations in alternative embodiments.
For example, instead of targets 404 that are in the form
of a block, in alternative embodiments, the user interface
400 can display a curve 450 that represents desired
breathing waveforms to be accomplished (FIG. 6). In
such cases, the curve 450 is configured to move across
the screen 101 in the direction 411, and the patient 16 is
instructed (either before or during a radiation procedure)
to move the first indicator 402, e.g., by inhaling and ex-
haling, such that the first indicator 402 stays on the curve
450 as much as possible, as the curve 450 moves across
the screen 101. In the illustrated example, the curve 450
has a shape that resembles a sine wave, but can have
other shapes, such as a customized shape, in other em-
bodiments. For example, the shape of the curve 450 can
be specific to each patient and can be obtained in a train-
ing session. In the illustrated embodiments, the proces-
sor 54 sends a "ON" signal to activate the radiation source
20 to emit radiation for generating CT image data when
the first indicator 402 intercepts the curve 450, and a
"OFF" signal to deactivate the radiation source 20 when
the first indicator 402 does not intercept the curve 450.
In some embodiments, after image data at a desired gan-
try rotational angle have been collected for a prescribed
phase of a breathing cycle, the processor 504 can change
a color of (or remove) the corresponding portion of the
curve 450 to indicate that image data have been collected
for the corresponding gantry angle. The user interface
400 continues to display the curve 450 across the screen
101, and the patient 16 continues to operate the first in-
dicator 402 by breathing, until CT image data for all pre-
scribed gantry rotational angles and for all prescribed
phases of a breathing cycle are collected.
[0054] FIG. 7 shows a variation of the user interface
400, which includes a curve 500 having a first side 502
and a second side 506. In such cases, the curve 500 is
configured to move across the screen 101 in the direction
411, and the patient 16 is instructed (either before or
during a radiation procedure) to move the first indicator
402, e.g., by inhaling and exhaling, such that the first
indicator 402 stays in between the first and the second
sides 502, 506 as the curve 500 moves across the screen
101. The sides/boundaries 502, 506 are separated by a
distance 504, which represents a range of prescribed
breathing levels at which image data will be collected.
The distance 504 can be uniform along a length of the
curve 500, or alternatively, can vary along a length of the
curve 500. In the illustrated example, the curve 500 has
a shape that resembles a sine wave, but can have other
shapes, such as a customized shape, in other embodi-
ments. In the illustrated embodiments, the processor 54
sends a "ON" signal to activate the radiation source 20
to emit radiation for generating CT image data when the
first indicator 402 is within the boundaries 502, 506 of
the curve 500, and a "OFF" signal to deactivate the ra-
diation source 20 when the first indicator 402 is outside
the boundaries 502, 506. In some embodiments, after

CT image data at a desired gantry rotational angle have
been collected for a prescribed phase of a breathing cy-
cle, the processor 504 can change a color of (or remove)
the corresponding portion of the curve 500 to indicate
that image data have been collected. The user interface
400 continues to display the curve 500 across the screen
101, and the patient 16 continues to operate the first in-
dicator 402 by breathing, until CT image data for all pre-
scribed gantry rotational angles and for all prescribed
phases of a breathing cycle are collected.
[0055] Although several examples of a patient prompt-
ing interface have been described, it should be noted that
the scope of the invention should not be so limited. In
alternative embodiments, the user interfaces 300, 400
can have other configurations for informing a patient a
relationship between a result of an activity being per-
formed by the patient, and a first target result desired to
be achieved by the activity and/or a relationship between
a time and the target result desired to be achieved by an
activity. For example, in alternative embodiments, in-
stead of a bar (e.g., the bar 306), the processor 54 can
be configured to display an object having a different form
for prompting the patient 16. As used in this specification,
the term "object" can include any item, such as a graph,
a text, a number, a message, a symbol, a line, a bar, an
object having a geometric or customized shape, etc. In
other embodiments, instead of the object being dis-
played, an "object" can be one or more lights emitted by
an optical device. Also, instead of each indicator being
an object, in other embodiments, two or more indicators
can be represented by a single object, or alternatively,
an indicator can be represented by two or more objects.
In addition, in other embodiments, the processor 54 can
be configured to cause CT image data be collected when
a patient’s inhale (or exhale) level has reached a mini-
mum prescribed level, regardless of how much the pa-
tient’s inhale (or exhale) level exceed the minimum pre-
scribed level. In such cases, the user interface does not
have an indicator for representing a maximum inhale (or
exhale) level.
[0056] In further embodiments, the patient prompting
device 100 can further include a speaker. In such cases,
the processor 54 can be configured to cause the speaker
to emit audio signal(s) for prompting the patient 16. Also,
in any of the embodiments described herein, the proces-
sor 54 can be configured to provide a visual signal or an
audio signal when a desired task has been performed by
the patient 16. For example, the visual signal can be a
score, and the audio signal can be a game sound, thereby
providing a game interface for prompting the patient 16,
which may make the image acquisition procedure more
fun and engaging for the patient 16.

Computer System Architecture

[0057] FIG. 8 is a block diagram that illustrates an em-
bodiment of a computer system 800 upon which an em-
bodiment of the invention may be implemented. Compu-
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ter system 800 includes a bus 802 or other communica-
tion mechanism for communicating information, and a
processor 804 coupled with the bus 802 for processing
information. The processor 804 may be an example of
the processor 54, or alternatively, an example of a com-
ponent of the processor 54, of FIG. 1. The computer sys-
tem 800 also includes a main memory 806, such as a
random access memory (RAM) or other dynamic storage
device, coupled to the bus 802 for storing information
and instructions to be executed by the processor 804.
The main memory 806 also may be used for storing tem-
porary variables or other intermediate information during
execution of instructions to be executed by the processor
804. The computer system 800 further includes a read
only memory (ROM) 808 or other static storage device
coupled to the bus 802 for storing static information and
instructions for the processor 804. A data storage device
810, such as a magnetic disk or optical disk, is provided
and coupled to the bus 802 for storing information and
instructions.
[0058] The computer system 800 may be coupled via
the bus 802 to a display 87, such as a cathode ray tube
(CRT), for displaying information to a user. An input de-
vice 814, including alphanumeric and other keys, is cou-
pled to the bus 802 for communicating information and
command selections to processor 804. Another type of
user input device is cursor control 816, such as a mouse,
a trackball, or cursor direction keys for communicating
direction information and command selections to proc-
essor 804 and for controlling cursor movement on display
87. 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.
[0059] Embodiments of the invention are related to the
use of computer system 800 for generating visual signals
for prompting a patient. According to one embodiment of
the invention, such use is provided by computer system
800 in response to processor 804 executing one or more
sequences of one or more instructions contained in the
main memory 806. Such instructions may be read into
the main memory 806 from another computer-readable
medium, such as storage device 810. Execution of the
sequences of instructions contained in the main memory
806 causes the processor 804 to perform the process
steps described herein. One or more processors in a mul-
ti-processing arrangement may also be employed to ex-
ecute the sequences of instructions contained in the main
memory 806. In alternative embodiments, hard-wired cir-
cuitry may be used in place of or in combination with
software instructions to implement the invention. Thus,
embodiments of the invention are not limited to any spe-
cific combination of hardware circuitry and software.
[0060] The term "computer-readable medium" as used
herein refers to any medium that participates in providing
instructions to the processor 804 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 magnetic disks, such as the storage device 810. Vol-
atile media includes dynamic memory, such as the main
memory 806. Transmission media includes coaxial ca-
bles, copper wire and fiber optics, including the wires that
comprise the bus 802. Transmission media can also take
the form of acoustic or light waves, such as those gen-
erated during radio wave and infrared data communica-
tions.
[0061] Common forms of computer-readable media in-
clude, 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 de-
scribed hereinafter, or any other medium from which a
computer can read.
[0062] Various forms of computer-readable media may
be involved in carrying one or more sequences of one or
more instructions to the processor 804 for execution. For
example, the instructions may initially be carried on a
magnetic disk of a remote computer. The remote com-
puter can load the instructions into its dynamic memory
and send the instructions over a telephone line using a
modem. A modem local to the computer system 800 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 802 can receive the
data carried in the infrared signal and place the data on
the bus 802. The bus 802 carries the data to the main
memory 806, from which the processor 804 retrieves and
executes the instructions. The instructions received by
the main memory 806 may optionally be stored on the
storage device 810 either before or after execution by
the processor 804.
[0063] The computer system 800 also includes a com-
munication interface 818 coupled to the bus 802. The
communication interface 818 provides a two-way data
communication coupling to a network link 820 that is con-
nected to a local network 822. For example, the commu-
nication interface 818 may be an integrated services dig-
ital network (ISDN) card or a modem to provide a data
communication connection to a corresponding type of
telephone line. As another example, the communication
interface 818 may be a local area network (LAN) card to
provide a data communication connection to a compati-
ble LAN. Wireless links may also be implemented. In any
such implementation, the communication interface 818
sends and receives electrical, electromagnetic or optical
signals that carry data streams representing various
types of information.
[0064] The network link 820 typically provides data
communication through one or more networks to other
devices. For example, the network link 820 may provide
a connection through local network 822 to a host com-
puter 824 or to medical equipment 826 such as a radiation
beam source or a switch operatively coupled to a radia-
tion beam source. The data streams transported over the
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network link 820 can comprise electrical, electromagnet-
ic or optical signals. The signals through the various net-
works and the signals on the network link 820 and through
the communication interface 818, which carry data to and
from the computer system 800, are exemplary forms of
carrier waves transporting the information. The computer
system 800 can send messages and receive data, in-
cluding program code, through the network(s), the net-
work link 820, and the communication interface 818.
[0065] Although the embodiments of the systems and
methods have been described with reference to gener-
ating CT images while passively controlling a patient’s
breathing in a synchronized manner, it should be under-
stood that the systems and methods may also be imple-
mented to control other physiological motions in different
medical (which may or may not involve a radiation
source) or non-medical procedures. In addition, although
the gantry 12 has been described as making a 360° ro-
tation around the patient 16 during CT image data acqui-
sition, such needs not be the case. For example, if a full
cone detector is used, the system 10 may acquire data
while the gantry 12 rotates 180° plus the angle of the
beam pattern. Other angles of rotation may also be used,
depending on the particular system being employed and
the particular need of an application. For example, in
some procedures, it may be desirable to obtain image
data (which may, for example, be incomplete for the pur-
pose of performing 3D reconstruction) at certain pre-
scribed of gantry angle(s). In such cases, the processor
54 can be configured to generate visual signals (that cor-
respond to the prescribed range(s) of gantry angles) on
the screen 101 for prompting the patient 16 accordingly.
Also, instead of rotating the gantry 12 in alternating op-
posite directions in successive rotations, in alternative
embodiments, the gantry 12 can be configured to rotate
in a same direction in successive rotations. Furthermore,
instead of a CT procedure, the above described user
interfaces or similar user interfaces can be implemented
in a laminar tomography procedure, a MRI procedure, a
PET procedure, or other imaging procedures, in which a
plurality of image data is desired to be generated. As
such, the gantry 12 should not be limited to a rotatable
structure as described previously, and could have other
configurations, such as a sliding or translating configu-
ration, depending on the particular application or proce-
dure.
[0066] Although particular embodiments of the present
inventions have been shown and described, it will be un-
derstood that it is not intended to limit the present inven-
tions to the preferred embodiments, and it will be obvious
to those skilled in the art that various changes and mod-
ifications may be made without departing from the scope
of the present inventions. For example, the operations
performed by the processor 54 can be performed by any
combination of hardware and software within the scope
of the invention, and should not be limited to particular
embodiments comprising a particular definition of "proc-
essor". Also, the term "image" as used in this specification

includes image data that may be stored in a circuitry or
a computer-readable medium, and should not be limited
to image data that is displayed visually. The specification
and drawings are, accordingly, to be regarded in an il-
lustrative rather than restrictive sense. The present in-
ventions are intended to cover alternatives, modifica-
tions, and equivalents, which may be included within the
scope of the present inventions as defined by the claims.

Claims

1. A method of prompting a patient (16), comprising:

informing a patient (16) of a relationship be-
tween a target result to be achieved by an ac-
tivity, and time and a result of the activity being
performed by the patient,
wherein the patient (16) is informed of the rela-
tionship between the result of the activity and
the target result by presenting a relationship be-
tween a position of a portion of the patient and
a target position (420, 422, 424, 426) for the por-
tion,
wherein the informing comprises: displaying a
first object (302, 402) that represents the posi-
tion of the portion and displaying a second object
(304) that represents the target position (420,
422, 424, 426),
wherein the target position (420, 422, 424, 426)
varies in the time, and the method further com-
prises informing the patient of the relationship
between the time and the target position (420,
422, 424, 426), and
wherein the informing the patient of the relation-
ship between the time and the target position
(420, 422, 424, 426) comprises displaying the
second object (304) in a screen (101), the sec-
ond object (304) having a plurality of portions
(322a, 322b, 404a, 404b, 404c), each of the por-
tions (322a, 322b, 404a, 404b, 404c) represent-
ing a portion of a gantry rotation during which
image data is to be collected.

2. The method of claim 1, wherein the target result com-
prises a prescribed inhale level of a breathing, a pre-
scribed exhale level of a breathing, or a prescribed
duration of a breath-hold.

3. The method of claim 1, wherein the activity compris-
es breathing.

4. The method of any one preceding claim, further com-
prising moving the second object, wherein the mov-
ing the second object is performed in synchroniza-
tion with a movement of a medical device.

5. The method of claim 4, wherein the medical device
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comprises a radiation source.

6. The method of claim 5, wherein the one or more por-
tions of the second object have a length representing
a range of positions of the radiation source at which
image data is to be obtained using the radiation
source.

7. The method of claim 1, further comprising providing
an audio signal when the target result is achieved
by the activity.

8. The method of claim 1, further comprising providing
a visual signal when the target result is achieved by
the activity.

9. The method of claim 1, wherein the portion compris-
es a body part that is moveable in association with
a breathing of the patient (16).

10. The method of claim 1, further comprising moving
the second object in synchronization with a rotation
of a radiation source.

11. A computer program product that includes a medi-
um, the medium comprises a set of instructions, an
execution of which causes any of the methods of
claims 1 to 10 to be performed.

12. A system for performing any of the methods of claims
1 to 10 comprising a processor (54) configured to
inform the patient (16) of the relationship between
the target result to be achieved by the activity and
time and a result of the activity being performed by
the patient by generating the graphics, and the
screen for displaying the graphics.

Patentansprüche

1. Verfahren zum Auffordern eines Patienten (16), um-
fassend:

Informieren eines Patienten (16) über eine Be-
ziehung zwischen einem Zielergebnis, das
durch eine Aktivität und Zeit erreicht werden soll,
und einem Ergebnis der Aktivität, die durch den
Patienten durchgeführt wird,
wobei der Patient (16) über die Beziehung zwi-
schen dem Ergebnis der Aktivität und dem Zie-
lergebnis durch Darstellen einer Beziehung zwi-
schen einer Position eines Abschnitts des Pati-
enten und einer Zielposition (420, 422, 424, 426)
des Abschnitts informiert wird,
wobei das Informieren Folgendes umfasst: An-
zeigen eines ersten Objekts (302, 402), welches
die Position des Abschnitts darstellt, und Anzei-
gen eines zweiten Objekts (304), welches die

Zielposition (420, 422, 424, 426) darstellt,
wobei die Zielposition (420, 422, 424, 426) in
der Zeit variiert, und das Verfahren ferner Infor-
mieren des Patienten über die Beziehung zwi-
schen der Zeit und der Zielposition (420, 422,
424, 426) umfasst, und
wobei das Informieren des Patienten über die
Beziehung zwischen der Zeit und der Zielposi-
tion (420, 422, 424, 426) Anzeigen des zweiten
Objekts (304) auf einem Bildschirm (101) um-
fasst, wobei das zweite Objekt (304) eine Viel-
zahl von Abschnitten (322a, 322b, 404a, 404b,
404c) aufweist, wobei jeder der Abschnitte
(322a, 322b, 404a, 404b, 404c) einen Abschnitt
einer Gantry-Rotation darstellt, während wel-
chem Bilddaten gesammelt werden sollen.

2. Verfahren nach Anspruch 1, wobei das Zielergebnis
ein vorgeschriebenes Einatmungsniveau der At-
mung, ein vorgeschriebenes Ausatmungsniveau der
Atmung oder eine vorgeschriebene Dauer des
Luftanhaltens umfasst.

3. Verfahren nach Anspruch 1, wobei die Aktivität At-
men umfasst.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, ferner umfassend Bewegen des zweiten Ob-
jekts, wobei das bewegen des zweiten Objekts syn-
chron mit einer Bewegung einer medizinischen Vor-
richtung durchgeführt wird.

5. Verfahren nach Anspruch 4, wobei die medizinische
Vorrichtung eine Strahlenquelle umfasst.

6. Verfahren nach Anspruch 5, wobei der eine oder die
mehreren Abschnitte des zweiten Objekts eine Län-
ge aufweisen, die einen Bereich von Positionen der
Strahlenquelle darstellt, bei welchem Bilddaten un-
ter Verwendung der Datenquelle gesammelt werden
sollen.

7. Verfahren nach Anspruch 1, ferner umfassend Be-
reitstellen eines Audiosignals, wenn das Zielergeb-
nis durch die Aktivität erreicht wird.

8. Verfahren nach Anspruch 1, ferner umfassend Be-
reitstellen eines visuellen Signals, wenn das Zieler-
gebnis durch die Aktivität erreicht wird.

9. Verfahren nach Anspruch 1, wobei der Abschnitt ei-
nen Körperteil umfasst, der in Assoziation mit einer
Atmung des Patienten (16) bewegt werden kann.

10. Verfahren nach Anspruch 1, ferner umfassend Be-
wegen des zweiten Objekts synchron mit einer
Strahlung der Strahlenquellen.
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11. Computerprogrammprodukt, welches ein Medium
beinhaltet, wobei das Medium einen Satz von In-
struktionen umfasst, dessen Ausführung die Durch-
führung eines der Verfahren nach den Ansprüchen
1 bis 10 veranlasst.

12. System zum Durchführen eines der Verfahren nach
den Ansprüchen 1 bis 10, umfassend einen Prozes-
sor (54), der konfiguriert ist, um den Patienten (16)
über die Beziehung zwischen dem Zielergebnis, das
durch die Aktivität und Zeit erreicht werden soll, und
einem Ergebnis der Aktivität, die durch den Patien-
ten durchgeführt werden soll, durch Erzeugen der
Grafiken und den Bildschirm zum Anzeigen der Gra-
fiken zu informieren.

Revendications

1. Procédé de sollicitation d’un patient (16)
comprenant :

le fait d’informer un patient (16) d’un rapport en-
tre un résultat cible à atteindre par une activité
et le temps et un résultat de l’activité étant réa-
lisée par le patient,
dans lequel le patient (16) est informé du rapport
entre le résultat de l’activité et le résultat cible
en présentant un rapport entre une position
d’une partie du patient et une position cible pour
la partie (420, 422, 424, 426) pour la partie,
dans lequel le fait d’informer comprend : l’affi-
chage d’un premier objet (302, 402) qui repré-
sente la position de la partie et l’affichage d’un
second objet (304) qui représente la position ci-
ble (420, 422, 424, 426),
dans lequel la position cible (420, 422, 424, 426)
varie dans le temps et le procédé comprend en
outre le fait d’informer le patient du rapport entre
le temps et la position cible (420, 422, 424, 426),
et
dans lequel le fait d’informer le patient du rapport
entre le temps et la position cible (420, 422, 424,
426) comprend l’affichage du second objet (304)
dans un écran (101), le second objet (304) ayant
une pluralité de parties (322a, 322b, 404a, 404b,
404c), chacune des parties (322a, 322b, 404a,
404b, 404c) représentant une partie d’une rota-
tion de portique au cours de laquelle des don-
nées d’image doivent être collectées.

2. Procédé selon la revendication 1, dans lequel le ré-
sultat cible comprend un niveau d’inspiration prescrit
d’une respiration, un niveau d’expiration prescrit
d’une respiration ou une durée prescrite d’une res-
piration retenue.

3. Procédé selon la revendication 1, dans lequel l’acti-

vité comprend la respiration.

4. Procédé selon une quelconque revendication pré-
cédente, comprenant en outre le déplacement du
second objet, dans lequel le déplacement du second
objet est réalisé en synchronisation avec le dépla-
cement d’un dispositif médical.

5. Procédé selon la revendication 4, dans lequel le dis-
positif médical comprend une source de rayonne-
ment.

6. Procédé selon la revendication 5, dans lequel les
une ou plusieurs parties du second objet ont une
longueur représentant une plage de positions de la
source de rayonnement dans laquelle des données
d’image doivent être obtenues en utilisant la source
de rayonnement.

7. Procédé selon la revendication 1, comprenant en
outre la fourniture d’un signal audio lorsque le résul-
tat cible est atteint par l’activité.

8. Procédé selon la revendication 1, comprenant en
outre la fourniture d’un signal visuel lorsque le résul-
tat cible est atteint par l’activité.

9. Procédé selon la revendication 1, dans lequel la par-
tie comprend une partie de corps qui peut être dé-
placée en association avec une respiration du pa-
tient (16).

10. Procédé selon la revendication 1, comprenant en
outre le déplacement du second objet en synchro-
nisation avec la rotation d’une source de rayonne-
ment.

11. Produit de programme informatique qui comprend
un support, le support comprenant un ensemble
d’instructions dont l’exécution entraîne la réalisation
de l’un quelconque des procédés selon les revendi-
cations 1 à 10.

12. Système de réalisation de l’un quelconque des pro-
cédés selon les revendications 1 à 10 comprenant
un processeur (54) configuré pour informer le patient
(16) du rapport entre le résultat cible à atteindre par
l’activité et le temps et un résultat de l’activité étant
réalisée par le patient en générant les graphiques,
et l’écran pour afficher les graphiques.
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