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SPECIFICATION
PATIENT VISUAL INSTRUCTION TECHNIQUES FOR SYNCHRONIZING

BREATHING WITH A MEDICAL PROCEDURE

'RELATED APPLICATION DATA
[0001] ‘This application is related 'to U.S. Patent Applibation SeriaI.No.
entiﬂed? “Patient M'ultimedia Display", filed coﬁcurrently heréwith, and

is a conftinuatio‘n-in-pa.rt of-U.S. Patent A_ppiication Sefiél No. 09/893,122, filed
June 26, 2001, the entire d iscloéu re of w'hioh' is eXpreséiy incorporated by
‘reference herein. | | ‘ |
| -B_ACKG'RQUND OF'T'HE INVENTlON -
i:ield 'of the Invention o
[0002] This invention relates generélly to systems and methods for prompting
patieht, and more spécifically, to systems and méthods for pr_ompting patient to
control pétient movement. |
Background of the Inv_entio‘n‘
[0003] C'ompﬁted tomography is an imaging technique that has been widely
used in the medical field. In a.procedure for computed tohography, an x-ray
source and a detector apparatus are posifiohed on opposite sides of a portion of
a patient under examination. 'fhe X-ray source generates and directs a x-ray
beam towards the patient, while the detector apparatus measures the x-ray -

| absorption at a plurality of transmission paths defined by the x-ray beam during
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the process. The detector apparatus produces a voltage proportional to the
intensity of incide‘nt x-rays, and the voltage is.read and digitized for subsequent
- processing in a com.puter. i3y taking a plurality of readings from multipie angles
around the patient, relatively massive amourtts cf data are thus accumuiated.
Tiie accumulated data are the'n. analyzed and processed for reconstruction of a
matrix (visual or otherwise), which constitutes a depiction of a density functlon of - _
‘a voiume of the bodily region being examined By conSIdenng one or more
sections in the volume, a skilled diagnostiCIan can often diagnose various bodily
ailments such as tumors, blood clots, etc. " | |
[0004] Computed tomcgraphy hae found ite principal application to
_ examination of bodily structures or the like .which arein a relatively e'tationa'ry |
‘ 'condition However, currently available computed tomographlc apparatus may
not be able to generate tomographic images with sufficient quality or accuracy
~dueto physwlogicai movement ,Of a patient. For example, beating of a human
‘heart and breathing'have been known to cause degradation of quality inCT
imag‘es. u.S. i5atent No_; 3,952,201 issued to Hounsfield, describes a system o
- that compensates for a t;lurring of a kadiograph due to heart motions_ by‘col'l'ect-ing
- image data of a patient at different angles while mcnitoring 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
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for a portion of a cardiac cycle when the heart's motion exceeds the threshold
Ievel. | | |
| [0005] ‘Degradation of quality of CT _images due to patient’s breathing is more
~ difficult to address than fhat associated with heart motion. Patients’ breathing
'poses_ a unique problem to cT izmaging that is different from heart motion. This is
because the pattern and ‘the period of a patient's breathing cycle is generally less
eensistent when compared to those of the patient’s cardiac cycle. As such, while
" a particular phase of a‘cardiac Cycl-e méy be predicted with sufficient accuraéy, a
: pafticula_r phase of a breathing cycle may not be as easily predicted or
 determined. |
' [6006] - Furthermore, there has been an increased desire to visualize organ
' ..rnetion by viewing a vsequence of'CT images‘as a movie sequence. However,
collecting a large quantity of CT i‘mage data sufficient for forming a video while
coneidering breathing motion 'rhay take a mech Iohger time. This may cause a
V patient who is confined within a gantry bpening to feel uncomfortable and subject
the petient to excessive radiation. |
[0007]  To reduce durations of CT image acquisition procedures, patient
prompting techniques have been used 'to control patients’ breathing during CT
procedures. Such techniques involve ;senlding an audio signel to instruct a
patient to inhale, exhale, or hold breath. However, successful implementation of
such techniques requi.res 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
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| phySioIogical movement earlier than expected; On the other hand, if the signal is
provided too late, the patient may not be able to- perform the required
physiological movement in time to meet the procedure’s requirement. Also,
different pafienté may have different reaction times - i.e., some patients may
react fasfer in response to thé audip signal, while others may react slowér in
response to the audio signal. As Vsucvh', existing techniques for prompting a
patient are difficult to implément, énd may not provide satisfactoi'y results due to
different patients’ reaction time. |
[0008] For the foregoing, it wdu_ld be desirable to have an improved method

and system for prbmpting a patienf in a medical procedure.
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" SUMMARY OF THE INVENTION
[0009]  In accordance with some embodiments of the invention, a method of
prompting a patient inéludes informing a patient .a relationship between a result of
an activfty being performed by the patient, and a first térget result to be'achieved -
by the activity.
~ [0010]  In accordance with other embodiments of the invention, a computéf
program product that includes a medium is provided. The medium fncludes a set
| of instructions, an execution of which causes a process to be pérformed , the
process comprising informing a patient a relationship between a resuit of an.
activity being performed by the patient, and a first target result to be achieved by |
- ‘the activity. |
- [0011]  In accbrdance With bther embodiments of the invention, a system for
prompting a pafient includés means for informing a patient a relationsh'ip
between a result of an activity being perforfn-ed by the pétient, and a first target
result to be achieved by the activity.
[OO12] In accordance with other-embodinients of the invention, a user
interface for prompting a patient includes a screen displaying graphics for
informing a patient a relationshib 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 method of
prompting a patient includes informing a patient a relationship between a time

and a target result to be achieved by an activity.
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[0014j In accordance With other embodiments of thé invention, a computer
program product that includeé a rﬁediUm is providéd. The medium includes a set
of instructions, an execution of w_hich causes a process to be performed, the
process comprising informing a batient a relationship between a time and a
targét result to be achieved by an aétivity.

[0015]  In accordance with other embodimenfs of the invention, a system for
pr"ompting a patient includes meaﬁs for informing a patient a r.elation.ship
betwee.n atime and a targét resﬁlt td be achieved by én activity.

[0016] In accordance._ with other erﬁbodiments of the' invention, a user

| i.nterface for pr_ompting a paﬁent includes a screen displaying graphics for
informing a patient a reléticénship‘betWeen'a time and a targef fésult to be

 achieved by an activity. |
[0017] In accordance With.other embodiments of the invention, a method of
prompting a patient includes infofming a patient a relationship between a position

: Of‘a portion of the patient and a first target position for the poﬁioh.

[0018] 'In accofdance with other émbodiments of the invention, a computer
prdgram product that includes a medium is proVided. The medium includes a set
of instfuctions, an execution of which causes a process to be performed, the
process comprisiﬁg informing a patient a relationship between a position of a
portion of the patient and a first target position for the portion.

_[0019] In accordance with other embodiments of the invention, a.system for

prompting a patient includes means for informing a patient a relationship



WO 2006/039394 PCT/US2005/034999

between a position of a portion of the patient and a ffrst target position for the
portion.

(0020]  In accordance with other embcdiments of the invention, a user
interface for prompting a .patient includes a screen displaying graphicé for
informing a batient a relationship bétween a position of a porﬁon of the patieht
and a first target position for the portion.

[0021] Other aspects énd features of fhe invention will be evident from
reading the foIIoWihg detailed descript_ioﬁ of the preferred emb§diments, which

are intended to illustrate, not limit, the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0022] The drawings illuétrate thé 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 lpartic':ular deScrip'tion of the p'res‘ent
invention briefly described above will be rendered by reférence to specific
erﬁbodiments thereof, which are illustréted in the accompanying drawings.
Understan;jing that these drawings depict only typical embddiments 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 écco_mpahying drawings in which:
[0023] FIG. 1 illustrates a computéd tomograbhy systém in which
-~ embodiments of the invention can be implemented:; :
[0024] FIG. 2A-2C iilus’tfates examples of breathing wéveforms relative to
gantry rotat.ional‘angles;
[0025]  FIG. 3A-3C illustrate a user interface in accordanée with some
embodiments of the invention;
[0026] FIG. 4 illustrates a user interface having é_ curvil.inear barin
accbrdance with other embodiments of the invention; | |
[0027] FIG.5 illustfates a user interface in abcordance with other
embodiments of the invention, showing the interface displaying graphics that

represent prescribed inhale and exhale levels of a breathing;
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[0028]  FIG. 6 illustrates a user interface in accordance with ofher
embodiments of the invention, showing the interface displaying a curve that
represents a target breathing motion;

‘[0029] FIG. 7 illustrates a user interface in accordance with other
embodiments of the invention; and

[0030] FIG. 8 is a block diagram that illustrates an embodiment of a computer

system upon which embodiments of the invention may be implemented.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
(0031]  Various embodiments of the present invention 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
| represented by like reference numerals throu'ghout the figures. It should also be
noted that the figures are only intended to facilitate the description df specific
embodiments qf the invention. They are not intended as an exhaustive
description of the invention or as a limitation on the scope of the invention. Also,
an aspect described in con‘junction.with a particular embodihent of the present
invention is not neéessarily limited to that embodiment and can be practiced in
any other embodiments of the present invention. lIn addition_, a means for
performing a function may be used to perform another function, and a funcﬂon

may be performed by one or more means.

~ Computed Tomography Image Acquisition System

[0032] Referring now to the drawings, in which similar or corresponding parts
are identified with the same reference numefal, FIG. 1 illustrates a computed
tomography 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 o‘peration of the gantry 12. In other
embodiments, instead of the ring configuration shown, the gantry 12 can have

other configurations. For example, the gantry 12 can have a C-arm

10
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configuration, such as that used in the cone beam CT machines 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 ap opposite side of the
gantry 12 while the petient 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 elemelnt generates an electrical signal repreeentative of an intensity
of the x-ray beam as it passes through the patient 16.
[0033] Inthe iIIustrated embodiment the control system 18 includes a
processor 54, such asa computer processor, coupled to a gantry rotatlon control
40 and a patient 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.v' 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
: 'ga'ntry 12 and the operation of the x-ray source 20 are controlled oy the gantry
rotation control 40, which provides power and timir\g signals to-the x-ray source
20 and controls a rotational speed and position 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 processor 54, in alternative embodiments,

the control 40 can be a part of the gantry 12 or the processor 54. The processor

11
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54 js configured to send prompting signals to the patient profﬁpting de\)ice’100 in
a prescribed manner (e.g., in synchronization with a rotation of the gantry 12).
[0034] The patient prombting device 100. is eonfigured to provide visual
signals to the patientv16 during a precedure, thereby instrueting the patient 16 to
perform certain task(s). The patient prompting device 100 includes a screen 101,
an image source 104, and a st?ucture 106 to which the screen 101 aﬁd the image
.source 104 are coupled. The structure 106 has a Iow }proﬁle thereby allowing
the screen 101 be placed WIthln the opemng 13 of the gantry. The screen 101 is
preferably made from a non-metallic materlal and does not mclude circuitry for
preventing interference W|th a radiation fleld In the illustrated embodiments, the
screen 101 has a mirror surface, and the i |mage source 104 mcludes a flat panel
screen (or a monitor screen) Durlng use, the image source 104 receives image
| data from the processor 54 and displays graphlcs 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 eUrface 102. In other
embodimente, the screen 101 can include a non-mirror (e.g., e.nen-reflective)
surface. In such casee, instead of the image source 104 being a flat panel ora
screen, the image source-v 104 includes an image projector that projects image
ohto 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 goggl‘es. Other types of image

12
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source can also be used in alternative embc;dir‘nents.. 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 dévice_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 Mult_imedia Dilsplay",
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 irhage signals. In the illustrated embodiments, the image/graphics as
shown in the screén 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 cycie are ob.tained. However, in other embodiments, the
image/graphics as shown in the screen 10i can be configured to instruct the
patient 16 to perfbrm other task(s).

[0035]  The system 10 also includes a position mohitoring system 200 for
monitoring a position of a portion of the patient 16, and producing a position
signal in re.sponselthereto. The position signal is transmitted to the processor 54,
which causes the image source 104 to generaté a visua.l indicator representing a
position of the patieht portion. In the illustrated embodiments, the position

monitoring system 200 includes a marker block 202 placed 6n the patient 16, and

13
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an optical device 204 coupled 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-reflective material that can reflect light, whether in the visible or invisible
wavelengths. The marker block 202 has a rectangular shepe with multiple retro-
reflective elements 203 located on its surface. 'Alternetively, the marker block
202 can'have a different shape, such as a hemispherical shape, or a disk shape,
- as long as the size, spaeing, and position of the reference locations are
configured such that the optical device 204 ean view and generate an image that
- accurately shows the positioning of the marker block 202.
[0036] When using the position monitoring system 200, one or more marker
block 202 is plaeed on or secured to the patient 16, and the optical device 204 is
used to sense the marker blo.ck(s) 202. The optical device 204 produces a set of
" image coordinaies for the marker elements on the mar.ker block(s) 202. The |
position and distance of the marker elements located on the marker block(s) 202
is known relative to other marker elements on the same respectlve marker
block(s) 202. By comparing the position and distance between the marker
-elements on a recorded image frame with a reference position and image stored
for the position_monitoring. system 200, the absolute position and ofientation of
the marker block(s) 202 can be determined with a high degree of eccuracy. This,
in turn, provides an accurate position and orientation estimation for the patient

position or the patient body position upon which the marker block(s) 202 is
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attached. Such and similar physiological gating systemé have been described in
U.S. Patent No. 6,621,889, and U.S. Patent Apblication. Serial No. 09/893,122,
filed June 26, 2001, the entire disclosures of which are expressly incorporated by
reference herein.

[0037] It should be noted that other} types of patient position monitoring
syétem can also be used. For éxample in altérnative embodiments instead of
using an optlcal system, another device, such as a splrometer strain-gauge, a
laser sensor, a pressure sensor, or any of other devices known in the art of
position or actlwty state monltorlng, can be used to sense and/or measure a
patient mqvement or an acﬁvify state during a procedure.

Patient Promptihq Interface

[0038] During a CT image acquisifion procedure,'a‘s the rédiation source 20 is
rotated about the patienf 16 to géhérate CT imége data. at a plurality of gantry
rotational angles, the patient prompting system 100 is used to guide the patiént
16 to control his/her bréathing éuch that one or mdre breathing state of the
patient 16 can "be synchronized with the rotation of the gantry 12, thereby |
allowing desired image quality to be obtained at prescribed gantry a‘ngles.
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 |
procedure based on signéls/data received from the optical device 204 and a

rotational position of the gantry 12 (or the radiation source 20).
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[0039] FIGS. 2A-2C illﬁstrate examples of the patient's breathing waveforms
as the gantry i2 'rétates 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 pat.ient:1 6 undergoes a plurality of breathing cycles (the amplitude of . |
which is represented by.curve 360). When thé' patient’s inhale level satisfies a
prescribed crfteria (e.g., lies between a minimum prescribed inhale level and a
maximﬂm prescribed inhale level, represented by lines 350, 352, respectively),
the processor 54 thén caljses the radiation source 20. to activate tb deliver a
radiation beam and generate CT image data. Sihflarly, when the patient's inhale -
level falls outside the boundaries 350, 352, the processor 54 then causes the
radiation source 20 to deactivate énd cease generating CT image data.
A'Iternatively‘, 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 préscribed range. In such cases, the processor 54 maintains a
record of the CT fmage data that are collected, énd chooses only desired CT
image data (e.g., CT image data that corréspond fo a c.ies.ired b.r'e‘athing level) for
reconstruction of tomography image(s).
[0040] As shown in FIG. 2A, durihg a first gantry rotation, CT image data are

| collected at gantry angles that are between 50°-120°, 210°-275°, and 325-360°
(represented by clear portions 3723, 372b; 372c, respectively, of a bar 370), with
CT image data desired to be collected at remaining gantry angles represented by

hatched portions 374a, 374b, 374c of the bar 370.
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[0041]  During a next gantry rotation, the gantry 12 rotates (e.g., in an opposite
direction), and additiohal CT image data are collected at gantry angles that
correspond to the patient's inhale level satisfying the prescribed criteria (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 daté 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 w»hich image data (or
désirable image data) were not previously obtained in the first gantry rotation. In
the illustrated example, CT image data are collected at gantry angles that are
between 0°-50°, 140°-210°, and 260°-330°, corresponding to portions 376a,
376b, 376c shown in the graph, with CT im‘age data desired to be collected at .
remaining gantry a-ngles tﬁat are represented by hatched portions 378a, 378b,
378c.

[0042] In some embodiments, it may be desirabl-e to have CT image data
collect_ed from 6ne4gantry rotation overlap CT image daté collected from another
gantry rotatio'n.- For example, although image data have been collected between
gantry rbtational ahgles 210°-275° (corresponding to portioh 372b) during the first
gantry rotation, and image data have been collected between gantry rotational
angles 140°-210° (corresponding to portion 376b) during the second gantry
rotation, it may be desirable to have additional image data collected at or

adjacent the seam between the two portions 372b, 376b. As such, in the
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illustrated example, hatched portion 378‘a is shown to correspond to a portion of
a gantry rotation at which overlapping image data are desired. Similar is true for
por’tio.n 378a and part of portion 378b. In alternative embodiments, CT image
data collected .from.one gantry rotetion is 'n’ot, re.quired to overlap CT image data
collected from another gantry rotatio.n'.-. |
[0043] Durlng a next gantry rotation, lhe gantry 12 rotates (e.g., in an‘cpposite
" direction from that of the last rotation), and additional CT image data are
collected at gantry anglee thatvcorrespond to the patient’s inhale level salisfying
}the prescribed crlteria. As shown in FIG. 2C, during the. tllird gantry rotation, with
the aid of the patient prompting device 100, the patient 16 attempte to cau..se
additional CT imege data be collected by trying. to malch 'his/h'er breathing with
the portions 3783-3780. As a result, adlditional CT image data are collected at
gantry angles at which image data (or desirable ir’hage data) we‘re not obtained in
the first'and the second gantry rotations. In the illustrated example, CT image
dataare cdlleCted at portions 380av‘, 380D, 380c of the gantry rotation. When all
desired image data have been collected, the CT image ~data acquisition
procedure is then terminated. Although the CT image data acquisition procedure |
has been described with‘reference to the gantry 12 making three gantry rotations
in the illustrated exarhple, it should be understood that a CT image data
acquisition procedure may require more or less than three gantry rotations.
[0044]  As mentioned previously, the patient prompting device 100 assists or

guides.the patient 16 in controlling his/her breathing during a CT image data
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acquisition procedure. FIG. 3A-3C illustrate a user interface 300 for prompting

- the patient 16 in accordance with some ‘embodiments of the_invention. The user
interface 300 includes a first indicator (displayed object) 302 for indicating a
state/result of a patient activity, and a second i'ndicator (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 indicator 302 mcludes a bar, the position of
which relatrve to the screen 101 represents a breathlng level of the patient 16. In.
the |I|ustrated embodlments the optlcal device 204 generates an image of the |
marker block 202, and transmits image s:gnals to the processor 54. The
processor 54 analyzes the image signals to determlne the position and/or
onentatron of the marker block 202, and output a signal to cause the image
source 104 to dlsplay the first mdrcator 302 ata posmon in the screen 101 that is
indicative of, or associated with, the determmed posmon and/or orientation of the
marker block 202. As such, as the patlent 16 breaths the marker block 202
moves in response fo the patient's breathlng, and the processor 54 in turn
causes the first indicator 302 to move in correspondence with the patient’s
breathing. In the illustrated 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.
[0045]  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
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‘prescribed minimum i_nhale 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 represents at least a portion of a range of gantry angles
at which CT image data is desired td be coiiected. In some embodiments, the
Iength of the bar 306 represents an entire range of gantry a'ngles-at which CT.

| .i'rnage data a.re desired to be collected. Alternatively, the bar 306 as displayed in
the screen 101 represents different gertipn(s) of an entire range of gantry angles
at which CT image data are desired to be coilecteci as the bar 306 moves across ‘
the screen 101. Durlng use, the processor 54 receives an mstantaneous gantry
angle read out, and generate the bar 306 (or at least portion(s) thereof) based on
the mstantaneous gantry angle. ‘The bar 306 moves in a direction indicated by
arrow 311, and in synchronization with a retation of the gantry 12 (or the radiation
source 20). The patient 16 is iristruCted (either before or during a radiation
procedure) to move the first indicator 302 .in betweén 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. | |
[0046] 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 activate the radiation source 20, thereby ereating 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 (representing a desired breathing
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 state for collecting CT image data). When the patient 16 no longer holds his/her
bfeath within the prescribed range inhale levels, the patient 16 will eXhare,
causing the first indicator 302 to move out of the prescribed range‘of inhale
levels. In such cases, the pro_cesser 54 sends a “OFF" signalito deaetivate the
radiation soufce 20 to cease transmitting radiation. Such feature is
advantageous because it.minimizes an amount of radiation delivered to the |
patient 16. However, in alternative embodlments the radiation source 20 can
contlnue to transmit radiation at a plurality of gantry rotational angles even when
the first |nd|cator 302 has moved out of the prescribed range of inhale levels. In
such cases,'.the pfocessor 54 maintains a record of the CT image data tha{ are
cellected, and chooses e_nly the desired image data (e.g., image data that
correspond to desired breathing level) for reconstruction of tomography image(s).
[0047]  As FIG. 3B shows, after the patient 16 has moved the firéf in‘dicator‘
302 in between the first and the second Ilnes 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.represents part of the prescribed range of gantry angles at which
CT image data has been collected, while a remaining portion(s) 322 of the bar
306 represenfs the part(s) of the prescribed fange 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
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controls his/her breathing to maintain the first indicator 302 between the first and
the second lines 368, 310. -
[0048] 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 fifst indicator 302 between the first
and the second lines 308, 310 again tb canse another portion of the bar 306 to
change color (or to be removed) - thereby cauSing CT .image data to be collected
at addi_ﬁonal gantry rotational angles. For example, during a CT image
acquisition procedure, the patient 16 can inhale and e*hale for a pIuraIity of.
;cimes, fesulting ina pluralify'of portiona ~32(_)a, 320b of the bar 306 changing color
(or being removed), with the rernaining 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 overlapping) CT image data can be collected (e.g., at arange of

| gantry angles that are adjacent to that fepresented 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.
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[00491 In the illustrated embodiments, the uncovered gantry angle intervals
resulvting.from the patient’s breathing being hon-compliance defines the
configuration of the bar 306 (e.g., spacing and length of the remaining portions
(or indicator boxes) 322) fer the next gantry rotation. As remaining portioh(s) of
the bar 306 approach the first indicator 302 e second time (corresponding to a
second gantry rotation), the patient 16 can repeat the breething step(s) in an
attempt to cause additional CT imege deta be collected a.t_ remaining gantry
ahgles at Which CT irhage data were not previously colleeted. The gantry 12
continues to make additional rotation, and the user interface 300 contihﬁes to -
displey remaining portions of the bar 306 (e.g., based on an instantaneous gantry
ahgle readéout), until the patient 16 rlx.a-s caused the entire bar 306 to change :
color (er the entire bar 306 to be removed), representing the condition that CT
image data at all prescribed 'gantry rotavt‘ion'al angles have been collected.

'[0050] 'Providfng the first indicator 302 is advantageous because it informs the
pa.t'.ient 16 a relationship between a result of an activity being perfornﬁed by the
pat.ient., and a first target result d}es‘iredl to be achieved by the actiVity, thereby
aIIo'wihg the hatient 16 to gauge‘himself/h‘erself while performing the activity. For
example, 't‘he patient 16 can breatﬁ harder or less based on a position of the first
indicator 302 as observed by the patient 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
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based on hfs/hér own awareness of a target result desired to be accomplished.
The combination of these two features allows a patient to controllhis/her
breathing such that CT image data at prescribed range(s) of gahtry angles can
be collected efficiently.

[0051]. It should be noted fhat the user interface 300 should not be limited by
the example described previously, and that thé user interface 300 can have other
confligurations in alternative embodiments. FIG. 4 illustrétes a variation of the
user i’-nt'erface 300. In such cases, instead of having a straight profile,"the bar
306 has a profile that resembles a pdrtion of a circle. The arc éngle of the bar
306 cor_respondS to a prescribed range 6f gantry angles at which CT image data
are desired to be collected. During usé, the bar (in the form of an é_rc) rotates
about a center 390 in a direction and spéed that corresponds to a rotation of the
gantry 12 (or the ra‘diation soﬁrce 20), and the patient 16 is ihstructed (either
before or during a radiatioﬁ proceduré) to move tHe first indicator 302 in the first
direction 312 (e.g., by inhaling) such thét the first indicator 302 intercepts the bar
306, as similarly described-‘p.)revious.ly. Initially, the bar 306 hés a first c-o.lor
(represented by hatch in the example). Aé tﬁe patient 16 successfully causes the
first .indicator 302 to intercept the baf 306, portion(s) 320 of the bar 306 changes
color (or is removed), indicating to the patient 16 that the CT image.déta at the
corresponding gantry angles have been collected. The patient 16 continues to
control his/her breathing to cause the first indicator 302 to intercept remaining

portion(s) 322 as the bar 306 rotates about the center 390 (either continuously in
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one direction, or in a back-and-forth manner), until CT image data at all
prescribed gantry angles have been collected. In alteroative embodiments,
instead of the bar 306 being an arc, the bar-306v can be a complete circle.
[0052]  In the above embodiments, the usei' interface 300 is corifigured to
guide the patient's breathing by prescribing a range of inhale levels. In
alternative embodiments, the user interface 300 cen be configured to guide the
oatient’s breathing by prescribing a range‘ of exhale levels. In such cases, the
user interface 300 includes lines that represent a minimum exhelellev'el and a
maximum exiiaie level (thai are similar to the minimum and maximum inhale
levels 308, 310 discussed previousiy).
[0053] In furthei embodim'enis, the. user interface 300 cah be configured to
'guide a patient’s breathing by' prescribing both ranges— of iniiale an.d 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 (displlayed object) 402 for ihdicating a state/result of_a
patient activity, and a plurality of indicators (displayed object) 404 representing
tafget state/ target result of the patient activity. The indicators 402, 404 are
displayed in the screen 101 of the patient prompting device 100. The first

| indicator 402 inciude’s a ber, 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 transmits

image signals to the processor 54. The processor 54 analyzes the image signals
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to determine the position and/dr <'3Irientation of the marker block 262, and output a
signal to cause the image sourée 104 to display the first indicator 302 at a
position in the screen 101 that is indicative of, or associated withv, the determined
position and/or orientation of thé marker block 202. As such, as the 'patierft 16
breaths, the marker block 202 moves in response to the patient's breé’thing, and
the processor 54 iﬁ turn cauées the first indicator 302 to move in correspondence
with fhe'patient’s breathing.

| [0054] - As shown in FIG. 5, the ﬁfst targét 404a répresentlé a prescribed inhale
level desired to be accomplished by the patient 16. The target 404a has bottom - -
and top sides that corr'espondl to a minimum inhale level 420. and é méximum |
inhale level 422, respectively. Similar is true for the target 404c. The second
target 404b repfesents a prescribed exhale Iével desired to be écgompliéhed by
fhe patient 16. The target 404b has top and bqttdm sides that Correspond toa
_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 adjusted, 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 ekhale level, and the

distances 430, 432 are user specific, and can be determined during a training

session. Such will make the patient more comfortable because the interface is
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prescribing a manner of breathing in which the patient is accustomed to
performing.
[0055]  During usevof the interface 400, the targets 404 move in a direction
indicated by arrow 411, and in synchroni.zatio‘n with a rotation of th.e gantry 12 (or
the radiation source 20). The patient 16 is instructed (either before 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 |
acrdss the screen 101, thereby controlling substantially all phase_s of the patient's -
breathing cycle. Such result is particularly desirable in_ the case in which sets of
image data‘are désifed to be collected for different prescribed phases of a
breathing cycle, which requires patient breathing period tb be as constant as
possible and the phaSe of the periodic breathing motion to be synchronized with
the ga"ntry”angle ét any'given time. In the illvustrat_ed embodiments, the processor
54 is configured to activate fhe rédiation 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 -brescribe. a numbef N of phases into which a
breathing cycle is divided. In such caseé, the processor 54 is configured to
provide appropriate visual sighalé 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 prescribed phases of a breathing cycle can be collected.
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[0056j - In other embodiments-, instead of collecting CT image data for each of
the N phases of a breathing cyCIe, CT image data are collected only for a desired
phase rangé of a breathing cycle. For examp‘le, a breathing cycle may be .
“divided into N = 3 intervals, _but CT imagé 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 éll desired CT image data be collected for the first 1/3 6f the

' 'breéthing cycle. Moreover, |n some ‘cases, fewer rotations can be used by
f_ofegoing having data for the entire 360° coverage fo‘r the. phase(s) of inte‘restl
and instead having data for suéh phase(s) from a sufficient number of ang]es to
prodﬁce an image of sufficient quality for the purpose at hand.
[0057]  If CT image data for all prescribed phases bf a breathing cycle havé
been collected, then tﬁe CT image data collection process is terminated, and CT
images are reconétructed using the colledted CT image data. The reconstruction
of VCT irﬁages may be performed using a techhiqueﬂor rhethod known in the art.
In one embodiment, the processor 54 sorts the CT ihage data according 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 reconstfuct an image for that
phase. When CT images for all phases of a respiratory cycle have been

reéonstructed, the CT images may be displayed in a sequence to form a video.
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[0058] It shbuld be noted that the cdnfiguration of the user interface 400 is not
lirhited by the examples discussed 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 acCompIished (FIG. 6). In such cases, the curve 450 is
configured to mo_ve- across the screen 101 in the direction 411, and the pétient 16
|s in_st-rucﬁted (either béfore or dUring. a ractiation procedure) to move the first
indicator 402, e.g., by inhaling-and exhaling, such that the first indicator 402
stays on the curve 450 as rtluéh as"possible as the curve 450 moves across the
screen 101. In the ||Iustrated example the curve 450 has a shape that
.resembles a sine wave, but can have other shapes, such as a customized shape,
~in other embodiments. For example, the shape of the curve 450 can be specific
tta each patient and can‘be obtained in a training session. In the illustrated
embodiments, the proceésor 54 sends a “ON" signal to activate the radiation
sburt:e 20 to emit radiation,.for generating CT image data when the first indicator
402 intercepts the éurve' 450, and a “OFF" signal to deactivate the radiation
sou.rce 20 when the first indicator 402 does not intercept the curvé 450. In some
e.mbodiments, after image data at a desired gantry rotational angle ha\)e 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.
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" The user interface 400 continues to display the curve 450 across the screen 101,
and the patient 16 continues to operate the first indicator 402 by breathing, until
CT image data for all prescribed gantry rotational angles and for all prescribed
phases of a breathing cycle are collected.

[0059]  FIG. 7 shows a variation of the user interface 400, which includes a
Acurve 500 having a first side 502 and a second side 506. In such cases, the
curve 500 is configured tq move across thé screen 101 in the rdirection 411, and

- the patient 16 is instructéd (e_ith'er 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.secon_d sides 502, 506vas the
cuNe 500 moves across the screen 101; The sides/boundaries 502, 506 are

- separated by a distance 504, which represents a range of préscribed breéthing
.Ievels at which image data will be collected. The distahce504 can be uniform
along a length of the curve 500, or alternafively, 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
embodiments. 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 radiation 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

30



WO 2006/039394 PCT/US2005/034999

prescribed phase of a breathing cycle, the procéssor 504 cén change a colof 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 operafe the first
indicator 402 by breathihg, until CT image data for all prescfibed gantry rotational }'
angles and for all prescribed phases of a breathing cycle are collected.
[0060]  Although several examplevs of a patient prompting interface have been
described, it should be nbted that the -scop'e of the invention should not be so
limited. InAaIternative embodiments, the user interfarces 300, 400 can have other
configurations for infonﬁing a patient a relationship between' a result of an activity
being performed by thé patient, and a first target result deéired to be achieved by
thé activity and/or a relatiohship between a time and the target resuit desired to

 be achieved by an activify. For exémple, in alternative embodiments, instead of

| a bar (e.g., the bar 306), the processor 54 can be cbnfigdred to display an object
having a different form for prompting the patienf 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 havihg a geo'metri_c or customizéd
shape, etc. In other embodiments; instead of the object being displayed, an

~ “object” can be one dr m-o.re. 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
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processor 54 can be configuréd to C_ause CT image data be cbllected when a
patient's inhale (or exhale) level has reached a minimum prescribed Ievél,
~ regardless of how muéh the patient’s inhale (or exhale) level exceed the
minimum prescribed Ievél. In such cases, the user interface does not have an
indicator for representing a maximum inhale (or exhale) level.
[0661]- In further e@bodiments, 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(é) for prompting-the pa.ti‘e‘nt 16. Also, in any of
the embodiments described herein, the processor 54 can be configured to
provide a visual Signél or an audio signal when a desiréd task has been
'Ap:érformed by the patient 16. For example, the visQaI sig'nallcan be a score, and
the audio signal can be a game éouhd, thereby providing a game interface for
_pfomptfng the patient 16, which méy make the image acquisition procedure more -

fun and engaging for the patient 16. |

Computer System Architecfure

[0062] FIG.8isa bloék diagram thaf illustrates an embodiment of a computer
system 800 upon which an embodiment of the invent‘ion rhéy.be implemented.
Computer system 800 includes a bus 802 or other communication mechanism for
communicating informétion, and a processor 804 coupled with the bus 802 for
processing information. The procéssor 804 may bé an example of the processor
54, or alternatively, an example of a component of the processor 54, of FIG. 1.

The computér system 800 also includes a main memory 806, such as a random
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~ access memory (RAM) or other dynamic storagé'device, coupled to thg bus 802
for storing information and instructions to be executed by the processor 804. The
main memory 806 also may be used for storing temporary variables or other
intermediate information during execution of instructions to be executed by the
processor 804. The Acomputer system 800 further includes a read only memory
(ROM) 808 or othér"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. |

| [0063] The cdm.puter system 800 may be coupled via the bus 802 to a display
87, such as a cathode réy tube (CRT), for displaying informatioﬁ to auser. An
input device 814, including alphanumeric and other keys, is coupled fo the bus
802 for communicé‘ting information and command selections to processor 804.
Another type of user input device is cursor control 816, such as a mouée, a
trackball, or cursor direction keys for communicating direction information and
command selections to proéessor 804 and fér controlling cursor movement on
display 87. This input device ‘typically has two degrees of freedom in two éxeé, a
first axis (e.g., x) énd a second axis (e.g., y), that allows the device to specify
positions iﬁ a plane. |
[0064] 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
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in response to processor 804 executing_one or more sequehces of one or more
instructions contained in the main memory 806. Subh instructions may be read
into the main memory 806 from another computer-readable medium, such as
storage device 810. Execution of the sequences of instrucfions conta.ined in the

| main memory 806 causes the processor 804 to perform the process steps
described helrein. One or more processors in a mﬁlti-processing arrangefnent
may also be employed}to execute the sequences of instructions contained in the
main memory 806. In alternative embodiments, hard-wired circuitry may be used
in place of orin Combinatioﬁ with software instructions to implement the
invention. Thus, embodiments'of the invention are not Iimitéd to any specific
combination of hardware circuitry and software.
[0065]  The term “computer-readable medium” as used herein refers to any
medium that participatés in providing ihstructions to the probesso-r 804 for
éxécution. Such a medium may .take many forms, including buf not Iimited to,

- non-volatile media, volatile media, and transmission media. Non-volatile media
ihbludeé, for example, optical or magnetic disks, such as the storage dev_ice 810.
'Volatile media incIudesAdynamic memory, such és the main memory 806. |
Transmission media includes coaxial cables, copper wire and fiber optics,
including the wires that comprise the bus 802. Transmission media can also take
the forrﬁ of acoustic or light waves, such as those generated during radio wave

and infrared data communications.
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| [0066]  Common forms of computer-readable media include, for ekample, a
floppy disk, a flexible disk, hard disk, magnetic tape or.any other magnetic
medium, a CD-ROM, any other optlcal medium, punch cards, paper tape, any -
other physical medlum with patterns of holes a RAM, a PROM and EPROM, a
FLASH-EPROM, any other memory Chlp or cartridge, a carrier wave as
described hereinafter, or any other medium from which a computer can read.
[0067]  Various forms of computer-readable media may be involved in carrying
ohe 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 computer can load the instructions into
its dynamic memory ahd 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 rnfrared transmltter to convert the data to an infrared
signal. An infrared detector coupled to the bus 802 can receive the data carried
in t‘he 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 betore or after
execution by the processor 804.

[0068] The computer system 800 also includes a communication 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 connected to a
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local network 822. For example, the communication iﬁterface 818 may be an
integrated services digital netwdrk (ISDN) card or a modem to provide a data
communication connection to a correspondlng type of telephone line. As another
example, the communlcatlon mterface 818 may be aiocal area network (LAN)
card to provude a data communication connection to a compatible LAN. Wireless
. Iin.ks may also be implemented. In any such implementation, the communication
interface 818 sendé and‘lkf.eceives electrical, electromagnetic or optical signalé
that carry data streams rebresenting various types of informatioﬁ.
[0069] The network Ii_nk 820 typically provides data cbmmunication through
one or more networks to other devices. Fbr example, the netwbrk link 820 may
provide a connection through local network 822 to a host compufer 824 or to
medical equipment 826 such-as a radiation béam‘source or a switch operatively
coupled to a radiation beam source. The data streams transported over the
network link 820 can comprise electrical, electromagnetic or optical signals. The
signals through the various networks and the signals on vthe network link 820 and
through the communication interface 818, whicﬁ carry data to ahd from the
computer system 800, are exemplary forms of carrier waves transport_ing the
information. The computer system 800 can send messages and receive data,
including program code, through the network(s), the network link 820, and the
communication interface 818.
[0070]  Although the embodiments of the systems and methods have been

described with reference to generating CT images while passively controlling a
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patient's breathing in a synchronized manner, it should be understood that the
systems and methods may also be implemented 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° rOtetidn around the patient 16 during CT image data
acquisition, such needs not be the case. For e*ample, if a full cone detector ie
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 eiso be used,

~ depending on the particular system being employed and the particular need of an
application. For example, in éome procedures, it may be desirable to obtain

- image data (which may, for example, be incomplete for the purpose of
'performing 3D reeonstruction) at certain prescribed of gantry angle(s). In lsuch '

' cases, the proceesor 54 can be configured to generate visual signals (that
correspond 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 opposite directions in successive rotations, rn 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
d.escribed user interfaces or similar user interfaces cen 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
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previously, ahd could have other cohfigurations, such as a sliding or translating
configuration, depehding on fhe particular application or procedure.

[0071] AItthgh partiéular emblqdiments of the present inventions have been
shown and described, it will be understood that it is not intended to limit the
present inventions to the preferred embodi}ments, and it will be obVious to those
skilled in the ar‘_c that \)arioué changes and modifications may be made without
departihg from the spirit and scope of the present inventions. For example, the
opera.t.ionS peronrmed by the processor 54 can be pefformed by any combination
of hardware and software within the scope of the inventioﬁ‘, and should not be
limited to particular embodiments comprising a partiAcuIar definition of
“brocessor”. Also, the term “image” a-s used in this speciﬁcétion includes image
data that may be stored in a circuitry of a computer—readable medium, and
shouid not be Ii‘m.it}ed to image data that is dis_pléye_d visually. The specification
and drawings are, accordingly, to be regarded in an illﬁstrative rather than
restrictive sense. The presenfc inventions are intended to cbver alternatives, .
modifications,‘an'd equiVaIents, which may be inéluded within the spirit and scope

of the presént inventions as defined by the claims.
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CLAIMS

What is claimed:
1. A method of prompting a patient, comprising:
informing a patient of a relationship between a first target result to be achieved by an

activity, and one of time and a result of the activity being performed by the patient.

2. . Themethod of claim 1, wherein the first target result comprises a prescribed inhale level

of a breathing, a prescribed exhale level of a breathing, or a prescribed duration of a breath-hold.
3. The method of claim 1, wherein the activity comprises breathing.

4. The method of claim 1, wherein the patient is informed of the relationship between the

result of the activity and the first target result.

5. The method of claim 4, wherein the informing comprises displaying an object in a screen.
6. The method of claim 5, wherein the object comprise_s at least a portion of a line or a bar.
7. The method of claim 5, wherein the object comprises a curve representing a relationship

between desired breathing levels and time.
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8. The method of claim 5, wherein the object comprises one or more portions, each of the
one or more portions associated with a portion of a gantry rotation, and each of the one or more
portions having a length that represents érange of gantry angles at which image data is to be

obtained.

9. The method of claim 4, further comprising informing the patient the relation between the
result of the activity being performed by the patient, and a second target result to be achieved by

the activity.

10. The method of claim 4, wherein the first target result varies in time, and the method

further comprises informing the patient a relationship between time and the first target result.

11. The method of claim 10, wherein the informing the patient the relationship between the

time and the first target result comprises displaying an object in a screen, and moving the object,

e

the object associated with the first target result.

12. The method of claim 11, wherein the moving the object is performed in synchronization

with a movement of a medical device.
13.  The method of claim 12, wherein the medical device comprises a radiation source.

14, The method of claim 13, wherein the object has a length representing a range of positions

of the radiation source at which image data is to be obtained using the radiation source.
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15. The method of claim 4, wherein the informing comprises:

displaying a first object in a screen for representing a position of a portion of the patient;
and

displaying a second object in the screen, the second graphic representing a target position

for the portion of the patient.

16.  The method of claim 15, wherein the informing further comprises changing a position of

the first object in the screen in response to a movement of the portion of the patient.

17.  The method of claim 1; further comprising providing an audio signal when the first target

" result is achieved by the activity.

18. The method of claim 1, further comprising providing a visual signal when the first target

result is achieved by the activity.

19.  The method of claim 1, wherein the patient is informed of the relationship between the

time and the first target result to be achieved by the activity.

20.  The method of claim 19, wherein the informing comprises displaying an object in a

screen, the object representing the first target result.
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21.  The method of claim 20, wherein the informing further comprises moving the object

within the screen in synchronization with a movement of a medical device.
22.  The method of claim 21, wherein the medical device comprises a radiation source.

23.  The method of claim 22, wherein the object has a length representing a range of positions

of the radiation source at which image data is to be obtained using the radiation source.

24.  The method of claim 20, wherein the object comprises one or more portions, each of the
one or more portions associated with a portion ofa gantry rotation, and each of the one or more
portions having a length that represents a range of gantry angles at which image data is to be

obtained.

25.  The method of claim 20, wherein the object comprises a curve representing a relationship

between desired breathing levels and time.
26.  The method of claim 1, wherein the patient is informed of the relationship between the
result of the activity and the first target result by presenting a relationship between a position of a

portion of the patient and a target position for the portion.

27.  The method of claim 26, wherein the target position is associated with an inhale level of a

breathing or an exhale level of a breathing.
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28.  The method of claim 26, wherein the informing comprises:

displaying a first object that represents the position of the portion; and

displaying a second object that represents the target position.

29, The method of claim 28, wherein the informing further comprises moving the first object

relative to the second object in response to a movement of the portion of the patient.

30.  The method of claim 26, wherein the portion comprises a body part that is moveable in

association with a breathing of the patient.

31.  The method of claim 26, wherein the target position varies in the time, and the method

further comprises informing the patient the relationship between the time and the target position.
32. The method of claim 31, wherein the informing the patient the relationship between the
time and the target position comprises displaying an object in a screen, and moving the object in

synchronization with a movement of a medical device.

33.  The method of claim 32, wherein the medical device comprises a radiation source, and

the object is moved in synchronization with a rotation of the radiation source.

34.  The method of claim 26, wherein the informing the patient thé relationship between the

time and the target position comprises displaying an object in a screen, the object having one or
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more portions, each of the one or more portions representing a portion of a gantry rotation during

which image data is to be collected.

35.  The method of claim 34, wherein each of the one or more portions has a length

representing a range of gantry angles at which image data is to be collected.

36. A user interface for prompting a patient in accordance with any of the methods of claims

1 to 35, comprising a screen that displays graphics.

37. A computer program product that includes a medium, the medium comprises a set of

instructions, an execution of which causes any of the methods of claims 1 to 35 to be performed.

38. A system for performing any of the methods of claims 1 to 35.
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