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STATUS INDICATOR LIGHTS FOR A
MEDICAL IMAGING SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation-in-part applica-
tion of the U.S. application Ser. No. 13/451,579 filed on Apr.
20, 2012 and entitled MEDICAL IMAGING SYSTEM
WITH RANGE IMAGING-BASED CONTROL the disclo-
sure of which is hereby incorporated by reference in its
entirety.

FIELD OF THE INVENTION

[0002] This invention relates to medical imaging systems,
and more particularly, to a medical imaging system having
status indicator lights for providing a system status and a
calming effect on a patient.

BACKGROUND OF THE INVENTION

[0003] Medical imaging procedures which use imaging
equipment such as magnetic resonance tomography devices,
computed tomography devices, and positron emission
tomography devices often cause anxiety in a patient about to
be scanned. For example, the imaging equipment is large and
fills most of an examination room and thus may be intimidat-
ing to a patient. In addition, the patient is placed on a bed that
is located in a relatively narrow, tunnel shaped examination
area within the equipment. Further, the patient is directed not
to move during the procedures since movement may affect
image quality, which further adds to patient anxiety. More-
over, medical imaging procedures often include a consider-
able number of scans of a patient. It has been found that the
constrictive dimensions of the examination area, examination
duration, temperature within the examination area, noise
level, effort needed for the patient to comply with the imaging
procedure and other factors cause anxiety in the patient.
[0004] Inaddition, the imaging equipment is relatively dif-
ficult for a user to operate. Operation of the imaging equip-
ment is made more difficult if an imaging procedure is
delayed, interrupted or compromised due to patient anxiety. It
would be desirable to provide visual indications to a user in
order to assist in operating the imaging equipment while also
being able to reduce the anxiety of the patient.

SUMMARY OF THE INVENTION

[0005] An example embodiment of a system for calming a
patient positioned in a medical imaging device for imaging a
patient. The system includes a scanner configured to generate
scan data of a patient volume or area. The system also
includes a processor configured to implement control opera-
tions, the control operations being directed to acquisition of
the scan data or to processing of the scan data. In addition the
system includes a patient bed for supporting the patient and
status indicator lights or other visual indicators configured to
provide biofeedback cues to the patient that is indicative of
rhythmic breathing.

[0006] In another embodiment, the system also includes a
monitoring system having a range imaging camera positioned
for a field of view such that the monitoring system is config-
ured to capture spatial data indicative of relative movement
between the scanner and an object spaced from the scanner
and wherein the processor is configured to analyze the spatial
data to detect a possible collision between the scanner and the
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object, wherein the status indicator lights provide an indica-
tion that a possible collision has been detected.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The components and the figures are not necessarily
to scale, emphasis instead being placed upon illustrating the
principles of the invention. Moreover, in the figures, like
reference numerals designate corresponding parts throughout
the different views.

[0008] FIG. 1isaview ofamedical imaging system includ-
ing status indicator lights in accordance with certain embodi-
ments of the present invention.

[0009] FIG. 2 is a schematic diagram of a medical imaging
system having a monitoring system according to one embodi-
ment.

[0010] FIG. 3 is a flow diagram depicting a method of,
and/or implementation of computer-implemented instruc-
tions for, controlling a medical imaging system according to
one embodiment.

[0011] FIG. 4 is a flow diagram depicting another method
of, and/or implementation of computer-executable instruc-
tions for, controlling a medical imaging system according to
one embodiment.

[0012] FIG. 5 depicts a method for calming a patient using
biofeedback.

DESCRIPTION OF THE INVENTION
[0013] Before any embodiments of the invention are

explained in detail, it is to be understood that the invention is
not limited in its application to the details of construction and
the arrangement of components set forth in the following
description or illustrated in the following drawings. The
invention is capable of other embodiments and of being prac-
ticed or of being carried out in various ways. Also, it is to be
understood that the phraseology and terminology used herein
is for the purpose of description and should not be regarded as
limiting. The use of “including,” “comprising,” or “having”
and variations thereof herein is meant to encompass the items
listed thereafter and equivalents thereof as well as additional
items. Unless specified or limited otherwise, the terms
“mounted,” “connected,” “supported,” and “coupled” and
variations thereof are used broadly and encompass direct and
indirect mountings, connections, supports, and couplings.
Further, “connected” and “coupled” are not restricted to
physical or mechanical connections or couplings.

[0014] In addition, the terms “computer”, “computer sys-
tem”, or “server” as used herein should be broadly construed
to include any device capable of receiving, transmitting and/
or using information including, without limitation, a proces-
sor, microprocessor or similar device, a personal computer,
such as a laptop, palm PC, desktop, workstation, or word
processor, a network server, a mainframe, an electronic wired
or wireless device having memory and a storage device, such
as for example, a telephone, an interactive television, such as
for example, a television adapted to be connected the Internet
or an electronic device adapted for use with a television, a
cellular telephone, a personal digital assistant, an electronic
pager, a digital watch and the like. Further, a computer, com-
puter system, or system of this embodiment may operate in
communication with other systems over a communication
network, such as, for example, the Internet, an intranet, or an
extranet, or may operate as a stand-alone system, virtual
private network, and any other internetworked system.
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[0015] Referring to FIG. 1 in conjunction with FIG. 2, an
example embodiment is shown of a status indicator device
100 for use with a medical imaging system 10 having a
scanner 12 that includes a gantry 20 as will be described. The
device 100 includes a housing 110 that is attached to the
gantry 20. The housing 110 includes a status indicator light or
an arrangement of status indicator lights 120 or other visual
status indicator which may be visible to patient 50, or both
patient 50 and an operator 48 of the system 10. The status
indicator lights 120 may be arranged in at least one horizontal
row as showninF1G. 1, or alternatively, in at least one vertical
row, in a geometric shape such as a circular or rectangular
shape or other shapes and combinations thereof. In accor-
dance with this embodiment of the invention, the status indi-
cator lights 120 provide a color or a plurality of colors
arranged in a pattern and/or a pulsing pattern, and combina-
tions thereof, that are indicative of a system state and/or a
procedure state for the system 10. The status indicator lights
120 also provide a patient calming and respiratory coach
effect through biofeedback, for example by providing visual
cues indicative of desired respiratory actions (for example,
breathe in as light intensity increases, breathe out as light
intensity decreases and other cues). The status indicator lights
120 may be any suitable light source such as light emitting
diodes (LEDs) that utilizes a red, green and blue (i.e. RGB) or
other color model scheme. Further, the status indicator lights
120 may vary in intensity and color.

[0016] By way of example, the status indicator lights 120
may provide an indication of a system state such as whether
the system 10 is in a standby mode (i.e. the system 10 is
functioning) or is configuring (i.e. components of the system
10 are moving into position to perform an imaging operation).
In one embodiment, the status indicator lights 120 emit a
continuous blue light to indicate a system state. A pulsating
blue light may then be used to indicate that an imaging opera-
tion is in progress. Alternatively, a pattern of illumination
may be used such as turning the status indicator lights 120 on
or off in a predetermined sequence, brightening and dimming
in a predetermined sequence, varying the color in accordance
with a predetermined sequence or other variations that will
occur to those skilled in the art upon consideration of the
present teachings.

[0017] In addition, the status indicator lights 120 may be
used to provide an environment to enhance patient comfort
and participation in the success of the imaging procedure by
respiratory coaching. In accordance with certain embodi-
ments of the invention, the status indicator lights 120 may be
operated in a pulsing rhythm that operates as a biofeedback
mechanism to create a calming effect when viewed by the
patient. In an embodiment, the status indicator lights 120
blink or pulsate or otherwise provide a changing light pattern
at a rate similar to the rate at which a person breathes when in
a calm state (for example, between approximately 18-24
breaths per minute for an adult). This may include, for
example, operating the status indicator lights 120 so that the
lights slowly turn on and off in a rhythmic pattern that mimics
a person’s breathing at a desirable respiratory rate. Further,
the status indicator lights 120 may emit light which has been
found to provide a calming effect on a patient, such as light in
the blue or blue-green light spectrum. The calming effect of
the status indicator lights 120 may be further enhanced by
providing ambient lighting to accent and enhance the look
and feel of the system 10 while idle.

Dec. 26, 2013

[0018] The status indicator lights 120 may also provide a
procedure state to convey a direction of motion for a system
component, such as source 16 as will be described herein,
prior to occurrence of the actual motion. In use, the source 16
may be repositioned vertically relative to the patient by the
operator. Alternatively, the source 16 translates in more than
one dimension (e.g., laterally as well as vertically), rotates in
one or more dimensions (e.g., as in a C-arm system), or moves
in any other desired manner. The status indicator lights 120
can thereby serve to confirm an operator’s intent with respect
to movement of the source 16 so that mistakes and potential
collisions are averted. For example, the status indicator lights
120 may emit yellow light that pulses on and off at a first rate
to convey an intended direction of motion for the source 16.
The direction of motion may be indicated by activating
selected status indicator lights 120, such as status indicator
lights 120 on a left side 130 of the device 100, to indicate
rotation ofthe source 16 towards the left side of the gantry 20.
As the source 16 is moved and the possibility of a collision is
detected, the status indicator lights 120 may then emit red
light that pulses at a second rate that is faster than the first rate
in order to warn or alert the operator 48. If a collision occurs,
the status indicator lights 120 then emit a continuous red light.
In this aspect, the status indicator lights 120 operate in con-
junction with, or are activated by, collision avoidance or
detection systems having sensors and/or safety devices
located on the system 10. For example, the device 100 may
include ultrasonic or infrared sensors 140, an electronic cut-
tain, a patient detection pad and combinations thereof for
detecting an obstacle in a path of movement for the source 16
and the distance of the obstacle from the source 16. In addi-
tion, system 10 may include a system which detects a possible
collision due to motion or operation of the system 10 such as
described herein. Further, the status indicator lights 120 are
also controlled by a monitoring system 40 as described
herein.

[0019] Inparticular, the operation of the system 10 may be
automatically controlled in response to the detection of a
foreign object that presents a potential hazard. For example,
scan procedures may be stopped upon detection of a possible
collision due to motion or operation of the system 10. The
collision may involve any object foreign to the system 10,
including, for instance, an operator, a patient, or another
device or system. The data provided by a range imaging
camera may be used to predict future movement (e.g., of the
foreign object), as well as determine when such collisions are
likely to occur via, for instance, a likelihood of collision
determination.

[0020] Thedisclosed system may include a monitoring sys-
tem to generate spatial and/or range data for a variety of
objects foreign to the medical imaging system. The spatial
and/or range data may be indicative of the distance from one
or more cameras (e.g., range imaging cameras ) to the object.
The spatial and/or range data may be useful for defining the
geometry or shape of the object. With the object geometry
established, the spatial and/or range data may provide feed-
back on the direction, speed, and other characteristics of the
movement of the object. The object may be tracked relative to
the medical imaging system.

[0021] The disclosed methods, computer program prod-
ucts, and systems may be useful with a wide variety of medi-
cal imaging systems. Although described below in connec-
tion with an X-ray computed tomography (CT) system, the
configuration of the imaging system may vary. For example,
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the disclosed detectors may be integrated into a magnetic
resonance imaging (MRI) system, a positron emission
tomography (PET) system, or a single-photon emission com-
puted tomography (SPECT) system. The medical imaging
systems need not include components that move, such as
C-arm X-ray systems. The disclosed methods, computet-
readable media, and systems may be used with any now
known or future developed nuclear medicine tomography or
other imaging systems. Still other example systems may
include multiple scanners in, for instance, a multi-modal
imaging system, such as a magnetic resonance (MR)-PET
system.

[0022] FIG. 2 depicts the system 10 constructed in accor-
dance with one embodiment. The medical imaging system 10
includes the scanner 12 and a control system 14 configured to
direct the scanner 12. The system 10 may include additional
systems, devices, or components. For example, the system 10
may include one or more power supplies or other support
equipment, such as communications systems, image process-
ing systems, tomography generation systems, and user inter-
face systems.

[0023] The scanner 12 is configured to generate scan data
of a patient volume or area. The scanner 12 may include any
data acquisition unit for generating such scan data. In this
embodiment, the scanner 12 is an X-ray scanner having a
source 16 and a detector 18 (or receiver). The scanner 12 may
be a PET scanner, an MRI scanner, an X-ray scanner, a
SPECT scanner, and/or any other now known or hereafter
developed scanner. The scanner 12 may include multiple data
acquisition units integrated to any desired extent. For
example, the scanner 12 may be a multi-modal data acquisi-
tion unit. The scanner 12 may have any number of sources 16
and detectors 18. For example, in non-X-ray embodiments,
the scanner 12 may include zero sources and multiple detec-
tors 18 arranged in a ring or other arrangement about the
patient.

[0024] Oneor both of the source 16 and the detector 18 may
move during operation. For example the source 16 may be
repositioned vertically relative to the patient. In other
examples, the source 16 and/or detector 18 translate in more
than one dimension (e.g., laterally as well as vertically), rotate
in one or more dimensions (e.g., as in a C-arm system), or
move in any other desired manner.

[0025] The gantry 20 supports the source 16 and the detec-
tor 18. The gantry 20 may be stationary or mobile. Any
number of data acquisition components of the scanner 12 may
be supported or carried by the gantry 20. The gantry 20
includes a housing that encloses such data acquisition com-
ponents of the scanner 12. In some examples, the source 16
and the detector 18 are housed within the gantry 20. One or
more components of the control system 14 may also be
housed in the gantry 20. The gantry 20 may have an opening
in which the patient is disposed. For example, the gantry 20
may have a toroid shape.

[0026] The medical imaging system 10 includes a patient
bed assembly 22 with a base 24 and a platform 26 supported
by the base 24. In use, the patient 50 is positioned on the
platform 26. One or more ofthe components of the patient bed
assembly 22 may be movable to position the patient for the
scan procedure. For example, the platform 26 may move in a
direction 30 toward or through the gantry 20 as shown. Alter-
natively or additionally, one or more components of the base
24 may move relative to the gantry 20 or other component of
the system 10, such as the source 16 and/or the detector 18.
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[0027] The disclosed methods, computer program prod-
ucts, and systems are not limited to use with medical imaging
systems having a patient bed. For example, the medical imag-
ing system 10 may be configured for scan procedures in
which the patient is standing or sitting. The nature, construc-
tion, and other characteristics of a base, a platform, or other
component of the system 10 involved in positioning the
patient (or a portion of the patient) may thus vary.

[0028] The control system 14 may include a patient posi-
tioning system 32 to control the positioning of the patient. In
this example, the patient positioning system 32 is a patient
bed positioning system configured to control the movement
of the platform 26 along the direction 30. One or more mod-
ules, components, or other aspects of the patient positioning
system 32 may be disposed in the gantry 20. The control
system 14 may be integrated with the scanner 12 to any
desired extent.

[0029] The control system 14 includes a processor 34 con-
figured to implement control operations, a memory 36 in
communication with the processor 34, and a display 38 con-
trolled by the processor 34. The control operations are
directed to acquisition of the scan data by the scanner 12
and/or to processing of the scan data. For example, the control
operations may include directing the patient positioning sys-
tem 32 to re-position the patient in accordance with a scan
procedure. The control operations may include configuring
the scanner 12 for the scan procedure. For example, the con-
trol operations may include facilitating the selection and/or
configuration of the scan procedure by an operator. The con-
trol operations may alternatively or additionally include
directing one or more components of the scanner 12 to con-
duct the scan procedure. Conducting the scan procedure may
include directing the movement of such component(s) of the
scanner 12 by, for instance, sending instructions or other
control signals to the scanner 12. Another example is control
of intensity, amplitude, aperture, steering, collimation or
other characteristic of the applied energy and/or receipt of the
responsive signals.

[0030] The control system 14 also includes a monitoring
system 40. In this example, the monitoring system 40
includes a processor 42 and a memory 44, each of which may
be located remotely from the scanner 12 with any one or more
other electronics components of the control system 14. The
monitoring system 40 is configured to capture and/or gener-
ate spatial data representative of a two-dimensional image
and a distance or range from a specific point, such as a point
on the scanner 12. The spatial data of successive frames may
be processed by the processor 42 or another processor via a
difference, tracking, or other function, algorithm, or proce-
dure to provide a representation of movement. In one
example, a difference imaging procedure and/or a filtering
procedure may be implemented. The algorithm may vary
based on the nature of the spatial data, the nature of the
scanner 12, and/or other factors. For instance, the spatial data
may vary considerably based on whether the scanner 12 is
configured for CT scans, MR scans, and/or SPECT scans. The
spatial data may be indicative of relative movement between
the scanner 12 and one or more objects spaced from or adja-
cent to the scanner 12. Such relative movement may include
or involve movement by the object(s) relative to the scanner
12, movement by a component of the scanner 12 relative to
the object(s), or movement by both the object(s) and the
component of the scanner 12. The spatial data may include
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data indicative of the spatial position of such objects at a
specific time or over a time period.

[0031] Themonitoring system 40 includes a range imaging
camera 46, such as a time-of-flight camera, to capture data.
The range imaging camera 46 may generate the spatial data,
and/or generate raw data used to generate the spatial data. The
spatial data may include or be representative of distance or
range data indicative of the distance between the object and
the range imaging camera 46.

[0032] The nature ofthe objects may vary. The object may
be a person, such as the operator 48 of the medical imaging
system 10 or the patient or subject 50 lying on the platform 26.
Other examples of objects foreign to the scanner 12 include
equipment, machines, or other devices.

[0033] The range imaging camera 46 is positioned for a
field of view such that the monitoring system 40 is configured
to capture the spatial data indicative of the relative movement.
In this example, the range imaging camera 46 is mounted on
an end of the platform 26 of the patient bed assembly 22. The
end is spaced from the gantry 20 such that the field of view
includes all or a portion of the operator 48, the patient 50, the
source 16, and the gantry 20. Fewer, additional, or alternative
components of the scanner 12 may be within the field of view.
The movement of any of the above-described components of
the scanner 12 may be captured by the range imaging camera
46. Fewer, additional, or alternative objects foreign to the
scanner 12 may be within the field of view.

[0034] The field of view of the range imaging camera 46
may vary considerably. The field of view may include the
scanner 12, such as one or more components of the scanner
12. Any portion, fraction, or aspect of the scanner 12 may be
within the field of view of the range imaging camera 12. The
spatial data may thus include data indicative of the position of
a movable component of the scanner 12. Alternatively or
additionally, the position of the scanner 12 or movable com-
ponent thereof is determined by the processor 34 and/or the
processor 42. In these cases, the field of view of the range
imaging camera 46 need not include the component(s) of the
scanner 12 from which the foreign object is spaced. Nonethe-
less, the processor 34 or the processor 42 may be able to
calculate an indication of the scanner position(s) based on
model data indicative of the scanner 12. Further details
regarding the use of such model data are provided below.
[0035] The range imaging camera 46 is any type of camera
or image data acquisition device or system configured to
capture and/or generate spatial data indicative of the spatial
position of the foreign object. The spatial position may be a
relative position based on, for instance, a non-fixed reference
frame of the range imaging camera 46 and/or of the scanner
12. Alternatively, the position may be an absolute position in
a fixed reference frame of, for instance, the range imaging
camera 46, the monitoring system 30, or the scanner 12. The
position may thus be relative to the range imaging camera 46,
one or more components of the scanner 12, or any other
component of the medical imaging system 10.

[0036] Thespatial data may include range data indicative of
the range or distance between the foreign object and the range
imaging camera 46. To generate the range data, the range
imaging camera 46 may be configured to transmit an infrared
(IR) signal, such as an IR laser signal, detect reflections (e.g.,
backscattering) of the IR signal, and determine the time-of-
flight of the IR signal. The wavelength of the light emitted and
detected by the range imaging camera 46 may vary, and need
not be in the IR wavelength range. The light may be coherent
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or non-coherent. Other techniques may be used. For example,
the range imaging camera 46 may use other types of signals to
generate the range data, such as structured light signals gen-
erated by a three-dimensional structured light scanner.

[0037] The range imaging camera 46 may include various
types of range cameras or other range detection devices. In
one example, the range imaging camera 46 is configured as a
light detection and ranging (LIDAR) device or system, or
other type of time-of-flight device. The range imaging camera
46 is not limited to sensing distance or range via time-of-flight
techniques. For example, the range imaging camera 46 may
utilize stereo triangulation, interferometry, and other tech-
niques.

[0038] Insomeembodiments, the range imaging camera 46
includes one or more commercially available components,
such as one or more lasers and/or detectors (e.g., solid state
photodetectors). Alternatively, the range imaging camera 46
is a commercially available integrated device including such
components. For example, a variety of commercially avail-
able time-of-flight cameras may be used. In some embodi-
ments, the range imaging camera 46 is capable of resolving
motion differences on the order of 5 mm over the distances
typically encountered with, or presented by, the medical
imaging system 10 and given a suitable temporal sampling
rate for the camera. One or more other components of the
monitoring system 40 may also be commercially available
components. Such cameras and monitoring system compo-
nents may be commercially available in connection with
gaming devices or systems, such as the Kinect™ motion
sensing input device available from Microsoft Corporation.

[0039] The spatial data generated and/or captured by the
range imaging camera 46 may be indicative of the object
position over time. The range imaging camera 46 may be
configured as a four-dimensional camera. Alternatively, the
spatial data may be aggregated or otherwise processed by the
processor 42 to provide the indication of object position over
time.

[0040] The monitoring system 40 may include any number
of range imaging cameras, which need not be mounted on a
movable component of the scanner 12. Multiple cameras may
minimize or avoid shadowing. The range imaging cameras
may be stationary or non-stationary relative to the scanner 12
or a component thereof. The example of FIG. 2 includes an
additional range imaging camera 52 fixedly mounted on the
gantry 20. A gantry mount is one example of a stationary
mounting location to support a fixed reference frame. In con-
trast, the range imaging camera 46 has a non-fixed reference
frame. The range imaging camera 46 is non-stationary with
respect to some components of the scanner 12 (e.g., the gantry
20) due to being mounted on the platform 26.

[0041] The location of the range imaging cameras 46 and
52 may vary from the example shown. For example, one or
more range imaging cameras may be mounted on a wall,
ceiling, or other structure in the vicinity of the scanner 12.
Different mounting positions may provide multiple, differing
fields of view to capture spatial data for different foreign
objects. Alternatively or additionally, the spatial data may be
directed to the same object. For example, the range imaging
camera 52 may provide spatial data to the processor 42 of the
monitoring system 40 for aggregation or other processing in
conjunction with the spatial data provided by the range imag-
ing camera 46. The aggregated data may thus be indicative of
the position and/or movement of the same foreign object.
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[0042] Each range imaging camera 46, 52 may include an
optical camera configured to provide additional or alternative
resolution for the spatial data. For example, data generated by
the optical camera may be processed to improve the resolu-
tion of the range data in one or more dimensions other than the
dimension of the range data. The data from the optical camera
may be used to support the implementation of adaptive filter-
ing, image restoration, and/or other techniques.

[0043] The processor 34 is configured to implement an
adjustment in the operational control of the scanner 12 based
on the spatial data provided by the range imaging cameras 46,
52 and/or the monitoring system 40. The operational control
adjustment may occur before the scan procedure is imple-
mented, during the scan procedure, or after the scan proce-
dure is completed. Operational control adjustments before
the scan procedure may involve control operations directed
to, for instance, system setup, scan procedure setup or defi-
nition, and any other configuration procedure in which the
operator 48 may provide an input or command. Operational
control adjustments during the scan procedure may involve
stopping the movement of the scanner 12 to avoid a collision
with a foreign object and/or generating a warning, alert, or
other announcement regarding the possibility of the collision.
Operational control adjustments after the scan procedure may
involve compensation for patient motion during the scan pro-
cedure. For example, the magnitude and direction of external
patient movement may be captured to either direct scan data
corrections or to assist in image-based motion correction.

[0044] The spatial data may be indicative of gestures by the
operator to facilitate touch-less or touch-free control of the
scanner 12. The foreign object monitored by the monitoring
system 40 may thus be a hand, arm, or other body part of an
operator of the scanner 12. The processor 42 and/or the pro-
cessor 34 may implement one or more routines to analyze the
spatial data to capture or recognize a gesture made by the
operator relative to a reference frame of the scanner 12. The
gesture is indicative of an operational command. Once the
gesture is recognized, the processor 34 may adjust the opera-
tion of the scanner 12 by implementing the operational com-
mand associated with the gesture.

[0045] In some embodiments, gesture control may include
a sequence of gestures. The use of a sequence may be one of
a number of characteristics of the gestures configured to
provide safety and reliability during system operation. For
example, gestures may be defined not only for specific system
commands (e.g., operational controls), but also to (1) identify
an operator, (ii) enter and exit a mode (e.g., a command
mode), or (iii) start (e.g., trigger) and end the command
sequence. These and other gestures may be designed to be
atypical or unique, but nonetheless convenient (e.g., not
uncomfortable) for the operator. For instance, the gesture to
identify or recognize an operator may involve the operator
holding both arms straight upward. The system may be con-
figured to track the operator (and other individuals) from that
point onward and thereby distinguish the operator from other
individuals present in the room. The gesture to enter a com-
mand mode or start a command sequence may involve the
operator holding or maintaining a different uncommon arm
position for a predetermined period of time. One example of
a gesture for entering a command mode involves the operator
holding both arms straight outward for a number of seconds.
Such arm positions are sufficiently uncommon and the time
period is long enough that accidental or unintended control
adjustments may be avoided.
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[0046] Insome embodiments, operational commands may
be recognized from gestures that begin from the command
mode gesture. For example, a command to raise the height of
the patient bed may start from the command mode entry
position, e.g., hands straight out, and then involve the opera-
tor raising both hands upward. Another example involves the
operator rotating both hands around a circle, as if turning a
steering wheel, to implement a gantry rotation.

[0047] One example for exiting a command mode may
involve the operator moving from one of the aforementioned
gestures to point both arms straight downward. Some exit or
end gestures may be configured to be easier or quicker for the
operator to implement if, for instance, the gesture is directed
to implementing an emergency stop. For example, an emer-
gency stop may be implemented in response to gestures like
arm waiving and rapid movement toward the system.

[0048] The gestures may be indicative ofa variety of opera-
tional control adjustments. Gestures involving various opera-
tor hand movements may be used to define an imaging area or
target region, begin or end the scan procedure, re-position the
bed platform 26 or other component of the scanner 12, etc.
Example operational controls include “start scan here,” “end
scan here,” “bed up,” “bed down,” “bed in,” “bed out,” “rotate
source left,” “rotate source right,” “detector in,” “detector
out,” etc. A respective gesture for each operational command
issued by the operator may be defined to establish a set of
gestures to be captured or recognized by the monitoring sys-
tem 40.

[0049] One or both of the processors 34 and 42 may be
configured to analyze the spatial data to prevent a collision
between the scanner 12 and an object foreign to the scanner
12. For example, the foreign object may be a body part of the
operator, an object held by the operator, or a body part of the
patient. The analysis may include a recognition or other deter-
mination that the object is indeed not part of the scanner 12.
The analysis may additionally or alternatively include a deter-
mination of one or more zones of concern surrounding the
scanner 12. The zone determination may be based on data
indicative of where the scanner 12 will be moving. If, for
instance, an operator or patient hand is disposed within a zone
of concern, the processor 34 may implement an operational
control adjustment that stops the motion of a component of
the scanner 12 to prevent the collision.

[0050] The processor 34 and/or the processor 42 may be
configured to predict future locations of the foreign object
and/or the component of the scanner 12 based on the spatial
data. The prediction may be useful for minimizing or avoid-
ing collisions between the scanner 12 and such foreign
objects. A prediction algorithm or procedure may be imple-
mented based on one or models stored in a data store 58 or
other memory(ies). For example, the prediction procedure
may generate predictive data indicative of the position and/or
movement of the operator or the patient based on an operator
model or a patient model stored in the data store 58. In one
embodiment, each such model may be a skeletal model to
which the spatial data may be mapped. The prediction proce-
dure may generate predictive data indicative of the position
and/or movement of the scanner 12 based on a scanner model,
which may include data reflective of the geometry (e.g.,
axes), position, and motion of one or more movable compo-
nents of the scanner 12. The model data may alternatively or
additionally be used by the processor(s) 34, 42 to identify an
object as foreign to the scanner 12.
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[0051] The processor 34 and/or the processor 42 may be
configured to analyze the spatial data to generate an indica-
tion of the movement of the patient. An operational control
adjustment may modify the scan data generated by the scan-
ner 12 to compensate for the movement of the patient.
[0052] Each memory 36, 44 is a buffer, cache, RAM,
removable media, hard drive, magnetic, optical, database, or
other now known or later developed memory. Each memory
36, 44 is a single device or group of multiple devices. Each
memory 36, 44 is shown within the control system 14, but
may be outside or remote from other components of the
control system 14, such as a database or PACS memory. The
memories 36, 44 may be a single memory or integrated to any
desired extent.

[0053] Each memory 36, 44 may store data at different
stages of processing. For example, the memory 44 may store
raw data from the range imaging camera 46 without further
processing, and the memory 36 store raw data from the scan-
ner 12, filtered or thresholded data prior to reconstruction,
reconstructed data, filtered reconstruction data, an image to
be displayed, an already displayed image, or other data. Each
memory 36, 44 (or a different memory) may store data used
for processing, such as storing the data after one or more
iterations and prior to a final iteration in reconstruction. For
processing, the data bypasses the memory 36, 44, is tempo-
rarily stored in the memory 36, 44, or is loaded from the
memory 36, 44.

[0054] Each memory 36, 44 is additionally or alteratively
a non-transitory computer readable storage medium storing
processing instructions. For example, the memory 36, 44
stores data representing instructions executable by the pro-
grammed processor 34, 42 for reconstructing a tomography
image for dynamic study and/or reconstructing an image. The
instructions are provided on non-transitory computer-read-
able storage media or memories, such as a cache, buffer,
RAM. removable media, hard drive or other computer read-
able storage media. Computer readable storage media include
various types of volatile and nonvolatile storage media. The
functions, acts or tasks illustrated in the figures or described
herein are executed in response to one or more sets of instruc-
tions stored in or on computer readable storage media. The
functions, acts or tasks are independent of the particular type
of instructions set, storage media, processor or processing
strategy and may be performed by software stored or other-
wise embodied on a computer-readable memory, hardware,
integrated circuits, firmware, micro code and the like, oper-
ating alone orin combination. Likewise, processing strategies
may include multiprocessing, multitasking, parallel process-
ing, and the like. In one embodiment, the instructions are
stored on a removable media device for reading by local or
remote systems. In other embodiments, the instructions are
stored in a remote location for transfer through a computer
network or over telephone lines. In yet other embodiments,
the instructions are stored within a given computer, CPU,
GPU, or system.

[0055] Each processor 34,42 is a general processor, digital
signal processor, graphics processing unit, application spe-
cific integrated circuit, field programmable gate array, digital
circuit, analog circuit, combinations thereof, or other now
known or later developed device for processing emission
information. Each processor 34, 42 is a single device, a plu-
rality of devices, or a network. The processors 36,42 may be
a single processor. or be integrated to any desired extent. For
more than one device, parallel or sequential division of pro-
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cessing may be used. Different devices making up each pro-
cessor 34, 42 may perform different functions, such as one
processor for filtering and/or subtracting raw data or recon-
structed images. Each processor 34, 42 may include an appli-
cation specific integrated circuit or field programmable gate
array for performing various operations, such as iterative
reconstruction. In one embodiment, the processor 34 is a
control processor or other processor of a medical imaging
system. The processor 34 may be a processor of a computer or
workstation.

[0056] Each processor 34, 42 operates pursuant to stored
instructions to perform various acts described herein. For
example, the processor 42 may be operable to process data
captured by the range imaging camera 46, determine the
spatial data (including, for instance, the range data), identify
foreign objects from the spatial data, recognize control ges-
tures, characterize patient motion, and/or analyze the spatial
data to predict the likelihood of collision. Each processor 34,
42 may be configured by code or instructions sets stored on a
memory, by firmware, and/or by hardware to perform any or
all of the acts described herein. Further, the characterization
of patient motion includes identification and characterization
of respiratory motion of the patient 50, such as chest move-
ment, used for providing biofeedback to the patient 50.
[0057] The display 38 is a CRT, LCD, plasma screen, pro-
jector, printer, or other output device for showing images
generated by the medical imaging system 10. The display 38
may be used to display a user interface for controlling the
medical imaging system 10. The display 38 may be an opera-
tor console for the medical imaging system 10.

[0058] FIGS. 3 and 4 depict one or more methods of con-
trolling a medical imaging system having a scanner config-
ured to generate scan data of a patient volume or area. One or
both of the above-described processors, or another processor
may implement the method(s). The processor(s) may be
directed by computer-readable instructions executed by the
processor(s). One or more of the above-described memories
or other computer-readable medium may be encoded with the
computer-readable instructions. In some embodiments, a
non-transitory computer program product includes the com-
puter-readable medium encoded with the computer-readable
instructions. Additional, fewer, or alternative acts may be
implemented by the processor(s). Additional, fewer, or alter-
native acts may be implemented. The acts of the methods may
be implemented in an order different than the examples
shown.

[0059] Themethod may begin with a range imaging camera
capturing spatial data in act 60. Capturing the spatial data may
include the implementation of one or more routines or pro-
cedures to generate spatial coordinates and other aspects of
the spatial data from raw generated by the range imaging
camera. Alternatively or additionally, capturing the spatial
data may include the implementation of a difference or track-
ing algorithm, routine, or procedure that compares successive
frames of the raw data or the spatial data. The spatial data may
thus be indicative of movement of an object spaced from, or
adjacent to, the scanner, and/or relative movement between
the scanner and the object. Alternatively, the method may
begin with the processor receiving the spatial data from the
range imaging camera. A memory, such as a database or data
store, may be accessed in act 62 to obtain model data for the
scanner and/or the object. In some cases, the model data is
indicative of an operator of the medical imaging system and/
or the patient having the patient volume being scanned. The
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spatial data may be analyzed in act 64 to identify the object or
objects represented by the spatial data. The model data may
be used during the analysis.

[0060] The remainder of the method may be directed to
determining an operational procedure for implementation
based on the spatial data and directing the implementation of
the operational procedure. The operational procedure may be
directed to acquisition ofthe scan data (e.g., scanner set up) or
processing of the scan data (e.g., motion compensation). FIG.
3 depicts an example of the former case, and FIG. 4 depicts an
example of the latter case.

[0061] In the example shown in FIG. 3, the method deter-
mines in a decision block 66 whether any of the objects are
within a range or region normally occupied by the patient. If
not, control passes to act 68, in which further analysis of the
spatial data may be implemented to predict movement of the
object(s). One or more prediction algorithms may be imple-
mented. For example, one prediction algorithm may be
directed to predicting the future position(s) of the operator or
patient based on the spatial data and a skeletal or other human
model. Another algorithm may be directed to determining the
future position(s) of one or more components of the scanner,
such as a source, bed, etc. These positions may then be com-
pared to determine a likelihood of collision between the
object and the scanner. A decision block 70 may then deter-
mine whether the likelihood of collision exceeds a predeter-
mined threshold. If so, then the scan procedure is stopped in
act 72 to discontinue motion of a component of the scanner to
prevent the collision. If not, then control may pass to another
decision block 74 that determines whether the spatial data (or
a derivative thereof) is indicative of a command or control
gesture by the operator. If so, then the operational command
indicated by the gesture is implemented in act 76. The opera-
tional command may relate to scanner configuration, scan
procedure configuration, and any other control command that
may be issued by the operator. If the spatial data is not indica-
tive of a command gesture, then control passes to act 78 in
which operation of the scanner may proceed or continue.
Eventually, operation of the scanner continues in act 78 via,
for instance, implementation of a scan procedure, from which
scan data is generated for rendering or display in act 80.
[0062] The example shown in FIG. 4 may be implemented
after completion of the scan procedure. The method includes
accessing in act 82 a database or other data store in which
model data of the patient is stored. The patient model data
may be indicative of a skeletal or other human form to which
the spatial data may be matched. In act 84, the spatial data is
analyzed in conjunction with the model data to identify one or
more objects, such as a chest of the patient. A decision block
86 may then determine whether motion has occurred. Motion
may be expected during some scan procedures, such as a scan
procedure directed to the chest. In other cases, motion may
not be expected. If no motion is detected, then control passes
to act 88 in which the scan data is rendered or displayed. If
motion is detected, then the spatial data may be analyzed in
conjunction with the model data to characterize the motion.
For example, data indicative of the magnitude and direction
of the motion may be generated for one or more regions or
volumes of the patient. The scan data may then be modified in
act 92 in accordance with an algorithm, process, or routine
configured to correct or compensate for the motion. The cor-
rected scan data may then be rendered or displayed in act 88.
[0063] Referring to FIG. 5, a method 200 for calming the
patient 50 is shown. The method 200 includes positioning the
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patient 50 in the system 10 at step 210. The patient volume or
area is then scanned using the scanner 12 at step 220. A
processor 34,42 is used to implement a control operation to
acquire and/or process the scan data at step 230. The method
200 further includes providing biofeedback cues to the
patient 50 which are indicative of rhythmic breathing during
the scanning via a visual indicator such as status indicator
lights 120 at step 240.

[0064] While the invention has been described above by
reference to various embodiments, it should be understood
that many changes and modifications can be made without
departing from the scope of the invention. For example, audi-
tory cues may be used to provide biofeedback either alone or
in combination with visual cues. It is therefore intended that
the foregoing detailed description be regarded as illustrative
rather than limiting, and that it be understood that it is the
following claims, including all equivalents, that are intended
to define the spirit and scope of this invention.

We claim:

1. A system for calming a patient positioned in a medical
imaging device for imaging the patient, comprising:

a scanner configured to generate scan data of a patient

volume or area;

a processor configured to implement control operations,
the control operations being directed to acquisition of
the scan data or to processing of the scan data;

a patient bed for supporting the patient; and

a visual indicator configured to provide biofeedback cues
to the patient indicative of rhythmic breathing.

2. The system according to claim 1, where the visual indi-

cator comprises an arrangement of indicator lights.

3. The system according to claim 1, where the visual indi-
cator is further configured to provide system status or proce-
dure status information to the patient.

4. The system according to claim 1, where the visual indi-
cator is configured to emit light in the blue to blue-green light
spectrum.

5. The system according to claim 1, where the visual indi-
cator is configured to emit pulsating light as the biofeedback
cues to the patient indicative of rhythmic breathing.

6. The system according to claim 1, where the visual indi-
cator is configured to provide biofeedback cues comprising a
changing light pattern that changes at a rate corresponding to
arespiratory rate of between approximately 18-24 breaths per
minute.

7. The system according to claim 1, where the visual indi-
cator is configured to provide a pattern of illumination as the
feedback cues.

8. A system for indicating a status of a medical imaging
device for imaging a patient, comprising:

a scanner configured to generate scan data of a patient

volume or area;

a processor configured to implement control operations,
the control operations being directed to acquisition of
the scan data or to processing of the scan data;

a monitoring system comprising a range imaging camera
positioned for a field of view such that the monitoring
system is configured to capture spatial data indicative of
relative movement between the scanner and an object
spaced from the scanner; and

a visual indicator configured provide biofeedback cues to
the patient indicative or rhythmic breathing.

9. The system according to claim 8, where the visual indi-

cator comprises an arrangement of indicator lights.



US 2013/0345543 Al

10. The system according to claim 8, where the visual
indicator is further configured to provide system status or
procedure status information to the patient.

11. The system according to claim 8, where the visual
indicator is configured to emit light in the blue to blue-green
light spectrum.

12. The system according to claim 8, where the visual
indicator is configured to emit pulsating light as the biofeed-
back cues to the patient indicative of rhythmic breathing.

13. The system according to claim 8, where the visual
indicator is configured to provide biofeedback cues compris-
ing a changing light pattern that changes at a rate correspond-
ing to a respiratory rate of between approximately 18-24
breaths per minute.

14. The system according to claim 8, where the visual
indicator is configured to provide a pattern of illumination as
the feedback cues.

15. A method of calming a patient comprising:

positioning the patient in a medical imaging device;

scanning patient volume or area;

using a programmed processor to implement control

operations directed to acquisition of the scan data or to
processing of the scan data; and
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using a visual indicator to provide biofeedback cues to the
patient indicative of rhythmic breathing during the scan-
ning.

16. The method according to claim 15, where using the
visual indicator comprises lighting an arrangement of indica-
tor lights.

17. The method according to claim 15, where using the
visual indicator comprises providing system status or proce-
dure status information to the patient using the visual indica-
tor.

18. The method according to claim 15, where using the
visual indicator comprises emitting light in the blue to blue-
green light spectrum.

19. The method according to claim 15, where using the
visual indicator comprises emitting pulsating light as the
biofeedback cues to the patient indicative of rhythmic breath-
ing.

20. The method according to claim 15, where using the
visual indicator comprises providing biofeedback cues com-
prising a changing light pattern that changes at a rate corre-
sponding to a respiratory rate of between approximately
18-24 breaths per minute.
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