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(57) Abstract: Apparatuses and methods are provided for projecting a display of information for an x-ray device. The display of in-
formation is projected on the patient, on the table 205 area or on a combination thereof. A compact projector 207 is provided to pro -
ject the display of information on a previously unused region of the patient and table 207, and provides a source of diagnostic and
safety information without further crowding the room. The projected display of information may be a system state, a patient state, a
surgical tool position or another relevant image. A compact sensor or range scanner 209 may be employed to capture three-dimen -
sional distance information in the x-ray system. The three-dimensional distance information may be used to reduce distortion in the
projected image, selectively darken regions of the projected image, automatically configure the x-ray system, capture inputs from the

operator and improve safety in the x-ray system.
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APPARATUS AND METHODS FOR A PROJECTION
DISPLAY DEVICE ON X-RAY IMAGING DEVICES

Background

[0001] Interventional radiology suites and operating rooms have limited space for
surgical tools and equipment, but contain the x-ray device and a multitude of displays,
equipment and additional components. During surgery and other procedures, support
staff and assisting physicians are also present in addition to the operator, such as a
surgeon or radiologist. Procedures usually take place in a darkened room with the
operator constantly having to look up at multiple displays for guidance. The multiple
displays further crowd the operating room. Additionally, operator input options are
limited by the available space in the room and introducing new devices or prototypes
frequently require additional equipment and displays in the already crowded room.
Introducing additional equipment also often involves complex wiring and interfaces
between devices to utilize existing displays and operator input devices. There is a need
to make better use of existing space without adding bulky equipment. Furthermore,
operator interfaces requiring direct physical contact can be cumbersome or difficult to
use during procedures. There is a need for operator interfaces without direct physical
contact to allow for easier sterilization and for more intuitive operator interfaces.
Summary

[0002] The present embodiments relate to projection display devices for x-ray

imaging devices. By way of introduction, the present embodiments described below
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include apparatuses and methods for a projected display of information and/or other
images during use, setup, calibration and/or marketing of an x-ray device, such as a C-
arm fluoroscopy device. A projected display of information and/or other images
improves safety may allow for fast and intuitive operator interfaces and provides for
marketing opportunities. The information and/or other images are projected on the
patient, on the x-ray table or on a combination thereof. The projected display of
information and/or other images are used as a direct visible source of information to
the operator. A compact projector projects display of information and/or other images
on the previously unused region of the patient and/or table, providing a source of
diagnostic and/or safety information without further crowding the room. The display of
information and/or other images may be a system state, a patient state, a surgical tool
position or another relevant image. A compact sensor, range scanner or range imager
may be employed to capture two-dimensional or three-dimensional distance
information in the x-ray system. The distance information is used to reduce distortion in
the projected image, selectively darken regions of the projected image, automatically
configure the x-ray system, capture inputs from the operator, and/or improve safety in
the x-ray system. The range imaging device is associated with the projector to receive
input from the projected scene that is used for machine input and for safety through

collision avoidance.
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[0003] In a first aspect, an x-ray system is provided including an x-ray emitter, an x-
ray detector and a table configured for receiving an object to be irradiated. The x-ray
system includes a projector configured to project a display of information on the table,
on the object to be irradiated, or on the table and the object.

[0004] In a second aspect, a C-arm x-ray system is provided including a C-arm having
a first end and second end. An x-ray source is mounted to the first end of the C-arm and
an x-ray detector is mounted to the second end. The x-ray system includes a table
configured for receiving a patient to be irradiated and a projector configured to project
a display of information on the table, on the patient, or on the table and the patient.
[0005] In a third aspect, a method for a projection display on an x-ray imaging device
is provided. The method includes orienting an x-ray source and x-ray detector relative
to the table and projecting a display of information on the table, on an object to be
irradiated on the table, or on the table and the object, using a projector. The projected
display of information includes an x-ray device state, a patient state, a surgical tool
position, an image captured by the x-ray imaging device or a marketing image.

[0006] The present invention is defined by the following claims, and nothing in this
section should be taken as a limitation on those claims. Further aspects and advantages
of the invention are discussed below in conjunction with the preferred embodiments

and may be later claimed independently or in combination.
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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 embodiments. Moreover, in
the figures, like reference numerals designate corresponding parts throughout the
different views.

[0008] Figure 1 illustrates an example of a display of information from a projection
display device on an x-ray imaging device table.

[0009] Figure 2 illustrates an embodiment of a system for a projection display device
mounted to an x-ray imaging device C-arm.

[0010] Figure 3 illustrates an embodiment of a system for a projection display device
mounted above an x-ray imaging device table

[0011] Figure 4 is a flowchart diagram of an embodiment of a method for a
projection display on an x-ray imaging device.

Detailed Description of Exemplary Embodiments

[0012] The present embodiments provide a projection display for an x-ray system,
such as on a C-Arm of fluoroscopy device or other x-ray system. The projection display
projects a display of information and/or other images on an x-ray table and/or a patient,
providing the operator with a source of information for safety, guidance, and/or
calibration. The projection display also provides improved ergonomics. One or more

projectors allow the x-ray system to provide information for multiple applications to be
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displayed concurrently. The one or more projectors are incorporated with x-ray imaging
devices to offer additional data and device status efficiently and intuitively. A range
scanner, sensor or range imager may also be incorporated allowing for additional input
and scanning possibilities. Using the projected display of information takes up no
additional space in the room and incorporating a range scanner results in an intuitive,
touch-free operator interface. The projector and range scanner further allow for a
focus-free projection system with limited distortion across display surfaces.

[0013] The projection display device on an x-ray system may improve diagnostic and
calibration efficiency by providing the operator with direct feedback via the projected
display of information. The projection display device may provide the operator with
direct visual feedback during a procedure, such as by providing an electrocardiogram
(ECG) and other relevant patent information, by displaying an instrument location,
and/or by projecting other relevant information and/or images. The projection display
of information may enhance the safe use of the x-ray system, such as by indicating the
status of the system (i.e., on or off; active or inactive) and the optional range scanner
may automatically calibrate the position, angular orientation, exposure time and
radiation level for the patient. The projection display device may provide improved x-
ray system status indication and may facilitate enhanced debugging of the x-ray system.
The projection display device may also differentiate the x-ray system, or a feature of the

x-ray system, from the market by setting the projection display device in a marketing
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mode. By projecting advertising, funds may be raised or the system may be better
distinguished from competitors at trade shows. Additionally, during system downtimes,
information on the next maintenance dates or new company products can be displayed.
[0014] Figure 1 illustrates an example of a display of information from a projection
display device on an x-ray imaging device table. Figure 1 depicts a rendering of an
embodiment of an x-ray system 100 with multiple projectors. In this example, the x-ray
system 100 is a C-arm collimator. Other medical imaging systems are contemplated,
such as a magnetic resonance (MR) or computerized tomography (CT) scanner. The x-
ray system 100 includes an x-ray emitter or source 201, an x-ray detector 203 and a
table 205. The x-ray system 100 includes an operator interface 213 for controlling the x-
ray system 100, including, for example, joysticks and other input devices. The x-ray
system 100 also includes a display panel 215. The display panel 215 is typically mounted
above the table 205. One or more projectors (not depicted in figure 1) are mounted to
the x-ray emitter 201, to the x-ray detector 203, to another component of the x-ray
system 100, in a ceiling, on a wall, or anywhere with a direct line of sight to the table
205 (e.g., to the ceiling above the x-ray system 100). Additional, different, or fewer
components may be provided.

[0015] In the rendering depicted in figure 1, one or more projectors (not depicted in
figure 1) project a display of information and/or other images on the table 205,

providing the operator with information about the system state, the patient state, one
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or more surgical tool positions and/or other information. For example, a system state
219, such as collimator settings, is projected directly onto the region of the table 205 to
be scanned (i.e., irradiated). In this example, no patients or other objects are place on
the table 205. For example, the system state 219 can be used without a patient or other
object during maintenance, calibration, setup or the like. In another example,
collimator settings are projected directly onto the patient or other object to be scanned.
Further, as depicted in figure 1, a patient state 221 is projected directly onto the table
205. For example, a patient state 221 includes the patient’s electrocardiogram (ECG),
blood pressure and other vital signs. Additionally or alternatively, a patient state 221
includes a fluoroscopy or other image, a series of captured images (e.g., previously
captured (preop) and replayed images, or images captured in real-time), another
relevant image or a combination thereof (e.g., an image superimposed over another
image). Finally, as depicted in figure 1, marketing information 223 is projected directly
on the table 205. For, example, the marketing information 223 is a company logo that is
included for marketing purposes, such as for display during a startup routine or at a
trade show. Additional, different, or fewer types of information may be projected.
[0016] The projected display of information and/or other images, including the
system state 219, the patient state 221, and the marketing information 223 are
provided in addition to, or in replacement of, the display panel 215. Frequently, the

display panel 215 is an overhead monitor, a built-in display and/or support computers
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used to communicate information to the operator. The projected display of information
and/or other images allow information to be communicated to the operator without the
operator diverting attention away from the patient and/or the table, or the operator
having to constantly look up or move to view the display panel 215. Use of two or more
projectors can further alleviate the need for the operator to divert attention to the
display panel 215, such as during calibration by displaying various test images on table
205. During a procedure, the projected display of information and/or other images
increase efficiency and ergonomics associated with the procedure by alleviating the
need to divert the operator’s attention from the patient to view display panel 215. For
example, collimator settings and an X-ray status can be projected as lines across the
patient or object being irradiated, and adjustments to the collimator are projected
directly on the table without the operator having to look to the overhead display 215.
Further, an optional range scanner or other sensor (not depicted in figure 1) can be
included in x-ray system 100. The range data may be used to calibrate and service the x-
ray system, to reduce distortion in the display of information and/or other images, and
to improve safe use of the x-ray system.

[0017] Figure 2 illustrates an embodiment of a system for a projection display device
mounted to an x-ray imaging device C-arm. The x-ray system 200 includes an x-ray
emitter or source 201, an x-ray detector 203, projectors 207A and 207B, range scanners

or sensors 209A and 209B, and radio-transparent mirrors 211. Additional, different, or
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fewer components may be provided. For example, fewer or additional projectors and
range scanners may be provided, such as on multiple C-arms. Further, a radio-
transparent surface may be placed over the object to be irradiated.

[0018] Figure 3 illustrates another embodiment of a system for a projection display
device mounted above an x-ray imaging device table. The x-ray system 300 includes an
X-ray emitter or source 201, an x-ray detector 203, a projector 207, a range scanner or
sensor 209, radio-transparent mirrors 211 and a radio-transparent material 217.
Additional, different, or fewer components may be provided. In this embodiment, the
projector 207 and the range scanner 209 are mounted in a fixed location relative to the
table 205, such as to the ceiling above the table 205. Alternatively, the projector 207
and the range scanner 209 are mounted in a semi-fixed location relative to the table
205, such as on a sliding mechanism mounted to the ceiling above the table 205. In
another embodiment, the projector 207 is mounted to the ceiling above table 205 and
the projectors 207A and 207B are mounted to the C-Arm. In this embodiment, a fixed
(ceiling mount) and moving (C-arm mount) source of projections are provided. Other
combinations of one or more projectors mounted in the x-ray system are contemplated,
such as combinations of projectors mounted to an x-ray source, an x-ray detector
and/or mounted in a fixed location or semi-fixed location.

[0019] The present embodiments enhance existing x-ray systems 100, 200 and 300.

For example, the projector(s) 207 and 207A, and the optional range scanner(s) or
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sensor(s) 209 and 209A, are mounted to the X-ray source or emitter 201. Radio-
transparent mirrors 211 direct the projector 207 and 207A output directly on the
irradiated or other region of the table 205 and/or on the objected being irradiated. The
radio-transparent mirrors direct the projector to the match the field of view of the x-ray
emitter without blocking x-rays from the device. The radio-transparent material
provides a smooth surface to capture the projected image without interfering with the
X-ray image acquisition. Alternatively, the output of the projector 207 and 207A is
projected on another surface in the room. A range-scanner or sensor 209 and 209A is
optionally used to capture two-dimensional or three-dimensional range data for surface,
the table 205 and/or the objected being irradiated. By detecting the two-dimensional
data or three-dimensional shape of the surface on which the projected image is
displayed, the projected output may be adjusted to reduce distortions on uneven
surfaces. Further, the range-scanner or sensor 209 and 209A serves as an input to the x-
ray system in order to track the C-arms and other objects in the range scanner or
sensor’s field of view. In another example, a projector 207B and a range scanner or
sensor 209B are also be placed on the x-ray detector 203 allowing for projected images
regardless of the orientation of the C-arm.

[0020] The x-ray systems 100, 200 and 300 include an x-ray source or emitter 201
and an x-ray detector 203. In an example, the x-ray system is a monoplane C-arm

system having a two ends. In this example, the x-ray emitter or source 201 is mounted

10
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to one end of the C-arm and the x-ray detector 203 is mounted to the other end of the
C-arm. In another example, the x-ray system is a biplane C-arm system, have two C-
arms, with each C-arm having an x-ray emitter or source 201 and an x-ray detector 203.
The x-ray systems 100, 200 and 300 are configured to acquire x-ray images of a patient
or other object by irradiating the examination object with x-rays directed at the object
from one or more locations in space using the x-ray emitter or source 201 and the x-ray
detector 203 mounted to one or more C-arms. The X-Ray systems 100, 200 and 300 also
include a table 205 or other surface that receives the other object to be irradiated.
[0021] The x-ray systems 100, 200 and 300 include one or more projectors 207, 207A
and 207B. The projectors 207, 207A and 207B are configured to project a display of
information or other images onto the table 205, on the object, on the table and the
object, or on another surface. The projectors 207, 207A and 207B are provided using
any now existing or future projector technology, such as standard bulb projector or a
laser projector. Preferably, the projectors 207, 207A and 207B are provided in a
compact design. For example, laser projectors are provided. Laser projectors are
compact and more energy efficient than standard bulb projectors and allow for a wide
range of focused projections in full color. The projectors 207, 207A, and/or 207B project
two-dimensional images. The projections have three or more levels of brightness.
While a single color may be used, two or more colors are provided in other

embodiments. For example, the projector has 128 more or levels of brightness using 32
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or more different colors, allowing for a two-dimensional image communicating more
information than a dot or grid.

[0022] The projected display of information or other images allow the operator to
view the display of information or other relevant images without having to divert
attention away from the table 205, such as to view an overhead monitor 215, a built-in
display or a support computer used to communicate information to the operator. For
example, the projected display of information or other relevant images communicate an
x-ray system status; a device status; a patient state or other relevant patient
information; a surgical tool position; safety information; and/or marketing information.
Additional, different, or less information may be provided.

[0023] For example, the projected display of information or other images allow for x-
ray system status and device states to be displayed on the table 205 without the
operator or service technician having to constantly move back from the x-ray system to
view the display panels 215. Two or more projectors are used during calibration
displaying test images. The optional range scanner(s) 209, 209A and 209B are used to
detect objects on the table 205 to better calibrate or service the x-ray system. In
another example, the projected display of information or other images serve as a step-
by-step guidebook for maintenance, calibration and operation. The large, movable
projections permit the technician to observe instructions without confining the

instructions to a small fixed display or in a set location. The projections also allow for
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faster and more intuitive maintenance and setup, and better ergonomics for the
operator.

[0024] During a procedure, the projected display of information or other images
increase efficiency and ergonomics. For example, an x-ray system setting, such as one
or more collimator settings 219, and an x-ray status, such as projecting different colors
when the collimator is on or off (e.g., active or inactive), is projected across the patient
or object being irradiated. In this example, adjustments to the collimator are projected
directly on the table 205 without the operator diverting attention to the overhead
display 215. In another example, depending on the procedure being performed and the
distance from the emitter 201 and detector 203 from the patient or object being
irradiated, the projected display of information or other images are projected directly
on the patient. In another example, the projected display of information or other
images are projected on another region of the table 205. In this example, during an
interventional radiology procedure, a catheter is inserted into the patient’s leg and
driven to the heart. A representation of the catheter may be projected onto the patient
(e.g., in a different color). In another example, one or more real-time fluoroscopy
images are projected, providing the operator with a direct contextual reference without
diverting the operator’s attention to an overhead monitor 215. In this example, a
previously captured fluoroscopy image, or a sequence of a previously captured images,

may also be projected. In a further example, a patient state 221 includes the patient’s
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electrocardiogram (ECG), blood pressure and other vital signs are overlaying a
fluoroscopy image, or are projected independently. In the event that the C-arm is too
close to the patient’s chest to allow for a clear view of the projected display of
information, the projected display of information is provided near the imaging site, such
as projecting collimator settings on table 205 next to the patient.

[0025] The projected display of information or other images may display safety
information. For example, the projector can emit a display of information or other
images in different colors and different images based upon the status of the x-ray
emitter 201. Traditionally, an x-ray light is provided at the entrance to a room signifying
when the x-ray system is active. In this example, a red warning image is also projected
notifying operators with a direct view of the projected display of information the status
of the x-ray system, without having to rely on the x-ray light or other warning. Further,
to prevent the C-arm from colliding with objects in close proximity to the x-ray system,
the optional range scanner is used to identify obstructions, allowing the x-ray system to
limit the C-Arm movement to avoid potential damage to the C-arm and other devices,
and to prevent injury to the operator and the patient.

[0026] The projected display of information or other images provides marketing
opportunities. For example, a company logo is projected, such as marketing image 223,
during the x-ray system startup routine. The company logo is projected on the table 205

during system startup. In an example, a company or product logo is projected along
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with a countdown. Alternatively, the company or product logo is permanently
projected, such as during a trade-show, a sale call or during other marketing events.
Additional marketing images may also be projected. For example, because the projector
is not limited to projecting a single image, a full color video presents additional
marketing opportunities allowing the projector to be tailored to project additional
content and marketing ideas. In an example, an x-ray system includes a “Demo Mode”
or “Marketing Mode” that is enabled for trade shows, sale calls and other marketing
events. In addition to the company logo, system features and system highlights can also
be displayed in an animated fashion, allowing the x-ray system to stand out visually and
distinguishing the x-ray system from competing systems. In the trade show example, x-
ray system is often provided without the x-ray detector and emitter units for various
reasons, such as to save shipping weight and other costs. In this example, the projector
and range scanner may be included because one or more compact projectors and range
scanners add only negligible weight and cost to the x-ray system.

[0027] The x-ray systems 100, 200 and 300 include one or more range scanners or
sensors 209, 209A and 209B configured to capture 3D distance measurements for the x-
ray system. A range scanner is a sensor, a range finder or other range detection device
that captures two-dimensional (2D) or three-dimensional (3D) distance measurements.
For example, a range scanner or sensor 209, 209A and 209B captures an image with

distance measurements. In one implementation, the range scanner or sensor 209, 209A
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and 209B captures an image consisting of colored pixels and captures the distance of
each pixel to the range scanner or sensor 209, 209A and 209B. In an implementation,
the distance measurements are used by the x-ray system to map all surfaces in the
range scanner’s field of view. The range scanners 209, 209A and 209B are provided
employing any now existing or future range detection technology. Preferably, the range
scanners 209, 209A and 209B are provided in a compact design. For example, compact
cameras and sensors for mobile phones (e.g., Capri 1.25 by PrimeSense) and full-size
systems (e.g., Carmine 1.09 by PrimeSense) may be provided. Such systems are often
provided with application program interfaces (API) for range image data processing and
gesture recognition processing functionality. The range scanner or sensor 209, 209A,
209B may interact with the projector 207, 207A, 207B, such as the projecting a grid
pattern used to determine range or surface shape.

[0028] The range scanners or sensors 209, 209A and 209B capture range data for the
table 205, the objecting being irradiated, and/or the area surrounding the table 205.
For example, the three-dimensional range data is used for the following applications: to
adjust the projected image parameters and to limit distortion in the projected image; to
calibrate the x-ray system and to automatically orient and configure the table and
scanner parameters to the object being irradiated; to prevent collisions with the x-ray
system; and to receive operator inputs. Additional, different, or fewer applications may

be provided.
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[0029] The range data is used to adjust the projected display of information or other
images by adjusting the projection parameters to limit distortion and to improve focus
in the projected display of information or other images. For example, mounting a range
scanner 209, 209A and 209B with the same or similar field of view as a projector 207,
207A and 207B enables the range scanner to collect three-dimensional range data used
to adjust the projector output by adjusting the shape and focus of the display of
information and to reduce distortion. The projection surface may not be flat, such as
when an image is projected directly on a patient. In this example, the range data is used
to adjust the projected image making the projected image appear as if the image is
being projected on a uniformly flat surface.

[0030] Three factors that impact the projected image quality and experience are: the
image focus (e.g., the image is focused on the desired surface for clarity); the image
contrast (e.g., the image provides contrast to show details); and the selectively
darkened regions (e.g., regions where the projector does not project light). Image focus
(i.e., clarity) can be an issue when employing standard bulb projector technology. Itis
desirable for the x-ray system to project the sharpest image possible on a given surface.
The range data is used to adjust the focus to project a sharper image. For example, the
range data may be used to provide a focus-free system, by facilitating the automatic

focus of the projected image. In some instances, using laser projection technology can
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minimize or eliminate focus issues because many laser projection systems do not
require focus.

[0031] Image contrast and quality can vary depending upon ambient lighting and the
projection surface. For example, in most interventional radiology procedures, ambient
lighting is low. Low ambient lighting typically provides a suitable environment for
projecting images. The projection surface also impacts the quality of the projected
image. For example, if the projection surface is a patient or another object, the color of
the patient’s clothing is selected to provide a better surface for the projected images. In
one implementation, an optional radio-transparent surface is placed over a portion of
the table 205 or the object being irradiated to provide improved contrast and provide a
more uniform surface upon which the images are projected.. In this example, the radio-
transparent surface is a rigid or semi-rigid cloth. Alternatively, the radio-transparent
surface is a lightweight radio-transparent cover placed on the table 205. Other radio-
transparent materials are contemplated. The radio-transparent surface is a low-cost
accessory that is be used when a higher quality image is desired. Not all of the
applications require high quality image to be effective. In another implementation, the
output color of image is changed to better interact with the color of the table 205 or the
object being irradiated. In this example, the color of the table 205 and/or the object

being irradiated and x-ray system is used to adjust the projected image to provide
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suitable contrast for a quality image. In one example, a color camera detects the color
of the table 205 and/or the object being irradiated.

[0032] In another example, the range data is used to selectively darken regions of the
projected image. In this example, a portion of the projected image is darkened where
there is a lack of information or that no information is being displayed. In another
example, projecting images on a light-sensitive region of the table or a light-sensitive
region of the patient is avoided, such as over the patient’s eyes.

[0033] In another example, the range data consists of each pixel being labeled by a
distance or can also be a series of three-dimensional points in the case of a three-
dimensional range scanner. When associated with the projector, the range scanner is a
2D matrix of distances from the x-ray emitter or detector depending upon the
implementation. The data is used to automatically orient and configure the table and
scanner parameters to the object being irradiated. For example, the range data is used
to calibrate the x-ray system during maintenance. In another example, the range
scanner is used to automatically configure the x-ray system for a patient for the given
procedure. In this example, depending on the given procedure type, range data can
automatically adjust the settings (e.g., C-arm position, angular orientation, exposure
time, radiation dosage, etc.) for the patient region receiving the procedure. By
analyzing the shape of the patient from the range data, the patient’s chest or head can

be identified to automatically position the table and C-Arms for the intended procedure.
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Before the procedure, the range scanner data is used to determine the region of the
patient that will be imaged and is used to automatically configure the x-ray source for
irradiating the region to be imaged. Additionally, the range data is used to track the
orientation of the patient and nearby objects in the operating room. The patient
orientation can be used to automatically re-configure the C-arm during the procedure.
For example, in a heart procedure, the range data is used to identify the patient's torso
and the table 205. Using the identified locations, the C-arms are automatically oriented
in position for the procedure. The same range data can also be used to identify light-
sensitive regions, such as the patient's eyes, and black out the projected image in the
light-sensitive regions. Additionally, fluoroscopic images and pre-operative overlay
information is projected directly on the region being irradiated. The projected
fluoroscopic images and pre-operative overlay information can be dynamically adjusted
if the table or C-arms are repositioned.

[0034] The range datais also used to prevent collisions within the x-ray system. For
example, C-arm movement is limited when obstructions are detected based on the
range data. For example, an x-ray system is typically programmed for the location of
the table 205 and the other objects that are part of the x-ray system. In this example,
the range data is used to prevent the C-arm for colliding with the operator or other staff
in the room, with additional equipment used in the procedure, such as surgical trays, or

with any other objects that are not preprogrammed in the x-ray system, such as other
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robotics in the room. In an implementation, the x-ray system would stop all movement
when range data values between objects reach a threshold distance (e.g., a value close
to zero) or when objects are detected in close proximity to the sensor.

[0035] The range datais also used to receive operator inputs. Traditionally, operator
inputs are received via operator interface 213. The operator interface 213 includes
joysticks and other input devices. Receiving operator inputs from the range data can
reduce the operator’s reliance on the operator interface 213, and in some instances,
eliminate the need for the operator interface 213 altogether. Further, eliminating the
operator interface 213 altogether saves preparation time, effort and cost expended
sanitizing and prepping (e.g., installing disposable plastic covers) the operator interface
213

[0036] For example, the range data is used to augment the operator interface
experience allowing the operator to input commands via gestures, such as using hand
gestures. The operator’s hand creates a range of distance values closer to the scanner
and are segmented from the rest of the distance data. The distance values are used to
identify individual fingers and are used to identify which gesture the operator is making.
In this example, the range scanner dynamically tracks the operator and identifies
operator’s inputs via gesture recognition functionality. Various gestures are recognized.
In an example of gesture recognition, the collimator settings can be adjusted by the

operator forming an L-shaped gesture with the operator's hand. The L-shaped gesture
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signifies a corner of the collimator’s aperture, and moving the L-shape gesture adjusts
the collimator by increasing or decreasing the size of the aperture. Simultaneously, the
projector can project the identified gesture onto the operator’s hand as a feedback to
make sure the system identified the correct hand gesture and hand location. In another
example, overlaid images obtained from pre-operational images are useful for
navigation and guidance during a procedure. These overlays are often difficult to
enable, disable or adjust with the operator interface 213. Various gestures for moving,
aligning, rotating the overlays saves the operator time and effort utilizing the pre-
operational images. Another gesture disables or enables the overlays. In yet another
example, gestures for frequently used operations allow the operator to have fast and
intuitive control of critical functions in the x-ray system without depending on or
communicating with support staff for the frequently used functions. In this example, a
frequently used function is moving the C-arm. A grabbing and pulling gesture may be
used to move the C-arm.

[0037] In one implementation, when the range data is also used to receive operator
inputs, the region for such inputs can be limited to a set region, such as near the control
unit. In another implementation, the projector projects an image on the operator’s
hand when the x-ray system is receiving an input gesture. For example, a shape, color
or other identifier of the gesture is projected on the operator’s hand to signify the input

gesture. Additionally, a gesture control is used to open additional applications and used
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to provide direct interfaces to the most often used controls for those additional
applications.

[0038] Figure 4 is a flowchart diagram of an embodiment of a method for a
projection display on an x-ray imaging device. The method is implemented by the
system of figure 1, 2, 3 and/or a different system. Additional, different or fewer acts
may be provided. The method is provided in the order shown. Other orders may be
provided and acts may be repeated.

[0039] At act 401, an x-ray source and x-ray detector is oriented relative to a table.
[0040] At act 403, a display of information is projected on the table, on an object to
be irradiated on the table, or on the table and the object. The display of information is
projected by one or more projectors. The projected display of information includes an
x-ray device state, a patient state, a surgical tool position, an image captured by the x-
ray imaging device and/or a marketing image.

[0041] At act 405, three-dimensional (3D) distance measurements are obtained for
the x-ray system. The three dimensional distance measurements are obtained by a
range scanner, a sensor or a range finder. Act 405 may be performed before act 403, so
that the projection accounts for the detected ranges or identified parts of the surface
onto which the image is projected.

[0042] At act 407, the projected image shape or focus is adjusted based on the

gathered three-dimensional distance measurements.
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[0043] Various improvements described herein may be used together or separately.
Although illustrative embodiments of the present invention have been described herein
with reference to the accompanying drawings, it is to be understood that the invention
is not limited to those precise embodiments, and that various other changes and
modifications may be affected therein by one skilled in the art without departing from

the scope or spirit of the invention.
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| CLAIM:

1. An x-ray system comprising:
an x-ray emitter 201;
an x-ray detector 203;
a table 205 configured for receiving an object to be irradiated; and
a projector 207 configured to project a display of information on the table 205,

on the object, or on the table 205 and the object.

2. The system of claim 1 wherein the projected display of information comprises an

X-ray system state, a patient state, a surgical tool position, or a marketing image.

3. The system of claim 1 wherein the projected display of information comprises a

fluoroscopy image or a sequence of saved images projected directly on the object.

4. The system of claim 1 further comprising:

a radio-transparent surface 217 placed over the object.

5. The system of claim 4 wherein the radio-transparent surface 217 comprises a

cloth.
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6. The system of claim 1 further comprising:

a sensor 209 configured to take distance measurements for the x-ray system.

7. The system of claim 6 wherein the distance measurements are used for

configuring the x-ray emitter 201 or the image projector 207.

8. The system of claim 6 wherein the distance measurements are used to reduce

distortion in the projected image.

9. The system of claim 6 wherein the distance measurements are used to receive
input gestures from an operator; and
wherein the projector 207 is further configured to project a display of

information comprising an operator input gesture and location.

10. A C-arm x-ray system comprising:
a C-arm having a first end and second end, wherein an x-ray source 201 is
mounted to the first end and an x-ray detector 2-3 is mounted to the second end;

a table 205 configured for receiving a patient to be irradiated; and
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a projector 207 configured to project a display of information on the table 205,

on the patient, or on the table 205 and the patient.

11. The system of claim 10 wherein the projector 207 is mounted to the C-arm.

12. The system of claim 10 wherein the projector 27 is mounted to a fixed location

above the table 205.

13.  The system of claim 10 wherein the projector 207 is mounted to the C-arm; and
further comprising

an additional projector 207 mounted to a fixed location above the table 205.

14. The system of claim 13 wherein the projector 207 mounted to the C-arm is
configured to project a first display of information and the additional projector 207 is

configured to project a second display of information.

15. The system of claim 10 further comprising:

a sensor 209 configured to gather distance measurements for the C-arm x-ray

system.
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16. The system of claim 10 wherein the distance measurements are used for collision

safety for the C-arm.

17. The system of claim 10 wherein the distance measurements are used to

configure the orientation of the C-arm.

18. A method for a projection display on an x-ray imaging device, the method
comprising:
orienting an x-ray source 201 and x-ray detector 203 relative to the a table 205;
projecting, by a projector 207, a display of information on the table 205, on an
object to be irradiated on the table 205, or on the table 205 and the object; and
wherein the projected display of information comprises an x-ray device state, a
patient state, a surgical tool position, an image captured by the x-ray imaging device or

a marketing image.

19. The method of claim 18 wherein providing an x-ray imaging device further

comprises:

obtaining distance measurements for the x-ray system with a sensor 209.
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20. The method of claim 19 further comprising:
adjusting the projected image shape or focus based on the gathered distance

measurements.

29



WO 2016/195684 PCT/US2015/034098

.

\\ N

213
\ \\\\\V\\\\\\.\\\\



WO 2016/195684 PCT/US2015/034098

fik

—

rreeg,

.
0
%

s, e =
e R el .
S e et PR

=,
s,
e,

o




PCT/US2015/034098

WO 2016/195684

3/4

203

....... 4
e
",

o 4

FIG. 3




WO 2016/195684 PCT/US2015/034098

4/4

401

Orienting an x-ray source and an x-ray detector relative to a table.

403

Y ¢

Projecting a display of information on the table, on an object to be

irradiated, or on the table and the object.

405

\
\\ v

Obtaining three-dimensional measurements for the x-ray system with

a sensor.

¥

Adjusting the projected image shape or focus based on the obtained

three-dimensional distance measurements.
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