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(57) ABSTRACT

An ultrasound apparatus has a beamformer, a control logic
processor, and a transducer probe configured to direct and
detect ultrasound signals. A control panel is in wireless
signal communication with the control logic processor. A
display monitor is in wireless signal communication with the
control logic processor.
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FIG. 7B
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USER INTERFACE AND DISPLAY FOR AN
ULTRASOUND SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional application U.S. Ser. No. 62/378,277, provisionally
filed on Aug. 23, 2016, entitled “USER INTERFACE AND
DISPLAY FOR AN ULTRASOUND SYSTEM”, in the
name of Michael C. Lalena, incorporated herein in its
entirety.

[0002] This application claims the benefit of U.S. Provi-
sional application U.S. Ser. No. 62/378,283, provisionally
filed on Aug. 23, 2016, entitled “ULTRASOUND SYSTEM
HAVING CLEAN FEATURE?”, in the name of Michael C.
Lalena, incorporated herein in its entirety.

[0003] This application claims the benefit of U.S. Provi-
sional application U.S. Ser. No. 62/378,260, provisionally
filed on Aug. 23, 2016, entitled “ULTRASOUND SYSTEM
HAVING CUSTOMIZED LOGIN?, in the name of Michael
C. Lalena, incorporated herein in its entirety.

TECHNICAL FIELD

[0004] The disclosure relates generally to the field of
ultrasound imaging apparatus and more particularly to ultra-
sound apparatus design suited to operator and patient ergo-
nomics.

BACKGROUND

[0005] Ultrasound imaging systems/methods are well-
known medical devices, such as those described, for
example, in U.S. Pat. No. 6,705,995 (Poland), U S. Pat. No.
5,370,120 (Oppelt), and U.S. Pat. No. 8,285,357 (Gardner),
all of which are incorporated herein in their entirety. Various
applications for diagnostic ultrasound svstems are given, for
example, in the article entitled “Ultrasound Transducer
Selection In Clinical Imaging Practice”, by Szabo and
Lewin, Journal of Ultrasound Medicine, 2013; 32:573-582,
incorporated herein by reference in its entirety.

[0006] Ultrasound sensing utilizes sound waves at fre-
quencies higher than those perceptible to the human ear.
Ultrasonic images known as sonograms are generated as a
result of pulsed ultrasonic energy that has been directed into
tissue using a probe. The probe obtains echoed sound energy
from the internal tissue and provides signal content that
represents the different sound reflectivity exhibited by dif-
ferent tissue types. This signal content is then used to form
images that visualize features of the internal tissue. Medical
ultrasound, also known as diagnostic sonography or ultra-
sonography, is used as a diagnostic imaging technique used
to help visualize features and operation of tendons, muscles,
joints, vessels and internal organs of a patient.

[0007] An ultrasound device has a control panel and an
image display. The control panel includes a plurality of
control features/selectors, for example buttons, sliders, track
ball, and the like. Medical practitioners recognize that
regular cleaning of medical devices such as the control panel
surfaces helps to reduce, eliminate, and/or prevent the
spread of disease. Medical practitioners have also recog-
nized that it is difficult to keep the control panel clean. In
addition to control fixtures, some control panels also include
one or more speakers where the speaker grill should also be
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cleaned; cleaning these devices can be difficult, particularly
if the speaker grill includes voids, holes, or crevices.
[0008] In order to make ultrasound apparatus easier to use
and more flexibly adaptable for diagnostic imaging, manu-
facturers continue to make these devices more compact and
to improve ergonomic aspects of equipment setup and use.
In particular, there have been a number of proposed solu-
tions for adapting the operator display and control panel to
the diagnostic environment, such as providing equipment
surfaces that can be readily cleaned and disinfected.
Attempts to improve ergonomics and workflow have been
directed to features that allow the operator to perform the
imaging tasks with more relaxed posture and allow
improved visibility of imaging results for the patient.
[0009] While existing systems may have achieved certain
degrees of success in their particular applications, there is a
need for further improvement in adapting ultrasound equip-
ment design to be better suited to diagnostic requirements
and overall usability.

SUMMARY

[0010] An object of the present disclosure is to address the
need for improved ergonomics and usability for ultrasound
apparatus.

[0011] These objects are given only by way of illustrative
example, and such objects may be exemplary of one or more
embodiments of the invention. Other desirable objectives
and advantages inherently achieved by the may occur or
become apparent to those skilled in the art. The invention is
defined by the appended claims.

[0012] According to one aspect of the disclosure, there is
provided an ultrasound apparatus comprising: a beam-
former; a control logic processor; a transducer probe con-
figured to direct and detect ultrasound signals; a control
panel that is in wireless signal communication with the
control logic processor; and a display monitor that is in
wireless signal communication with the control logic pro-
Cessor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The foregoing and other objects, features, and
advantages of the invention will be apparent from the
following more particular description of the embodiments of
the invention, as illustrated in the accompanying drawings.
The elements of the drawings are not necessarily to scale
relative to each other.

[0014] FIGS. 1A and 1B show exemplary ultrasound
systems.

[0015] FIG. 2 shows a schematic of an exemplary ultra-
sound system.

[0016] FIG. 3 illustrates a sonographer using an exem-
plary ultrasound system.

[0017] FIG. 4 shows a displayed ultrasound image having
a region of interest, shown in grayscale.

[0018] FIG. 5 shows a displayed ultrasound image having
a region of interest, wherein a portion of the region of
interest is highlighted in color.

[0019] FIG. 6 is a top view showing an ergonomic
arrangement for an ultrasound system.

[0020] FIG. 7A shows an exemplary controller that may
be suitable for an ultrasound system.

[0021] FIG. 7B shows an exemplary controller that may
be suitable for an ultrasound system.
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[0022] FIG. 8 shows an exemplary controller that may be
suitable for an ultrasound system.

[0023] FIG. 9 shows an exemplary controller that may be
suitable for an ultrasound system.

[0024] FIG. 10 shows an exemplary controller that may be
suitable for an ultrasound system.

[0025] FIG. 11 is a perspective view that shows a remov-
able control panel.

[0026] FIG. 12 is a plan view showing a configurable
control panel.
[0027] FIGS. 13A, 13B, and 13C show an ultrasound

system configuration for docked and wireless use, respec-
tively.

[0028] FIG. 14 is a schematic diagram showing compo-
nents for wireless recharging of control panel portions
according to an embodiment of the present disclosure.
[0029] FIG. 15 is a schematic diagram that shows some
basic components for a wireless charging system that uses
inductive charging or a similar wireless charging mecha-
nism.

[0030] FIG. 16 shows an ultrasound system having an
etched glass control panel.

[0031] FIG. 17 shows speaker grills with a distributed
mode loudspeaker (DML)/Flat Panel Speaker.

[0032] FIG. 18 shows an ultrasound system suitable for
customized login.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0033] The following is a detailed description of the
preferred embodiments, reference being made to the draw-
ings in which the same reference numerals identify the same
elements of structure in each of the several figures.

[0034] Where they are used in the context of the present
disclosure, the terms “first”, “second”, and so on, do not
necessarily denote any ordinal, sequential, or priority rela-
tion, but are simply used to more clearly distinguish one
step, element, or set of elements from another, unless
specified otherwise.

[0035] As used herein, the term “energizable” relates to a
device or set of components that perform an indicated
function upon receiving power and, optionally, upon receiv-
ing an enabling signal.

[0036] In the context of the present disclosure, the phrase
“in signal communication” indicates that two or more
devices and/or components are capable of communicating
with each other via signals that travel over some type of
signal path. Signal communication may be wired or wire-
less. The signals may be communication, power, data, or
energy signals. The signal paths may include physical,
electrical, magnetic, electromagnetic, optical, wired, and/or
wireless connections between the first device and/or com-
ponent and second device and/or component. The signal
paths may also include additional devices and/or compo-
nents between the first device and/or component and second
device and/or component.

[0037] In the context of the present disclosure, the term
“subject” is used to describe the patient that is undergoing
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ultrasound imaging. The terms “sonographer”, “technician”,
“viewer”, “operator”, and “practitioner” are used to indicate
the person who actively operates the sonography equipment.
[0038] The term “highlighting” for a displayed element or
feature has its conventional meaning as is understood to

those skilled in the information and image display arts. In
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general, highlighting uses some form of localized display
enhancement to attract the attention of the viewer. High-
lighting a portion of a display, such as a particular value,
graph, message, or other element can be achieved in any of
a number of ways, including, but not limited to, annotating,
displaying a nearby or overlaying symbol, outlining or
tracing, display in a different color or at a markedly different
intensity or grayscale value than other image or information
content, blinking or animation of a portion of a display, or
display at larger scale, higher sharpness, or contrast.

Overview of Ultrasound Apparatus and Technology

[0039] FIGS. 1A-1B and FIGS. 2-3 show exemplary por-
table ultrasound systems 10 that use a cart/base/support, cart
12, a display/monitor 14, one or more input interface devices
16 (such as keyboard or mouse), and a generator or beam-
former 18 that is energizable to generate an ultrasound
signal. The display/monitor 14 can also be a touchscreen to
function as an input device. As illustrated, the ultrasound
system 10 can be a mobile or portable system designed to be
wheeled from one location to another. As FIG. 2 shows, the
ultrasound system 10 has a central processing unit CPU 20,
a control logic processor that provides control signals and
processing capabilities. CPU 20 is in signal communication
with display 14 and interface device 16, as well as with a
storage device 22 and an optional printer 24. A transducer
probe 26 provides the ultrasound acoustic signal and gen-
erates an electronic feedback signal indicative of tissue
characteristics from the echoed sound.

[0040] FIG. 3 shows an example of an ultrasound system
10 in use with an image provided on display/monitor 14.
[0041] Different types of images, with different appear-
ance, can be formed using sonographic apparatus. The
familiar monochrome B-mode image displays the acoustic
impedance of a two-dimensional cross-section of tissue.
Other types of image can use color or other types of
highlighting to display specialized information such as
blood flow, motion of tissue over time, the location of blood,
the presence of specific molecules, tissue stiffness, or the
anatomy of a three-dimensional region.

[0042] Accordingly, the ultrasound systems of FIGS. 1A-3
are typically configured to operate within at least two
different ultrasound modes. As such, the system provides
means to switch between the at least two different ultrasound
modes. Such a multi-mode configuration, along with tech-
niques for switching between modes, are known to those
skilled in ultrasound technology.

[0043] The ultrasound system, shown by way of example
in FIGS. 1A and 1B, can include an image processing
system, a user interface, and a display. The image processing
system includes a memory and a processor. Additional,
different, or fewer components may be provided in the
system or image processing system. In one embodiment, the
system is a medical diagnostic ultrasound imaging system.
The memory is a RAM, ROM, hard drive, removable media,
compact disc, DVD, floppy disc, tape. cache memory, buffer,
capacitor, combinations thereof or any other now known or
later developed analog or digital device for storing infor-
mation. The memory is operable to store data identifying a
selected point for identifying a region of interest. The
memory is operable to store data identifying one or a
plurality of region of interest. Information from the user
interface indicating a position on an image on the display is
used to determine a spatial relationship of a user selected
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point to a scanned region or image position. The selected
point is an individual or single point in one embodiment that
may be a point selected within a line, area or volume.
Additional or different information may be also stored
within the memory. The processor is general processor,
application-specific integrated circuit, digital signal proces-
sor, controller, field programmable gate array, digital device,
analog device, transistors, combinations thereof, or other
now known or later developed devices for receiving analog
or digital data and outputting altered or calculated data. The
user input is a track ball, mouse, joy stick, touch pad,
buttons, slider, knobs, position sensor, combinations thereof
or other now known or later developed input devices. The
user input is operable to receive a selected point from a user.
For example, the user positions a cursor on an image
displayed on the display. The user then selects a position of
the cursor as indicating a point for a region of interest. The
display is a CRT, LCD, plasma screen, projector, combina-
tions thereof or other now known or later developed devices
for displaying an image, a region of interest, region of
interest information and/or user input information.

[0044] Modes of ultrasound used in medical imaging
include the following:

[0045] A-mode: A-mode (amplitude mode) is the sim-
plest type of ultrasound. A single transducer scans a line
through the body with the echoes plotted on screen as
a function of depth. Therapeutic ultrasound aimed at a
specific tumor or calculus is also A-mode, to allow for
pinpoint accurate focus of the destructive wave energy.

[0046] B-mode or 2D mode: In B-mode (brightness
mode) ultrasound, a linear array of transducers simul-
taneously scans a plane through the body that can be
viewed as a two-dimensional image on screen. Some-
times referred to as 2D mode, this mode is generally the
starting point for exam types that use other modes.

[0047] C-mode: A C-mode image is formed in a plane
normal to a B-mode image. A gate that selects data
from a specific depth from an A-mode line is used; then
the transducer is moved in the 2D plane to sample the
entire region at this fixed depth. When the transducer
traverses the area in a spiral, an area of 100 cm® can be
scanned in around 10 seconds.

[0048] M-mode: In M-mode (motion mode) ultrasound,
pulses are emitted in quick succession. With each pulse,
either an A-mode or B-mode image is acquired. Over
time, M-mode imaging is analogous to recording a
video in ultrasound. As the organ boundaries that
produce reflections move relative to the probe, this
mode can be used to determine the velocity of specific
organ structures.

[0049] Doppler mode: This mode makes use of the
Doppler effect in measuring and visualizing blood flow.

[0050] Color Doppler: Velocity information is pre-
sented as a color-coded overlay on top of a B-mode
image. This mode is sometimes referred to as Color
Flow or color mode.

[0051] Continuous Doppler: Doppler information is
sampled along a line through the body, and all veloci-
ties detected at each point in time are presented (on a
time line).

[0052] Pulsed wave (PW) Doppler: Doppler informa-
tion is sampled from only a small sample volume
(defined in 2D image), and presented on a timeline.
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[0053] Duplex: a common name for the simultaneous
presentation of 2D and (usually) PW Doppler informa-
tion. (Using modern ultrasound machines, color Dop-
pler is almost always also used; hence the alternative
name Triplex.).

[0054] Pulse inversion mode: In this mode, two succes-
sive pulses with opposite sign are emitted and then
subtracted from each other. This implies that any lin-
early responding constituent will disappear while gases
with non-linear compressibility stand out. Pulse inver-
sion may also be used in a similar manner as in
Harmonic mode.

[0055] Harmonic mode: In this mode a deep penetrating
fundamental frequency is emitted into the body and a
harmonic overtone is detected. With this method, noise
and artifacts due to reverberation and aberration are
greatly reduced. Some also believe that penetration
depth can be gained with improved lateral resolution;
however, this is not well documented.

[0056] While conducting an ultrasound exam, the sonog-
rapher may often switch between multiple ultrasound
modes. For example, the sonographer first operates in a
B-mode in order to coarsely locate the ROI. The sonogra-
pher then transitions to a Doppler mode before moving back
to the B-mode. For some particular examinations, there are
pre-set (or pre-determined or pre-defined) steps/modes that
the sonographer must follow. That is, the ordered sequence
of modes used in a particular exam type can be predefined
for the operator.

[0057] For carotid artery imaging, for example, the exam
typically follows a progression of modes such as: (i) B-mode
for initial positioning and establishing reference coordinates
of the sample volume; (ii) Color Flow mode for improved
visualization of blood vessels; and (iii) Pulse wave Doppler
mode for highlighting blood flow within the sample volume.
[0058] For heart imaging, the exam progression can use
B-mode or M-mode imaging for auto-positioning of the
cursor, followed by Color Flow or pulse wave Doppler
modes.

[0059] The Applicant has noted that in combination modes
(such as Color Flow and Doppler), the sonographer prefer-
ably optimizes the settings for each of the modes individu-
ally. Also, based on the physical orientation of the anatomy
on the displayed image, some of the settings are optimized
on a per patient basis. This per patient optimization does not
lend itself to global customization.

[0060] When viewing an ultrasound image on the display,
the particular area of the displayed image that is of interest
to the sonographer or other practitioner is referred to as the
Region of Interest (ROI) or ROI extent. As the sonographer
conducts the examination and switches between modes, the
size and position, as well as the apparent shape of the ROI
may change. This can require that the operator readjust
settings in order to more accurately show features of
anatomy in the ROL

[0061] The region of interest (ROI) can be defined in any
of a number of ways. In conventional practice, the ROI is
defined by multiple points or vertices that define a shape,
such as defining a rectangle or other parallelogram by its
four corners, for example. Alternately, the ROI can be
defined by a point and a distance, such as a center point and
aradius or function of the distance from the point to a single
boundary. The distance may be, for example, any of a radius,
circumference, diagonal, length or width, diameter or other
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characteristic of a shape. The region of interest can alter-
nately be defined by a point and two distances, such as a
distance to each of two boundaries. In another arrangement,
the region of interest can be a pre-defined shape positioned
around a point, such as a square, rectangle, oval or combi-
nation thereof.

[0062] The sonography workflow typically begins with
acquisition of a grayscale mode image acquisition and
display (such as the B-mode image illustrated in FIG. 4) in
order to survey the anatomy. Depending on the exam type,
the operator then switches to a different imaging mode such
as Color Doppler mode (sometimes referred to as Color
Flow mode or Color mode) to evaluate a sub-region of the
originally viewed grayscale image in order to obtain addi-
tional clinical information and further characteristics of the
anatomy or tissue within a particular ROI. The ROI in a
polychromatic or color imaging mode can be indicated by a
rectangular, parallelogram, trapezoidal or another regularly
shaped outline. In a typical ultrasound system, the spatial
extent of the color ROI is a partial subset of the larger
B-mode image; some portions of the B-mode image may not
be displayed in the subsequent color mode. This is because
the computational processing demands for polychromatic
presentation are significantly higher than those for grayscale
B-mode processing and rendering; this is among the
tradeoffs commonly established in conventional practice.

[0063] By way of example, FIG. 4 shows B-mode ultra-
sound image, displayed as a grayscale image. FIG. 5 shows
an image with the same ROI having color highlighting,
obtained in Color Flow mode.

[0064] A preferred embodiment can be described as a
software program. Those skilled in the art will recognize that
the equivalent of such software may also be constructed in
hardware. Because image manipulation algorithms and sys-
tems are well known, the present description will be directed
in particular to algorithms and systems forming part of, or
cooperating more directly with, the method in accordance
with the present invention. Other aspects of such algorithms
and systems, and hardware and/or software for producing
and otherwise processing the image signals involved there-
with, not specifically shown or described herein may be
selected from such systems, algorithms, components and
elements known in the art.

[0065] A computer program product may include one or
more storage medium, for example; magnetic storage media
such as magnetic disk (such as a floppy disk) or magnetic
tape; optical storage media such as optical disk, optical tape,
or machine readable bar code; solid-state electronic storage
devices such as random access memory (RAM), or read-
only memory (ROM); or any other physical device or media
employed to store a computer program having instructions
for controlling one or more computers to practice the
method according to the present invention.

[0066] The methods described above may be described
with reference to a flowchart. Describing the methods by
reference to a flowchart enables one skilled in the art to
develop such programs, firmware, or hardware, including
such instructions to carry out the methods on suitable
computers, executing the instructions from computer-read-
able media. Similarly, the methods performed by the service
computer programs, firmware, or hardware are also com-
posed of computer-executable instructions.
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Portable Ultrasound Apparatus

[0067] Portable Ultrasound systems are known. The fol-
lowing references are incorporated herein by reference:

[0068] TU.S. Pat.No. 7,534,211 entitled “Modular Appa-
ratus for Diagnostic Ultrasound” to Hwang et al. (Ul-
trasound cart with docking station);

[0069] U.S. Pat. No. 9,180,898 entitled “Cart for Por-
table Ultrasonic Diagnostic Device and Ultrasonic
Diagnostic Unit” to Ninomiya et al. (Ultrasound cart
with flat surface);

[0070] US 2008/0161688 entitled “Portable Ultrasonic
Diagnostic Imaging System with Docking Station”
(Tablet connected to cart);

[0071] WO 2006/111874 entitled “Portable Ultrasonic
Diagnostic Imaging System with Docking Station” to
Poland et al;

[0072] WO 2016/001865 entitled “Portable Ultrasound
Interface for Ultrasound Workstations™ to Maraghoosh
et al. (Tablet connected to cart),

[0073] WO 2008/068710 entitled “Dockable Ultra-
sound Systems and Method Thereof” to Brock-Fisher
(Mobile Display); and

[0074] CN 102930170 entitled “Novel Interactive
Medical Ultrasound Display and Input System” (Video
Glasses).

[0075] Applicants now refer to FIG. 6 describing an
arrangement for a user interface (UI) and display for an
ultrasound system, including a compact/portable ultrasound
system, according to an embodiment of the present disclo-
sure.

[0076] In one arrangement of an ultrasound system, there
are separate units for Control Panel 30 and Display Monitor
14 wherein: (i) an External Control Panel 30 can be placed
in an ergonomic location, and (ii) an External Display 14 can
be placed ergonomically, for example, on the other side of
the patient. The Ultrasound Engine (Computer) or generator,
beamformer 18, can be a separate module or can be inte-
grated with the control panel or monitor.

[0077] In atypical exam layout, the ultrasound technician
(a) has right hand on transducer probe 26 on patient, (b) is
turned 90+ degrees to left to look at monitor, that is, looking
away from patient, and (c) has left hand on ultrasound
control panel. For the patient, the monitor is difficult to see.
Applicants have recognized that, for a more desirable exam
layout, the ultrasound technician would have both arms
aimed forward and would be facing the display monitor 14
and patient at same time; during the exam, the patient should
be able to readily see the monitor 14. The ultrasound system
10 illustrated in FIG. 6 provides a desired exam layout.

Haptics

[0078] An embodiment of the present disclosure can use
haptic effects in order to configure the control panel, allow-
ing controls to be readily located by the operator, using the
sense of touch. The desired tactile stimulus can be accom-
plished using any of a number of effects, such as etched
glass. Capacitive touch can be provided on a surface,
whether metal, plastic or glass. Various control elements can
be raised, formed, or etched on these surfaces. Haptic
feedback allows the interface to dynamically provide feed-
back to the touching finger at encountering a raised edge or
a control button. Haptics can allow increase or decrease in
surface friction or the like, using high-frequency sound
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waves or electrical pulses. Microfluidic inputs can also be
used, for example, as is shown at the web site immersion.
com, under “haptics”.

[0079] There are haptic solutions using sound waves,
electrical pulses or microfluidics. These technologies allow
the “feel” or “texture” of the surface of the display to be
changed dynamically. The system can alternate between:
displaying an image with no imperfections in the surface of
the display; showing some buttons along the bottom that feel
like buttons; showing a full, standard QWERTY keyboard
with a hundred buttons taking up most of the screen. In all
cases, the feel of the buttons can change based on what is
being displayed.

[0080] Using haptic effects, on-screen controls can be
configurable or customizable based on exam type, user,
mode or the like.

[0081] Menus or fly outs can include additional informa-
tion displayed on the main monitor. For example, clicking a
button on the control panel generates a list of options, shown
on the monitor that displays the image. The user can scroll
through and select an option. This aspect can be useful when
the control panel display does not have the required space,
or where there is no corresponding display; scroll wheel or
track ball to quickly move through a list of options. Infor-
mational or control display can appear on the control panel
or main display.

[0082] The display need not be flat like conventional
control panels. The display, for example, could be fist-
shaped, shaped like a computer mouse, or held manually in
the manner of a WII remote or video game controller. The
shape can be configured to facilitate finding buttons by
touch.

[0083] On-screen controls can be any of the following:
buttons, sliders, or joysticks. Controls can be twisted, scroll
wheels, track ball, and track pad.

[0084] From an ergonomic standpoint, the control panel
can be spaced apart from the display and need not be
elevated, allowing its placement on the patient’s bed, for
example.

[0085] The system can be wired or wireless or both and
can use the well-known Bluetooth or WIFI interface. The
system can be battery operated, such as using a rechargeable
battery. A USB cable can provide both battery recharge and
provide a wired data path when plugged in. A power status
indicator can be provided. A wireless connectivity indicator
can be provided, along with controls or mechanisms to
enable Bluetooth pairing.

[0086] The system can be easy to clean, having an IP68
rating, for example, and can be rubberized. Capacitive
metal, stainless steel, plastic or glass can be used, including
glass with flexible flat panel display technology or curved
surface. The transducer can be wireless.

[0087] The system can be docked to a device that also
holds the display monitor, including a dock that recharges
the control panel, for example.

[0088] The system can be wired when connected to the
control panel. A dock can hold or store transducers. The
dock can be on a rolling system that itself has a larger
battery, plugs into the wall, and has its own charging system.
The control panel can be docked to the same device that
holds the display that is normally on the other side of the
patient.

Mar. 1, 2018

Motion Sensing Control Panel

[0089] A motion sensing control panel can be employed,
held in the user’s hand for operation. Alternatively, motion
sensing could use a glove or similar device that is worn
instead of held. The motion sensing device can use a
wireless connection.

[0090] Motion sensing can use an inclinometer to sense
change in angle, motion, or acceleration in any or all of 6
axes, similar to a WII remote device. Motion sensing can
employ buttons, joysticks, track ball, sliders or use different
controls under different fingers. The device can contain a
small display, light emitting diodes (LEDs) or other light
elements to indicate status. Another secondary display
could: (i) provide feedback on what the operator is doing
with the hand-held control panel or (ii) show current status,
function of each control on the hand held in current state.
This could provide feedback (for confirmation or failure) to
user actions, such as audible feedback or vibration feedback.

External Monitor

[0091] An external monitor can be separate from the
control panel so that it can be placed in a more ergonomic
location, for example, on the opposite side of bed from the
operator. The form factor can be optimized, such as using a
tablet style display with a kick-stand mounting to seat on a
table-top or other surface. The mount can be coupled to an
intravenous (IV) pole or device or can mount to a cart or
other device.

[0092] The ultrasound engine or computer could be also
mounted to an IV pole or to a cart. For pole mounting, a low
position would provide a low center of gravity, helping to
prevent the patient from knocking the device over. If the
monitor can be removed from the pole, then it is more likely
that the ultrasound engine could also be mounted to the back
of the monitor, forming a single unit that can be carried
around. The monitor can pivot left/right up/down (separate
from or with ultrasound engine enclosure), such as to
address glare issues. Angle adjustment can be based on
sitting height of operator vs. height of monitor. The mount
can pivot the display using buttons/sliders on the control
panel, so that operator need not move around the patient bed
to adjust the mount.

[0093] The monitor can move up or down on a pole for
better viewing position, such as varied with operator height.
It may include a manual release, reengagement brake, or
clamp at a suitable minimum height so that the display does
not drop to the floor. The monitor can rotate to portrait or
landscape orientation, such as with its view orientation
varied according to the exam type. In a preferred arrange-
ment, the monitor recognizes its physical orientation auto-
matically and adjusts content of the user interface to match
the orientation.

[0094] Contents of the display can be user-, exam-, or
mode-configurable. The operator can suspend transducers
on pole, cart, or storage compartment in the display or
ultrasound engine. A single pane of glass would provide easy
cleaning.

[0095] The display can extend away from pole or cart. For
example, the pole or cart can be placed at the base of the
patient bed, instead of along the opposite side of the bed, and
can then telescope over the bed.

[0096] The arrangement can allow the operator to always
use the control panel with right hand instead of needing to



US 2018/0055485 Al

operate ambidextrously. Room layout and possible locations
of hardware need not force the operator to sit on a specific
side of the bed. It can be easier to position the monitor away
from patient if desired.

[0097] The monitor can be attached to the operator, an
arrangement that could be useful with other technologies
such as fluoroscopy for tube placement. For example, it can
be attached to the operator’s wrist or hung around the neck.
On a portable system, additional monitor display space can
be obtained by having a second monitor that folds down,
hinged like a laptop, or that slides out from a side of the
primary display.

[0098] There are alternatives to the traditional control
panel and/or monitor. These include (i) wearable touch-
screen monitor, for example on wrist or hung around neck,
(ii) glove, such as finger motions instead of buttons, make
fist, open palm, and motion sensing for entire hand, moving
the hand to control ultrasound, (iii) virtual/augmented real-
ity, (iv) voice, and (v) handwriting recognition.

[0099] Features of the control panel can include: patient
entry or selection; probe selection; protocol selection; preset
selection; calculations; report generation; operating fre-
quency; PRF; image size; gain; dynamic range; mode selec-
tion, freeze, store, image review, and image send-to-desti-
nation instructions.

[0100] The display can use a projector to project the
obtained image on a wall or other surface. Alternatively, it
can be a projector integrated into the ultrasound engine or
computer; control panel; or standalone unit tethered to
computer (wired or wireless).

[0101] The device preferably has a handle for easy carry-
ing. It preferably has a control panel that docks or snaps into
the ultrasound engine, similar a tablet having a removable
and attachable keyboard to for a laptop. It preferably has a
portable printer or DVD burner incorporated into an IV pole
or cart or standalone devices that can be attached to com-
puter or can be wireless. The device preferably has hangers
or storage for one or more transducers.

[0102] Preferably, the carrying case can hold a control
panel; display plus ultrasound engine plus computer, all in
one, and/or transducers. Optionally, the control panel docks
into the ultrasound engine. There can be a wearable item
worn by the operator to hold the system or part of the
system, such as utility belt; hung around the neck; holders
for transducers; display in front of the operator; this can be
battery operated. Examples of controllers 40 which might be
suitable are shown in FIGS. 7A, 7B, 8, and 9. FIG. 10 shows
haptic raised buttons, for example.

Removable Control Panel

[0103] FIG. 11 is a perspective view that shows a remov-
able control panel. The control panel 30 can be in wireless
signal communication with the controlling processor 20 of
the ultrasound system.

[0104] Applicants® ultrasound system can employ a con-
trol panel 30 (when it is not a basic tablet) that is preferably
detachable from other equipment of the ultrasound system
10, as shown in FIG. 11. The display monitor 14 can, for
example, be mounted on another support, such an intrave-
nous (IV) pole/cart with the rest of the ultrasound cart,
engine, or PC across on the other side of the patient’s bed.
[0105] The operating control panel 30 can be an external
device, such as a USB connected device such as a mouse or
trackball with buttons and other types of controls. In various
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arrangements, a connecting wire runs to the ultrasound
engine or beamformer 18, computer or CPU 20 as the
control logic processor; alternately, the control panel con-
tains the ultrasound engine and computer. The control panel
30 can be placed anywhere on any surface. It is preferably
placed where it is ergonomically favorable for the ultra-
sound technician. With this arrangement, there is no require-
ment for the sonographer to be ambidextrous in order to be
able to work from different sides of the patient.

[0106] The operating control panel 30 can be flat or have
a raised back. A kick stand or similar type of hinged device
can be provided for support. Alternately, a bean bag-style
back can be provided to add weight, to adapt to a non-flat
surface (bed), or to hold more easily in place, or more easily
adjust angle. The material used for support can be plastic,
vinyl or similar material that can be easily cleaned.

[0107] With the operating control panel, buttons on the
control panel can be conventional control buttons and slid-
ers. For example, backlit buttons can be provided for use in
low light; these can be rubberized for easy cleaning. There
can be a small built in display on the control panel. There
can be configurable buttons within the display, such as using
a small liquid-crystal device (LCD) screen. For operation,
the user can touch the screen directly or use an adjacent
control button. Alternatively, the whole surface of the con-
trol panel can be a display or touch screen. The surface can
have tactile qualities that allow identification of buttons by
touch.

[0108] According to an embodiment, piezoelectric trans-
ducers are used to generate haptic stimuli that can help the
user to identify locations of buttons or controls. Able to
provide suitable local vibration along any position of the
control panel, these actuators can allow the operator to find,
by touch, the position of keyboard and other controls at
suitable locations on the control panel 30, as shown in FIG.
12. Piezoelectric actuators 50 can be selectively or globally
distributed beneath the glass or other smooth surface of the
control panel, providing keys and controls at operator-
selected locations, including providing the capability for the
operator to adjust the locations or angles of controls for
improved accessibility as the operator moves to different
positions about the patient. Using haptic stimulation can
help to guide the operator to using the configurable control
panel 30 more effectively, guided by feel as well as visual
indicators. According to an optional embodiment, the con-
trol panel 30 can be curved or have other than a flat surface
for improved ergonomics.

[0109] FIG. 13 A shows ultrasound system 10 having a cart
12, a display monitor 14, a transducer 42, CPU 20, control
panel 30, and a docking station 44 for seating and providing
recharging capability. FIGS. 13B and 13C show display
monitor 14 and control panel 30 in a wireless configuration,
removed from docking station 44 and in use for acquiring
ultrasound images. Wireless communication with the control
logic processor, CPU 20, enables control functions for
acquisition and display of ultrasound data. As is shown in
FIG. 13C, control panel 30 can be split into two portions, a
contoured or etched portion 36 having a surface that is
etched or otherwise treated or provided with haptic stimuli
for locating at least first and second fixed-position controls
according to touch and a touchpad portion 38 for example,
for ease of use by the operator. This arrangement helps to
reduce the size of the control panel features that are more
difficult to fabricate, isolating these features to the etched
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portion 36, for example. Features that can use standard
touchpad logic are then provided on the associated touchpad
portion 38. Another advantage of a segmented control panel
30 relates to how sonographer controls are actually used. By
separating controls that are generally used during the active
scan from those used for pre-scan configuration and setup,
this segmented and wireless arrangement allows consider-
able flexibility for the operator. Improved accessibility to
controls and the capability to place controls where they are
most convenient can help to accommodate left-handed as
well as right-handed sonographers and to tailor the system
configuration for different exams and patient characteristics.
Etched portion 36 is typically featured to enhance touch
detectability of gain and other controls that are often
adjusted during an exam. Featuring can provide etched or
raised control elements, for example.

[0110] With portions 36 and 38 separated, one or the other
portions can be used to provide hinged support for display
monitor 14. FIG. 13C shows a hinge 54 provided along an
edge of touchpad portion 38. Hinge 54 can be used to
support display monitor 14 at an operator-selectable angle.
[0111] The removable wireless portions 36 and 38 and,
optionally, display monitor 14 can use on-board battery
power for operation and for maintaining the wireless com-
munication link. Batteries can be rechargeable or non-
rechargeable. For recharging, connection ports on the ultra-
sound system can provide the needed power when control
panel 30 sections are docked. The same source can be used
for battery power to both portions. One or both of the
portions can have the circuitry for providing wireless com-
munication with the control logic processor.

Wireless Recharging

[0112] Alternately, motion charging or non-contact
recharging can be provided.

[0113] With respect to wireless recharging, reference is
hereby made to the following references, incorporated
herein by reference in their entirety:

[0114] U.S. Pat. No. 8,115,448 entitled “Systems and
Methods for Wireless Power” to Johns;

[0115] U.S. Pat. No. 6,127,799 entitled “Method and
Apparatus for Wireless Powering and Recharging” to Krish-
nar;

[0116] U.S. Pat. No. 7,383,064 entitled “Recharging
Method and Associated Apparatus” to Mickle et al; and
[0117] US 2015/0214765 entitled “Focus Control for
Wireless Power Transfer” to Perry.

[0118] As shown schematically in FIG. 14, an omni-
directional power transmission device 46 located on the
mobile ultrasound cart transmits energy via radio frequency
signals (i.e. 2.4 GHz, 5.8 GHz) to removable wireless
portions 36 and 38, to optionally wireless display monitor
14, and to other specifically configured electronic devices
within a specified range (typically up to about 30 feet with
commercially available devices). Power transmission is rela-
tively independent of orientation and location on, in, or near
the cart (also independent of whether the device being
charged is stationary or moving) to be wirelessly recharged.
The associated wireless power receiver in each correspond-
ing rechargeable electronic device then converts this
received RF signal into battery power. Recharging can be
very efficient, even charging at the same rate as if the device
were plugged into a wall outlet or other electrical power
connection.
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[0119] A wireless charging system may be enabled for “on
demand” charging of each wireless device, meaning that the
RF transmitter will only transmit an RF signal to the wireless
device when the wireless device receiver transmits a
recharge request (for example, when the wireless device
detects a power drop below 50% of its battery capacity).
Standard size batteries are also available with these built-in
receivers so that devices using standard batteries can also be
recharged using this method. This can be advantageous for
the mobile ultrasound cart, since other devices may be
carried on the cart, such as a flashlight, handheld pulse
oximeter, or other battery powered medical or non-medical
devices. Because this method of charging is enabled up to a
30 foot radius (and the charging distance itself can be
configurable in some cases), the control panel portions 36,
38 have more charge time available during use, not simply
when idle. That is, these devices can actually be charged
while in operation. For instance, a control panel battery can
be charging while the patient ultrasound exam is taking
place.

[0120] The schematic diagram of FIG. 15 shows some
basic components for a wireless charging system that uses
inductive charging or a similar wireless charging mecha-
nism. Power transmission device 46, which can be provided
on the ultrasound cart as described previously, has a com-
munications and control unit 60 and a power converter 64.
Communications and control unit 60 coordinates and con-
trols generation and delivery of the oscillating electromag-
netic signals that are wirelessly transmitted for providing
power. Power converter 64 provides an electromagnetic
signal to a coupler 72, such as an inductive coupler, for
transmission. High frequency transmission can be used to
provide the power signal.

[0121] On a portable device 70, such as a wireless control
panel 30 or wireless portions 36 and/or 38 as described
previously or other compatible device, a corresponding
wireless coupler 74 accepts the transmitted electromagnetic
signal, which is converted to electrical energy for use by a
load 78 such as for battery charging or directly used. A
communications and control unit 62 coordinates and con-
trols power monitoring and delivery over the wireless cou-
pling. The respective communications and control units 60
and 62 can be dedicated processors that handle power and
recharging functions or can be processing logic components
that control other functions for their respective devices.
Communications and control units 60 and 62 can include a
transponder 80 for communication between power transmis-
sion and portable devices.

[0122] Frequencies used for charging can be appropriately
specified in order to reduce the likelihood of interference to
neighboring equipment. In general, the frequencies used are
in the bandwidth range of frequencies typically used for
mobile phone communication (for example, 2.4 GHz),
widely used among patients and staff in the hospital setting.

[0123] As described previously, the wireless power trans-
mission device 46 of the present disclosure can be energized
to deliver a power-providing RF signal to an associated
ultrasound device that is configured to receive a preselected
frequency. When not within range of a compatible device
needing charge, communications and control unit 60 can
enter a standby state to reduce energy consumption.

[0124] The control panel surface can be flat or can have
one or more curved regions.
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Alarm for Loss of Wireless Link

[0125] According to an alternate embodiment of the pres-
ent disclosure, wireless control panel 30, separable portions
36 and 38, and wireless display monitor 14 can be provided
with an alarm or illumination behavior, such as blinking, that
indicate loss of wireless communication with the control
logic processor, CPU 20. This can help to prevent inadver-
tent separation of these wireless components from ultra-
sound system 10, such as at the completion of an exam.
[0126] According to an alternate embodiment of the pres-
ent disclosure, a second display can be provided, such as for
patient viewing.

[0127] Transducer 42 button features can include com-
mands to effect a number of operations, including the
following: Freeze; Store; Acquire Cine; 3D activate; Biopsy;
CW Doppler; Color; Elasto; PW Doppler; Smart Flow;
Zoom.

[0128] Control panel 30 features can include: Patient entry
or selection; Probe selection; Protocol Selection; Preset
Selection; Calculations; Report generation; Operating Fre-
quency; PRF; Image size; Gain; Dynamic Range; Mode
(choosing among available modes: B-Mode, color, Pulse
Wave, Motion Mode, 3D, and the like); Freeze; Store; Image
Review; Image Send to destination.

Augmented Reality Configurations

[0129] According to an alternate embodiment, augmented
reality devices, such as head-mounted displays (HMDs) can
be used by the sonographer or by the patient, for viewing
acquired images. For the patient, for example, this can
include features that allow controlled visibility of acquired
image content.

[0130] A computer program product may include one or
more storage medium, for example; magnetic storage media
such as magnetic disk (such as a floppy disk) or magnetic
tape; optical storage media such as optical disk, optical tape,
or machine readable bar code; solid-state electronic storage
devices such as random access memory (RAM), or read-
only memory (ROM); or any other physical device or media
employed to store a computer program having instructions
for controlling one or more computers to practice the
method according to the present invention.

[0131] The invention has been described in detail, and
may have been described with particular reference to a
suitable or presently preferred embodiment, but it will be
understood that variations and modifications can be effected
within the spirit and scope of the invention. The presently
disclosed embodiments are therefore considered in all
respects to be illustrative and not restrictive. The scope of
the invention is indicated by the appended claims, and all
changes that come within the meaning and range of equiva-
lents thereof are intended to be embraced therein.

Clean Feature

[0132] Portable Ultrasound systems are known, and the
following references are incorporated herein by reference:
U.S. Pat. No. 7,534,211 (ultrasound cart with docking sta-
tion), U.S. Pat. No. 9,180,898 (ultrasound cart with flat
surface), US20080161688 (tablet connected to cart),
WO02006111874A2, WO2016001865A1 (tablet connected
to cart)) WO2008068710A1  (mobile  display),
CN102930170A (video glasses). All of these references are
incorporated herein in their entirety by reference.
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[0133] An ultrasound system may include one or speakers.
For example, referring again to FIGS. 1A and 1B, an
ultrasound system can include one or more speakers as well
as a control panel with a plurality of elements. In some
configurations of speakers, a speaker grill is very difficult to
clean, particularly a configuration which includes a plurality
of small holes. In ultrasound systems having a tablet style
arrangement, the single screen on the front of the tablet style
is both a touch screen control panel used for image display.
Tablets usually have tiny speakers on the front or the rear
with a single small hole.

[0134] It is recognized that regular cleaning on medical
devices is required to prevent the spread of infectious
disease. A typical ultrasound control panel contains elements
which are touched by a Sonographer (such as buttons,
sliders, track ball) of which would therefore preferably be
readily cleanable. Applicants recognize the desirability to
clean all aspects of an ultrasound system.

[0135] An ultrasound system having an etched glass con-
trol panel promotes cleanability. Such an ultrasound system
is illustrated in FIG. 16. With etched glass, the control panel
surface is all glass, but the glass is etched so that the
Sonographer can operate the control panel by feel/touch/
tactile instead of by vision. This allows the operator to focus
their attention on the image monitor and the patient.
[0136] Applicants have developed a portable ultrasound
system using an etched glass control panel. It employs a
dockable/removable etched glass control panel. In one
arrangement, there is a portable (wired or wireless) control
panel (not primarily for image display) using an etched glass
control panel. Etched buttons can be configured to have
different features, but recognize that the location of a button/
element cannot be changed.

[0137] A control panel with Haptic Feedback allows for
easy cleaning and customization. Haptic systems dynami-
cally provide feedback to the touching finger the feeling of
a raised edge, a button, more/less friction, using sound
waves, electrical pulses, microfluidics. It provides the feel-
ing of a button or of the control even though the surface of
the control panel is flat. Ex: Immersion.com Haptics.
[0138] Referring FIG. 17, another way to promote clean-
ing ability is to replace standard speakers and speaker grills
with a distributed mode loudspeaker (DML)/Flat Panel
Speaker. Flat panel speakers are a piece of rigid plastic or
other material that vibrates. No speaker grill is required, so
no holes are needed to let the sound pass through. The flat
panel speaker concept applies to various medical device
with a speaker where cleaning is an issue.

Customized Login

[0139] FIG. 18 shows an ultrasound system including one
or more of the following: a camera; finger print reader/
scanner; an audio or voice reader/scanner/detector; a badge/
identification reader/scanner.

[0140] Applicants have recognized the desirability for
customizing the login and operating preferences of an ultra-
sound system. The customization of the login and/or pref-
erences can be accomplished using any one of the elements:
a camera; finger print reader/scanner; an audio or voice
readet/scanner/detector; a badge/identification reader/scan-
ner.

[0141] The customization could allow the operator to
conduct/accomplish one or more of the following: (i) to
identify themselves at the system (via user name/password,
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proximity badge, biometrics, and the like); (ii) to login to the
system after being successfully identified, such as gain
access to PC operating system and/or medical application;
(iil) to configure the system based on operator preferences;
(iv) to identify scanning preferences, including customized
values for acquisition parameters; customized layout of
ultrasound control panel; (v) to define Reading preferences,
including Controls for the display of image information; (vi)
control/define image processing preferences, including con-
trols for the processing of images before the images are
displayed; (vii) define information, including: colors, bright-
ness; screen layout; and workflow layout (patient input or
patient selection; patient/exam lists; image review; send
image to destination).

[0142] Preferences which can be pre-set by means of the
customized login include presence, location, method of
selection or input of the following controls (not limited to):
Probe selection; Protocol Selection; Preset Selection; Cal-
culations; Report generation Operating Frequency; PRF;
Image size; Gain; Dynamic Range; Mode Selection (choos-
ing among available modes: B-Mode, Color, Pulse Wave,
Motion Mode, 3D); Freeze; and Store.

[0143] Customized login also allows for the Configuration
of Control Panel, which includes: placing/moving controls;
grouping multiple controls in drop down/fly out menus,
popup windows; changing the style of the controls—buttons
vs. rocker switch/sliders vs. knobs.

[0144] The user has ability to change the preferences for
themselves. Administrator users have ability to change the
preferences or set the default preferences for groups/catego-
ries of users or all users.

[0145] It is noted that a second operator (such as a
Radiologist, Administrator, or the like) could come to look
at an image, swipe their badge, and if so, the settings change
for that new user, including Control Panel Layout, Image
Processing changes, and the like.

[0146] It is noted that, with the arrangement as described,
the system includes unique configurations per user/per
mode/per exam. In some arrangements, the Same user has
different control panel layout for brightness vs. Color Dop-
pler mode. In other arrangements, the same user has different
control panel layout for cardiology vs. Gynecology

[0147] It is noted that the system can be shipped with
factory configurations for each mode and exam type.

What is claimed is:

1. An ultrasound apparatus comprising:

a beamformer energizable to generate an ultrasound sig-
nal;

a control logic processor;

a transducer probe configured to direct and detect ultra-
sound signals;

a control panel in wireless signal communication with the
control logic processor; and

a display monitor in signal communication with the
control logic processor.

2. The ultrasound apparatus of claim 1 wherein the control

panel comprises two separable portions:

a first portion having a surface treated for locating at least
first and second fixed-position controls according to
touch; and

a second portion having a touch screen that displays
variable controls according to selection from the at
least first and second fixed-position controls on the first
portion.
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3. The ultrasound apparatus of claim 2 wherein one of the
first and second portions provides the wireless signal com-
munication with the control logic processor and wherein the
first and second portions are in signal communication with
each other.

4. The ultrasound apparatus of claim 2 wherein the treated
surface provides a haptic stimulus using one or more piezo-
electric actuators.

5. The ultrasound apparatus of claim 2 wherein the treated
surface is etched.

6. The ultrasound apparatus of claim 1 wherein the control
panel portions are formed from glass.

7. The ultrasound apparatus of claim 1 wherein one or
both of the control panel portions are dockable for recharg-
ing.

8. The ultrasound apparatus of claim 1 wherein the
display monitor surface or control panel is curved.

9. The ultrasound apparatus of claim 1 further comprising
a head-mounted display for the sonographer or patient.

10. The ultrasound apparatus of claim 1 further compris-
ing a docking station for recharging of the control panel or
display monitor.

11. The ultrasound apparatus of claim 1 further compris-
ing a viewer display for patient viewing.

12. The ultrasound apparatus of claim 2 wherein one or
both portions are hinged to support the display monitor
when undocked.

13. The ultrasound apparatus of claim 1 further compris-
ing a recharging power transmitter that performs wireless
recharging.

14. The ultrasound apparatus of claim 13 wherein at least
a portion of the control panel is configured for wireless
recharging.

15. An ultrasound apparatus comprising;

a beamformer;

a control logic processor;

a transducer probe configured to direct and detect ultra-

sound signals;

a control panel having first and second portions, the first
and second portions being separable from each other
for operation of the apparatus, the first or second or
both portions being in wireless signal communication
with the control logic processor;

a recharging power transmitter adapted to perform wire-
less recharging; and

a display monitor in signal communication with the
control logic processor.

16. The ultrasound apparatus of claim 15 wherein one of
the first and second portions are rechargeable using wireless
transmission from the recharging power transmitter.

17. An ultrasound apparatus comprising:

a beamformer;

a control logic processor;

a transducer probe configured to direct and detect ultra-

sound signals;

a control panel in wireless signal communication with the
control logic processor;

a recharging power transmitter adapted to perform wire-
less recharging; and

a display monitor in signal communication with the
control logic processor.

18. The ultrasound apparatus of claim 17 wherein the
control panel further provides motion sensing for entry of
operator instructions.

19. The ultrasound apparatus of claim 17 wherein the
control panel has a hinged support.
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