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(57) ABSTRACT

The present embodiments relate generally to systems and
methods for controlling visualization of ultrasound image
data. The systems can be configured to display a live
ultrasound image feed on a touchscreen and receive input
via the touchscreen to adjust imaging parameters of the live
ultrasound image feed, with the input having continuous
contact with the touchscreen. During the continuous contact
with the touchscreen, a transitional view of the live ultra-
sound image feed can be displayed, with the transitional
view being continuously updated to indicate previews of the
live ultrasound image feed with the imaging parameters
adjusted. The continuous updating can be performed in
accordance with characteristics of the contact with the
touchscreen and while the transitional view continues the
display of the live ultrasound image feed. Upon termination
of the continuous contact with the touchscreen, a selected
setting of the imaging parameters being adjusted can be
identified, with the selected setting being identified based on
the preview that is displayed when the continuous contact
with the touchscreen is terminated.
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SYSTEMS AND METHODS FOR
CONTROLLING VISUALIZATION OF
ULTRASOUND IMAGE DATA

FIELD

[0001] The present disclosure relates generally to ultra-
sound imaging, and in particular, to systems and methods for
controlling visualization of ultrasound image data.

BACKGROUND

[0002] Ultrasound imaging systems are a powerful tool for
performing real-time, non-invasive imaging procedures in a
wide range of medical applications. An ultrasound machine
includes a transducer which sends out ultrasound signals
into the tissue. Ultrasound waves are reflected back from the
tissue and are received by the ultrasound machine. The
reflected signals are processed to produce an ultrasound
image of the target anatomy. The ultrasound machine has a
user input device by which the operator of the ultrasound
machine can control the machine to obtain images of tissue
structures. Traditionally, the images may be displayed on a
display incorporated in the ultrasound machine, and the user
input device may include a keyboard.

[0003] A challenging part of acquiring ultrasound images
is adjusting the various imaging parameters to locate and
view the target anatomy. For example, ultrasound operators
may typically attempt to focus target tissue in the center and
so that it fills the screen. Conventional ultrasound systems
have large physical control interfaces with numerous con-
trols which allow operators to adjust a wide range of
parameters. The controls may not be intuitive to operate, and
users may require extensive training to learn the location and
operation of these controls.

[0004] There is an increasing demand for small portable
ultrasound imaging devices that are easier to operate and
that acquire good quality ultrasound images of the target
anatomy. Increasing portability and simplicity often
involves or requires reducing the number of controls to
accommodate smaller screens and smaller devices. Conven-
tional ultrasound machines that include keyboards can be
bulky and thus less portable.

[0005] Even on some existing ultrasound systems that
provide ultrasound images on a touchscreen display, on-
screen controls may not provide a way to adjust imaging
parameters in a manner that easily allows the imaging
parameters to be previewed prior to adjustment.

[0006] There is thus a need for improved systems and
methods for controlling visualization of ultrasound image
data. The embodiments discussed herein may address and/or
ameliorate at least some of the aforementioned drawbacks
identified above. The foregoing examples of the related art
and limitations related thereto are intended to be illustrative
and not exclusive. Other limitations of the related art will
become apparent to those of skill in the art upon a reading
of the specification and a study of the drawings herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Non-limiting examples of various embodiments of
the present disclosure will next be described in relation to
the drawings, in which:

[0008] FIGS. 1A-1D shows example traditional methods
of controlling visualization of ultrasound image data;
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[0009] FIG. 2 is a flowchart diagram for steps of a method
of controlling visualization of ultrasound image data, in
accordance with at least one embodiment of the present
invention;

[0010] FIGS. 3A-3C are a sequence of user interface
interactions for receiving input to increase the depth imaging
parameter during ultrasound imaging, in accordance with at
least one embodiment of the present invention;

[0011] FIGS. 4A-4C are a sequence of user interface
interactions for receiving input to decrease the depth imag-
ing parameter during ultrasound imaging, in accordance
with at least one embodiment of the present invention;
[0012] FIGS. 5A-5D are a sequence of user interface
interactions for receiving input to rotate an ultrasound image
during ultrasound imaging, in accordance with at least one
embodiment of the present invention;

[0013] FIG. 6 is a diagram illustrating operation of the
input to rotate an ultrasound image, in accordance with at
least one embodiment of the present invention;

[0014] FIGS. 7A-7C are a sequence of user interface
interactions for receiving input to perform a high-definition
(HD) zoom during ultrasound imaging, in accordance with
at least one embodiment of the present invention;

[0015] FIGS. 8A-8C are a sequence of user interface
interactions for receiving input to increase the sector angle
of a sector image during ultrasound imaging, in accordance
with at least one embodiment of the present invention;
[0016] FIGS. 9A-9C are a sequence of user interface
interactions for receiving input to decrease the sector angle
of a sector image during ultrasound imaging, in accordance
with at least one embodiment of the present invention; and
[0017] FIG. 10 shows a functional block diagram of an
ultrasound system, in accordance with at least one embodi-
ment of the present invention.

DETAILED DESCRIPTION

[0018] In a first broad aspect of the present disclosure,
there is provided a method of controlling visualization of
ultrasound image data. The method may include: displaying
a live ultrasound image feed on a touchscreen; receiving
input via the touchscreen to adjust imaging parameters of the
live ultrasound image feed, the input having continuous
contact with the touchscreen; during the continuous contact
with the touchscreen, displaying a transitional view of the
live ultrasound image feed, the transitional view being
continuously updated to indicate previews of the live ultra-
sound image feed with the imaging parameters adjusted, the
continuous updating being performed in accordance with
characteristics of the contact with the touchscreen and while
the transitional view continues the display of the live ultra-
sound image feed; and upon termination of the continuous
contact with the touchscreen, identifying a selected setting
of the imaging parameters being adjusted, the selected
setting being identified based on the preview that is dis-
played when the continuous contact with the touchscreen is
terminated.

[0019] In some embodiments, the live ultrasound image
feed is generated from an ultrasound acquisition unit con-
figured to transmit and receive ultrasound signals, and scan
conversion is repeatedly performed on image data corre-
sponding to the ultrasound signals, to configure the image
data for displaying the previews of the live ultrasound image
feed. In some embodiments, the ultrasound signals are
transmitted and received according to an ultrasound
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sequence, and the repeated scan conversion is performed on
the image data corresponding to the ultrasound signals,
without altering the ultrasound sequence.

[0020] In some embodiments, the method involves trans-
mitting the selected setting to an ultrasound acquisition unit
to cause the ultrasound acquisition unit to modify the live
ultrasound image feed, so that the live ultrasound image feed
has adjusted imaging parameters that reflect the selected
setting.

[0021] In some embodiments, the ultrasound acquisition
unit is configured to transmit and receive ultrasound signals
according to an ultrasound sequence when generating the
live ultrasound image feed, and the selected setting is used
to alter the ultrasound sequence when modifying the live
ultrasound image feed.

[0022] In some embodiments, the imaging parameters
include an imaging depth of the live ultrasound image feed,
and the previews of the live ultrasound image feed corre-
spond to an adjustable scale showing selectable imaging
depths. In some embodiments, the selected setting includes
one of the selectable imaging depths shown on the adjust-
able scale. In some embodiments, the continuous contact
with the touchscreen corresponds to a drag gesture, and the
adjustable scale is continuously updated to show the select-
able imaging depths in correspondence with a length of the
drag gesture. In some embodiments, the imaging depths
displayed in the previews of the live ultrasound image feed
correspond to the adjustable scale that is being continuously
updated.

[0023] In some embodiments, the input to adjust the
imaging parameters includes input for flipping the live
ultrasound image feed along one of a vertical or a horizontal
axis. In some embodiments, the continuous contact with the
touchscreen corresponds to a drag gesture, and the previews
of the live ultrasound image feed include an animation from
a pre-flipped orientation of the live ultrasound image feed to
a flipped orientation of the live ultrasound image feed. In
some embodiments, the transitional view being continuously
updated to correspond to characteristics of the contact with
the touchscreen includes the animation being continuously
updated to correspond with a length of the drag gesture.
[0024] In some embodiments, the live ultrasound image
feed includes a sector image, and the input to adjust the
imaging parameters includes input for altering a sector angle
of the sector image. In some embodiments, the continuous
contact with the touchscreen corresponds to a pinch gesture,
and the previews of the live ultrasound image feed decrease
the sector angle upon a pinch-in gesture and increase the
sector angle upon a pinch-out gesture.

[0025] In some embodiments, the input to adjust the
imaging parameters includes input for creating a region of
interest (ROI) box for use in a write zoom operation on the
live ultrasound image feed. In some embodiments, the
continuous contact with the touchscreen corresponds to a
pinch gesture, and the previews of the live ultrasound image
feed include performing read zoom operations on the live
ultrasound image feed.

[0026] In another broad aspect of the present disclosure,
there is provided an ultrasound imaging system including:
an ultrasound acquisition unit configured to transmit and
receive ultrasound signals; and a display unit having a
touchscreen, the display unit being communicably coupled
to the ultrasound acquisition unit. The display unit can be
configured to: display a live ultrasound image feed on the
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touchscreen; receive input via the touchscreen to adjust
imaging parameters of the live ultrasound image feed, the
input including continuous contact with the touchscreen;
during the continuous contact with the touchscreen, display
a transitional view of the live ultrasound image feed, the
transitional view being continuously updated to indicate
previews of the live ultrasound image feed with the imaging
parameters adjusted, the continuous updating being pet-
formed in accordance with characteristics of the contact with
the touchscreen and while the transitional view continues the
display of the live ultrasound image feed; and upon termi-
nation of the continuous contact with the touchscreen,
identify a selected setting of the imaging parameters being
adjusted, the selected setting being identified based on the
preview that is displayed when the continuous contact with
the touchscreen is terminated.

[0027] In some embodiments, the live ultrasound image
feed is generated from image data corresponding to the
ultrasound signals, and scan conversion is repeatedly per-
formed on the image data to configure the image data for
displaying the previews of the live ultrasound image feed. In
some embodiments, the ultrasound signals are transmitted
and received according to an ultrasound sequence, and the
repeated scan conversion is performed on the image data
corresponding to the ultrasound signals, without altering the
ultrasound sequence.

[0028] In some embodiments, the ultrasound acquisition
unit is configured to transmit and receive the ultrasound
signals according to an ultrasound sequence when generat-
ing the live ultrasound image feed, and the selected setting
is used to alter the ultrasound sequence.

[0029] In another broad aspect of the present disclosure,
there is provided a computer readable medium storing
instructions for execution by a processor of a display unit
having a touchscreen, wherein when the instructions are
executed by the processor, the display unit is configured to:
display a live ultrasound image feed on the touchscreen;
receive input via the touchscreen to adjust imaging param-
eters of the live ultrasound image feed, the input including
continuous contact with the touchscreen; during the con-
tinuous contact with the touchscreen, display a transitional
view of the live ultrasound image feed, the transitional view
being continuously updated to indicate previews of the live
ultrasound image feed with the imaging parameters
adjusted, the continuous updating being performed in accor-
dance with characteristics of the contact with the touch-
screen and while the transitional view continues the display
of the live ultrasound image feed; and upon termination of
the continuous contact with the touchscreen, identify a
selected setting of the imaging parameters being adjusted,
the selected setting being identified based on the preview
that is displayed when the continuous contact with the
touchscreen is terminated.

[0030] In some embodiments, the method may involve
transmitting a communication to an ultrasound probe, where
such communication is to increase the imaging depth if a
vertical component of a detected drag gesture is in a direc-
tion away from the skin line and where such communication
is to decrease the imaging depth if a vertical component of
the drag gesture is in a direction toward the skin line.
[0031] In some embodiments, the acquired ultrasound
images are displayed on an electronic display unit in real
time while the transitional view and associated previews are
being displayed. In some embodiments, the ultrasound
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image feed is frozen/paused while the transitional view and
associated previews are being displayed, and resumed after
a setting for the imaging parameter being previewed is
selected.

[0032] In some embodiments, input may be a touch ges-
ture to rotate the image. In some embodiments, the degree of
rotation may depend on the distance a visual orientation
indicator is from the center of the display.

[0033] In some embodiments, an electronic display unit
interprets the drag gesture to adjust either the pan or imaging
depth based on the zoom state of the displayed image.
[0034] For simplicity and clarity of illustration, where
considered appropriate, reference numerals may be repeated
among the figures to indicate corresponding or analogous
elements or steps. In addition, numerous specific details are
set forth in order to provide a thorough understanding of the
exemplary embodiments described herein. However, it will
be understood by those of ordinary skill in the art that the
embodiments described herein may be practiced without
these specific details. In other instances, certain steps, sig-
nals, protocols, software, hardware, networking infrastruc-
ture, circuits, structures, techniques, well-known methods,
procedures and components have not been described or
shown in detail in order not to obscure the embodiments
generally described herein.

[0035] Furthermore, this description is not to be consid-
ered as limiting the scope of the embodiments described
herein in any way. It should be understood that the detailed
description, while indicating specific embodiments, are
given by way of illustration only, since various changes and
modifications within the scope of the disclosure will become
apparent to those skilled in the art from this detailed descrip-
tion. Accordingly, the specification and drawings are to be
regarded in an illustrative, rather than a restrictive, sense.
[0036] Referring to FIGS. 1A-1D, shown there generally
as 1004-1004 are a number example traditional user inter-
faces which allow for modification of imaging parameters.
As discussed above, conventional ultrasound imaging sys-
tems may be provided with a keyboard or other physical
control for inputting a number of different imaging param-
eters during ultrasound imaging. Some example imaging
parameters that may be controlled in this manner are the
imaging depth of an ultrasound image feed, the orientation
of the ultrasound image feed, a sector angle of a sector
ultrasound image feed, and/or the placement of a region of
interest (ROI) location for performing a high-definition
(HD) zoom (also called a write zoom).

[0037] While some more recent ultrasound imaging sys-
tems may incorporate touchscreen displays for receiving
input to modify imaging parameters, the user interfaces
provided by these systems typically mimic the operation of
the physical buttons available on traditional ultrasound
systems. For example, these types of systems may provide
virtual buttons and controls that can be pressed to input
imaging parameters.

[0038] Referring to FIG. 1A, shown there generally as
100g is an example of such an ultrasound user interface on
atouchscreen display. As shown, it can be seen that while an
ultrasound image feed 105 (showing structure 108) is view-
able, some attempts at allowing control of imaging param-
eters on a touchscreen interface may mimic physical con-
trols by providing virtual on-screen buttons 110 that receive
input of imaging parameters. For example, as shown, there
may be depth control buttons that allow modification of the
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imaging depth of an ultrasound image feed; orientation
buttons that alter the rotational orientation of an ultrasound
image feed; angle buttons that allow for increase or decrease
of a sector ultrasound image feed, and/or a multi-directional
set of buttons for positioning a ROI for performing a HD
zoom operation. FIGS. 1B-1D each illustrate how the ultra-
sound image feed 105 of FIG. 1A may be updated in three
different scenarios, when these traditional controls are used.
[0039] Referring to FIG. 1B, shown there generally as
1005 is an example of how the depth controls 112, 114 may
be used to update the image feed. For example, when the
depth control buttons 112, 114 are used to increase the
imaging depth, it can be seen that the ultrasound image 1055
is updated to show an increase 120 in imaging depth. As
illustrated, the previous imaging depth of the image feed 105
of FIG. 1A is shown in dotted outline once the depth is
increased, and the scale for the imaging depth on the left of
the display has been updated. As a result, it can be seen that
more of the structure 108 (which was only partially viewable
in FIG. 1A) is viewable in FIG. 1B.

[0040] A challenge that arises with the use of physical or
virtual buttons to adjust imaging depth is that they are
usually provided in a configuration where there is an ‘up’
button 112 and a ‘down’ button 114, which do not clearly
indicate how the pressing of either button alters the imaging
depth. For example, some users may interpret the pressing of
an ‘up’ button 112 as signaling a shifting “up’ of the imaging
depth (e.g., a decrease in the imaging depth). However,
certain other users may interpret the pressing of an ‘up’
button 112 as increasing the imaging depth. Correspond-
ingly, some users may interpret the pressing of a ‘down’
button 114 as signalling a shifting ‘down’ of the imaging
depth (e.g., an increase in the imaging depth); while certain
other users may interpret the pressing of a “down’ button 114
as decreasing the imaging depth. Thus, the pressing of the
traditional ‘up” and ‘down buttons 112, 114 to adjust imag-
ing depth may cause confusion for users. To the extent a
press of either button 112, 114 causes an unexpected result
for the user, they may typically have to press the other button
twice (once to restore the original depth, and again to
actually adjust the imaging depth in the desired direction).
This may cause inconvenience and delays for ultrasound
operators. As discussed below in the context of FIGS.
3A-3C and 4A-4C, the present embodiments may address
some of these shortcomings.

[0041] Referring to FIG. 1C, shown there generally as
100c¢ 1s an example of how the orientation controls can be
used to rotate an ultrasound image. For example, the buttons
116, 118 may be used to rotate the ultrasound image along
a vertical axis (e.g., to flip the ultrasound image along a
vertical axis intersecting through the center of the ultrasound
image 105¢). As illustrated, upon pressing buttons of such an
orientation control, the ultrasound image previously shown
in FIG. 1A may be shown as being flipped, so that the
structure 108¢ viewable in FIG. 1A is flipped (e.g., the
protrusion in the structure 108 appearing on the right side of
the ultrasound image feed 105 in FIG. 1A now appears on
the left side of the ultrasound image feed 105¢ in FIG. 1C).
[0042] Referring to FIG. 1D, shown there generally as
1004 is an example of how the sector angle controls on a
traditional touchscreen user interface may be provided. For
example, as illustrated, when the ‘+” button 120 is pressed,
the sector angle of the sector image feed 105 previously
shown in FIG. 1A may be increased to the angle shown in
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the sector image 1054 of FIG. 1D (the original sector angle
of FIG. 1A is shown in dotted outline in FIG. 1D). Corre-
spondingly, a *=’ button 122 may also be pressed to decrease
the sector angle. As illustrated, the structure 108 remains
viewable in the sector ultrasound image feed 1054 of FIG.
1D.

[0043] FIG. 1D also illustrates how a ROI box may be
moved when locating it on an ultrasound image 1054 for the
purpose of performing a HD zoom. As will be understood by
persons skilled in the art, there may be different types of
zoom operations that can be performed on an ultrasound
image feed to allow review of portions of an ultrasound
image feed in greater detail. For example, a read zoom
operation may allow magnification of a part of the image
that already exists on the display. In this type of operation,
the image data already stored in memory is read to display
the selected ROI, and the zoomed-in area may be moved to
examine different parts of the image. However, since read
zoom operations rely on the original image data, there may
be fewer lines of lateral resolution in the appearance of the
zoomed-in area. In contrast, when performing a write zoom
operation, the ROI box 130 is first positioned for the purpose
of identifying a region on which the ultrasound and echo
signals should be targeted. Then, scanning is limited to the
identified area with a higher number of more closely spaced
ultrasound signals. As compared to performing a read zoom,
this allows for improved image quality (e.g., increased
frame rate and/or improved lateral resolution) in the resul-
tant zoomed-in image.

[0044] In traditional ultrasound user interfaces, the loca-
tion of the ROI box 130 may be adjusted using a track ball
to position the ROI box 130 over the image area that is
desired to be examined in greater detail. As illustrated in
FIG. 1D, even in some touchscreen ultrasound user inter-
faces, a similar set of directional controls 126 may be
provided to move the ROI box 130 in various directions.
[0045] However, positioning the ROI box 130 in this
manner may be inefficient because prior to each button
press, the user does not have any indication of where the
ROI box 130 may be positioned after the button has been
pressed (e.g., there is no indication how much each button
press may move the ROI box 130 in a given direction). As
a result, the ultrasound operator may have to position the
ROI box 130 via trial and error, and repeatedly press various
buttons to position the ROI box 130 in the desired location.
[0046] Indeed, this is a common challenge amongst the
different types of user interface controls discussed in FIGS.
1A-1D (e.g.. depth, orientation, and sector angle). For
example, in the example of the image depth shown in FIG.
1B, a button press of buttons 112, 114 may not necessarily
indicate the amount the image depth will increase or
decrease until after a button is pressed. Similarly. for the
orientation change shown in FIG. 1C, a button press of
orientation buttons 116, 118 may not necessarily indicate
whether a button press will confirm a given orientation
already shown or further rotate the ultrasound image. More-
over, for the sector angle increase and decrease controls 120,
122, a press of a button may not indicate how the sector
angle of the sector image 1054 will change until after the
buttons 120, 122 are pressed. As discussed in greater detail
below, the embodiments described herein may help to alle-
viate some of these drawbacks.

[0047] Referring to FIG. 2, shown there generally as 200
is a flowchart diagram for acts of a method of controlling
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visualization of ultrasound image data, in accordance with at
least one embodiment of the present invention. In some
embodiments, the various acts shown in FIG. 2 may be
performed by the ultrasound machine shown in FIG. 10. In
various embodiments, the method of FIG. 2 may be per-
formed in the context of the adjustment of any ultrasound
imaging parameters. However, for the purpose of illustra-
tion, FIG. 2 will be discussed in the context of adjusting the
following example imaging parameters and with reference
to the noted figures: imaging depth (FIGS. 3A-3C, 4A-4C);
orientation (FIGS. 5A-5D, 6); HD zoom (FIGS. 7A-7C);
and sector angle (FIGS. 8A-8C, 9A-9C). In particular, the
discussion immediately below will be made with reference
to FIGS. 3A-3C. However, subsequent discussion of the
following figures will also be made with reference to the
method of FIG. 2.

[0048] At 205, the method involves displaying a live
ultrasound image feed on a touchscreen. For example,
ultrasound signal data may be generated from scanning
tissue and the resultant live image feed being displayed on
a touchscreen interface such as is shown in FIG. 3A.

[0049] At 210, input may be received via the touchscreen
to adjust imaging parameters of the live ultrasound image
feed. For example, the input may include continuous contact
with the touchscreen. Referring simultaneously to FIG. 3A,
shown there generally as 300z is an ultrasound image feed
305a showing structure 108. As shown in FIG. 3A, there is
also an imaging depth indicator 314a showing that the
imaging depth of the ultrasound image feed 305q is ‘2 cm’.
As will be understood by persons skilled in the art, ultra-
sound waves penetrate tissue at varying depths based on the
frequency of the ultrasound waves emitted. For example,
lower frequencies may be used to penetrate further into the
tissue (at the cost of decreased axial resolution in the
ultrasound image). Additionally, the ultrasound signal
beams can be focused at different depths. In some embodi-
ments, modification of the image depth may involve modi-
fication of different ultrasound parameters such as the fre-
quency of the ultrasound signals and/or the focal depths. The
image depth imaging parameter may be adjusted by touch-
screen input that requires continuous contact with the touch-
screen. For example, as illustrated in FIG. 3A, such input
may be initiated when a touch is received at 312a.

[0050] Referring back to FIG. 2, at 215, a transitional view
of the live ultrasound image feed may be displayed with
previews of the image parameters adjusted. In some embodi-
ments, the transitional view is displayed during continuous
contact with the touchscreen. Referring simultaneously to
FIG. 3B, show there generally as 3005 is an example
transitional view of the ultrasound image feed 305a when
adjusting imaging depth, in accordance with an embodiment
of the present invention. FIG. 3B illustrates an example user
interface interaction at a point in time after contact with the
touchscreen is initiated in FIG. 3A. As illustrated, a drag
gesture is initiated in FIG. 3A, and continuous contact with
the touchscreen is maintained through the touch path 316
(shown in dotted outline) to touch point 312b. In response,
the touchscreen may display a transitional view during the
continuous contact that provides previews 320 of the image
depth being adjusted. In various user interface sequences
shown herein, circles are shown for touch points and dotted
lines are shown for touch paths where a user maintains touch
with the touchscreen during a touch gesture (e.g., a drag or
pinch gesture). However, these circles and dotted lines are
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only provided in the figures of the present disclosure to
illustrate the touch points and/or touch path of a touch
gesture, and may not be actually outputted on the display in
a viewable manner.

[0051] Referring back to FIG. 2, at act 220, the previews
320 may be updated in accordance with characteristics of the
contact with the touchscreen and while the transitional view
continues the display of the live ultrasound image feed.
Referring again to FIG. 3B, the illustrated example embodi-
ment may update the appearance of the ultrasound image
feed to show a preview 320 of the image depth that corre-
sponds to characteristics of the touch on the touchscreen. For
example, the previews 320 of the live ultrasound image feed
305¢ may correspond to an adjustable scale 330 showing
selectable imaging depths, which continuously updates in
correspondence with a length of the drag gesture. In some
embodiments, the imaging depths displayed in the previews
320 of the live ultrasound image feed 305a correspond to the
adjustable scale that is being continuously updated. For
example, as shown, the adjustable scale 330 may increase as
the length of the drag gesture initiated in FIG. 3A increases,
so that after the drag gesture has been progressed through the
touch path 316, the image depth indicator 3145 and corre-
sponding preview of the image depth of the live ultrasound
image feed is updated to show ‘4 cm’.

[0052] In some embodiments, as the adjustable scale 330
showing selectable image depths is being continuously
updated, the live ultrasound image feed originally appearing
prior to the beginning of the contact with the touchscreen
(e.g., image feed 305a from FIG. 3A in the illustrated
examples) may continue to be displayed in real time. For
example, as the previews 320 show what the projected
image depth is expected to be based on the characteristics of
the touch (as shown in dotted outline in FIG. 3B), image data
from the ultrasound image feed 305a originally viewable in
FIG. 3A can remain viewable in the transitional view.
However, since the original ultrasound image feed 3054 is
only imaging to a shallower image depth of ‘2 cm’, the
appearance of the ultrasound image feed 305q is adjusted in
the preview 320 to show how image data from the original
ultrasound image feed 3054 would appear after selection of
the imaging depth that is being shown (e.g., ‘4 cm’).
[0053] In various embodiments, the live ultrasound image
feed 305a viewable prior to the touch being initiated may be
generated from an ultrasound acquisition unit configured to
transmit and receive ultrasound signals (e.g., ultrasound
acquisition unit 1004 in FIG. 10, discussed below). When
generating the transitional view encompassing the previews
320 and the modified version of the original ultrasound
image feed 3054, scan conversion may be repeatedly pet-
formed on the image data from the ultrasound signals to
configure such data for displaying the previews of the live
ultrasound image feed 305a. For example, in the example
embodiments illustrated in FIGS. 3A-3B, scan conversion
may need to be repeatedly performed to adapt the image data
being acquired: from being displayed on the entirety of the
touchscreen in FIG. 3A to only a smaller portion of the
touchscreen reflective of the previewed image depth in FIG.
3B.

[0054] As will be understood by persons skilled in the art,
the ultrasound acquisition unit may be configured to transmit
and receive ultrasound signals according to an ultrasound
sequence when generating the live ultrasound image feed
305a (e.g., the sequence and characteristics in which ultra-
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sound pulses are directed to the tissue and the resultant echo
signals received). In some embodiments, the imaging
parameters being adjusted may require the ultrasound
sequence being used by the ultrasound acquisition unit to be
altered. For example, when altering imaging depth, the
frequency and/or focus of the ultrasound pulses directed
from the ultrasound acquisition unit may need to be changed
if the desired imaging depth is deeper or shallower.

[0055] When generating the transitional view, in some
embodiments, the noted scan conversion may be repeatedly
performed without altering the ultrasound sequence. Since
reloading the ultrasound sequence requires some time (e.g.,
approximately 100 milliseconds), frequently uploading the
ultrasound sequence may cause the display of the ultrasound
image feed to flicker or jerk after each ultrasound sequence
is reloaded. By configuring the ultrasound sequence to
remain unaltered throughout the transitional view showing
the previews 320, the same original ultrasound image feed
305¢ can remain viewable without any jumps, flicker or
other visual interruption. Scan conversion and the modifi-
cation of ultrasound sequences are discussed in greater detail
below with respect to FIG. 10.

[0056] Referring back to FIG. 2, at step 225, it may be
determined whether contact with the touchscreen has termi-
nated. If contact with the touchscreen has not terminated (the
‘NO’ branch at act 225), the method may proceed back to act
215 and continue to display the transitional view of the
imaging parameter being adjusted. If it is determined that
contact with touchscreen has terminated (the “YES’ branch
at act 225), the method may proceed to act 230. For example,
in some embodiments, this determination may be made upon
termination of a drag gesture or other touch-based gesture.
[0057] At 230, upon termination of the continuous contact
with the touchscreen, the method may involve identifying a
selected setting from the imaging parameter being adjusted,
with the selected setting being identified based on the
preview that is displayed when the continuous contact with
the touchscreen is terminated. For example, in the context of
the example scenario discussed with reference to FIG. 3B,
upon termination of the drag gesture shown in FIG. 3B, the
imaging depth being shown in the adjustable scale 330
and/or the preview 320 may be identified as the selected
setting for the imaging depth. If the contact with the touch-
screen is released at the point shown in FIG. 3B, the imaging
depth of ‘4 cm’ shown on the imaging depth indicator 31454
may be selected as the imaging depth that is desired.
[0058] Referring simultaneously to FIG. 3C, shown there
generally as 300c is an example view of the ultrasound
image feed that has been updated to reflect the imaging
depth selected upon release of the continuous contact with
the touchscreen. FIG. 3C illustrates the appearance of an
example user interface interaction at a point in time after
contact with the touchscreen has terminated at the location
on the screen last touched in FIG. 3B. In some embodiments,
the selection of the imaging parameter may result in trans-
mittal of the selected setting to an ultrasound acquisition unit
to cause the ultrasound acquisition unit to modify the live
ultrasound image feed, so that the live ultrasound image feed
has adjusted imaging parameters that reflect the selected
setting. For example, as illustrated in FIG. 3C, the updated
ultrasound image feed 305¢ has an imaging depth of ‘4 cm’
shown by the updated imaging depth indicator 314c¢. As a
result of the imaging depth being altered, the ultrasound
image feed 305¢ of FIG. 3C can allow the entirety of the
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structure 108 to be viewed (which was only partially view-
able in the ultrasound image feed 305a shown in FIGS. 3A
and 3B).

[0059] As noted, in some embodiments, the ultrasound
acquisition unit is configured to transmit and receive ultra-
sound signals according to an ultrasound sequence. In such
embodiments, the selected setting may be used to alter the
ultrasound sequence when modifying the imaging param-
eter. For example, in the example illustrated in FIG. 3C,
when modifying the imaging depth, the ‘4 cm’ imaging
depth selected upon the release of the drag gesture in FIG.
3B may be transmitted to the ultrasound acquisition unit and
the ultrasound acquisition unit may update its ultrasound
sequence to modify its frequency and/or focus of the ultra-
sound energy being transmitted at the ‘4 cm’ imaging depth.
By waiting for the release of the drag gesture to reload the
ultrasound sequence (e.g., instead of repeatedly updating the
ultrasound sequence during generation of the previews in the
transitional view), the transitional view may provide a
smooth image preview process that avoids the image feed
appearing to be jerky.

[0060] Referring to FIGS. 4A-4C, shown there generally
as 400a-400c are a sequence of user interface interactions
for receiving input to decrease the depth imaging parameter
during ultrasound imaging, in accordance with at least one
embodiment of the present invention. Similar to FIGS.
3A-3C, the sequence of user interface interactions shown in
FIGS. 4A-4C can be provided in the context of the method
of FIG. 2 being performed. In the discussion of FIGS.
4A-4C below, simultaneous reference will also be made to
the corresponding acts of FIG. 2.

[0061] Referring to FIG. 4A, shown there generally as
400¢ is the display of an ultrasound image feed 405q
showing structure 108 (act 205 in FIG. 2). Similar to FIG.
3A, FIG. 4A provides an imaging depth indicator 414a
showing that the imaging depth of the ultrasound image feed
405¢ is ‘2 cm’. The imaging depth may be adjusted by
touchscreen input that requires continuous contact with the
touchscreen. For example, as illustrated in FIG. 4A, such
input may be initiated when a touch is received at 412a (act
210 in FIG. 2).

[0062] Referring to FIG. 4B, show there generally as 4005
is an example transitional view of the ultrasound image feed
405a¢ when adjusting imaging depth of an ultrasound image
feed 405a, in accordance with an embodiment of the present
invention. FIG. 4B illustrates an example user interface
interaction at a point in time after contact with the touch-
screen is initiated in FIG. 4A. As illustrated, a drag gesture
is initiated in FIG. 4A, and continuous contact with the
touchscreen is maintained through the touch path 416
(shown in dotted outline) to touch point 4125. In response,
the touchscreen displays a transitional view during the
continuous contact that provides previews of the image
depth being adjusted (act 215 in FIG. 2).

[0063] Referring still to FIG. 4B, the illustrated embodi-
ment may update the appearance of the ultrasound image
feed to show a preview 420 of the image depth that corre-
sponds to characteristics of the touch on the touchscreen (act
220 in FIG. 2). For example, the previews 420 of the live
ultrasound image feed 4054 may include an adjustable scale
430 showing selectable imaging depths which, similar to
FIG. 3B, continuously updates in correspondence with a
length of the drag gesture. However, since the imaging depth
is being decreased in FIG. 4B, the image depth indicator
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414b and corresponding preview of the image depth of the
live ultrasound image feed may correspondingly decrease
(e.g., to show ‘1 cm’) and show the portion of structure 108
that remains viewable.

[0064] As with FIG. 3B, in some embodiments, the live
ultrasound image feed originally appearing prior to the
beginning of the contact with the touchscreen (e.g., image
feed 405a from FIG. 4A in the illustrated examples) may
continue to be displayed. For example, as the previews 420
show what the projected image depth is expected to be based
on the characteristics of the touch, the display of the
ultrasound image feed 405« originally viewable in FIG. 4A
can be adjusted so that only the portion of that ultrasound
image feed 405a matching the depth shown in the imaging
depth indicator 4145 is shown on the display. As shown in
FIG. 4B, the portion of the original ultrasound image feed
405¢ that no longer is viewable given the preview of the
imaging depth (e.g., ‘1 cm’) is shown in dotted outline.
[0065] As noted above, when generating the transitional
view encompassing the previews 420 and the modified view
of the original ultrasound image feed 405a, scan conversion
may be repeatedly performed on the image data correspond-
ing to the ultrasound signals, to configure the image data for
displaying the previews 420. For example, in the example
embodiments illustrated in FIGS. 4A-4B, scan conversion
may be repeatedly performed to adapt the image data being
acquired: from being displayed on the entirety of the touch-
screen in FIG. 4A to only displaying the portion of the
ultrasound image feed 405a that aligns with the shallower
imaging depth of the preview 420. In some embodiments,
such scan conversion may be repeatedly performed without
altering the ultrasound sequence of the ultrasound acquisi-
tion unit.

[0066] The previews 420 of the ultrasound image feed
405¢ may continue to be updated while there is continuous
contact with the touchscreen (the ‘NO’ branch at act 225 in
FIG. 2). However, upon termination of the continuous
contact with the touchscreen (the ‘YES’ branch at act 225 in
FIG. 2), a setting for the imaging depth may be selected
based on the preview being displayed (act 230 in FIG. 2). In
the context of the example scenario discussed with reference
to FIG. 4B, upon termination of the drag gesture shown in
FIG. 4B, the imaging depth being shown in the adjustable
scale 430 and/or the preview 420 (e.g., ‘1 cm’) may be
identified as the selected setting for the imaging depth.
[0067] Referring simultaneously to FIG. 4C, shown there
generally as 400c is an example view of the ultrasound
image feed that has been updated to reflect the imaging
depth selected upon release of the continuous contact with
the touchscreen. FIG. 4C illustrates the appearance of an
example user interface interaction at a point in time after
contact with the touchscreen has terminated at the location
on the screen last touched in FIG. 4B. In some embodiments,
the selection of the imaging parameter may result in trans-
mittal of the selected setting to an ultrasound acquisition unit
to cause the ultrasound acquisition unit to modify the live
ultrasound image feed, so that the live ultrasound image feed
has adjusted imaging parameters that reflect the selected
setting. For example, as illustrated in FIG. 4C, the updated
ultrasound image feed 405¢ has an imaging depth of ‘1 cm’
shown by the updated imaging depth indicator 414c¢. As a
result of the imaging depth being updated, the ultrasound
image feed 405¢ of FIG. 4C only shows the portion of the
structure 108 that remains viewable at the shallower imaging
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depth. As with the embodiments of FIGS. 3A-3C discussed
above, in some embodiments, the selected setting may be
used to alter the ultrasound sequence when modifying the
live ultrasound image feed.

[0068] Referring to FIGS. 3A-3C and 4A-4C, the imaging
depth increases or decreases as the user moves from the
initial touch point shown in FIG. 3A, 4A to the final release
point shown in FIG. 3B, 4B respectively (via the touch paths
316, 416 respectively). To change the depth of the scan and
thereby change the ultrasound image feed 305a, 405a from
one imaging depth to another, the user places his or her
finger(s) on the display and performs a touch gesture to
indicate a change in depth via the touchscreen interface.
During the touch gesture, previews 320, 420 of the desired
imaging depth are shown on the display.

[0069] As illustrated in FIGS. 3A-3C and 4A-4C, the
gesture involves the user dragging his or her finger(s) in a
particular direction to change the depth of the scan. The
direction of the drag may be interpreted to determine the
direction of the depth change. For example, the touchscreen
interface may be configured to interpret a drag gesture
having a downward vertical component (e.g., away from the
skin line) as signifying an increase in the depth (FIGS.
3A-3C), and a drag gesture having an upward vertical
component (e.g., toward the skin line) as signifying a
decrease in the depth (FIGS. 4A-4C). Thus, to move from
initial imaging depth shown in FIG. 3A, 4A to the transi-
tional views shown in FIGS. 3B, 4B respectively, the user
may drag his or her finger(s) downward or upward (as the
case may be) on the screen a certain distance.

[0070] In some embodiments, the characteristics of the
touch gesture may be measured in the display space. For
example, the length of the touch paths 316, 416 may be
defined as the distance between the point at which the
finger(s) makes contact with the screen at 312a, 412a
respectively and the point on the screen at which the drag is
released 312b, 4125 respectively. A longer drag may be
interpreted to cause a relatively larger change in depth than
for a shorter drag. The user may maintain tactile contact of
his/her fingers with the display screen while moving through
one or more transitional views 320, 420 on the display (by
adjusting the depth upward and/or downward by way of
using touch gestures) before lifting his or her finger(s) to
view the desired target anatomy in the final view shown in
FIGS. 3C, 4C respectively.

[0071] As discussed in greater detail below with respect to
FIG. 10, in some embodiments, instead of or in addition to
identifying a selected setting upon release of a touch gesture
(e.g., at 3125, 4125 of FIGS. 3B, 4B respectively), a selected
setting for the imaging parameter can be identified when the
finger pauses or stops moving for a predetermined period of
time (even if contact with the touchscreen remains). For
example, in such embodiments, act 225 of FIG. 2 may be
configured to determine a length of pause and continue to act
230 if the pause exceeds the predetermined amount of time.
[0072] As noted, the transitional views may also be con-
figured to display (at the same time) the original ultrasound
image feeds 305a, 4054 of FIGS. 3A and 4A respectively.
For example, this may allow the user to visually compare the
original ultrasound image feed 305a, 405a and their respec-
tive previews 320, 420 to determine if the adjustment in
imaging depth results in a higher quality image or is closer
to displaying the target anatomy. Different ways of delin-
eating the original ultrasound image feed 305a, 4054 from
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the projections offered by the previews 320, 420 may be
possible. For example, the display may be configured to
display a line signifying the boundary/depth of the original
ultrasound image feeds 305a, 4054, and/or display the
previews 320, 420 in a different color. Additionally or
alternatively, highlighting, shading or manners of visual
distinction from the original ultrasound image feed 305q,
405a may be possible.

[0073] As discussed above, an updated penetration depth
and/or an updated focal depth may be determined in accor-
dance with the touch input. As will be understood by persons
skilled in the art, the penetration depth may be based in part
on the tissue type, and the focal depth may be based on the
transmit beamforming. The image quality and resolution is
generally best at the focal depth, which is the distance
between the transducer and the focal zone. After the setting
for the imaging depth image parameter has been selected,
the focal depth of the ultrasound image feed may thus be
updated.

[0074] While the example embodiments discussed above
have been with respect to the use of a drag gesture to modify
image depth, other interpretations or configurations are
possible in other embodiments. For example, the extent of
the change of depth may be based on other characteristics of
other touch gestures, such as the pressure of the touch in
pressure-sensitive touchscreen interfaces, the timing or
speed of the touch, the location/position of the finger(s) on
the display screen, and/or the like.

[0075] Referring to FIGS. 5A-5D, shown there generally
as 5004-5004 are a sequence of user interface interactions
for receiving input to flip an ultrasound image along a
vertical axis during ultrasound imaging, in accordance with
at least one embodiment of the present invention. FIGS.
5A-5D illustrates another way the method of FIG. 2 may be
performed. As a result, the discussion below will again be
made with simultaneous reference to the acts of FIG. 2.
[0076] When scanning using an ultrasound probe or scan-
ner, one side of the probe or scanner may be provided with
a notch, bump or other physical or visual cue that provides
an indication of orientation. The displays of ultrasound
systems typically provide a corresponding visual indicator
(e.g., a colored dot) for this physical cue on the ultrasound
probe or scanner. Depending on the medical application, the
probe orientation with respect to the patient and/or such
on-screen visual indicator may differ.

[0077] For example, for general medical examinations,
when scans are performed along the longitudinal or coronal
plane, it is conventional to orient the physical cue on the
probe or scanner towards a patient’s head. For scans along
the transverse plane, it is conventional in general medical
examinations to orient the physical cue towards the right
side of the patient. These scans are typically displayed with
the visual indicator on the left side of the screen of an
ultrasound system. This is because a general medical (e.g,,
gynecologic) ultrasound examination may be performed by
an ultrasound operator approaching the patient from the
patient’s right side or an inferior position, so that the visual
indicator being on the left side of the screen aligns with the
ultrasound operator’s view of the patient.

[0078] However, despite this generic ultrasound conven-
tion, the use of ultrasound in certain medical applications
(e.g., cardiac) have developed different conventions. For
example, since cardiac imaging is typically performed by
the ultrasound operator approaching the patient from the
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patient’s left side (due to the position of the heart being on
the left half of the patient’s body), traditional cardiology
orientation typically positions the visual indicator on the
right side of the screen so as to align with the ultrasound
operator’s view of the patient when they approach the
patient from the patient’s left side.

[0079] Traditional ultrasound systems may provide con-
trols that allow the flipping of an ultrasound image along a
vertical axis, for example, so as to allow the visual indicator
to be positioned on the left or right side of the screen as
desired. As noted above with respect to FIGS. 1A and 1C,
simple ‘left’ or ‘right’ buttons 116, 118 may not clearly
indicate what their purpose is (e.g., if the visual indicator is
on the left side of the screen, it is unclear whether the
pressing of a ‘left” button 116 results in rotation of the
ultrasound image so that the visual indicator will be on the
right side of the screen or whether the pressing of such
button will confirm that the visual indicator should be placed
on the left side of the screen without further flipping the
image).

[0080] Referring to FIG. 5A, shown there generally as
500¢ is the display of a live ultrasound image feed 505a
showing structure 108 (act 205 in FIG. 2), in accordance
with an embodiment of the present invention. The display
may provide a visual indicator that corresponds to the
position of a physical orientation cue on the ultrasound
scanner or probe. In the illustrated embodiments, this visual
indicator may be touched and dragged using a drag gesture
to modify the orientation of the ultrasound image feed 505a.
In FIG. 5A, the visual indicator is not viewable as it is under
the touch point 512a. The beginning of this touch input may
constitute act 210 in FIG. 2.

[0081] Referring to FIG. 5B, shown there generally as
5004 is an example transitional view of the ultrasound image
feed 505a shown in FIG. 5A, in accordance with an embodi-
ment of the present invention. In some embodiments, the
continuous contact with the touchscreen corresponds to a
drag gesture, and the previews of the live ultrasound image
feed may be an animation from a pre-flipped orientation of
the live ultrasound image feed to a flipped orientation of the
live ultrasound image feed. FIG. 5B illustrates an example
user interface interaction at a point in time after contact with
the touchscreen is initiated in FIG. 5A. As illustrated, a drag
gesture is initiated in FIG. 5A to touch point 5125, and
continuous contact with the touchscreen is maintained
through the touch path 5165 (shown in dotted outline). In
response, the touchscreen may display a transitional view
5205 during the continuous contact that provides previews
of the of the flipping of the ultrasound image along the
vertical axis (act 215 in FIG. 2).

[0082] Insome embodiments, the transitional view may be
continuously updated to correspond to characteristics of the
contact with the touchscreen. For example, this may include
the animation from a pre-flipped orientation to a flipped
orientation being continuously updated to correspond with a
length of the drag gesture. Referring still to FIG. 5B, the
illustrated example embodiment may update the appearance
of the preview 5205 to rotate in a manner that corresponds
to characteristics of the touch on the touchscreen (act 220 in
FIG. 2). For example, the degree of rotation may depend on
the distance the visual indicator is from the center of the
display during the drag gesture. As illustrated, the previews
5206 of the live ultrasound image feed 5054 may not
completely rotate to the orientation where the visual indi-
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cator is on the right side of the screen. Rather, the rotation
may only proceed partially as the drag gesture is initiated to
suggest to the user the type of imaging parameter being
adjusted. As shown in FIG. 5B, the structure 108 remains
viewable during this transitional view.

[0083] In some embodiments, the live ultrasound image
feed originally appearing prior to the beginning of the
contact with the touchscreen (e.g., image feed 505a from
FIG. 5A) may continue to be displayed. For example, as the
previews 5205 show the partial rotation along the vertical
axis corresponding to the extent of the drag gesture, it may
continue to show the live image data from the ultrasound
image feed 505a.

[0084] Referring to FIG. 5C, shown there generally as
500¢ is a further example transitional view of the ultrasound
image feed 505a shown in FIG. 5A, in accordance with an
embodiment of the present invention. FIG. 5C illustrates an
example user interface interaction at a point in time after
FIG. 5B. As illustrated, the previews 520c of the ultrasound
image feed 505a may continue to be updated while there is
continuous contact with the touchscreen (the ‘NO’ branch at
act 225 in FIG. 2). For example, as the drag gesture proceeds
from touchpoint 5125 shown in FIG. 5B through touch path
516¢ (as shown in dotted outline) to touch point 512¢, it can
be seen that the preview 520¢ shows the ultrasound image
feed continuing to rotate past the midpoint of the rotation.
Specifically, it can be seen that the protrusion of structure
108 which was on the right side of the ultrasound image in
FIGS. 5A and 5B has now been rotated so that it is on the
left side of the ultrasound image in FI1G. 5C.

[0085] As noted above, when generating the transitional
view encompassing the previews 5205, 520¢ and the modi-
fied version of the original ultrasound image feed 505a of
FIG. 5A, scan conversion may be repeatedly performed on
the image data from the ultrasound signals to configure the
image data for displaying the previews 5205, 520c of the
live ultrasound image feed 505a. For example, in FIGS.
5A-5D, scan conversion may be repeatedly performed to
adapt the image data being acquired: from being displayed
in a pre-flipped orientation of FIG. 5A to only displaying the
image data in a partially-flipped manner shown in FIGS. 5B
and 5C. In some embodiments, such scan conversion may be
repeatedly performed without altering the ultrasound
sequence being used by the ultrasound acquisition unit to
acquire image data.

[0086] Referring still to FIG. 5C, upon termination of the
continuous contact with the touchscreen (the “YES’ branch
at act 225 in FIG. 2), a setting for the image orientation may
be selected based on the preview being displayed (act 230 in
FIG. 2). For example, in the context of the example scenario
discussed with reference to FIG. 5C, the orientation of the
ultrasound image feed displayed upon the release of the
touch may depend on the extent to which the ultrasound
image feed 505a of FIG. 5A is rotated in the preview 520c.
For example, if the drag gesture terminates at touch point
512¢, the display of the ultrasound image feed may “snap”
to the orientation where the visual indicator for the physical
cue on the ultrasound probe is positioned on the right of the
screen.

[0087] Referring to FIG. 5D, shown there generally as
5004 is an example view of the ultrasound image feed that
has been updated to reflect the change in orientation upon
release of the continuous contact with the touchscreen, in
accordance with an embodiment of the present invention. As
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can be seen, the visual indicator 525 (previously covered by
a finger in FIGS. 5A-5C) is now positioned on the right side
of the screen and the protrusion in the structure 108 formerly
on the right side of the ultrasound image feed 505a shown
in FIG. 5A is now shown on the left side of the ultrasound
image feed 5054 of FIG. 5D.

[0088] Referring to FIG. 6, shown there generally as 600
is a diagram illustrating operation of the input to rotate an
ultrasound image, in accordance with at least one embodi-
ment of the present invention. As illustrated, another
example display of an ultrasound image 605 is shown with
structures 608. As noted with reference to F1G. 5A above, a
horizontal drag gesture may be initiated at touch point 612a
(e.g., touching and dragging a visual indicator that corre-
sponds to the physical orientation cue on the ultrasound
probe). If the drag gesture is released before the drag gesture
is made past the vertical dotted line bisecting the ultrasound
image 605, the animation may “snap” back to the original
orientation that was being viewed prior to the initiation of
the drag gesture. For example, in the example embodiment
illustrated in FIGS. 5A-5D, this may happen if the drag
gesture is released at the point shown in FIG. 5B. However,
as noted, if the drag gesture is made past the center vertical
line bisecting the ultrasound image feed 605 and released
thereafter, the orientation of the image may “snap” to the
orientation where the visual indicator is on the right side of
the screen. As noted above, in some embodiments, the
degree of rotation may depend on the distance of the
indicator from the center of the display during the drag
gesture.

[0089] The embodiments discussed in FIGS. 5A-5D and 6
have been discussed with respect to the flipping of an
ultrasound image feed 605 from an orientation where the
visual indicator is on the left side of the screen to where the
visual indicator is on the right side of the screen. However,
embodiments where the orientation is changed from the
visual indicator being on the right side of the screen to the
left side of the screen may be performed in a similar manner.

[0090] The embodiments for flipping of an image along a
vertical axis may be employed with any ultrasound system
with a touchscreen display. However, such embodiments
may be particularly desirable in portable ultrasound systems
that use the same probe for multiple types of medical
examinations (e.g., general, abdomen, and cardiac). As
noted, general ultrasound scanning convention positions the
on-screen visual orientation indicator on the left side of the
screen; however, the convention for cardiac applications
position the visual orientation indicator on the right side of
the screen. In traditional ultrasound systems with multiple
probes, the display of the ultrasound system may be auto-
matically configured to display the orientation of the visual
indicator based the probe type attached. For example, when
a cardiac probe is attached to a traditional system, the system
may automatically orient the image so that the visual indi-
cator is on the right side of the screen. In contrast, if other
non-cardiac types of probes are attached, then the ultrasound
system may automatically orient the image so that the visual
indicator is on the left side of the screen. Due to this
automatic configuration of visual indicator orientation, the
button-based controls for flipping an orientation along a
vertical axis may not be used as frequently as some other
controls. As a result, the shortcomings associated therewith
may not be as readily apparent.
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[0091] However, in a portable ultrasound system that
configures the same transducer to operate in multiple modes
(e.g., as may be enabled by embodiments described in U.S.
patent application Ser. No. 15/207,203, which is incorpo-
rated herein by reference), the same ultrasound transducer
may potentially be used to perform both abdominal and
cardiac imaging within the same examination. As a result,
the orientation modification controls may need to be used
more frequently in such portable ultrasound systems, and the
benefits of the embodiments described herein for modifying
orientation may be more significant.

[0092] The example embodiments discussed in the context
of FIGS. 5A-5D and 6 are for flipping the live ultrasound
image feed along a vertical axis. However, in additional or
alternative embodiments, the live ultrasound image feed
may also be similarly flipped along a horizontal axis so that
the ultrasound image feed appears “upside-down” (e.g., with
the image depth increasing from the bottom of the image
towards the top instead of increasing from the top of the
image towards the bottom). Such image orientation may be
used in certain medical applications (e.g., urology).

[0093] In some embodiments, the flipping of the ultra-
sound image along a horizontal axis may be performed in a
manner similar to the flipping along the vertical axis. For
example, the visual indicator may be touched and dragged in
a vertical direction to flip the ultrasound image along the
horizontal axis. The image may similarly be updated to
provide a transitional view with previews that updates in
accordance with characteristics of the touchscreen contact.
For example, if the drag is in a vertical direction, the image
may begin to rotate along the horizontal axis partially as the
drag gesture is initiated to suggest to the user the type of
imaging parameter being adjusted. Also, similar to the
flipping along the vertical axis, the flipping of the ultrasound
image feed along a horizontal axis may also “snap” back to
the original orientation or the upside-down orientation,
depending on whether the drag has caused the preview to be
rotated to, respectively, before the midpoint of the rotation
or past the midpoint of the rotation.

[0094] Referring to FIGS. 7A-7C, shown there generally
as 7004-700¢ are a sequence of user interface interactions
for receiving input to perform a high-definition (HD) zoom
during ultrasound imaging, in accordance with at least one
embodiment of the present invention. FIGS. 7A-7C illustrate
another embodiment of the performance of the method of
FIG. 2; and the discussion below will also be made with
reference to the acts of FIG. 2.

[0095] As noted above with reference to FIG. 1D, ultra-
sound imaging systems may generally provide a read zoom
operation (which allows magnification of a part of the image
using existing image data) and a write zoom operation
(which provides higher resolution zoom by updating the
ultrasound sequence to focus scanning to an identified ROI).
When positioning the ROI box for the write zoom operation,
traditional ultrasound systems may provide a user interface
that receives input using a trackball or directional buttons to
position a ROI box. In examples where touchscreen buttons
are used, positioning the ROI box may require repeated
pressing of directional buttons that each cause an updating
of the ultrasound sequence. This may cause the screen to
Jump and flicker as the image data is reloaded with each
suiccessive button press.

[0096] Referring to FIG. 7A, shown there generally as
700q is the display of a live ultrasound image feed 705a
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showing structure 108 (act 205 in FIG. 2), in accordance
with an embodiment of the present invention. As illustrated,
there may be a protrusion in the structure 108 that is
viewable in the ultrasound image feed 7054. An ultrasound
operator may wish to perform a write zoom operation to
obtain a higher resolution view of such protrusion. In the
present embodiments, to initiate a write zoom operation, the
touchscreen may be configured to receive input for creating
a ROI box for use in a write zoom operation on the live
ultrasound image feed 7054. In the illustrated embodiment,
this input may be a pinch gesture that is initiated with
multiple touches at touchpoints 712a. The beginning of this
touch input may constitute act 210 in FIG. 2. The circles for
touch points shown in FIGS. 7A, 7B, 8A, 8B, 9A, and 9B are
provided to show the locations of touch points, and may not
actually be shown on the display.

[0097] Referring to FIG. 7B, shown there generally as
7004 is an example transitional view of the ultrasound image
feed 7054 shown in FIG. 7A, in accordance with an embodi-
ment of the present invention. FIG. 7B illustrates an
example user interface interaction at a point in time after
contact with the touchscreen is initiated in FIG. 7A. As
illustrated, the continuous contact with the touchscreen
corresponds to a pinch gesture. For example, a pinch-out
gesture is initiated from touchpoints 7124 in FIG. 7A and
extended to touchpoints 7124 in FIG. 7B; and the continuous
contact with the touchscreen may be maintained through the
touch paths 716. In response, the touchscreen may display a
transitional view 720 during the continuous contact that
provides previews of the desired ROI box for the write zoom
operation (act 215 in FIG. 2).

[0098] Referring still to FIG. 7B, the illustrated example
embodiment may update the appearance of the previews 720
in a manner that corresponds to characteristics of the touch
on the touchscreen (act 220 in FIG. 2). For example, this
may include the previews 720 of the live ultrasound image
feed 705a being continuously updated to provide a zoomed-
in view, with the level of zoom increasing with the length of
the pinch-out gesture. As noted above, when generating the
transitional view encompassing the previews 720, scan
conversion may be repeatedly performed on the image data
from the ultrasound signals to configure the image data for
displaying the previews 720 of the live ultrasound image
feed. In some embodiments, such scan conversion may
include repeatedly performing read zoom operations on the
image data of the live ultrasound image feed 7034, so as to
read existing image data without updating or reloading the
ultrasound sequence and only show the zoomed-in portion
of the ultrasound image feed 7054 that can be viewed on the
display unit 1002. For example, as illustrated in FIG. 7B, the
preview 720 is a zoomed-in view of the ultrasound image
feed 705a which is shown in FIG. 7A, with the remaining
portion of the original ultrasound image feed 705a that
extends beyond the edges of the viewable area of the screen
being shown in dotted outline. For example, in FIG. 7B, an
ultrasound operator may be using the pinch-out gesture to
create a ROI box to focus on the protrusion in the structure
108 viewable in the original ultrasound image feed 705a.

[0099] In some embodiments, the live ultrasound image
feed originally appearing prior to the beginning of the
contact with the touchscreen (e.g., image feed 7054 from
FIG. 7A in the illustrated examples) may continue to be
displayed. For example, as the previews 720 showing the
ROI box for the write zoom operation are being displayed,
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data from the live ultrasound image feed 705a may continue
to be displayed. For example, if there is motion in the
protrusion of the structure 108, the previews 720 viewable
during the continuous contact with the touchscreen may
continue to show this motion as the previews 720 are being
generated and displayed in FIG. 7B.

[0100] Referring still to FIG. 7B, the previews 720 of the
ultrasound image feed 7054 may continue to be updated
while there is continuous contact with the touchscreen (the
‘NO’ branch at act 225 in FIG. 2). However, upon termina-
tion of the continuous contact with the touchscreen (the
‘YES® branch at act 225 in FIG. 2), a setting for the write
zoom operation may be selected based on the preview being
displayed (act 230 in FIG. 2). For example, in the context of
the example scenario discussed with reference to FI1G. 7B,
the zoomed-in image viewable upon the release of the touch
may constitute the ROI box on which the write zoom
operation is to be performed.

[0101] Referring to FIG. 7C, shown there generally as
700c¢ is an example view of the ultrasound image feed that
has been updated after the write zoom operation based on the
ROI box preview shown in FIG. 7B, in accordance with an
embodiment of the present invention. As can be seen, the
ultrasound image feed 705¢ of FIG. 7C shows a zoomed-in
view of the ultrasound image feed 7054 in FIG. 7A, high-
lighting the protrusion of structure 108. To complete the
write zoom operation, the selected parameters of the ROI
Box shown in the preview 720 of FIG. 7B may be used to
alter the ultrasound sequence of the transducer array of the
ultrasound acquisition unit, so as to focus additional ultra-
sound signal lines in the direction and at the depth indicated
by the ROI box.

[0102] The embodiments described in FIGS. 7A-7C pro-
vide a mechanism to allow selection of an ROI box for a
write zoom operation without the delays and/or ineflicien-
cies associated with rotating a track ball or the pressing of
directional buttons repeatedly. It may also avoid the jumps
and screen flickering caused by directional buttons that
cause the ultrasound sequence to reload after every press.
For example, by first performing a read zoom operation
using existing image data acquired using an existing ultra-
sound sequence, the read zoom operation can provide a
smooth transition to preview the ROI box.

[0103] While the embodiments of FIGS. 7A-7C have been
discussed with respect to a pinch-out gesture performing a
zoom-in operation to identify an ROI box for a HD zoom
operation, it will be understood that the described embodi-
ments may also be used to identify an ROI box for other
ultrasound modes such as Doppler. In further embodiments,
a pinch gesture may also be used to help identify zoomed-in
area on which to select the M line in M-mode operation.
[0104] In various embodiments, a pinch-in gesture may be
used in an analogous manner to modify the size of the ROI
box. For example. once the image is in a zoomed-in state, a
pinch-in gesture may be used to expand the size of the ROI
box. Once the pinch-in gesture is released, the ultrasound
sequence may be updated to reflect the ROI box, and the HD
zoom may be performed again.

[0105] Referring to FIGS. 8A-8C, shown there generally
as 8004-800¢ are a sequence of user interface interactions
for receiving input to increase the sector angle of a sector
image during ultrasound imaging, in accordance with at
least one embodiment of the present invention. FIGS. 8A-8C
illustrate an embodiment of the performance of the method
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of FIG. 2; and the discussion below will again be made with
reference to the acts of FIG. 2.

[0106] As noted above with reference to FIG. 1D, ultra-
sound systems may allow imaging with transducers that emit
and receive ultrasound signals in a phased (e.g., sweeping)
manner across a range of directions. This creates an ultra-
sound image feed having a sector image shape. The sector
angle parameter may control the range of directions and thus
the sector angle of the sector image. When altering the sector
angle of a sector image, traditional ultrasound operations
may provide buttons (e.g., the ‘+” and ‘-’ buttons 120, 122
shown in FIG. 1D) that require repeated pressing that, with
each press, cause an updating of the ultrasound sequence.
Similar to the other imaging parameters discussed herein,
this may cause the screen to jump and flicker with each
successive ultrasound sequence update.

[0107] Referring to FIG. 8A, shown there generally as
800¢ is the display of a live ultrasound image feed 805a
showing structure 108 (act 205 in FIG. 2), in accordance
with an embodiment of the present invention. An ultrasound
operator may wish to increase the sector angle of the sector
image being displayed. In the present embodiments, the
touchscreen may be configured to receive a pinch gesture
input for increasing the sector angle. As illustrated, the two
touch points for the pinch gesture may be initiated at
touchpoints 812a. The beginning of this touch input may
constitute act 210 in FIG. 2.

[0108] Referring to FIG. 8B, shown there generally as
8006 is an example transitional view of the ultrasound image
feed 805a shown in FIG. 8A, in accordance with an embodi-
ment of the present invention. For example, FIG. 8B illus-
trates an example user interface interaction at a point in time
after contact with the touchscreen is initiated in FIG. 8A. In
some embodiments, the continuous contact with the touch-
screen corresponds to a pinch gesture. As illustrated, a
pinch-out gesture is initiated from touchpoints 812a in FIG.
8A and extended to touchpoints 8125 in FIG. 8B; and
continuous contact with the touchscreen may be maintained
through the touch paths 816 (shown in dotted outline in FIG.
8B). In response, the touchscreen may display a transitional
view during the continuous contact that provides previews
820 of the desired sector angle for the sector image (act 215
in FIG. 2).

[0109] Referring still to FIG. 8B, the illustrated example
embodiment may update the appearance of the ultrasound
image feed to show previews 820 of the sector angle that
correspond to characteristics of the touch on the touchscreen
(act 220 in FIG. 2). As illustrated, this may include the
previews 820 of the live ultrasound image feed 805a being
continuously updated to provide an outline of the increased
sector angle (shown in dotted outline in FIG. 8B), and the
outline may increase with the length of the pinch-out ges-
ture.

[0110] In some embodiments, the live ultrasound image
feed originally appearing prior to the beginning of the
contact with the touchscreen (e.g., image feed 805a from
FIG. 8A in the illustrated examples) may continue to be
displayed. For example, as the previews 820 showing the
desired sector angle are being shown, data from the live
ultrasound image feed 8054 may continue to be displayed.
For example, the structure 108 may continue to be viewable
and displayed as the previews 820 are being generated and
displayed in FIG. 8B.
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[0111] Referring still to FIG. 8B, the previews 820 of the
ultrasound image feed 8054 may continue to be updated
while there is continuous contact with the touchscreen (the
‘NO’ branch at act 225 in FIG. 2). However, upon termina-
tion of the continuous contact with the touchscreen (the
‘YES’ branch at act 225 in FIG. 2), a setting for the sector
angle imaging parameter may be selected based on the
preview being displayed (act 230 in FIG. 2). For example,
in the context of the example scenario discussed with
reference to FIG. 8B, the sector angle indicated by the
preview 820 being displayed may be selected to be the
desired sector angle.

[0112] Referring to FIG. 8C, shown there generally as
800c¢ 1s an example view of the ultrasound image feed that
has been updated after the sector angle imaging parameter
has been modified based on preview shown in FIG. 8B, in
accordance with an embodiment of the present invention. To
confirm the selection of the sector angle, the selected param-
eters for the sector angle shown in the preview 820 of FIG.
8B may be used to alter the ultrasound sequence of the
transducer array in an ultrasound acquisition unit, so as to
expand the range of angles for the ultrasound signals being
emitted and received by the ultrasound transducer. As can be
seen, the ultrasound image feed 805¢ of FIG. 8C shows an
updated ultrasound image feed that has a wider sector angle.
In this wider-angle sector image, not only can the structure
108 be seen, but additional structures 850, 852 previously
not viewable in the narrower sector angle of FIG. 8A or 8B
become viewable.

[0113] Referring to FIGS. 9A-9C, shown there generally
as 9004-900¢ are a sequence of user interface interactions
for receiving input to decrease the sector angle of a sector
image during ultrasound imaging, in accordance with at
least one embodiment of the present invention. The embodi-
ments shown in FIGS. 9A-9C are similar to the embodi-
ments of FIGS. 8A-8C, except they show the corresponding
input for decreasing the sector angle of a sector image
instead of increasing the sector angle. FIGS. 9A-9C illus-
trate an embodiment of the performance of the method of
FIG. 2; and the discussion below will again be made with
reference to the acts of FIG. 2.

[0114] Referring to FIG. 9A, shown there generally as
900¢ is the display of a live ultrasound image feed 905a
showing structure 108 (act 205 in FIG. 2), in accordance
with an embodiment of the present invention. An ultrasound
operator may wish to decrease the sector angle of the sector
image being displayed. In the present embodiments, the
touchscreen may be configured to receive a pinch gesture
input for decreasing the sector angle. As illustrated, the two
touch points for the pinch gesture may be initiated at
touchpoints 912a. The beginning of this touch input may
constitute act 210 in FIG. 2. As illustrated in FIG. 9A, the
sector image may have a wide sector angle that shows
multiple structures 108, 850, 852.

[0115] Referring to FIG. 9B, shown there generally as
90054 is an example transitional view of the ultrasound image
feed 9054 shown in FIG. 9A, in accordance with an embodi-
ment of the present invention. For example, FIG. 9B illus-
trates an example user interface interaction at a point in time
after contact with the touchscreen is initiated in FIG. 9A. As
illustrated, a pinch-in gesture is initiated from touchpoints
912¢ in FIG. 9A and extended to touchpoints 9124 in FIG.
9B; and continuous contact with the touchscreen may be
maintained through the touch paths 916 (shown in dotted



US 2018/0116633 A1l

outline). In response, the touchscreen may display a transi-
tional view during the continuous contact that provides
previews 920 of the desired sector angle for the sector image
(act 215 in FIG. 2).

[0116] Referring still to FIG. 9B, the illustrated example
embodiment may update the appearance of the ultrasound
image feed to show previews 920 of the sector angle that
corresponds to characteristics of the touch on the touch-
screen (act 220 in FIG. 2). For example, in some embodi-
ments, the transitional view may be continuously updated to
correspond to characteristics of the contact with the touch-
screen. As illustrated, this may include the previews 920 of
the live ultrasound image feed 9054 being continuously
updated to provide a view of how an ultrasound image feed
with a projected narrower sector angle will appear. This may
result in the portion of the ultrasound image feed 9054 that
remains viewable decreasing with the length of the pinch-in
gesture.

[0117] As noted above, when generating the transitional
view encompassing the previews 920, scan conversion may
be repeatedly performed on the image data from the ultra-
sound signals to configure the image data to be displayed by
the previews 920. In some embodiments, such scan conver-
sion may include reading only the portion of the image data
of the original ultrasound image feed 9054 that corresponds
to the narrower sector angle indicated by the pinch-in
gesture. For example, in the illustrated previews 920 of FIG.
9B, a narrower view of the original ultrasound image feed
905¢ is displayed and only structure 108 is viewable.
However, structures 850, 852 formerly viewable in the
ultrasound image feed 905a shown in FIG. 9A are not
viewable in the previews 920 of FIG. 9B. In some embodi-
ments, the previews 920 may also provide an indication of
the sector angle of the original ultrasound image feed 9054
from which the sector angle is being decreased. As illus-
trated in FIG. 9B, this is shown in dotted outline.

[0118] In some embodiments, the live ultrasound image
feed originally appearing prior to the beginning of the
contact with the touchscreen (e.g., image feed 905a from
FIG. 9A in the illustrated examples) may continue to be
displayed. For example, as the previews 920 showing how
an ultrasound image feed with a narrower sector angle may
appear are being displayed, data from the live ultrasound
image feed 905a that remains viewable may continue to be
displayed. For example, if there is motion in the structure
108, the previews 920 viewable during the continuous
contact with the touchscreen may continue to show this
motion as the previews 920 are being generated and dis-
played in FIG. 9B.

[0119] Referring still to FIG. 9B, the previews 920 of the
ultrasound image feed 9054 may continue to be updated
while there is continuous contact with the touchscreen (the
‘NO’ branch at act 225 in FIG. 2). However, upon termina-
tion of the continuous contact with the touchscreen (the
‘YES’ branch at act 225 in FIG. 2), a setting for the sector
angle imaging parameter may be selected based on the
preview being displayed (act 230 in FIG. 2). For example,
in the context of the example scenario of FIG. 9B, the sector
angle of the ultrasound image feed 905a that remains
viewable, as indicated by the preview 920 being displayed,
may be selected to be the desired sector angle.

[0120] Referring to FIG. 9C, shown there generally as
900c¢ is an example view of the ultrasound image feed that
has been updated after the sector angle imaging parameter
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has been selected, in accordance with an embodiment of the
present invention. To confirm the selection of the sector
angle, the selected parameters for the sector angle shown in
the previews 920 of FIG. 9B (as may be identified by the
remaining portion of the original ultrasound image feed
905¢ that remains viewable) may be used to alter the
ultrasound sequence of the transducer array in the ultrasound
acquisition unit. This may allow contraction of the range of
angles for the ultrasound signals being emitted and received
by the ultrasound transducer. As can be seen, the ultrasound
image feed 905¢ of FIG. 9C shows an updated ultrasound
image feed that has a narrower sector angle. In this nar-
rower-angle sector image, the structure 108 is viewable.
However, the additional structures 850, 852 previously
viewable in the wider-angle sector image of FIG. 9A are no
longer viewable. Upon completion of the updating of the
sector angle image parameter to a narrower sector angle, the
ultrasound signals being emitted and received from the
ultrasound transducer may be focused in a narrower range of
angles, so that each sweep of the ultrasound signals may
either be performed more quickly (and thereby allow
increased frame rate) and/or be performed with additional
signals focused in the narrower angle range (so as to allow
for increased lateral resolution).

[0121] The embodiments described in FIGS. 8 A-8C and
9A-9C provide a mechanism to alter sector angle without the
repeated trial and error required by activation of manual or
touchscreen button presses. This may enhance operator
efficiency when they modify the sector angle. Additionally,
since the repeated button presses typically result in repeated
updating of the ultrasound sequence that cause the screen to
flicker or jump when the image data is re-acquired, the
present embodiments may allow for a smooth transition to
preview the desired sector angle without such screen flickers
and jumps.

[0122] Referring to FIG. 10, shown there generally as
1000 is a functional block diagram of an ultrasound system,
in accordance with at least one embodiment of the present
invention. For example, the ultrasound imaging system 1000
may be configured to perform the method of FIG. 2, and
provide the various user interfaces shown in FIGS. 3A-9C.

[0123] Ultrasound imaging system 1000 may include an
ultrasound acquisition unit 1004 configured to transmit
ultrasound energy to a target object, receive ultrasound
energy reflected from the target object, and generate ultra-
sound image data based on the reflected ultrasound energy.
The ultrasound acquisition unit 1004 may include a trans-
ducer 1026 which converts electric current into ultrasound
energy and vice versa. Transducer 1026 may transmit ultra-
sound energy to the target object which echoes off the tissue.
The echoes may be detected by a sensor in transducer 1026
and relayed through a bus 1032 to a processor 1036.
Processor 1036 may interpret and process the echoes to
generate image data of the scanned tissue. In some embodi-
ments, the ultrasound acquisition unit 1004 (or various
components thereof) may be provided as a handheld ultra-
sound probe that is in communication with other compo-
nents of the ultrasound imaging system 1000. For example,
the handheld probe may include the transducer 1026 of
ultrasound acquisition unit 1004. Ultrasound acquisition unit
1004 may also include storage device 1028 (coupled to and
accessible by bus 1032) for storing software or firmware
instructions, configuration settings (e.g., sequence tables),
and/or ultrasound image data.
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[0124] Although not illustrated, as will be apparent to one
of skill in the art, the ultrasound imaging system 1000 may
include other components for acquiring, processing and/or
displaying ultrasound image data. These include, but are not
limited to: a scan generator, transmit beamformer, pulse
generator, amplifier, analogue to digital converter (ADC),
receive beamformer, signal processor, data compressor,
wireless transceiver and image processor. Each of these may
be components of ultrasound acquisition unit 1004 and/or
electronic display unit 1002 (described below).

[0125] Ultrasound imaging system 1000 may include an
electronic display unit 1002 which is in communication with
ultrasound acquisition unit 1004 via communication inter-
faces 1022/1034. In various embodiments, communication
interfaces 1022/1034 may allow for wired or wireless con-
nectivity (e.g., via Wi-Fi™ and/or Bluetooth™) between the
electronic display unit 1002 and the ultrasound acquisition
unit 1004. Electronic display unit 1002 may work in con-
junction with ultrasound acquisition unit 1004 to control the
operation of ultrasound acquisition unit 1004 and display the
images acquired by the ultrasound acquisition unit 1004. An
ultrasound operator may interact with the user interface
provided by display unit 1002 to send control commands to
the ultrasound acquisition unit 1004 to adjust various imag-
ing parameters such as depth, zoom, etc. The electronic
display unit 1002 may be a portable device, which may
include a mobile device (e.g. smartphone), tablet, laptop, or
other suitable device incorporating a display and a processor
and capable of accepting input from a user and processing
and relaying the input to control the operation of the
ultrasound acquisition unit 1004 as described herein.
[0126] Each of ultrasound acquisition unit 1004 and dis-
play unit 1002 may have one or more input components
1024, 1006 and/or one or more output components 1030,
1012. In the FIG. 10 embodiment, ultrasound acquisition
unit 1004 may include an input component 1024 which is
configured to accept input from the user (e.g., to turn on the
ultrasound acquisition unit 1004 or control the connection of
the ultrasound acquisition unit to the electronic display unit
1002). For example, in some embodiments, ultrasound
acquisition unit 1004 may also include an output component
1030, such as a LED indicator light which can output the
status of the ultrasound acquisition unit 1004.

[0127] In the FIG. 10 embodiment, display unit 1002 may
include an input component 1006 configured to accept input
from the user. Certain input received at input component
1006 may be relayed to ultrasound acquisition unit 1004 to
control the operation of ultrasound acquisition unit 1004.
Display unit 1002 may also include an output component
1012, such as a display screen, which displays images based
on image data acquired by ultrasound acquisition unit 1004.
In particular embodiments, display unit 1002’s input com-
ponent 1006 may include a touch interface layered on top of
the display screen of the output component 1012. Electronic
display unit 1002 may also include memory 1008, Random
Access Memory (RAM) 1014, Read Only Memory (ROM)
1010, and persistent storage device 1016, which may all be
connected to bus 1018 to allow for communication therebe-
tween and with processor 1020. Any number of these
memory elements may store software or firmware that may
be accessed and executed by processor 1020 to perform the
methods and provide the user interfaces described herein.
[0128] In some embodiments, all of the input controls and
display screen necessary for the operation of the ultrasound
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imaging system 1000 may be provided by input and output
components 1006, 1012 of the display unit 1002. In such
cases input and output components 1024, 1030 of ultrasound
acquisition unit 1004 may be optional and/or omitted. In
certain embodiments, the ultrasound acquisition unit 1004
may be a handheld probe (i.e. including transducer 1026)
which is in communication with the display unit 1002 over
the communications interfaces 1022/1034 to facilitate
operation of the ultrasound acquisition unit 1004 and pro-
cessing and display of ultrasound images.

[0129] In various embodiments, at least a portion of the
processing of the image data corresponding to the reflected
ultrasound energy detected by the handheld probe’s trans-
ducer 1026 may be performed by one or more of processors
internal to the ultrasound acquisition unit 1004 (such as by
the processor 1036) and/or by processors external to the
ultrasound acquisition unit 1004 (such as the processor 1020
of electronic display unit 1002). By having some of the
image data processing tasks typically performed by a pro-
cessor 1036 of ultrasound acquisition unit 1004 be per-
formed instead by a processor 1020 of the display unit 1002,
less physical processing hardware may need to be provided
on the ultrasound acquisition unit 1004. This may facilitate
a lightweight, portable design and construction for the
ultrasound acquisition unit 1004 (e.g., when it is a handheld
probe). In particular embodiments the handheld probe may
have a mass that is less than approximately 1 kg (2 Ibs).
[0130] Insome embodiments, the output component 1030
of ultrasound acquisition unit 1004 may include a display
screen, which can be configured to display or otherwise
output the images acquired by ultrasound acquisition unit
1004 (in addition to or alternative to displaying such images
on the display unit 1002).

[0131] As noted, the ultrasound imaging system 1000 of
FIG. 10 may be configured to perform the method of FIG.
2, s0 as 1o receive the touch input and display the sequences
of user interfaces discussed above. The discussion below
will be made with simultaneous reference to FIG. 2 and the
components of FIG. 10, to illustrate how such components
may be involved in performing various acts of the method of
FIG. 2. Steps of method 200 in FIG. 2 may be implemented
as software or firmware contained in a program memory
1008, 1014, 1010 or storage device 1016 accessible to a
processor 1020 of display unit 1002 of FIG. 10. Processor
1020 may implement method 200 of FIG. 2 by executing
software instructions provided by the software.

[0132] For example, when doing so, the initial imaging
parameters shown in the live ultrasound image feed may be
defined by the current or initial imaging parameters of
ultrasound acquisition unit 1004 and/or electronic display
unit 1002. Where no adjustments have yet been made to the
imaging parameters, the current or initial imaging param-
eters may include the initial imaging parameters that have
been set by the user (automatically based on the user’s
preferences or manually) or that have been pre-loaded to the
electronic display unit 1002 (e.g. from manufacturer’s set-
tings).

[0133] Ultrasound image data may be obtained, for
example, by ultrasound acquisition unit 1004 employing a
high frequency, high voltage pulse to excite transducer 1026
to emit ultrasound waves and receiving the reflected ultra-
sound waves. In particular embodiments, the ultrasound
acquisition unit 1004 may be a probe which acquires ultra-
sound image data by generating pulses of a specified ampli-
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tude in accordance with an ultrasound sequence specified in
a sequence table. The probe may perform ultrasound beam
generation using transmit beamforming, detects and receives
the ultrasound echo and performs receive beamforming, and
processes the data based on the sequence specified in the
sequence table. The probe may transmit the processed
ultrasound image data to a display unit 1002 which has a
processor 1020 that further processes the data for display
(e.g. scan conversion) and then displays the ultrasound
image on the output component (e.g., screen) 1012.

[0134] Scan conversion may then be performed on the
data to transform the image data in a manner that allows it
to be displayed in a form that is more suitable for human
visual consumption. For example, this may involve convert-
ing the image data from the data space (e.g. polar coordinate
form) to the display space (e.g. Cartesian coordinate form).
The acquired ultrasound images may be displayed on the
output component 1012 of display unit 1002 (act 205 of FIG.
2). Scan conversion is one of the actions that renders the
image data suitable for display. However, as will be apparent
to those of skill in the art, other technological steps may also
need to be performed, such as, for example, amplification
and/or digitization of the data. After the scan conversion, an
ultrasound image may be displayed by the electronic display
unit 1002.

[0135] If an ultrasound operator wishes to modify the
imaging parameters, they may input a touchscreen command
to direct the ultrasound imaging system 100 via the touch-
screen of the electronic display unit 1002 (act 210 of FIG.
2). For example, the input component 1006 of display unit
1002 may include a touch interface that detects the user
input and interprets the command based on the user input
being received. The touchscreen interface may receive the
input and provide it to processor 1020 which executes
software instructions to analyse the input and determine the
command associated with the input.

[0136] During continuous contact with the touchscreen,
transitional views of the live ultrasound image feed with
previews of the image parameters adjusted may be displayed
at the electronic display unit 1002 (act 215 of FIG. 2). As the
continuous contact with the touchscreen proceeds, the pre-
views may be updated in accordance with characteristics of
the touchscreen contact (act 220 of FIG. 2). In some embodi-
ments, the acquisition and display of the ultrasound images
are frozen or paused while the previews are being generated
and displayed. In other embodiments, the previews can be
generated and displayed while continuing to display the live
ultrasound image feed (e.g., in real time). In such embodi-
ments, the previews may be based on live ultrasound image
data being acquired using the existing ultrasound sequence
that the processor 1036 was configuring the transducer 1026
to transmit and receive ultrasound signals with prior to the
receipt of touch input.

[0137] A determination may then be made as to whether
contact with the touchscreen has been terminated (act 225 of
FIG. 2). If so, a selected setting of the imaging parameter
may be identified based on the preview being displayed
when the contact with the touchscreen is terminated (act 230
of FIG. 2). Although the various embodiments discussed
above have generally been with respect to identifying a
selected setting upon termination of touch with the touch-
screen, this may not be necessary in all embodiments. For
example, in some embodiments, instead of awaiting termi-
nation of contact with the touchscreen to identify a selected
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setting, a selected setting may be identified when a pause or
stop in the gesture is detected for at least a period of time
(but without contact with the touchscreen being terminated).
This identified setting may then be transmitted via commu-
nication interfaces 1022/1034 to the ultrasound acquisition
unit 1004. In some embodiments, the identified setting may
be used to update the ultrasound sequence being used by the
transducer 1026 to transmit and receive ultrasound signals.
In cases where the live ultrasound image feed was paused
during the transitional view and generation of previews, the
live ultrasound image feed may be resumed.

[0138] In various embodiments, the same touch gesture
may serve to be input for modifying different types of
imaging parameters, depending on the context. For example,
where the displayed image is not in a zoomed in state, then,
as discussed above, a drag gesture having a vertical com-
ponent may be interpreted as a command to increase or
decrease the imaging depth. However, where the displayed
image is in a zoomed-in state (e.g., the user has used a
pinch-out gesture to perform a write zoom on a ROI), then
a drag gesture may be interpreted as a command to pan the
image in the direction of the drag gesture (and update the
ROI accordingly), as opposed to a command to adjust the
imaging depth. Accordingly, in some embodiments, the
display unit 1002 may interpret a drag gesture to adjust
either the pan or imaging depth based on the zoom state of
the displayed image.

[0139] Insome embodiments, where the input is in tactile
form with the touchscreen, the input component 1006 of
display unit 1002 may be configured to be operated with one
hand and/or is handheld, so that the user is free to use his or
her other hand to hold and operate the ultrasound acquisition
unit 1004 (e.g. such as a handheld probe).

[0140] As noted, the input may include sustained (e.g.,
continuous) contact by one or more of the fingers of a user
of the display unit 1002. Two example touch gestures (drag
and pinch) have been discussed above for altering various
imaging parameters. However, in some embodiments, the
input may include additional or alternative types of touch
input (e.g., touch gestures with more than two fingers, swipe
gestures in from beyond the edge of the screen, pressure-
sensitive touches, and the like). For example, touch com-
mands which may be recognized include: a quick downward
or upward swipe (or other touch gesture) indicating that the
image is to be flipped vertically (e.g., along a horizontal
axis); a quick sideways or lateral swipe (or other touch
gesture) indicating that the image is to be flipped horizon-
tally (e.g., along a vertical axis); dragging fingers in a
circular motion, indicating that the image is to be rotated
(e.g., in a clockwise or counter-clockwise direction); drag-
ging the fingers in any direction on the screen to change the
section of the image that is displayed in the display screen
(panning of the image); and the like.

[0141] As will be appreciated upon reading this descrip-
tion, the apparatus, systems and methods described herein
may help to alleviate some drawbacks of traditional ultra-
sounds systems. In some embodiments, the user interface
may enable handheld operation and control of the display
unit 1002 and ultrasound acquisition unit 1004. For
example, many of the controls can be performed with the
ultrasound operator’s fingers alone, on the same hand that is
holding the display unit 1002, leaving the operator’s other
hand free to hold and operate the ultrasound acquisition unit
1004 (e.g. the ultrasound probe). The embodiments
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described herein may reduce the number of separate user
controls (either on-screen or off-screen) required to operate
the ultrasound acquisition unit 1004 and display unit 1002.
The present embodiments may also simplify the user expe-
rience, and remove the ambiguities of the button controls
noted above. In addition, incorporation of multi-touch,
pinch-zoom gestures on the touchscreen interface may allow
for more versatile and/or granular control of a ROI on the
display unit 1002.

[0142] Moreover, for some applications, it is desirable to
maintain the skin line in the ultrasound image (unless the
user wishes to zoom in on a particular area). It can be
difficult to maintain the skin line if the user has to break eye
contact with the display screen in order to operate physical
controls (as is required for conventional ultrasound acqui-
sition systems) or is required to focus on another part of the
screen (as is required for touchscreen interfaces that provide
on-screen buttons). However, the embodiments described
herein may help to avoid this drawback since the user can
maintain eye contact with the live ultrasound image feed
while the transitional view and associated previews are
being display for an image parameter being adjusted.
[0143] While a number of exemplary aspects and embodi-
ments have been discussed above, those of skill in the art
will recognize that may be certain modifications, permuta-
tions, additions and sub-combinations thereof. While the
above description contains many details of example embodi-
ments, these should not be construed as essential limitations
on the scope of any embodiment. Many other ramifications
and variations are possible within the teachings of the
various embodiments.

Interpretation of Terms

[0144] Unless the context clearly requires otherwise,
throughout the description and the

[0145] “comprise”, “comprising”, and the like are to be
construed in an inclusive sense, as opposed to an
exclusive or exhaustive sense; that is to say, in the sense
of “including, but not limited to™;

[0146] “connected”, “coupled”, or any variant thereof]
means any connection or coupling, either direct or
indirect, between two or more elements; the coupling
or connection between the elements can be physical,
logical, or a combination thereof

[0147] “herein”, “above”, “below”, and words of simi-
lar import, when used to describe this specification,
shall refer to this specification as a whole, and not to
any particular portions of this specification;

[0148] “or”, in reference to a list of two or more items,
covers all of the following interpretations of the word:
any of the items in the list, all of the items in the list,
and any combination of the items in the list;

[0149] the singular forms “a”, “an”, and “the” also
include the meaning of any appropriate plural forms.

[0150] Unless the context clearly requires otherwise,
throughout the description and the claims:

[0151] Words that indicate directions such as “vertical”,
“transverse”, “horizontal”, “upward”, “downward”, “for-
ward”, “backward”, “inward”, “outward”, “vertical”, “trans-
verse”, “left”, “right”, “front”, “back”, “top”, “bottom”,
“below™, “above”, “under”, and the like, used in this
description and any accompanying claims (where present),
depend on the specific orientation of the apparatus described
and illustrated. The subject matter described herein may
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assume various alternative orientations. Accordingly, these
directional terms are not strictly defined and should not be
interpreted narrowly.

[0152] Embodiments of the invention may be imple-
mented using specifically designed hardware, configurable
hardware, programmable data processors configured by the
provision of software (which may optionally include “firm-
ware”) capable of executing on the data processors, special
purpose computers or data processors that are specifically
programmed, configured, or constructed to perform one or
more steps in a method as explained in detail herein and/or
combinations of two or more of these. Examples of specifi-
cally designed hardware are: logic circuits, application-
specific integrated circuits (“ASICs™), large scale integrated
circuits (“LSIs”), very large scale integrated circuits (“VL-
SIs”), and the like. Examples of configurable hardware are:
one or more programmable logic devices such as program-
mable array logic (“PALs”), programmable logic arrays
(“PLAs”), and field programmable gate arrays (“FPGAs”)).
Examples of programmable data processors are: micropro-
cessors, digital signal processors (“DSPs”), embedded pro-
cessors, graphics processors, math co-processors, mobile
computers, mobile devices, tablet computers, desktop com-
puters, server computers, cloud computers, mainframe com-
puters, computer workstations, and the like. For example,
one or more data processors in a control circuit for a device
may implement methods as described herein by executing
software instructions in a program memory accessible to the
processors. In another example, a tablet computer or other
portable computing device having a touchscreen may imple-
ment methods as described herein by having processors
provided therein execute software instruction in a program
memory accessible to such processors.

[0153] For example, while processes or blocks are pre-
sented in a given order herein, alternative examples may
perform routines having steps, or employ systems having
blocks, in a different order, and some processes or blocks
may be deleted, moved, added, subdivided, combined, and/
or modified to provide alternative or subcombinations. Each
of these processes or blocks may be implemented in a
variety of different ways. Also, while processes or blocks are
at times shown as being performed in series, these processes
or blocks may instead be performed in parallel, or may be
performed at different times.

[0154] The invention may also be provided in the form of
a program product. The program product may include any
non-transitory medium which carries a set of computer-
readable instructions which, when executed by a data pro-
cessor (e.g., in a controller, ultrasound processor in an
ultrasound machine, and/or a processor in an electronic
display unit), cause the data processor to execute a method
of the present embodiments. Program products may be in
any of a wide variety of forms. The program product may
include, for example, non-transitory media such as magnetic
data storage media including floppy diskettes, hard disk
drives, optical data storage media including CD ROMs,
DVDs, electronic data storage media including ROMs, flash
RAM, EPROMs, hardwired or preprogrammed chips (e.g.,
EEPROM semiconductor chips), nanotechnology memory,
or the like. The computer-readable signals on the program
product may optionally be compressed or encrypted.
[0155] Where a component (e.g. a software module, pro-
cessor, assembly, device, circuit, etc.) is referred to above,
unless otherwise indicated, reference to that component
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(including a reference to a “means™) should be interpreted as
including as equivalents of that component any component
which performs the function of the described component
(i.e., that is functionally equivalent), including components
which are not structurally equivalent to the disclosed struc-
ture which performs the function in the illustrated exemplary
embodiments of the invention.

[0156] Specific examples of systems, methods and appa-
ratus have been described herein for purposes of illustration.
These are only examples. The technology provided herein
can be applied to systems other than the example systems
described above. Many alterations, modifications, additions,
omissions, and permutations are possible within the practice
of this invention. This invention includes variations on
described embodiments that would be apparent to the skilled
addressee, including variations obtained by: replacing fea-
tures, elements and/or acts with equivalent features, ele-
ments and/or acts; mixing and matching of features, ele-
ments and/or acts from different embodiments; combining
features, elements and/or acts from embodiments as
described herein with features, elements and/or acts of other
technology; and/or omitting combining features, elements
and/or acts from described embodiments.

[0157] Itis therefore intended that the following appended
claims and claims hereafter introduced are interpreted to
include all such modifications, permutations, additions,
omissions, and sub-combinations as may reasonably be
inferred. The scope of the claims should not be limited by
the preferred embodiments set forth in the examples, but
should be given the broadest interpretation consistent with
the description as a whole.

What is claimed is:

1. A method of controlling visualization of ultrasound
image data, comprising:
displaying a live ultrasound image feed on a touchscreen;
receiving input via the touchscreen to adjust imaging
parameters of the live ultrasound image feed, the input
comprising continuous contact with the touchscreen;

during the continuous contact with the touchscreen, dis-
playing a transitional view of the live ultrasound image
feed, the transitional view being continuously updated
to indicate previews of the live ultrasound image feed
with the imaging parameters adjusted, the continuous
updating being performed in accordance with charac-
teristics of the contact with the touchscreen and while
the transitional view continues the display of the live
ultrasound image feed; and

upon termination of the continuous contact with the

touchscreen, identifying a selected setting of the imag-
ing parameters being adjusted, the selected setting
being identified based on the preview that is displayed
when the continuous contact with the touchscreen is
terminated.

2. The method of claim 1, wherein the live ultrasound
image feed is generated from an ultrasound acquisition unit
configured to transmit and receive ultrasound signals, and
wherein scan conversion is repeatedly performed on image
data corresponding to the ultrasound signals, to configure
the image data for displaying the previews of the live
ultrasound image feed.

3. The method of claim 2, wherein the ultrasound signals
are transmitted and received according to an ultrasound
sequence, and wherein the repeated scan conversion is
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performed on the image data corresponding to the ultra-
sound signals, without altering the ultrasound sequence.

4. The method of claim 1, further comprising transmitting
the selected setting to an ultrasound acquisition unit to cause
the ultrasound acquisition unit to modify the live ultrasound
image feed, so that the live ultrasound image feed has
adjusted imaging parameters that reflect the selected setting.

5. The method of claim 4, wherein the ultrasound acqui-
sition unit is configured to transmit and receive ultrasound
signals according to an ultrasound sequence when generat-
ing the live ultrasound image feed, and the selected setting
is used to alter the ultrasound sequence when modifying the
live ultrasound image feed.

6. The method of claim 1, wherein the imaging parameters
comprise an imaging depth of the live ultrasound image
feed, and the previews of the live ultrasound image feed
correspond to an adjustable scale showing selectable imag-
ing depths, and wherein the selected setting comprises one
of the selectable imaging depths shown on the adjustable
scale.

7. The method of claim 6, wherein the continuous contact
with the touchscreen corresponds to a drag gesture, and the
adjustable scale is continuously updated to show the select-
able imaging depths in correspondence with a length of the
drag gesture.

8. The method of claim 7, wherein imaging depths dis-
played in the previews of the live ultrasound image feed
correspond to the adjustable scale that is being continuously
updated.

9. The method of claim 1, wherein the input to adjust the
imaging parameters comprises input for flipping the live
ultrasound image feed along one of a vertical or a horizontal
axis.

10. The method of claim 9, wherein the continuous
contact with the touchscreen corresponds to a drag gesture,
and the previews of the live ultrasound image feed comprise
an animation from a pre-flipped orientation of the live
ultrasound image feed to a flipped orientation of the live
ultrasound image feed.

11. The method of claim 10, wherein the transitional view
being continuously updated to correspond to characteristics
of the contact with the touchscreen comprises the animation
being continuously updated to correspond with a length of
the drag gesture.

12. The method of claim 1, wherein the live ultrasound
image feed comprises a sector image, and wherein the input
to adjust the imaging parameters comprises input for altering
a sector angle of the sector image.

13. The method of claim 12, wherein the continuous
contact with the touchscreen corresponds to a pinch gesture,
and the previews of the live ultrasound image feed decrease
the sector angle upon a pinch-in gesture and increase the
sector angle upon a pinch-out gesture.

14. The method of claim 1, wherein the input to adjust the
imaging parameters comprises input for creating a region of
interest (ROI) box for use in a write zoom operation on the
live ultrasound image feed.

15. The method of claim 14, wherein the continuous
contact with the touchscreen corresponds to a pinch gesture,
and the previews of the live ultrasound image feed comprise
performing read zoom operations on the live ultrasound
image feed.
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16. An ultrasound imaging system comprising:

an ultrasound acquisition unit configured to transmit and

receive ultrasound signals; and

a display unit having a touchscreen, the display unit being

communicably coupled to the ultrasound acquisition

unit, wherein the display unit is configured to:

display a live ultrasound image feed on the touch-
screen;

receive input via the touchscreen to adjust imaging
parameters of the live ultrasound image feed, the
input comprising continuous contact with the touch-
screen;

during the continuous contact with the touchscreen,
display a transitional view of the live ultrasound
image feed, the transitional view being continuously
updated to indicate previews of the live ultrasound
image feed with the imaging parameters adjusted,
the continuous updating being performed in accor-
dance with characteristics of the contact with the
touchscreen and while the transitional view contin-
ues the display of the live ultrasound image feed; and

upon termination of the continuous contact with the
touchscreen, identify a selected setting of the imag-
ing parameters being adjusted, the selected setting
being identified based on the preview that is dis-
played when the continuous contact with the touch-
screen is terminated.

17. The ultrasound imaging system of claim 16, wherein
the live ultrasound image feed is generated from image data
corresponding to the ultrasound signals, and scan conversion
is repeatedly performed on the image data to configure the
image data for displaying the previews of the live ultrasound
image feed.

18. The ultrasound imaging system of claim 17, wherein
the ultrasound signals are transmitted and received accord-
ing to an ultrasound sequence, and wherein the repeated scan
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conversion is performed on the image data corresponding to
the ultrasound signals, without altering the ultrasound
sequence.

19. The ultrasound imaging system of claim 16, wherein
the ultrasound acquisition unit is configured to transmit and
receive the ultrasound signals according to an ultrasound
sequence when generating the live ultrasound image feed,
and the selected setting is used to alter the ultrasound
sequernce.

20. A computer readable medium storing instructions for
execution by a processor of a display unit having a touch-
screen, wherein when the instructions are executed by the
processor, the display unit is configured to:

display a live ultrasound image feed on the touchscreen;

receive input via the touchscreen to adjust imaging
parameters of the live ultrasound image feed, the input
comprising continuous contact with the touchscreen;

during the continuous contact with the touchscreen, dis-
play a transitional view of the live ultrasound image
feed, the transitional view being continuously updated
to indicate previews of the live ultrasound image feed
with the imaging parameters adjusted, the continuous
updating being performed in accordance with charac-
teristics of the contact with the touchscreen and while
the transitional view continues the display of the live
ultrasound image feed; and

upon termination of the continuous contact with the
touchscreen, identify a selected setting of the imaging
parameters being adjusted, the selected setting being
identified based on the preview that is displayed when
the continuous contact with the touchscreen is termi-
nated.
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