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(57) ABSTRACT

Aspects of the technology described herein include ultra-
sound data collection using different image formats. Some
embodiments include causing, within a single imaging pre-
set, an ultrasound device having a single transducer array to
switch from a configuration to collect ultrasound data for
producing ultrasound images having a first format to a
configuration to collect ultrasound data for producing ultra-
sound images having a second format. Some embodiments
include modulating, within a single imaging preset and as a
function of imaging depth, a virtual apex location and/or an
instantaneous transmit aperture size used for ultrasound data
collection by an ultrasound device having a single trans-
ducer array.
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METHODS AND APPARATUSES FOR
ULTRASOUND IMAGING USING
DIFFERENT IMAGE FORMATS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C.
§ 119(e) of U.S. Patent Application Ser. No. 62/750,443,
filed. Oct. 25, 2018 under Attorney Docket No. B1348.
701170800, and entitled “METHODS AND APPARA-
TUSES FOR ULTRASOUND IMAGING USING DIFFER-
ENT IMAGE FORMATS”, which is hereby incorporated
herein by reference in its entirety.

FIELD

[0002] Generally, the aspects of the technology described
herein relate to ultrasound imaging using different image
formats.

BACKGROUND

[0003] Ultrasound probes may be used to perform diag-
nostic imaging and/or treatment, using sound waves with
frequencies that are higher than those audible to humans.
Ultrasound imaging may be used to see internal soft tissue
body structures. When pulses of ultrasound are transmitted
into tissue, sound waves of different amplitudes may be
reflected back towards the probe at different tissue inter-
faces. These reflected sound waves may then be recorded
and displayed as an image to the operator. The strength
(amplitude) of the sound signal and the time it takes for the
wave to travel through the body may provide information
used to produce the ultrasound image. Many different types
of images can be formed using ultrasound devices. For
example, images can be generated that show two-dimen-
sional cross-sections of tissue, blood flow, motion of tissue
over time, the location of blood, the presence of specific
molecules, the stiffness of tissue, or the anatomy of a
three-dimensional region.

SUMMARY

[0004] According to one aspect, a method of operating an
ultrasound device having a single ultrasound transducer
array includes causing, within a single imaging preset, the
ultrasound device to switch from a configuration to collect
ultrasound data for producing ultrasound images having a
first format to a configuration to collect ultrasound data for
producing ultrasound images having a second format. In
some embodiments, the first format is a linear format and the
second format is a trapezoidal format. In some embodi-
ments, the first format is a trapezoidal format and the second
format is a sector format. In some embodiments, the first
format is a trapezoidal format and the second format is a
linear format. In some embodiments, the first format is a
sector format and the second format is a trapezoidal format.
In some embodiments, the first format is a linear format and
the second format is a sector format. In some embodiments,
the first format is a sector format and the second format is
a linear format.

[0005] In some embodiments, causing the ultrasound
device to switch from the configuration to collect ultrasound
data for producing ultrasound images having the first format
to the configuration to collect ultrasound data for producing
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ultrasound images having the second format is based on
receiving a selection of a new imaging depth that exceeds a
threshold imaging depth.

[0006] According to another aspect, a method of operating
an ultrasound device having a single transducer array
includes modulating, within a single imaging preset and as
a function of imaging depth, one or more of a virtual apex
location and an instantaneous transmit aperture size used for
ultrasound data collection by the ultrasound device. In some
embodiments, modulating one or more of the virtual apex
location and the instantaneous transmit aperture size used
for ultrasound data collection by the ultrasound device is
based on receiving, at a processing device in operative
communication with the ultrasound device, a selection of a
new imaging depth that exceeds a threshold imaging depth.
[0007] Some aspects include at least one non-transitory
computer-readable storage medium storing processor-ex-
ecutable instructions that, when executed by at least one
processor, cause the at least one processor to perform the
above aspects and embodiments. Some aspects include an
apparatus having a processing device configured to perform
the above aspects and embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Various aspects and embodiments will be described
with reference to the following exemplary and non-limiting
figures. It should be appreciated that the figures are not
necessarily drawn to scale. Items appearing in multiple
figures are indicated by the same or a similar reference
number in all the figures in which they appear.

[0009] FIG. 1 illustrates an example graph of transmit
lines in a preset for a linear image format, in accordance with
certain embodiments described herein;

[0010] FIG. 2 illustrates an example graph of transmit
lines in a preset for a trapezoidal image format, in accor-
dance with certain embodiments described herein;

[0011] FIG. 3 illustrates an example graph of transmit
lines in a preset for a sector image format, in accordance
with certain embodiments described herein;

[0012] FIG. 4 illustrates an example process for ultra-
sound imaging, in accordance with certain embodiments
described herein;

[0013] FIG. 5 illustrates another example process for
ultrasound imaging, in accordance with certain embodi-
ments described herein;

[0014] FIG. 6 illustrates another example process for
ultrasound imaging, in accordance with certain embodi-
ments described herein;

[0015] FIG. 7 illustrates another example process for
ultrasound imaging, in accordance with certain embodi-
ments described herein;

[0016] FIG. 8 illustrates another example process for
ultrasound imaging, in accordance with certain embodi-
ments described herein;

[0017] FIG. 9 illustrates another example process for
ultrasound imaging, in accordance with certain embodi-
ments described herein;

[0018] FIG. 10 illustrates an example ultrasound image
generated in accordance with certain embodiments
described herein;

[0019] FIG. 11 illustrates another example ultrasound
image generated in accordance with certain embodiments
described herein;
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[0020] FIG. 12 illustrates another example ultrasound
image generated in accordance with certain embodiments
described herein;

[0021] FIG. 13 illustrates another example ultrasound
image generated in accordance with certain embodiments
described herein;

[0022] FIG. 14 shows a schematic block diagram illus-
trating aspects of an example ultrasound system upon which
various aspects of the technology described herein may be
practiced; and

[0023] FIG. 15 shows a schematic block diagram illus-
trating aspects of another example ultrasound system upon
which various aspects of the technology described herein
may be practiced.

DETAILED DESCRIPTION

[0024] Typical ultrasound systems include multiple ultra-
sound probes with different characteristics. For example, an
ultrasound system may include a linear probe, a curvilinear
probe, and a phased array probe. A linear probe may produce
ultrasound images having a linear format. An ultrasound
image may be considered to have a linear format when the
width of the ultrasound image at the top (i.e.. the edge of the
ultrasound image closest to the ultrasound probe in the
vertical direction) is within a threshold percentage of the
width of the ultrasound image at the bottom (i.e., the edge
of the ultrasound image farthest from the ultrasound probe).
In some embodiments, the threshold percentage may be
10%. In some embodiments, the threshold percentage may
be another value, such as 1%, 2%, 5%, 15%, 20%. A phased
array probe may produce ultrasound images having a sector
format. An ultrasound image may be considered to have a
sector format when the width of the ultrasound image at the
top is less than a threshold percentage of the width of the
ultrasound image at the bottom. In some embodiments, the
threshold percentage may be 10%. In some embodiments,
the threshold percentage may be another value, such as 1%,
2%, 5%, 15%, 20%. A curvilinear probe may produce
ultrasound images having a trapezoidal format. An ultra-
sound image may be considered to have a trapezoidal format
when the ultrasound image does not have a linear format or
a sector format. A clinician may select a particular ultra-
sound probe based on the probe’s image format being
optimal for visualizing a certain anatomy. In general, a linear
image format may be optimal for shallow imaging depths, a
trapezoidal image format may be optimal for intermediate or
deep imaging depths, and a sector image format may be
optimal for deep imaging depths.

[0025] The inventors have recognized that certain types of
ultrasonic transducers, such as capacitive micromachined
ultrasonic transducers (CMUTs), may have broad band-
widths, and therefore a single ultrasound probe having a
single transducer array of such transducers may enable
imaging across a broad frequency range. A single ultrasound
probe that can image across a broad frequency range may in
turn be able to image across a broad range of depths within
the subject being imaged. For example, a single preset
(namely, a set of imaging parameter values optimized for
imaging a particular anatomy) may have a broader range of
possible imaging depths compared with a preset optimized
for imaging the particular anatomy on an ultrasound probe
based on piezoelectric transducers. (It should be understood
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that as referred to herein, the imaging parameter values in a
preset need not necessarily be predetermined, but may be
user-defined.)

[0026] The inventors have recognized that, for a single
ultrasound probe capable of imaging across a broad range of
depths, it may be helpful to vary the ultrasound image
format based on the imaging depth, since different image
formats may be optimal for different imaging depths. Thus,
the inventors have developed technology in which the image
format may switch from a first format to a second format in
dependence on the imaging depth selected by a user. For
example, the image format may switch from a linear format
to a trapezoidal format, or vice versa, if the imaging depth
selected by a user crosses a threshold depth, and the image
format may switch from trapezoidal format to sector format,
or vice versa, if the imaging depth crosses another threshold
depth. These switches in image format may occur within a
single preset and with a single ultrasound probe having a
single transducer array. Thus, a single ultrasound probe
possessing this format switching feature may be considered
to possess the functionality of a linear probe, a curvilinear
probe, and a phased array probe. Switching image format
may include modulating image parameters such as the
virtual apex location and/or the size of the instantaneous
transmit aperture used by the ultrasound device during
transmits.

[0027] Insome embodiments, there may be other changes
in image format based on the imaging depth. For example,
at one imaging depth, a processing device may generate an
ultrasound image having one width at the top of the ultra-
sound image, and at another imaging depth, the processing
device may generate an ultrasound image having a different
width at the top of the ultrasound image. As another
example, at one imaging depth, a processing device may
generate an ultrasound image having one ratio between the
width at the top of the ultrasound image and the width at the
bottom of the ultrasound image, and at another imaging
depth, the processing device may generate an ultrasound
image having a different ratio between the width at the top
of the ultrasound image and the width at the bottom of the
ultrasound image. These changes in image format may occur
at multiple imaging depths. To change the image format in
this manner described above, the processing device may
modulate the virtual apex location and/or the instantaneous
transmit aperture size as a function of imaging depth.
[0028] It should be appreciated that the embodiments
described herein may be implemented in any of numerous
ways. Examples of specific implementations are provided
below for illustrative purposes only. It should be appreciated
that these embodiments and the features/capabilities pro-
vided may be used individually, all together, or in any
combination of two or more, as aspects of the technology
described herein are not limited in this respect.

[0029] It may be helpful to generate ultrasound images
having a linear format for shallow imaging depths. A shal-
low imaging depth may be used for imaging anatomical
structures of interest at shallow depths. Sometimes, ana-
tomical features of interest positioned at shallow depths may
be positioned at any lateral location below the width of the
transducer array. An ultrasound image having a linear format
may depict regions of the subject that are below outer
regions of the transducer array even at shallow depths, and
thus the use of a linear image format may be beneficial for
shallow imaging.
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[0030] It may be helpful to generate ultrasound images
having a sector format for deep imaging depths. For deep
imaging depths, it may be helpful to maximize the power
transmitted by the transducer array in each transmit direc-
tion. Maximizing the power generated by the transducer
array may be accomplished by using substantially all of the
transducer array to transmit an ultrasound beam for a given
transmit direction. When the ultrasound device uses sub-
stantially all of the transducer array to transmit ultrasound
beams, it may be possible to image spatial regions below and
beyond outer regions of the transducer array at deep depths
by steering the ultrasound beams using beamforming tech-
niques. Steering ultrasound beams using beamforming tech-
niques when substantially all of the transducer array is used
to transmit an ultrasound beam for a given transmit direction
may result in an ultrasound image having a sector image
format.

[0031] It may be helpful to generate ultrasound images
having a trapezoidal format for intermediate imaging depths.
An ultrasound image having a trapezoidal format may depict
regions of the subject that are below outer regions of the
transducer array even at shallow depths, but not as shallow
as with a linear format, and may also depict regions below
and beyond outer regions of the transducer array at deep
depths, but not as deep as with a sector format.

[0032] Switching from generating an ultrasound image
having a linear format to an ultrasound image having a
trapezoidal format, from trapezoidal to linear, from trap-
ezoidal to sector, from sector to trapezoidal, from linear to
sector, or from sector to linear, may include modulating the
virtual apex and/or the transmit aperture used by the ultra-
sound device during ultrasound transmit events, referred to
herein as “transmits.” An ultrasound device may use a
portion of its transducer array to generate an ultrasound
beam for transmission in a given direction. The portion of
the ultrasound transducer array used to generate the trans-
mitted ultrasound pulses at any instantaneous time may be
referred to as the instantaneous transmit aperture. The ultra-
sound device may transmit multiple ultrasound beams in
multiple spatial directions in order to collect ultrasound data
for forming a full ultrasound image. For each transmitted
ultrasound beam using a particular instantaneous transmit
aperture, one can consider a line extending from the center
of the instantaneous transmit aperture along the direction of
the transmitted ultrasound beam. The point in space where
all such lines intersect for a given group of transmitted
ultrasound beams used to form an ultrasound image may be
referred to as the virtual apex.

[0033] As will be described further below, generating an
ultrasound image having a linear format that depicts regions
of the subject that are below outer regions of the transducer
array even at shallow depths may include using a virtual
apex location above the skin line—meaning in a direction
away from the subject—and an instantaneous transmit apet-
ture size that is smaller than the whole transducer array and
is translated across the transducer array for transmits in
different directions. Generating an ultrasound image having
a sector format may include using a virtual apex location that
is at the skin line and an instantaneous transmit aperture size
that include substantially all of the transducer array. Gen-
erating an ultrasound image having a trapezoidal format may
include using a virtual apex location and instantaneous
transmit aperture size that is intermediate between those
used for linear and sector formats. Thus, generating ultra-
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sound images having depth-dependent image formats may
include collecting ultrasound image using depth-dependent
virtual apex locations and/or instantaneous transmit aperture
sizes.

[0034] FIG. 1 illustrates an example graph 500 of transmit
lines generated when using a preset for a linear image
format, in accordance with certain embodiments described
herein. FIG. 1 includes the locations of a transducer array
502 (shown in cross-section), a first ultrasound transmit line
504, a second ultrasound transmit line 506, and a field of
view 516. The first ultrasound transmit line 504 is the
leftmost transmit line generated with this preset, and has a
focal location 508 and an instantaneous transmit aperture
512. The second ultrasound transmit line 506 is the center-
most transmit line generated with this preset, and has a focal
location 510 and an instantaneous transmit aperture 514.
More transmit lines than are show in the figure are generated
with this preset. The virtual apex (not shown in figure),
which can be envisioned as the intersection of lines extend-
ing from the center of the instantaneous transmit apertures
512 and 514 along the directions of the first ultrasound
transmit line 504 and the second ultrasound transmit line
506, respectively, is above the skin line (where the skin line
is at approximately 0 m on the vertical axis). It can be further
seen that the instantaneous transmit apertures 512 and 514
are subsets of the transducer array 502 that are translated
across the transducer array 502. It can be further appreciated
that all the transmit lines generated with this preset may
enable collection of data for ultrasound images that depict
regions of the subject below outer regions of the transducer
array 502 even at shallow depths. The field of view 516 may
be a rectangular region within which an ultrasound image is
generated using data from all the transmit lines. Some
received ultrasound data may correspond to data outside the
field of view 516, in which case this data is not used in image
reconstructed. The entire field of view 516 may not have
corresponding ultrasound data.

[0035] FIG. 2 illustrates an example graph 600 of transmit
lines generated when using a preset for a trapezoidal image
format, in accordance with certain embodiments described
herein. FIG. 2 includes the locations of the transducer array
502, a first ultrasound transmit line 604, a second ultrasound
transmit line 606, and a field of view 616. The first ultra-
sound transmit line 604 is the leftmost transmit line gener-
ated with this preset, and has a focal location 608 and an
instantaneous transmit aperture 612. The second ultrasound
transmit line 606 is the centermost transmit line generated
with this preset, and has a focal location 610 and an
instantaneous transmit aperture 614. More transmit lines
than are shown in the figure are generated with this preset.
The virtual apex (not shown in figure), which can be
envisioned as the intersection of lines extending from the
center of the instantaneous transmit apertures 612 and 614
along the directions of the first ultrasound transmit line 604
and the second ultrasound transmit line 606, respectively, is
above the skin line (where the skin line is at approximately
0 m on the vertical axis) but closer to the skin line than the
virtual apex of the linear format. It can be further seen that
the instantaneous transmit apertures 612 and 614 are subsets
of the transducer array 602 that are translated across the
transducer array 602, but larger in size than the instanta-
neous transmit apertures 512 and 514 of the linear preset. It
can be further appreciated that all the transmit lines gener-
ated with this preset may enable collection of data for
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ultrasound images that may depict deeper regions of the
subject than ultrasound images generated with the linear
preset; however, regions below outer regions of the trans-
ducer array 502 at shallow depths that may be visible with
the linear preset may not be visible with the trapezoidal
preset. As described above, the field of view 616 may be a
rectangular region within which an ultrasound image is
generated using data from all the transmit lines. Some
received ultrasound data may correspond to data outside the
field of view 616, in which case this data is not used in image
reconstructed. The entire field of view 616 may not have
corresponding ultrasound data. In trapezoidal presets, the
field of view 616 may be a compromise between the desire
to show the features as large as possible on the ultrasound
screen, and the desire to display as much of the ultrasound
data as possible out to the lower left/right fringes of the
ultrasound image.

[0036] FIG. 3 illustrates an example graph 700 of transmit
lines generated when using a preset for a sector image
format, in accordance with certain embodiments described
herein. FIG. 3 includes the locations of the transducer array
502, a first ultrasound transmit line 704, a second ultrasound
transmit line 706, and a field of view 716. The first ultra-
sound transmit line 704 is the leftmost transmit line gener-
ated with this preset, and has a focal location 708 and an
instantaneous transmit aperture 712. The second ultrasound
transmit line 706 is the centermost transmit line generated
with this preset, and has a focal location 710 and an
instantaneous transmit aperture 714. More transmit lines
than are show in the figure are generated with this preset.
The virtual apex 718 is at the skin line (namely, 0 m on the
vertical axis). It can be further seen that the instantaneous
transmit apertures 712 and 714 encompass the entire trans-
ducer array 702. It can be further appreciated that all the
transmit lines generated with this preset may enable collec-
tion of data for ultrasound images that depict deeper regions
of the subject than ultrasound images generated with the
trapezoidal preset; however, regions below outer regions of
the transducer array 502 at shallow depths that may be
visible with one or both of the linear and trapezoidal presets
may not be visible with the sector preset. As described
above, the field of view 616 may be a rectangular region
within which an ultrasound image is generated using data
from all the transmit lines. Some received ultrasound data
may cotrespond to data outside the field of view 616, in
which case this data is not used in image reconstructed. The
entire field of view 616 may not have corresponding ultra-
sound data. Like in trapezoidal presets, in sector presets, the
field of view 616 may be a compromise between the desire
to show the features as large as possible on the ultrasound
screen, and the desire to display as much of the ultrasound
data as possible out to the lower left/right fringes of the
ultrasound image.

[0037] FIGS. 4-9 illustrate example processes 800, 900,
1000, 1100, 1200, and 1300 for ultrasound imaging, in
accordance with certain embodiments described herein. The
processes 800, 900, 1000, 1100, 1200, and 1300 are per-
formed by a processing device in an ultrasound system. The
processing device may be, for example, a mobile phone,
tablet, or laptop in operative communication with an ultra-
sound device. The ultrasound device and the processing
device may communicate over a wired communication link
(e.g., over Ethernet, a Universal Serial Bus (USB) cable or
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a Lightning cable) or over a wireless communication link
(e.g., over a BLUETOOTH, WiFi, or ZIGBEE wireless
communication link).

[0038] Inact 802 of the process 800, the processing device
configures the ultrasound device to collect first ultrasound
data for producing a first ultrasound image having a linear
format. To configure the ultrasound device to collect the first
ultrasound data for producing a first ultrasound image hav-
ing a linear format, the processing device may transmit
commands to the ultrasound device to configure the ultra-
sound device with certain imaging parameters, such as
virtual apex location and instantaneous transmit aperture
size. The process 800 proceeds from act 8§02 to act §04.
[0039] In act 804, the processing device receives first
ultrasound data from the ultrasound device. For example, the
processing device may receive from the ultrasound device
raw acoustical data, scan lines generated from raw acoustical
data, and/or one or more ultrasound images generated from
raw acoustical data or scan lines. The process 800 proceeds
from act 804 to act 806.

[0040] In act 806, the processing device generates, based
on the first ultrasound data received in act 804, a first
ultrasound image having the linear format. In some embodi-
ments, the processing device may receive raw acoustical
data from the ultrasound device and generate the ultrasound
image based on the raw acoustical data. In some embodi-
ments, the processing device may receive scan lines from the
ultrasound device and generate the ultrasound image based
on the scan lines. In some embodiments, rather than the
processing device generating the ultrasound image, the
ultrasound device may generate the ultrasound image based
on the first ultrasound data and transmit the ultrasound
image to the processing device. The processing device may
display the ultrasound image. The process 800 proceeds
from act 806 to act 808.

[0041] The user may make a selection of a change in
imaging depth using the processing device. For example, the
user may select an imaging depth by swiping on a touch-
enabled display of the processing device along a particular
direction. In act 808, the processing device determines if a
selection of a new imaging depth has been received. For
example, the processing device may determine if a swipe
along a particular direction on the touch-enabled display has
been received. If a selection of a new imaging depth has not
been received, the process 800 returns to act 804, where the
processing device receives ultrasound data for producing an
ultrasound image having a linear format. On the other hand,
if a selection of a new imaging depth has been received, the
process 800 proceeds to act 810. The processing device may
perform the determination in act 808 periodically, and other
operations of the processing device (e.g., acts 804 and 806)
may occur in between such determinations.

[0042] Inact 810, the processing device compares the new
imaging depth to a threshold imaging depth. If the new
imaging depth is greater than the threshold imaging depth,
the process 800 proceeds to act 812. If the selected imaging
depth is not greater than the threshold imaging depth, the
process 800 proceeds back to act 804, where the processing
device receives ultrasound data for producing an ultrasound
image having a linear format. In some embodiments, rather
than determining at act 810 if the new imaging depth is
strictly greater than the threshold imaging depth, the pro-
cessing device may determine at act 8§10 if the new imaging
depth is greater than or equal to the threshold imaging depth.



US 2020/0129151 Al

[0043] Act 812 occurs if the ultrasound device was pre-
viously using an imaging depth less than or equal to the
threshold imaging depth and a new imaging depth greater
than the threshold imaging depth has been received. In act
812, the processing device configures the ultrasound device
to collect second ultrasound data for producing a second
ultrasound image having a trapezoidal format. To configure
the ultrasound device to collect the second ultrasound data
for producing a second ultrasound image having a trapezoi-
dal format, the processing device may transmit commands to
the ultrasound device to configure the ultrasound device
with imaging parameters, such as virtual apex location and
instantaneous transmit aperture size. The process 800 pro-
ceeds from act 812 to act §14.

[0044] In 814, the ultrasound device receives second ultra-
sound data from the ultrasound device. Further description
of receiving ultrasound data may be found with reference to
act 804. The process 800 proceeds from act 814 to act 816.
[0045] In act 816, the processing device generates, based
on the second ultrasound data, a second ultrasound image
having the trapezoidal format. Further description of gen-
erating an ultrasound image may be found with reference to
act 806.

[0046] The process 900 is the same as the process 800,
with the following exceptions. In act 902, the processing
device configures the ultrasound device to collect first
ultrasound data for producing a first ultrasound image hav-
ing a trapezoidal format. In act 906, the processing device
generates, based on the first ultrasound data received in act
904, the first ultrasound image having the trapezoidal for-
mat. In act 910, the processing device determines if the new
imaging depth is less than a threshold imaging depth. In
some embodiments, rather than determining at act 910 if the
new imaging depth is strictly less than the threshold imaging
depth, the processing device may determine at act 910 if the
new imaging depth is less than or equal to the threshold
imaging depth. In act 912, the processing device configures
the ultrasound device to collect second ultrasound data for
producing a second ultrasound image having a linear format.
In act 916, the processing device generates, based on the
second ultrasound data received in act 914, the second
ultrasound image having the linear format.

[0047] The process 1000 is the same as the process 800,
with the following exceptions. In act 1002, the processing
device configures the ultrasound device to collect first
ultrasound data for producing a first ultrasound image hav-
ing a trapezoidal format. In act 1006, the processing device
generates, based on the first ultrasound data received in act
1004, the first ultrasound image having the trapezoidal
format. In act 1012, the processing device configures the
ultrasound device to collect second ultrasound data for
producing a second ultrasound image having a sector for-
mat. In act 1016, the processing device generates, based on
the second ultrasound data received in act 1014, the second
ultrasound image having the sector format.

[0048] The process 1100 is the same as the process 900,
with the following exceptions. In act 1102, the processing
device configures the ultrasound device to collect first
ultrasound data for producing a first ultrasound image hav-
ing a sector format. In act 1106, the processing device
generates, based on the first ultrasound data received in act
1104, the first ultrasound image having the sector format. In
act 1112, the processing device configures the ultrasound
device to collect second ultrasound data for producing a
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second ultrasound image having a trapezoidal format. In act
1116, the processing device generates, based on the second
ultrasound data received in act 1114, the second ultrasound
image having the trapezoidal format.

[0049] The above description has described that a process-
ing device may switch from configuring an ultrasound
device to generate ultrasound images having a linear format
to configuring an ultrasound device to generate ultrasound
images having a trapezoidal format, or vice versa, or con-
figuring an ultrasound device to generate ultrasound images
having a trapezoidal format to configuring an ultrasound
device to generate ultrasound images having a sector format,
or vice versa. However, in some embodiments, the process-
ing device may switch from configuring an ultrasound
device to generate ultrasound images having a linear format
to configuring an ultrasound device to generate ultrasound
images having a sector format, or vice versa.

[0050] The above description has described that a process-
ing device may configure an ultrasound device to produce
ultrasound images having different image formats, such as
linear, trapezoidal, or sector, based on the imaging depth. In
some embodiments, there may be other changes in image
format based on the imaging depth. In some embodiments,
at one imaging depth, a processing device may generate a
sector ultrasound image having one width at the top of the
ultrasound image, and at another imaging depth, the pro-
cessing device may generate a sector ultrasound image
having a different width at the top of the ultrasound image.
In some embodiments, at one imaging depth, a processing
device may generate a sector ultrasound image having one
ratio between the width at the top of the ultrasound image
and the width at the bottom of the ultrasound image, and at
another imaging depth, the processing device may generate
a sector ultrasound image having a different ratio between
the width at the top of the ultrasound image and the width
at the bottom of the ultrasound image. In some embodi-
ments, these changes in image format may occur at multiple
imaging depths. In some embodiments, these changes in
image format may occur at every imaging depth. In other
words, every change in imaging depth may result in a
change in image format. In some embodiments, these
changes in image format may occur when the imaging depth
changes from one range of imaging depths to another range
of imaging depths, and there may be multiple such ranges.

[0051] Insome embodiments, to change the image format
in the manner described above, the processing device may
modulate the virtual apex location and/or the instantaneous
transmit aperture size as a function of imaging depth. For
example, the processing device may configure the ultra-
sound device to use virtual apex locations that are progres-
sively closer to the skin line for progressively deeper imag-
ing depths and/or to use instantaneous transmit aperture
sizes that are progressively larger for progressively deeper
imaging depths. The processing device may configure the
ultrasound device to use virtual apex locations that are
progressively farther from the skin line for progressively
shallower imaging depths and/or to use instantaneous trans-
mit aperture sizes that are progressively smaller for progres-
sively shallow imaging depths. Thus, in some embodiments,
the virtual apex location and/or the instantaneous transmit
aperture size may be different for every imaging depth. In
some embodiments, imaging depths within a certain range
may have one virtual apex location and/or one instantaneous
transmit aperture size, imaging depths within another range
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may have another virtual apex location and/or another
instantaneous transmit aperture size, and there may be any
number of such ranges of imaging depths. Virtual apex
locations that are progressively farther from the skin line
and/or instantaneous transmit aperture sizes that are pro-
gressively smaller may result in ultrasound images having
widths at the top of the ultrasound images that are progres-
sively smaller and/or ratios of the widths at the top to the
widths at the bottom of the ultrasound images that are
progressively smaller.

[0052] In act 1202 of the process 1200, the processing
device configures an ultrasound device to collect first ultra-
sound data for producing a first ultrasound image having a
first format. In some embodiments, the first format may be
a linear, trapezoidal, or sector image format. In some
embodiments, the first format may be a format in which the
ultrasound image has a particular width at the top of the
ultrasound image and/or a particular ratio of the width at the
top to the width at the bottom of the ultrasound image.
Further description of configuring the ultrasound device to
collect ultrasound data may be found with reference to act
802. The process 1200 proceeds from act 1202 to act 1204.
[0053] In act 1204, the processing device receives first
ultrasound data from the ultrasound device. Further descrip-
tion of receiving ultrasound data may be found with refer-
ence to act 804. The process 1200 proceeds from act 1204
to act 1206.

[0054] In act 1206, the processing device generates, based
on the first ultrasound data received in act 1204, the first
ultrasound image having the first format. Further description
of generating ultrasound images may be found with refer-
ence to act 806. The process 1200 proceeds from act 1206
to act 1208.

[0055] 1In act 1208, the processing device determines if a
selection of a new imaging depth has been received. If a
selection of a new imaging depth has not been received, the
process 1200 returns to act 1204, where the processing
device receives ultrasound data for producing an ultrasound
image having the first format. On the other hand, if a
selection of a new imaging depth has been received, the
process 1200 proceeds to act 1212. Further description of
determining if a selection of a new imaging depth has been
received may be found with reference to act §08.

[0056] In act 1212, the processing device configures the
ultrasound device to collect second ultrasound data for
producing a second ultrasound image having a second
format. The second format may be different from the first
format. In some embodiments, the second format may be a
linear, trapezoidal, or sector image format. In some embodi-
ments, the second format may be a format in which the
ultrasound image has a different width at the top of the
ultrasound image than the first format and/or a different ratio
of the width at the top to the width at the bottom of the
ultrasound image than the first format. Further description of
configuring the ultrasound device to collect ultrasound data
may be found with reference to act 802. The process 1200
proceeds from act 1212 to act 1214.

[0057] In act 1214, the ultrasound device receives second
ultrasound data from the ultrasound device. Further descrip-
tion of receiving ultrasound data may be found with refer-
ence to act 804. The process 1200 proceeds from act 1214
to act 1216.

[0058] Inact 1216, the processing device generates, based
on the second ultrasound data, a second ultrasound image
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having the second format. Further description of generating
an ultrasound image may be found with reference to act 8§06.
[0059] In act 1302 of the process 1300, the processing
device configures an ultrasound device to collect first ultra-
sound data using a first virtual apex location and/or a first
instantaneous transmit aperture size. To configure the ultra-
sound device to collect the first ultrasound data using the
first virtual apex location and/or the first instantaneous
transmit aperture size, the processing device may transmit
commands to the ultrasound device to configure the ultra-
sound device with the virtual apex location and/or instan-
taneous transmit aperture size imaging parameters. Further
description of configuring the ultrasound device to collect
ultrasound data may be found with reference to act 802. The
process 1300 proceeds from act 1302 to act 1304.

[0060] In act 1304, the processing device receives the first
ultrasound data from the ultrasound device. Further descrip-
tion of receiving ultrasound data may be found with refer-
ence to act 804. The process 1300 proceeds from act 1304
to act 1306.

[0061] Inact 1306, the processing device generates, based
on the first ultrasound data received in act 1304, a first
ultrasound image. Further description of generating ultra-
sound images may be found with reference to act 806. The
process 1300 proceeds from act 1306 to act 1308.

[0062] In act 1308, the processing device determines if a
selection of a new imaging depth has been received. If a
selection of a new imaging depth has not been received, the
process 1300 returns to act 1304, where the processing
device receives ultrasound data using the first virtual apex
location and/or the first instantaneous transmit aperture size.
On the other hand, if a selection of a new imaging depth has
been received, the process 1300 proceeds to act 1312.
Further description of determining if a selection of a new
imaging depth has been received may be found with refer-
ence to act 808.

[0063] In act 1312, the processing device configures the
ultrasound device to collect second ultrasound data using a
second virtual apex location and/or a second instantaneous
transmit aperture size based on the new imaging depth. The
second virtual apex location and/or the second instantaneous
transmit aperture size may be different from the first format.
In some embodiments, the processing device may configure
the ultrasound device to use virtual apex locations that are
progressively closer to the skin line for progressively deeper
imaging depths and/or to use instantaneous transmit aperture
sizes that are progressively larger for progressively deeper
imaging depths. The processing device may configure the
ultrasound device to use virtual apex locations that are
progressively farther from the skin line for progressively
shallower imaging depths and/or to use instantaneous trans-
mit aperture sizes that are progressively smaller for progres-
sively shallow imaging depths. Thus, in some embodiments,
the virtual apex location and/or the instantaneous transmit
aperture size may be different for every imaging depth. In
some embodiments, imaging depths within a certain range
may have one virtual apex location and/or one instantaneous
transmit aperture size, imaging depths within another range
may have another virtual apex location and/or another
instantaneous transmit aperture size, and there may be any
number of such ranges of imaging depths. Further descrip-
tion of configuring the ultrasound device to collect ultra-
sound data may be found with reference to act 8§02. The
process 1300 proceeds from act 1312 to act 1314.
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[0064] In act 1314, the ultrasound device receives second
ultrasound data from the ultrasound device. Further descrip-
tion of receiving ultrasound data may be found with refer-
ence to act 804. The process 1300 proceeds from act 1314
to act 1316.

[0065] Inact 1316, the processing device generates, based
on the second ultrasound data, a second ultrasound image.
Further description of generating an ultrasound image may
be found with reference to act 806.

[0066] It should be appreciated that in some embodiments,
the changes in image format and/or imaging parameters
described above may occur within a single preset and using
a single ultrasound probe having a single transducer array. In
other words, the image format may change in any of the
manners described above without the user choosing a new
preset or switching ultrasound probes. In some embodi-
ments, the image format may change without the user
making any selections aside from selecting a new imaging
depth. In some embodiments, the changes in image format
may occur for certain presets but not other presets. The
presets where changes in image format occur may be those
where the minimum imaging depth is smaller than the width
of the long axis of the transducer array and the maximum
imaging depth is more than twice as large as the long axis
of the transducer array.

[0067] It should be appreciated that while the above
description has described the processes 800, 900, 1000,
1100, 1200, and 1300 as being performed by a processing
device, in some embodiments these processes may be pet-
formed by the ultrasound device that collects the ultrasound
data.

[0068] FIGS. 10-13 illustrate example ultrasound images
that may be generated in accordance with certain embodi-
ments described herein (e.g., using one or more of the
processes 800, 900, 1000, 1100, 1200, and 1300). The
ultrasound images are all collected by a single ultrasound
transducer array on a single ultrasound device using a single
imaging preset. The ultrasound images may be collected
upon selection of different imaging depths by a user.
[0069] FIG. 10 illustrates an example ultrasound image
100 generated in accordance with certain embodiments
described herein. The ultrasound image 100 includes a top
portion 102 and a bottom portion 104. FIG. 10 further
includes a ruler 106 indicating the imaging depth. In FIG.
10, the imaging depth is 2 cm, as indicated by the ruler 106.
The top portion 102 of the ultrasound image 100 is approxi-
mately the same width as the bottom portion 104 of the
ultrasound image 100. The ultrasound image 100 may be
considered to have a linear format.

[0070] FIG. 11 illustrates another example ultrasound
image 200 generated in accordance with certain embodi-
ments described herein. The ultrasound image 200 includes
a top portion 202 and a bottom portion 204. In FIG. 11, the
imaging depth is 3 cm, as indicated by the ruler 106. The
user may have selected the imaging depth of 3 cm after the
imaging depth was 2 cm, resulting in a switch from the
ultrasound image 100 to the ultrasound image 200. The top
portion 202 of the ultrasound image 200 is approximately
the same width as the bottom portion 204 of the ultrasound
image 200. The ultrasound image 200 may also be consid-
ered to have a linear format.

[0071] FIG. 12 illustrates another example ultrasound
image 300 generated in accordance with certain embodi-
ments described herein. The ultrasound image 300 includes
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a top portion 302 and a bottom portion 304. In FIG. 12, the
imaging depth is 4 cm, as indicated by the ruler 106. The
user may have selected the imaging depth of 4 cm after the
imaging depth was 3 cm, resulting in a switch from the
ultrasound image 200 to the ultrasound image 300. The top
portion 302 of the ultrasound image 300 is narrower than the
bottom portion 304 of the ultrasound image 300. The
ultrasound image 300 may be considered to have a trapezoi-
dal format.

[0072] FIG. 13 illustrates another example ultrasound
image 400 generated in accordance with certain embodi-
ments described herein. The ultrasound image 400 includes
a top portion 402 and a bottom portion 404. In FIG. 13, the
imaging depth is 6 cm, as indicated by the ruler 106. The
user may have selected the imaging depth of 6 cm after the
imaging depth was 4 cm, resulting in a switch from the
ultrasound image 100 to the ultrasound image 200. The top
portion 402 of the ultrasound image 400 is narrower than the
bottom portion 404 of the ultrasound image 400. The
ultrasound image 400 may also be considered to have a
trapezoidal format.

[0073] As can be appreciated from FIGS. 10-13, within
the single imaging preset used to capture the ultrasound
images 100, 200, 300, and 400, the image format is depen-
dent on the imaging depth selected by the user. For imaging
depths of 2 cm and 3 cm, the image format is linear, while
for imaging depths of 4 cm and 6 cm, the imaging format is
trapezoidal. While FIGS. 10-13 illustrate a switch in image
format from linear to trapezoidal based on change in imag-
ing depth, it should be appreciated that within a single
imaging preset, a switch in image format from trapezoidal to
linear, from trapezoidal to sector, from sector to trapezoidal,
from linear to sector, or from sector to linear, based on
imaging depth may also be implemented.

[0074] FIG. 14 shows a schematic block diagram illus-
trating aspects of an example ultrasound system 1400 upon
which various aspects of the technology described herein
may be practiced. For example, one or more components of
the ultrasound system 1400 may perform any of the pro-
cesses (e.g., the processes 800, 900, 1000, 1100, 1200, and
1300) described herein. As shown, the ultrasound system
1400 includes processing circuitry 1401, input/output
devices 1403, ultrasound circuitry 1405, and memory cit-
cuitry 1407.

[0075] Theultrasound circuitry 1405 may be configured to
generate ultrasound data that may be employed to generate
an ultrasound image. The ultrasound circuitry 1405 may
include one or more ultrasonic transducers monolithically
integrated onto a single semiconductor die. The ultrasonic
transducers may include, for example, one or more capaci-
tive micromachined ultrasonic transducers (CMUTs), one or
more CMOS ultrasonic transducers (CUTS), one or more
piezoelectric  micromachined  ultrasonic  transducers
(PMUTs), and/or one or more other suitable ultrasonic
transducer cells. In some embodiments, the ultrasonic trans-
ducers may be formed on the same chip as other electronic
components in the ultrasound circuitry 1405 (e.g., transmit
cireuitry, receive circuitry, control circuitry, power manage-
ment circuitry, and processing circuitry) to form a mono-
lithic ultrasound device.

[0076] The processing circuitry 1401 may be configured to
perform any of the functionality described herein. The
processing circuitry 1401 may include one or more proces-
sors (e.g., computer hardware processors). To perform one
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or more functions, the processing circuitry 1401 may
execute one or more processor-executable instructions
stored in the memory circuitry 1407. The memory circuitry
1407 may be used for storing programs and data during
operation of the ultrasound system 1400. The memory
circuitry 1407 may include one or more storage devices such
as non-transitory computer-readable storage media. The
processing circuitry 1401 may control writing data to and
reading data from the memory circuitry 1407 in any suitable
mannet.

[0077] In some embodiments, the processing circuitry
1401 may include specially-programmed and/or special-
purpose hardware such as an application-specific integrated
circuit (ASIC). For example, the processing circuitry 1401
may include one or more graphics processing units (GPUs)
and/or one or more tensor processing units (TPUs). TPUs
may be ASICs specifically designed for machine learning
(e.g., deep learning). The TPUs may be employed to, for
example, accelerate the inference phase of a neural network.
[0078] The input/output (I/O) devices 1403 may be con-
figured to facilitate communication with other systems and/
or an operator. Example 1/0 devices 1403 that may facilitate
communication with an operator include: a keyboard, a
mouse, a trackball, a microphone, a touch-enabled screen, a
printing device, a display screen, a speaker, and a vibration
device. Example /0 devices 1403 that may facilitate com-
munication with other systems include wired and/or wireless
communication circuitry such as BLUETOOTH, ZIGBEE,
Ethernet, WiFi, and/or USB communication circuitry.
[0079] It should be appreciated that the ultrasound system
1400 may be implemented using any number of devices. For
example, the components of the ultrasound system 1400
may be integrated into a single device. In another example,
the ultrasound circuitry 1405 may be integrated into an
ultrasound device that is communicatively coupled with a
processing device that includes the processing circuitry
1401, the input/output devices 1403, and the memory cir-
cuitry 1407.

[0080] FIG. 15 shows a schematic block diagram illus-
trating aspects of another example ultrasound system 1500
upon which various aspects of the technology described
herein may be practiced. For example, one or more compo-
nents of the ultrasound system 1500 may perform any of the
processes (e.g., the processes 800, 900, 1000, 1100, 1200,
and 1300) described herein. As shown, the ultrasound sys-
tem 1500 includes an ultrasound device 1514 in wired
and/or wireless communication with a processing device
1502. The processing device 1502 includes an audio output
device 1504, an imaging device 1506, a display screen 1508,
a processor 1510, a memory 1512, and a vibration device
1509. The processing device 1502 may communicate with
one or more external devices over a network 1516. For
example, the processing device 1502 may communicate
with one or more workstations 1520, servers 1518, and/or
databases 1522.

[0081] The ultrasound device 1514 may be configured to
generate ultrasound data that may be employed to generate
an ultrasound image. The ultrasound device 1514 may be
constructed in any of a variety of ways. In some embodi-
ments, the ultrasound device 1514 includes a transmitter that
transmits a signal to a transmit beamformer which in turn
drives transducer elements within a transducer array to emit
pulsed ultrasonic signals into a structure, such as a patient.
The pulsed ultrasonic signals may be back-scattered from
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structures in the body, such as blood cells or muscular tissue,
to produce echoes that return to the transducer elements.
These echoes may then be converted into electrical signals
by the transducer elements and the electrical signals are
received by a receiver. The electrical signals representing the
received echoes are sent to a receive beamformer that
outputs ultrasound data.

[0082] The processing device 1502 may be configured to
process the ultrasound data from the ultrasound device 1514
to generate ultrasound images for display on the display
screen 1508. The processing may be performed by, for
example, the processor 1510. The processor 1510 may also
be adapted to control the acquisition of ultrasound data with
the ultrasound device 1514. The ultrasound data may be
processed in real-time during a scanning session as the echo
signals are received. In some embodiments, the displayed
ultrasound image may be updated a rate of at least 5 Hz, at
least 10 Hz, at least 20 Hz, at a rate between 5 and 60 Hz,
at a rate of more than 20 Hz. For example, ultrasound data
may be acquired even as images are being generated based
on previously acquired data and while a live ultrasound
image is being displayed. As additional ultrasound data is
acquired, additional frames or images generated from more-
recently acquired ultrasound data are sequentially displayed.
Additionally, or alternatively, the ultrasound data may be
stored temporarily in a buffer during a scanning session and
processed in less than real-time.

[0083] Additionally (or alternatively), the processing
device 1502 may be configured to perform any of the
processes (e.g., the processes 800, 900, 1000, 1100, 1200,
and 1300) described herein (e.g., using the processor 1510).
As shown, the processing device 1502 may include one or
more elements that may be used during the performance of
such processes. For example, the processing device 1502
may include one or more processors 1510 (e.g., computer
hardware processors) and one or more articles of manufac-
ture that include non-transitory computer-readable storage
media such as the memory 1512. The processor 1510 may
control writing data to and reading data from the memory
1512 in any suitable manner. To perform any of the func-
tionality described herein, the processor 1510 may execute
one or more processor-executable instructions stored in one
or more non-transitory computer-readable storage media
(e.g., the memory 1512), which may serve as non-transitory
computer-readable storage media storing processor-execut-
able instructions for execution by the processor 1510.

[0084] In some embodiments, the processing device 1502
may include one or more input and/or output devices such as
the audio output device 1504, the imaging device 1506, the
display screen 1508, and the vibration device 1509. The
audio output device 1504 may be a device that is configured
to emit audible sound such as a speaker. The imaging device
1506 may be a camera configured to detect light (e.g., visible
light) to form an optical image. The display screen 1508 may
be configured to display images and/or videos such as a
liquid crystal display (LCD), a plasma display, and/or an
organic light emitting diode (OLED) display. The display
screen 1508 may be a touch-enabled screen display. The
vibration device 1509 may be configured to vibrate one or
more components of the processing device 1502 to provide
tactile feedback. These input and/or output devices may be
communicatively coupled to the processor 1510 and/or
under the control of the processor 1510. The processor 1510
may control these devices in accordance with a process
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being executed by the process 1510 (such as the processes
800, 900, 1000, 1100, 1200, and 1300).

[0085] It should be appreciated that the processing device
1502 may be implemented in any of a variety of ways. For
example, the processing device 1502 may be implemented
as a handheld device such as a mobile smartphone or a
tablet. Thereby, an operator of the ultrasound device 1514
may be able to operate the ultrasound device 1514 with one
hand and hold the processing device 1502 with another
hand. In other examples, the processing device 1502 may be
implemented as a portable device that is not a handheld
device such as a laptop. In yet other examples, the process-
ing device 1502 may be implemented as a stationary device
such as a desktop computer.

[0086] In some embodiments, the processing device 1502
may communicate with one or more external devices via the
network 1516. The processing device 1502 may be con-
nected to the network 1516 over a wired connection (e.g.,
via an Ethernet cable) and/or a wireless connection (e.g.,
over a WiFi network). As shown in FIG. 15, these external
devices may include servers 1518, workstations 1520, and/
or databases 1522. The processing device 1502 may com-
municate with these devices to, for example, off-load com-
putationally intensive tasks. For example, the processing
device 1502 may send an ultrasound image over the network
1516 to the server 1518 for analysis (e.g., to identify an
anatomical feature in the ultrasound) and receive the results
of the analysis from the server 1518. Additionally (or
alternatively), the processing device 1502 may communicate
with these devices to access information that is not available
locally and/or update a central information repository. For
example, the processing device 1502 may access the medi-
cal records of a subject being imaged with the ultrasound
device 1514 from a file stored in the database 1522. In this
example, the processing device 1502 may also provide one
or more captured ultrasound images of the subject to the
database 1522 to add to the medical record of the subject.
For further description of ultrasound devices and systems,
see U.S. patent application Ser. No. 15/415,434 titled “UNI-
VERSAL ULTRASOUND PROBE AND RELATED
APPARATUS AND METHODS,” filed on Jan. 25, 2017
(and assigned to the assignee of the instant application),
which is incorporated by reference herein in its entirety.
[0087] Various aspects of the present disclosure may be
used alone, in combination, or in a variety of arrangements
not specifically described in the embodiments described in
the foregoing and is therefore not limited in its application
to the details and arrangement of components set forth in the
foregoing description or illustrated in the drawings. For
example, aspects described in one embodiment may be
combined in any manner with aspects described in other
embodiments.

[0088] Various inventive concepts may be embodied as
one or more processes, of which examples have been
provided. The acts performed as part of each process may be
ordered in any suitable way. Thus, embodiments may be
constructed in which acts are performed in an order different
than illustrated, which may include performing some acts
simultaneously, even though shown as sequential acts in
illustrative embodiments. Further, one or more of the pro-
cesses may be combined and/or omitted, and one or more of
the processes may include additional steps

[0089] In some embodiments describing ranges of values,
such as the ranges of imaging depths in which the shallow
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vs. the deep lung imaging mode are selected, a first range of
values may be less than or equal to a threshold value and a
second range may be greater than the threshold value. Tt
should be understood that the range encompassing the
threshold value is non-limiting, and in other embodiments
the first range may be less than the value and the second
range may be greater than or equal to the value. Similarly,
in embodiments in which a first range of values may be less
than a threshold value and a second range may be greater
than or equal to the threshold value, it should be understood
that in other embodiments the first range may be less than or
equal to the value and the second range may be greater than
the value.

[0090] The indefinite articles “a” and “an,” as used herein
in the specification and in the claims, unless clearly indi-
cated to the contrary, should be understood to mean “at least
one.”

[0091] The phrase “and/or,” as used herein in the speci-
fication and in the claims, should be understood to mean
“either or both” of the elements so conjoined, i.e., elements
that are conjunctively present in some cases and disjunc-
tively present in other cases. Multiple elements listed with
“and/or” should be construed in the same fashion, i.e., “one
or more” of the elements so conjoined. Other elements may
optionally be present other than the elements specifically
identified by the “and/or” clause, whether related or unre-
lated to those elements specifically identified.

[0092] As used herein in the specification and in the
claims, the phrase “at least one,” in reference to a list of one
or more elements, should be understood to mean at least one
element selected from any one or more of the elements in the
list of elements, but not necessarily including at least one of
each and every element specifically listed within the list of
elements and not excluding any combinations of elements in
the list of elements. This definition also allows that elements
may optionally be present other than the elements specifi-
cally identified within the list of elements to which the
phrase “at least one™ refers, whether related or unrelated to
those elements specifically identified.

[0093] Use of ordinal terms such as “first,” “second,”
“third,” etc., in the claims to modify a claim element does
not by itself connote any priority, precedence, or order of
one claim element over another or the temporal order in
which acts of a method are performed, but are used merely
as labels to distinguish one claim element having a certain
name from another element having a same name (but for use
of the ordinal term) to distinguish the claim elements.
[0094] As used herein, reference to a numerical value
being between two endpoints should be understood to
encompass the situation in which the numerical value can
assume either of the endpoints. For example, stating that a
characteristic has a value between A and B, or between
approximately A and B, should be understood to mean that
the indicated range is inclusive of the endpoints A and B
unless otherwise noted.

[0095] The terms “approximately” and “about” may be
used to mean within +20% of a target value in some
embodiments, within +10% of a target value in some
embodiments, within 5% of a target value in some embodi-
ments, and yet within #2% of a target value in some
embodiments. The terms “approximately” and “about” may
include the target value.

[0096] Also, the phraseology and terminology used herein
is for the purpose of description and should not be regarded
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as limiting. The use of “including,” “comprising,” or “hav-
ing,” “containing,” “involving,” and variations thereof
herein, is meant to encompass the items listed thereafter and
equivalents thereof as well as additional items.

[0097] Having described above several aspects of at least
one embodiment, it is to be appreciated various alterations,
modifications, and improvements will readily occur to those
skilled in the art. Such alterations, modifications, and
improvements are intended to be object of this disclosure.
Accordingly, the foregoing description and drawings are by
way of example only.

What is claimed is:

1. A method of operating an ultrasound device having a
single ultrasound transducer array, the method comprising:

causing, within a single imaging preset, the ultrasound

device to switch from a configuration to collect ultra-
sound data for producing ultrasound images having a
first format to a configuration to collect ultrasound data
for producing ultrasound images having a second for-
mat.

2. The method of claim 1. wherein the first format is a
linear format and the second format is a trapezoidal format.

3. The method of claim 1, wherein the first format is a
trapezoidal format and the second format is a sector format.

4. The method of claim 1, wherein the first format is a
trapezoidal format and the second format is a linear format.

5. The method of claim 1. wherein the first format is a
sector format and the second format is a trapezoidal format.

6. The method of claim 1, wherein the first format is a
linear format and the second format is a sector format.

7. The method of claim 1, wherein the first format is a
sector format and the second format is a linear format.

8. The method of claim 1, wherein causing the ultrasound
device to switch from the configuration to collect ultrasound
data for producing ultrasound images having the first format
to the configuration to collect ultrasound data for producing
ultrasound images having the second format is based on
receiving a selection of a new imaging depth that exceeds a
threshold imaging depth.

9. A method of operating an ultrasound device having a
single transducer array, the method comprising:

modulating, within a single imaging preset and as a

function of imaging depth, one or more of a virtual
apex location and an instantaneous transmit aperture
size used for ultrasound data collection by the ultra-
sound device.

10. The method of claim 9, wherein modulating one or
more of the virtual apex location and the instantaneous
transmit aperture size used for ultrasound data collection by
the ultrasound device is based on receiving, at a processing
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device in operative communication with the ultrasound
device, a selection of a new imaging depth that exceeds a
threshold imaging depth.

11. An apparatus comprising a processing device in opera-
tive communication with an ultrasound device having a
single ultrasound transducer array, the processing device
configured to:

cause, within a single imaging preset, the ultrasound

device to switch from a configuration to collect ultra-
sound data for producing ultrasound images having a
first format to a configuration to collect ultrasound data
for producing ultrasound images having a second for-
mat.

12. The apparatus of claim 11, wherein the first format is
alinear format and the second format is a trapezoidal format.

13. The apparatus of claim 11, wherein the first format is
a trapezoidal format and the second format is a sector
format.

14. The apparatus of claim 11, wherein the first format is
a trapezoidal format and the second format is a linear format.

15. The apparatus of claim 11, wherein the first format is
a sector format and the second format is a trapezoidal
format.

16. The apparatus of claim 11, wherein the first format is
a linear format and the second format is a sector format.

17. The apparatus of claim 11, wherein the first format is
a sector format and the second format is a linear format.

18. The apparatus of claim 11, wherein the processing
device is configured to cause the ultrasound device to switch
from the configuration to collect ultrasound data for pro-
ducing ultrasound images having the first format to the
configuration to collect ultrasound data for producing ultra-
sound images having the second format based on receiving
a selection of a new imaging depth that exceeds a threshold
imaging depth.

19. An apparatus comprising a processing device in
operative communication with an ultrasound device having
a single ultrasound transducer array, the processing device
configured to:

modulate, within a single imaging preset and as a function

of imaging depth, one or more of a virtual apex location
and an instantaneous transmit aperture size used for
ultrasound data collection by the ultrasound device.

20. The apparatus of claim 19, wherein the processing
device is configured to modulate one or more of the virtual
apex location and the instantaneous transmit aperture size
used for ultrasound data collection by the ultrasound device
is based on receiving a selection of a new imaging depth that
exceeds a threshold imaging depth.
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