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(57) ABSTRACT

A system and a method of ultrasound imaging includes
acquiring ultrasound data, acquiring a quality parameter
while acquiring the ultrasound data, determining an acqui-
sition quality level based on the quality parameter, display-
ing an image generated based on the ultrasound data and
displaying an ROI on the ultrasound image, where a color of
the ROI represents the acquisition quality level.
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ULTRASOUND IMAGING SYSTEM AND
METHOD FOR DISPLAYING AN
ACQUISITION QUALITY LEVEL

FIELD OF THE INVENTION

[0001] This disclosure relates generally to an ultrasound
imaging system and method for displaying a border on an
image to indicate an ROI, where the color of the border
represents an acquisition quality level.

BACKGROUND OF THE INVENTION

[0002] Ultrasound imaging procedures are oftentimes
used to acquire quantitative or qualitative information from
a region-of-interest (ROI). An ultrasound imaging system
may automatically calculate a patient parameter such as a
length or diameter of an anatomical structure, a volume of
blood or fluid flowing through a region in a period of time,
a velocity, an average velocity, or a peak velocity acquired
from the ROI of a patient. When acquiring a patient param-
eter from a RO, it is important for the ultrasound clinician
to know that the acquisition quality was acceptable during
the acquisition of the ultrasound data.

[0003] If the acquisition quality is not high enough, it is
important that the clinician reacquires the ultrasound data
before relying on any patient parameters calculated from the
ultrasound data. However, with conventional ultrasound
systems it is often difficult for the clinician to determine if
the acquisition quality of the ultrasound data acquisition is
acceptable. For these and other reasons an improved ultra-
sound imaging system and method is required that provides
the clinician with feedback regarding the acquisition quality
level that is intuitive to interpret and does not distract the
clinician from viewing the ultrasound image displayed on
the screen.

BRIEF DESCRIPTION OF THE INVENTION

[0004] The above-mentioned shortcomings, disadvan-
tages and problems are addressed herein which will be
understood by reading and understanding the following
specification.

[0005] In an embodiment, a method of ultrasound imaging
includes acquiring ultrasound data and acquiring a quality
parameter during the process of acquiring the ultrasound
data. The method includes determining, with a processor, an
acquisition quality level based on the quality parameter. The
method includes automatically selecting a first color based
on the acquisition quality level from a group including at
least the first color representing a first range of acquisition
quality levels and a second color representing a second
range of acquisition quality levels, where the second color is
different than the first color and the second range of acqui-
sition quality levels does not overlap with the first range of
acquisition quality levels. The method includes generating
an image based on the ultrasound data, displaying the image
on a display device and displaying a border in the first color
on the first image, where the border indicates a position of
the ROI and the first color represents the acquisition quality
level.

[0006] In an embodiment, an ultrasound imaging system
includes a probe, a display device, and a processor in
electronic communication with the probe and the display
device. The processor is configured to control the probe to
acquire ultrasound data, acquire a quality parameter during

Nov. 1, 2018

the process of acquiring the ultrasound data, determine an
acquisition quality level based on the quality parameter. The
processor is configured to select a first color based on the
acquisition quality level from a group including at least the
first color representing a first range of acquisition quality
levels and a second color, that is different than the first color,
representing a second range of acquisition quality levels,
where the second range of acquisition quality levels does not
overlap with the first range of acquisition quality levels. The
processor is configured to generate an image based on the
ultrasound data, display the image on the display device,
display a border in the first color on the image, where the
border indicates the ROI and the first color represents the
acquisition quality level.

[0007] Inan embodiment, a non-transitory computer read-
able medium having stored theron, a computer program
having at least one code section, said at least one code
section being executable by a machine for causing said
machine to perform one or more steps including acquiring
ultrasound data and acquiring a quality parameter during the
process of acquiring the ultrasound data. The steps including
determining, with a processor, an acquisition quality level
based on the quality parameter. The steps including auto-
matically selecting a first color based on the acquisition
quality level from a group including at least the first color
representing a first range of acquisition quality levels and a
second color representing a second range of acquisition
quality levels, where the second color is different than the
first color and the second range of acquisition quality levels
does not overlap with the first range of acquisition quality
levels. The steps including generating an image based on the
ultrasound data, displaying the image on a display device,
displaying a border in the first color on the first image, where
the border indicates a position of the ROI and the first color
represents the acquisition quality level.

[0008] Various other features, objects, and advantages of
the invention will be made apparent to those skilled in the art
from the accompanying drawings and detailed description
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a schematic diagram of an ultrasound
imaging system in accordance with an embodiment;

[0010] FIG. 2 is a flow chart in accordance with an
embodiment;
[0011] FIG. 3 is a schematic representation of an image in

accordance with an embodiment;

[0012] FIG. 4 is a schematic representation of an image in
accordance with an embodiment;

[0013] FIG. 5 is a schematic representation of an image in
accordance with an embodiment;

[0014] FIG. 6 is a schematic representation of an image in
accordance with an embodiment;

[0015] FIG. 7 is a schematic representation of an image in
accordance with an embodiment;

[0016] FIG. 8 is a schematic representation of an image in
accordance with an embodiment; and

[0017] FIG. 9 is a schematic representation of an image in
accordance with an embodiment.
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DETAILED DESCRIPTION OF THE
INVENTION

[0018] In the following detailed description, reference is
made to the accompanying drawings that form a part hereof,
and in which is shown by way of illustration specific
embodiments that may be practiced. These embodiments are
described in sufficient detail to enable those skilled in the art
to practice the embodiments, and it is to be understood that
other embodiments may be utilized and that logical,
mechanical, electrical and other changes may be made
without departing from the scope of the embodiments. The
following detailed description is, therefore, not to be taken
as limiting the scope of the invention.

[0019] FIG. 1 is a schematic diagram of an ultrasound
imaging system 100 in accordance with an embodiment. The
ultrasound imaging system 100 includes a transmit beam-
former 101 and a transmitter 102 that drive elements 104
within a probe 106 to emit pulsed ultrasonic signals into a
body (not shown). The probe 106 may be any type of probe,
including a linear probe, a curved array probe, a 1.25D array,
a 1.5D array, a 1.75D array, or 2D array probe according to
various embodiments. The probe 106 may also be a
mechanical probe, such as a mechanical 4D probe or a
hybrid probe according to other embodiments. The probe
106 may be used to acquire 4D ultrasound data that contains
information about how a volume changes over time. Each of
the volumes may include a plurality of 2D images or slices.
Still referring to FIG. 1, the pulsed ultrasonic signals are
back-scattered from structures in the body, like blood cells
or muscular tissue, to produce echoes that return to the
elements 104. The echoes are converted into electrical
signals, or ultrasound data, by the elements 104 and the
electrical signals are received by a receiver 108. The elec-
trical signals representing the received echoes are passed
through a receive beamformer 110 that outputs ultrasound
data. According to some embodiments, the probe 106 may
contain electronic circuitry to do all or part of the transmit
beamforming and/or the receive beamforming. For example,
all or part of the transmit beamformer 101, the transmitter
102, the receiver 108 and the receive beamformer 110 may
be situated within the probe 106. The terms “scan” or
“scanning” may also be used in this disclosure to refer to
acquiring data through the process of transmitting and
receiving ultrasonic signals. The terms “data” and “ultra-
sound data” may be used in this disclosure to refer to either
one or more datasets acquired with an ultrasound imaging
system. A user interface 115 may be used to control opera-
tion of the ultrasound imaging system 100. The user inter-
face may be used to control the input of patient data, or to
select various modes, operations, and parameters, and the
like. The user interface 115 may include a one or more user
input devices such as a keyboard, hard keys, a touch pad, a
touch screen, a track ball, rotary controls, sliders, soft keys,
or any other user input devices.

[0020] The ultrasound imaging system 100 also includes a
processor 116 to control the transmit beamformer 101, the
transmitter 102, the receiver 108 and the receive beam-
former 110. The receive beamformer 110 may be either a
conventional hardware beamformer or a software beam-
former according to various embodiments. If the receive
beamformer 110 is a software beamformer, it may comprise
one or more of the following components: a graphics
processing unit (GPU), a microprocessor, a central process-
ing unit (CPU), a digital signal processor (DSP), or any other
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type of processor capable of performing logical operations.
The beamformer 110 may be configured to perform conven-
tional beamforming techniques as well as techniques such as
retrospective transmit beamforming (RTB).

[0021] The processor 116 is in electronic communication
with the probe 106. The processor 116 may control the probe
106 to acquire ultrasound data. The processor 116 controls
which of the elements 104 are active and the shape of abeam
emitted from the probe 106. The processor 116 is also in
electronic communication with a display device 118, and the
processor 116 may process the ultrasound data into images
for display on the display device 118. For purposes of this
disclosure, the term “electronic communication” may be
defined to include both wired and wireless connections. The
processor 116 may include a central processing unit (CPU)
according to an embodiment. According to other embodi-
ments, the processor 116 may include other electronic com-
ponents capable of carrying out processing functions, such
as a digital signal processor, a field-programmable gate array
(FPGA), a graphics processing unit (GPU) or any other type
of processor. According to other embodiments, the processor
116 may include multiple electronic components capable of
carrying out processing functions. For example, the proces-
sor 116 may include two or more electronic components
selected from a list of electronic components including: a
central processing unit (CPU), a digital signal processor
(DSP), a field-programmable gate array (FPGA), and a
graphics processing unit (GPU). According to another
embodiment, the processor 116 may also include a complex
demodulator (not shown) that demodulates the RF data and
generates raw data. In another embodiment the demodula-
tion can be carried out earlier in the processing chain. The
processor 116 may be adapted to perform one or more
processing operations according to a plurality of selectable
ultrasound modalities on the data. The data may be pro-
cessed in real-time during a scanning session as the echo
signals are received. For the purposes of this disclosure, the
term “real-time” is defined to include a procedure that is
performed without any intentional delay. Real-time frame or
volume rates may vary based on the size of the region or
volume from which data is acquired and the specific param-
eters used during the acquisition. The data may be stored
temporarily in a buffer (not shown) during a scanning
session and processed in less than real-time in a live or
off-line operation. Some embodiments of the invention may
include multiple processors (not shown) to handle the pro-
cessing tasks. For example, a first processor may be utilized
to demodulate and decimate the RF signal while a second
processor may be used to further process the data prior to
display as an image. It should be appreciated that other
embodiments may use a different arrangement of processors.
For embodiments where the receive beamformer 110 is a
software beamformer, the processing functions attributed to
the processor 116 and the software beamformer hereinabove
may be performed by a single processor such as the receive
beamformer 110 or the processor 116. Or, the processing
functions attributed to the processor 116 and the software
beamformer may be allocated in a different manner between
any number of separate processing components.

[0022] According to an embodiment, the ultrasound imag-
ing system 100 may continuously acquire ultrasound data at
a frame-rate of, for example, 10 Hz to 30 Hz. Images
generated from the data may be refreshed at a similar
frame-rate. Other embodiments may acquire and display
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data at different rates. For example, some embodiments may
acquire ultrasound data at a frame rate of less than 10 Hz or
greater than 30 Hz depending on the size of the volume and
the intended application. For example, many applications
involve acquiring ultrasound data at a frame rate of 50 Hz.
A memory 120 is included for storing processed frames of
acquired data. In an exemplary embodiment, the memory
120 is of sufficient capacity to store frames of ultrasound
data acquired over a period of time at least several seconds
in length. The frames of data are stored in a manner to
facilitate retrieval thereof according to its order or time of
acquisition. The memory 120 may comprise any known data
storage medium.

[0023] Optionally, embodiments of the present invention
may be implemented utilizing contrast agents. Contrast
imaging generates enhanced images of anatomical structures
and blood flow in a body when using ultrasound contrast
agents including microbubbles. After acquiring data while
using a contrast agent, the image analysis includes separat-
ing harmonic and linear components, enhancing the har-
monic component and generating an ultrasound image by
utilizing the enhanced harmonic component. Separation of
harmonic components from the received signals is per-
formed using suitable filters. The use of contrast agents for
ultrasound imaging is well-known by those skilled in the art
and will therefore not be described in further detail.
[0024] In various embodiments of the present invention,
data may be processed by other or different mode-related
modules by the processor 116 (e.g.. B-mode, Color Doppler,
M-mode, Color M-mode, spectral Doppler, Elastography,
TVI, strain, strain rate, and the like) to form 2D or 3D
images or data. For example, one or more modules may
generate B-mode, color Doppler, M-mode, color M-mode,
spectral Doppler, Elastography, TVI, strain, strain rate and
combinations thereof, and the like. The image beams and/or
frames are stored and timing information indicating a time
at which the data was acquired in memory may be recorded.
The modules may include, for example, a scan conversion
module to perform scan conversion operations to convert the
image frames from coordinates beam space to display space
coordinates. A video processor module may be provided that
reads the image frames from a memory and displays the
image frames in real time while a procedure is being carried
out on a patient. A video processor module may store the
image frames in an image memory, from which the images
are read and displayed. The ultrasound imaging system 100
may be a console-based system, a laptop, a handheld or
hand-carried system, or any other configuration.

[0025] FIG. 2 is a flow chart of a method 200 in accor-
dance with an exemplary embodiment. The individual
blocks of the flow chart represent steps that may be per-
formed in accordance with the method 200. Additional
embodiments may perform the steps shown in a different
sequence and/or additional embodiments may include addi-
tional steps not shown in FIG. 2. The technical effect of the
method 200 is the display of an image generated from
ultrasound data and the display of a border indicating a
position of an ROI in the image, where a color of the border
represents the acquisition quality level.

[0026] FIG. 2 will be described in accordance with an
exemplary embodiment where the method 200 is performed
by the system 100 shown in FIG. 1. At step 202, the
processor 116 controls the probe 106 to acquire ultrasound
data from a region of a patient. The ultrasound data may
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include 1D ultrasound data, 2D ultrasound data, 3D ultra-
sound data or 4D ultrasound data. The ultrasound data may
be acquired and displayed in real-time as part of a “live”
ultrasound imaging procedure. Or, according to other
embodiments, the ultrasound data may be acquired during a
first discrete period of time, processed, and then displayed
after processing.

[0027] At step 204, the processor 116 acquires a quality
parameter during the process of acquiring the ultrasound
data. The quality parameter may be any parameter that is
correlated with the quality of the acquisition. Acquiring the
quality parameter may include calculating the quality
parameter from the ultrasound data according to some
embodiments, while in other embodiments, acquiring the
quality parameter may include acquiring a quality parameter
based on data that is not ultrasound data. For example, the
quality parameter may be acquired with a non-ultrasound
sensor. The quality parameter may, for instance, include a
noise level of the image, an amount of probe motion, a
frame-consistency-over-time metric, a signal intensity, a
correctness-of-view metric, a correctness of a flow spectral
waveform, or any other parameter associated with acquisi-
tion quality. In general, a lower noise level is correlated with
higher acquisition quality, a lower amount of probe motion
is correlated with higher acquisition quality, and a higher
frame-consistency-over-time is correlated with higher
acquisition quality. The correctness-of-view metric may be
calculated by comparing acquired image frames with a
standard view using image correlation techniques. Some
embodiments may employ deep learning and/or neural net-
works to determine how closely an acquired image frame
matches a standard view.

[0028] At step 206, the processor 116 determines the
acquisition quality level based on the quality parameter
acquired at step 204. According to some embodiments, the
processor 116 may determine the acquisition quality level
based on 2 or more different quality parameters. Or, accord-
ing to other embodiments, the processor 116 may determine
the acquisition quality level based on only a single quality
parameter.

[0029] Next, at step 208, the processor 116 selects a color
based on the acquisition quality level. The processor 116
may select from at least a first color and a second color,
where the second color is different than the first color.
According to an embodiment, the first color may represent
a first acquisition quality levels and the second color may
represent a second acquisition quality. According to an
embodiment, the first color may represent a first range of
acquisition quality levels and that second color may repre-
sent a second range of acquisition quality levels, where the
second range does not overlap with the first range. The first
color may be, for example, green, and the first ranges of
acquisition quality levels may represent acquisition quality
levels that are considered acceptable. The second color may
be, for example, red, and the second range of acquisition
quality levels may represent acquisition quality levels that
are unacceptable. The acquisition quality levels may be
expressed on a numeric scale, such as, for example 1-10.
[0030] According to other embodiments, the processor
116 may select from more than two colors representing more
than two discrete ranges of acquisition quality levels. For
example, a first color, such as green, may represent a first
acquisition quality level; a second color, such as yellow, may
represent a second acquisition quality level, and a third
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color, such as red, may represent a third acquisition quality
level. Or, the first color may represent a first range of
acquisition quality levels, the second color may represent a
second range of acquisition quality levels, and the third color
may represent a third range of acquisition quality levels. The
first range of acquisition quality levels, the second range of
acquisition quality levels, and the third range of acquisition
quality levels may each be discrete, non-overlapping ranges
according to an embodiment. According to other embodi-
ments, more than three different colors may be used to
represent various acquisition quality levels or various ranges
of acquisition quality levels.

[0031] According to an embodiment using three colors,
green may be the first color and it may be used to represent
an acquisition quality level that is high, red may be the
second color and it may be used to represent an acquisition
quality level that is low, and yellow may be the third color
and it may be used to represent an acquisition quality level
that is medium (i.e., in between the high acquisition quality
level and the low acquisition quality level). The acquisition
quality levels (i.e., high, medium and low, according to an
embodiment) may be preset on the processor 116 at the
factory or they may be user-definable. The user may, for
instance, assign a range of quality parameter values to each
acquisition quality level. Likewise, the user may assign
various acquisition quality levels to acquisition quality val-
ues or the user may define a range of acquisition quality
levels associated with each color.

[0032] Next, at step 210, the processor 116 generates an
image based on the ultrasound data. The image may be a 1D
image, a 2D image, a 3D image or a 4D image. The image
may be generated from any mode of ultrasound data. For
example, the image may be a B-mode image, a Color
Doppler image, a M-mode image, a Color M-mode image,
a spectral Doppler image, an Elastography image, a TVI
image, or any other type of image generated from ultrasound
data. The ultrasound data may be acquired and the image
may be displayed in real-time as part of a “live” ultrasound
imaging procedure. According to embodiments, the image
may be a still frame generated from the ultrasound data.
According to other embodiments, the processor 116 may
generate images from two or more different imaging modes
at step 210 based on the ultrasound data. For example, in a
VTI mode, the processor 116 may generate both a B-mode
image and a spectral Doppler image based on the ultrasound
data. In an IVC mode, the processor 116 may generate both
a B-mode image and an M-mode image based on the
ultrasound data. At step 211, the processor 116 displays the
image on the display device 118.

[0033] At step 212, the processor 116 displays a border in
a color on the ultrasound image. The border indicates the
position of an ROI within the image and the color represents
the acquisition quality level. For example, according to the
embodiment described above where the processor 116
selects from three different colors for the border, the border
may be green if the acquisition quality level is high, the
border may be yellow if the acquisition quality level is
medium, and the border may be red is the acquisition quality
level is low. The ROI may, for instance, indicate a region
from which a specific parameter or data has been acquired
or will be acquired.

[0034] At step 214, the processor 116 display information
acquired from a portion of the patient corresponding to the
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ROIL. Examples of types of information that may be dis-
played will be described hereinafter with respect to FIGS.
3-9.

[0035] At step 216, the processor 116 determines if it is
desired to continue acquiring ultrasound data. If it is desired
to continue acquiring ultrasound data, the method 200 may
repeat steps 202, 204, 206, 208, 210, 211, 212, and 214.
According to an embodiment where the ultrasound image is
alive image, the steps 202, 204, 206, 208, 210, 211, 212, 214
and 216 may be iterated many times during the acquisition
and display of the live image. The steps 204, 206, 208, 210,
211, 212, 214, and 216 may, for instance, all be performed
multiple times during the process of acquiring the ultrasound
data at step 202.

[0036] The method 200 will be described according to a
specific embodiment with respect to FIG. 3. According to
the embodiment shown in FIG. 3, the method 200 may be
used to acquire pulse wave Doppler ultrasound data during
a technique to calculate a velocity-time integral. The veloc-
ity-time integral may be calculated automatically or semi-
automatically according to various embodiments.

[0037] Referring to FIGS. 2 and 3, at step 202 the pro-
cessor 116 acquires both B-mode ultrasound data and pulse
wave Doppler ultrasound data. At step 204, the processor
116 acquires a quality parameter during the process of
acquiring the ultrasound data. According to an embodiment,
the quality parameter may be acquired only during the
process of acquiring the pulse wave Doppler ultrasound
data. At step 206, the processor 116 determine the acquisi-
tion quality level and selects a color based on the acquisition
quality level in a manner similar to that discussed above.
[0038] At step 210, the processor generates an image 302
based on the ultrasound data. The image 302 is a B-mode
image generated from B-mode ultrasound data according to
an embodiment. At step 212, the processor 116 displays a
border 304 on the image to indicate the position of the ROI
306. The border 304 is the color that was selected at step 208
to represent the acquisition quality level during the process
of acquiring the ultrasound data at step 202. According to an
automated embodiment, the ROI 306 may be automatically
positioned by the processor 116 based on pulse wave Dop-
pler data and/or image data from the B-mode image 302. The
processor 116 may determine the ROI 306 placement by
identifying the ROI placement on the image 302 that yields
pulse wave Doppler values that are consistent with the
structure being analyzed. According to an embodiment, the
processor 116 may position the ROI 306 on a portion of the
image representing the left ventricle outflow tract. Accord-
ing to other embodiments, the ROI may be manually posi-
tioned on the B-mode image 302. At step 211, the processor
116 displays the image 302 on the display device 118.
[0039] FIG. 3 includes a pulse wave Doppler waveform
308 generated from pulse wave Doppler ultrasound data.
Next, at step 214, the processor 116 displays information
acquired from the ROI 306. According to an embodiment,
the information may be a velocity time integral (VTI) value
310 calculated from the pulse wave Doppler image. The VTI
value 310 represents an area 312 under the curve in the pulse
wave Doppler image 308. The VTI value 310 is 17.5 cm
according to the exemplary embodiment shown in FIG. 3.
[0040] The method 200 may iteratively repeat steps 202,
204, 206, 208, 210, 211, 212, 214 and 216. The B-mode
image 302 and the pulse wave Doppler image 308 may be
live ultrasound images that are updated as additional ultra-
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sound data is acquired. The processor 116 may adjust the
color of the border 304 to represent the acquisition quality
level of the most recently acquired ultrasound data. The
border 304 shown in FIG. 3 is a solid line around the ROI
306. According to other embodiments, the acquisition qual-
ity level may be determined for a fixed number of frames or
a fixed period of time. For example, the processor 16 may
calculate the acquisition quality level for the most recently
acquired 30 frames, or any other number of frames. Like-
wise, the processor 116 may calculate the acquisition quality
level for the ultrasound data acquired within the past 10
seconds, or any other amount of time. The processor 116
may update the color of the border 304 to represent a change
in the acquisition quality level of the ultrasound data.

[0041] Displaying the border 304 in a color representing
the acquisition quality level provides an easy and convenient
way for the operator to determine the reliability of the
information calculated from the ROI 306. The border 304 is
unobtrusive and does not block structures within the B-mode
image 302. The color of the border 304 may be updated in
real-time as additional ultrasound data is being acquired,
which provides the clinician with real-time feedback about
the data quality while performing the procedure. Addition-
ally, the border 304 is positioned around the ROI 306, which
is where the clinician is most likely to be focusing his or her
attention. As such, the clinician does not need to remove
his/her gaze from the ROI 306 in order to determine the
relative quality level of the acquisition quality level.

[0042] FIGS. 4, 5, 6. and 7 are schematic representations
of various embodiments. FIGS. 4, 5, 6, and 7 show embodi-
ments where the velocity time interval is automatically
determined. Common reference numbers are used to identify
identical elements in FIGS. 3, 4, 5, 6, and 7. Previously
described elements will not be described again with respect
to FIGS. 4, 5, 6, and 7.

[0043] FIG. 4 is a schematic representation of an embodi-
ment where the border 304 of the ROI 306 is a dashed line
316.

[0044] FIG. 5is a schematic representation of an embodi-
ment where the border 304 of the ROI 306 comprises a
plurality of corner markers 318. Each of the plurality of
corner markers 318 comprises a pair of line segments
disposed at an angle to each other. A point of intersection
320 is used to indicate the position of a corner of the ROI
306.

[0045] FIG. 6 is a schematic representation of an embodi-
ment where the ROI 306 is a rectangle and the border 304
includes a first horizontal line 324 and a second horizontal
line 326. The first horizontal line 324 defines an upper
border of the ROI 306 and the second horizontal line 326
defines a lower border of the ROI 306. The lengths of the
first horizontal line and the second horizontal line 326 define
the horizontal extent of the ROI 306.

[0046] FIG. 7 is a schematic representation of an embodi-
ment where the border 304 of the ROI is a first vertical line
330 and a second vertical line 332. The lengths of the first
vertical line 330 and the second vertical line 332 determine
the vertical height of the ROI 306 and the horizontal distance
between the first vertical line 330 and the second vertical
line 332 determines the horizontal length of the ROI 306.
[0047] For modes that display images with time along an
axis, such as M-mode or Spectral Doppler, one of the
dimensions of the ROI may include time.
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[0048] According to a second exemplary embodiment, the
method 200 may be used to automatically count B-lines in
an image. The method 200 will be described in according
with an embodiment with respect to FIG. 8.

[0049] Referring to both FIGS. 2 and 8, at step 202
B-mode ultrasound data is acquired. At step 204, one or
more quality parameters are acquired during the process of
acquiring the B-mode ultrasound data. The quality param-
eter may be a noise level of the image, an amount of probe
motion, a frame-consistency-over-time metric, a signal
intensity, a correctness-of-view metric, or any other param-
eter associated with acquisition quality. At step 206, the
processor 116 determines an acquisition quality level based
on the one or more quality parameters acquired at step 206
in a manner similar to that described hereinabove. Accord-
ing to an exemplary embodiment, the quality parameter may
be the amount of probe motion and the processor may
determine the acquisition quality level based on the amount
of probe motion during the acquisition of the B-mode
ultrasound data. Next, at step 208, the processor 116 selects
a color based on the acquisition quality level. As described
hereinabove, the processor 116 may select green for a high
acquisition quality level and red for a low acquisition quality
level.

[0050] At step 210, the processor 116 generates an image
402 based on the B-mode ultrasound. The image 402 may be
a live image that updates in real-time as additional ultra-
sound data is acquired according to an embodiment. At step
212, the processor displays a border 404 on the image. The
border 404 is a line 406 according to an exemplary embodi-
ment. The line 406 indicates the ROI, which is a two-
dimensional ROI. According to the embodiment shown in
FIG. 8, M-mode ultrasound data is acquired along the line
406. The acquisition of M-mode data may be interleaved
with the acquisition of B-mode ultrasound data while the
ultrasound data is acquired at step 202. The line 406 is
shown in the color that was selected at step 208. At step 211,
the processor 116 displays the image 402 on the display
device 118.

[0051] At step 214, information from the ROI indicated by
the line 406 is displayed on the display device 118. The
information is an M-mode trace 410 according to the
embodiment shown in FIG. 8. At step 216, the processor 116
determines if it is desired to continue acquiring ultrasound
data. If it is desired, the method 200 returns to step 202,
where steps 202, 204, 206, 208, 210, 211, 212, 214, and 216
are repeated. Steps 202, 204, 206, 208, 210, 211, 212, 214,
and 216 may be repeated many times during the display of
a live ultrasound image. According to an embodiment, the
processor 116 may alter the color of the line 404 in response
to a change in the acquisition quality level as determined
based on the quality parameter acquired at step 204. The
color of the line 406 indicating the ROI may therefore
inform the clinician about the acquisition quality level of the
ultrasound data acquired at step 202 in real-time.

[0052] FIG. 9 is a schematic representation of a display
500 generated according to an embodiment. The display 500
includes a B-mode image 502. The B-mode image 502
includes a plurality of B lines 504. A border 506 is shown to
indicate the ROI from which the processor 116 calculates the
number of B lines 504 present in the image 502. According
to an embodiment, the processor 116 may automatically
select the frame showing the image 502 by selecting the
image 502 from a plurality of frames acquired over a period
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of time. The border 506 comprises an arc 508 and a pair of
end brackets 510. The arc 508 and end brackets 510 may be
positioned to indicate a sub-region of an imaging sector. The
border 506 is shown on the image 502 in a color to represent
the acquisition quality level in a manner similar to that
described hereinabove with respect to other embodiments.
[0053] This written description uses examples to disclose
the invention, including the best mode, and also to enable
any person skilled in the art to practice the invention,
including making and using any devices or systems and
performing any incorporated methods. The patentable scope
of the invention is defined by the claims, and may include
other examples that occur to those skilled in the art. Such
other examples are intended to be within the scope of the
claims if they have structural elements that do not differ
from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differences
from the literal language of the claims.

1. A method of ultrasound imaging comprising:

acquiring ultrasound data;

acquiring a quality parameter during the process of

acquiring the ultrasound data;

determining, with a processor, an acquisition quality level

based on the quality parameter:;
automatically selecting a first color based on the acqui-
sition quality level from a group including at least the
first color representing a first range of acquisition
quality levels and a second color representing a second
range of acquisition quality levels, where the second
color is different than the first color and the second
range of acquisition quality levels does not overlap
with the first range of acquisition quality levels;

generating an image based on the ultrasound data;

displaying the image on a display device; and

displaying a border in the first color on the first image to
indicate a position of an ROI, where the first color
represents the acquisition quality level.

2. The method of ultrasound imaging of claim 1, where
the ROI is an area and the border comprises an outline
around the ROL

3. The method of ultrasound imaging of claim 2, where
the outline comprises a solid line.

4. The method of ultrasound imaging of claim 2, where
the outline comprises a dashed line.

5. The method of ultrasound imaging of claim 1, where
the ROI is an area and the border consists of a plurality of
corner markers, where each corner marker comprises two
straight lines disposed at an angle to each other, and where
a point of intersection of the two straight lines of each corner
marker is used to indicate a position of a corner of the ROL

6. The method of ultrasound imaging of claim 1, where
the ROI is a rectangle, and where the border consists of a
first horizontal line positioned along a lower horizontal
border of the ROI and a second horizontal line positioned
along an upper horizontal border of the ROIL.

7. The method of ultrasound imaging of claim 1, where
the ROI is a rectangle, and where the border consists of a
first vertical line positioned along a left vertical border of the
ROI and a second vertical line positioned along an right
vertical border of the ROL

8. The method of ultrasound imaging of claim 1, where
the ROI comprises a specific location and the border com-
prises one of a circle or a polygon to indicate the specific
location.
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9. The method of ultrasound imaging of claim of claim 1,
where the ROI comprises a one-dimensional region and the
border consists of a line.

10. The method of ultrasound imaging of claim 1, further
comprising:

acquiring second ultrasound data;

acquiring an updated quality parameter during the process

of acquiring the second ultrasound data;
determining with the processor, an updated acquisition
quality level based on the updated quality parameter;

determining, with the processor, that the updated acqui-
sition quality level is within the second range of
acquisition quality levels;

automatically selecting the second color based on the

updated acquisition quality level;

generating a second image based on the second ultrasound

data;

displaying the second image on the display device; and

displaying a second border in the second color on the

second image, where the second border indicates a
second ROI and the second color represents the second
acquisition quality level.

11. An ultrasound imaging system comprising:

a probe;

a display device; and

a processor in electronic communication with the probe

and the display device, wherein the processor is con-

figured to:

control the probe to acquire ultrasound data;

acquire a quality parameter during the process of
acquiring the ultrasound data;

determine an acquisition quality level based on the
quality parameter;

select a first color based on the acquisition quality level
from a group including at least the first color repre-
senting a first range of acquisition quality levels and
a second color, that is different than the first color,

representing a second range of acquisition quality lev-
els, where the second range of acquisition quality
levels does not overlap with the first range of acqui-
sition quality levels;

generate an image based on the ultrasound data;

display the image on the display device;

display a border in the first color on the image, where
the border indicates an ROI and the first color
represents the acquisition quality level.

12. The ultrasound imaging system of claim 1, wherein
the ROI is an area and the border comprises an outline
around the ROIL.

13. The ultrasound imaging system of claim 12, where the
border comprises a solid line.

14. The ultrasound imaging system of claim 12, where the
border comprises a dashed line.

15. The ultrasound imaging system of claim 11, where the
ROI comprises a rectangle, and where the border comprises
a pair of horizontal lines that are spaced apart in a vertical
direction.

16. The ultrasound imaging system of claim 11, where the
ROI comprises a rectangle, and where the border comprises
a pair of vertical lines that are spaced apart in a horizontal
direction.

17. The ultrasound imaging system of claim 11, where the
ROl is an area and the border comprises a plurality of corner
markers, where each corner marker comprises two straight
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lines disposed at an angle to each other, and where a point
of intersection of the two straight lines of each corner marker
is used to indicate the position of a corner of the ROL

18. The ultrasound imaging system of claim 11, where the
ROI comprises a one-dimensional region and the border
consists of a line.

19. A non-transitory computer readable medium having
stored thereon, a computer program having at least one code
section, said at least one code section being executable by a
machine for causing said machine to perform one or more
steps comprising:

acquiring ultrasound data;

acquiring a quality parameter during the process of

acquiring the ultrasound data;

determining, with a processor, an acquisition quality level

based on the quality parameter;

automatically selecting a first color based on the acqui-

sition quality level from a group including at least the
first color representing a first range of acquisition
quality levels and a second color representing a second
range of acquisition quality levels, where the second
color is different than the first color and the second
range of acquisition quality levels does not overlap
with the first range of acquisition quality levels;
generating an image based on the ultrasound data;
displaying the image on a display device;
displaying a border in the first color on the first image,
where the border indicates a position of an ROI and the
first color represents the acquisition quality level.

20. The non-transitory computer readable medium of
claim 19, the one or more steps further comprising:

acquiring second ultrasound data;

acquiring an updated quality parameter during the process

of acquiring the second ultrasound data;
determining with the processor, an updated acquisition
quality level based on the updated quality parameter;

determining, with the processor, that the updated acqui-
sition quality level is within the second range of
acquisition quality levels;

automatically selecting the second color based on the

updated acquisition quality level;

generating a second image based on the ultrasound data;

displaying the second image on the display device; and

displaying a second border in the second color on the
second image, where the second border indicates a
second ROI and the second color represents the second
acquisition quality level.

21. A method of ultrasound imaging comprising;

acquiring ultrasound data with a probe;

generating an image based on the ultrasound data;

displaying the image on a display device;

determining an acquisition quality level of the ultrasound

data using at least one of a neural network and deep
learning; and

indicating the acquisition quality level of the ultrasound

data by displaying a color-coded indicator on the dis-
play device at the same time as the image.

22. The method of claim 21, where the image is a live
image and where a color of the color-coded indicator is
updated in real-time as additional ultrasound data is
acquired.

23. The method of claim 21, where the acquisition quality
level 1s determined using the neural network.
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24. The method of claim 21, where the acquisition quality
level is determined using deep learning.

25. The method of claim 21, where the color-coded
indicator comprises at least one of a line segment, an arc,
and a bracket.

26. The method of claims 21, where the color-coded
indicator comprises a horizontal line segment.

27. The method of claim 21, where the color-coded
indicator comprises a line.

28. The method of claim 21, where the color-coded
indicator comprises a border of an ROI.

29. The method of claim 21, where the acquisition quality
level is based on one or more quality parameters selected
from the list consisting of: a noise level of the image, an
amount of probe motion, a frame-consistency-over-time
metric, a signal intensity, a correctness-of-view metric, and
a correctness of a flow spectral waveform.

30. The method of claim 21, where determining the
acquisition quality level comprises using the neural network
to compare the image generated from the ultrasound data to
a standard view.

31. The method of claim 21, where the color-coded
indicator is displayed in a first color to indicate the acqui-
sition quality level of the ultrasound data.

32. The method of claim 31, further comprising;

acquiring second ultrasound data with the probe;

generating a second image based on the second ultrasound
data;

displaying the second image on the display device;

determining a second acquisition quality level of the

second ultrasound data, where the second acquisition
quality level is different than the first acquisition qual-
ity level; and

displaying the color-coded indicator in a second color that

is different than the first color on the display device to
indicate the second acquisition quality level of the
second ultrasound data while displaying the second
image.

33. A non-transitory computer readable medium having
stored thereon, a computer program having at least one code
section, said at least one code section being executable by a
machine for causing said machine to perform one or more
steps comprising:

acquiring ultrasound data with a probe;

generating an image based on the ultrasound data;

displaying the image on a display device;

determining an acquisition quality level of the ultrasound

data using at least one of a neural network and deep
learning; and

indicating the acquisition quality level of the ultrasound

data by displaying a color-coded indicator at the same
time as the image.

34. The non-transitory computer readable medium of
claim 33, where the image is a live image and where a color
of the color-coded indicator is updated in real-time as
additional ultrasound data is acquired.

35. The non-transitory computer readable medium of
claim 33, where the acquisition quality level is determined
using the neural network.

36. The non-transitory computer readable medium of
claim 33, where the acquisition quality level is determined
using deep learning.

37. The non-transitory computer readable medium of
claim 33, where the acquisition quality level is based on one
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or more quality parameters selected from the list consisting
of: a noise level of the image, an amount of probe motion,
a frame-consistency-over-time metric, a signal intensity, a
correctness-of-view metric, and a correctness of a flow
spectral waveform.

38. The non-transitory computer readable medium of
claim 33, where determining the acquisition quality level
comprises using the neural network to compare the image
generated from the ultrasound data to a standard view.

39. The non-transitory computer readable medium of
claim 33, where the color-coded indicator is displayed in a
first color to indicate the acquisition quality level of the
ultrasound data.

40. The non-transitory computer readable medium of
claim 39, where said at least one code section being execut-
able by the machine for causing the machine to perform the
following additional steps comprising:
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acquiring second ultrasound data with the probe;

generating a second image based on the second ultrasound

data;

displaying the second image on the display device;

determining a second acquisition quality level during the

process of acquiring the second ultrasound data, where
the second acquisition quality level is different than the
first acquisition quality level,

displaying the color-coded indicator in a second color on

the display device to indicate the second acquisition
quality level of the second ultrasound data while dis-
playing the second image.

41. The non-transitory computer readable medium of
claim 33, where the color-coded indicator comprises at least
one of a line segment, an arc, and a bracket.

42. The non-transitory computer readable medium of
claim 33, where the color-coded indicator comprises a
horizontal line segment.
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