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REAL-TIME FEEDBACK AND
SEMANTIC-RICH GUIDANCE ON QUALITY
ULTRASOUND IMAGE ACQUISITION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C. §
119, based on U.S. Provisional Patent Application No.
62/585,665 filed Nov. 14, 2017, the disclosure of which is
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] Ultrasound scanners are typically used to identify a
target organ or another structure in the body and/or deter-
mine features associated with the target organ/structure,
such as the size of a structure or the volume of fluid in an
organ. Obtaining an adequate quality of ultrasound images
can be challenging even for experienced sonographers. For
inexperienced users, the challenges to acquire good quality
ultrasound images can be even greater, as such users gen-
erally lack sufficient training and experience to be able to tell
whether an ultrasound image (e.g., as shown in real time on
a screen of an ultrasound device) is acceptable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG.1isa schematic of a scanning system in which
systems and methods described herein may be implemented,
[0004] FIG. 2 is a block diagram of functional logic
components implemented in the system of FIG. 1 in accor-
dance with an exemplary implementation;

[0005] FIG. 3A s a schematic illustrating exemplary scan-
ning planes of the ultrasound probe of FIG. 1;

[0006] FIG. 3B is a sample image that may be generated
by the data acquisition unit of FIG. 2;

[0007] FIG. 4 is a block diagram of functional logic
components of the feature identification unit of FIG. 2;
[0008] FIGS.5A-5C are illustrations of ultrasound images
with cropped features, strong shadows, and proper orienta-
tion, respectively;

[0009] FIG. 6 is a block diagram of exemplary commu-
nications for generating real-time semantic feedback in the
scanning system of FIGS. 1 and 2;

[0010] FIG. 7 is an illustration of an exemplary semantic
guidance matching table;

[0011] FIG. 8 is a block diagram of exemplary commu-
nications for generating real-time semantic feedback in the
scanning system of FIGS. 1 and 2, according to another
implementation;

[0012] FIG. 9 is a process flow diagram for generating
real-time semantic feedback during ultrasound image col-
lection; and

[0013] FIG. 10 is a diagram illustrating exemplary com-
ponents of a base unit in the system of FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0014] The following detailed description refers to the
accompanying drawings. The same reference numbers in
different drawings may identify the same or similar ele-
ments.

[0015] Implementations described herein relate to provid-
ing real-time image quality assessment and on-screen or
audible guidance to ultrasound system operators, helping the
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operators to acquire high-quality ultrasound images that can
be used for calculating organ measurements or extracting
other clinically useful information. Real-time semantic-rich
feedback provides a more user-friendly experience, particu-
larly for general practitioners or inexperienced ultrasound
operators.

[0016] In one implementation, a method for providing
real-time feedback and semantic-rich guidance on ultra-
sound image quality may be performed by a processor in an
ultrasound system. The method may include receiving an
ultrasound image and classifying the ultrasound image into
one or more categories based on image features. The clas-
sifying creates a classified image. The method may also
include determining whether the classified image provides
an acceptable representation of a target organ. When the
classified image does not provide an acceptable representa-
tion of the target organ, the method may include selecting
operator guidance corresponding to the one or more cat-
egory; presenting via a display and/or audible sound, the
selected operator guidance; and receiving additional ultra-
sound images. The method may further include calculating
a result based on the classified image when the classified
image provides an acceptable representation of the target
organ.

[0017] FIG. 1 is a schematic of a scanning system 100 in
which systems and methods described herein may be imple-
mented. Referring to FIG. 1, scanning system 100 includes
a probe 110, a base unit 120, and a cable 130.

[0018] Probe 110 includes a handle portion, a trigger, and
a nose (or dome) portion. Medical personnel may hold probe
110 via the handle and press the trigger to activate one or
more ultrasound transceivers, located in the nose portion, to
transmit ultrasound signals toward a target organ of interest.
For example, as shown in FIG. 1, probe 110 is located on
pelvic area of patient 150 and over a target organ of interest
152, which in this example is the patient’s bladder.

[0019] The dome of probe 110 is typically formed of a
material that provides an appropriate acoustical impedance
match to an anatomical portion and/or permits ultrasound
energy to be properly focused as it is projected into the
anatomical portion. For example, an acoustic gel or gel pads,
illustrated at area 154 in FIG. 1, may be applied to patient’s
skin over the region of interest (ROI) to provide an acous-
tical impedance match when the dome is placed against the
skin.

[0020] Probe 110 includes one or more ultrasound trans-
ceiver elements and one or more transducer elements within
the dome that transmit ultrasound energy outwardly from the
dome, and receive acoustic reflections or echoes generated
by internal structures/tissue within the anatomical portion.
For example, the one or more ultrasound transducer ele-
ments may include a one-dimensional, or a two-dimensional
array of piezoelectric elements that may be moved within
the dome by a motor to provide different scan directions with
respect to the transmission of ultrasound signals by the
transceiver elements. Alternatively, the transducer elements
may be stationary with respect to probe 110 so that the
selected anatomical region may be scanned by selectively
energizing the elements in the array.

[0021] Probe 110 may communicate with base unit 120 via
a wired connection, such as via cable 130. In other imple-
mentations, probe 110 may communicate with base unit 120
via a wireless connection (e.g., Bluetooth, Wi-Fi, etc.). In
each case, base unit 120 includes a display 122 to allow an



US 2019/0142390 Al

operator to view processed results from an ultrasound scan,
and/or to allow operational interaction with respect to the
operator during operation of probe 110. For example, dis-
play 122 may include an output display/screen, such as a
liquid crystal display (L.CD), light emitting diode (LED)
based display, or other type of display that provides text
and/or image data to an operator. For example, display 122
may provide instructions for positioning probe 110 relative
to the selected anatomical portion of patient 150 (such as
semantic-rich guidance described further herein). Display
122 may also display two-dimensional or three-dimensional
images of the selected anatomical region.

[0022] To scan a selected anatomical portion of a patient,
the dome of probe 110 may be positioned against a surface
portion of patient 150 as illustrated in FIG. 1 that is
proximate to the anatomical portion to be scanned. The
operator actuates the transceiver and transducer elements,
causing the transceiver to transmit ultrasound signals into
the body and receive corresponding return echo signals that
may be at least partially processed by the transceiver to
generate an ultrasound image of the selected anatomical
portion. In a particular embodiment, the transceiver trans-
mits ultrasound signals with the center frequency in a range
that extends from approximately about two megahertz
(MHz) to approximately 10 MHz or more.

[0023] In one embodiment, probe 110 may be coupled to
a base unit 120 that is configured to generate ultrasound
energy at a predetermined frequency and/or pulse repetition
rate and to transfer the ultrasound energy to the transceiver.
Base unit 120 also includes one or more processors or
processing logic configured to process reflected ultrasound
energy that is received by the transceiver to produce an
image of the scanned anatomical region.

[0024] In still another particular embodiment, probe 110
may be a self-contained device that includes one or more
microprocessors or processing logic configured within the
probe 110 and software associated with the microprocessor
to operably control the transceiver and transducer elements,
and to process the reflected ultrasound energy to generate the
ultrasound image. Accordingly, a display on probe 110 may
be used to display the generated image and/or to view
semantic-rich feedback and other information associated
with the operation of the transceiver. For example, the
information may include alphanumeric data that indicates a
preferred position of the transceiver prior to performing a
series of scans. In other implementations, the transceiver
may be coupled to a general-purpose computer, such as a
laptop or a desktop computer that includes software that at
least partially controls the operation of the transceiver and
transducer elements, and also includes software to process
information transferred from the transceiver so that an image
of the scanned anatomical region may be generated.
[0025] FIG. 2 is a block diagram of functional logic
components implemented in system 100 in accordance with
an exemplary implementation. Referring to FIG. 2, system
100 includes a data acquisition unit 210, a feature identifi-
cation unit 220, a semantic guidance generator 230, and
post-processing logic 240. In an exemplary implementation,
data acquisition unit 210 may be part of probe 110 and the
other functional units (e.g.. feature identification unit 220,
semantic guidance generator 230, and post-processing logic
240) may be implemented in base unit 120. Alternatively,
data acquisition unit 210, feature identification unit 220,
semantic guidance generator 230, and post-processing logic
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240 may be implemented in probe 110. In other implemen-
tations, the particular units and/or logic may be implemented
by other devices, such as via computing devices or servers
located externally with respect to both probe 110 and base
unit 120 (e.g., accessible via a wireless connection to the
Internet or to a local area network within a hospital, etc.).
For example, probe 110 may transmit echo data and/or
image data to a processing system via, for example, a
wireless connection (e.g., Wi-Fi or some other wireless
protocol/technology) that is located remotely from probe
110 and base unit 120.

[0026] As described above, probe 110 may include a
transceiver that produces ultrasound signals, receives echoes
from the transmitted signals and generates B-mode image
data based on the received echoes. Data acquisition unit 210
may include, for example, demodulation, decimation, log
compression, and filtering sub-modules, to generate an
image that can be presented for visualization by a human. A
rotating transducer or transducer array with probe 110 may
scan along multiple scan planes. FIG. 3A provides a sim-
plified illustration of three scan planes 310-1, 310-2, and
310-3 which may be employed by probe 110 to capture
ultrasound images. While three scan planes are shown in
FIG. 3A, in practice, more scan planes 310 are used to
compile a comprehensive image of a target object. For
example, dozens of scan planes may be used by some probes
110. In an exemplary implementation, data acquisition unit
210 obtains data associated with multiple scan planes cor-
responding to the region of interest in patient 150.

[0027] Probe 110 may receive echo data that is processed
by data acquisition unit 210 to generate two-dimensional
(2-D) B-mode image data to determine information about a
target organ, such as bladder size and/or volume. FIG. 3B
illustrates a saniple image 320 that may be generated by data
acquisition unit 210. Image 320 may correspond to echo data
from one of scan planes 310 of FIG. 3A. In other imple-
mentations, probe 110 may receive echo data that is pro-
cessed to generate three-dimensional (3D) image data that
can be used to determine bladder size and/or volume.
[0028] Referring again to FIG. 2, feature identification
unit 220 may perform pre-processing of an image (e.g.,
image 320) and detect in real time if flaws or errors
indicative of an improper position or condition of probe 110
are present. For example, feature identification unit 220 may
receive an input image (e.g., image 320) from data acqui-
sition unit 210 and detect features in the input image that are
indicative of typical probe operator errors (e.g., improper
aim, insufficient gel at probe/skin interface, objects interfer-
ing with view of target organ, etc.). As described further
herein, feature identification unit 220 may analyze image
320 using a multi-class image categorization algorithm to
classify the image into one or more of multiple different
categories, e.g., image with good quality, image with strong
shadows, image with reverberations etc. Feature identifica-
tion unit 220 is described further, for example, in connection
with FIG. 4.

[0029] Semantic guidance generator 230 may associate
classified images received from feature identification umt
220 with guidance that provides instructions for users to
improve aiming of probe 110. For example, based on a
category assigned to image 320, semantic guidance genera-
tor 230 may generate the semantic-rich guidance. Semantic-
rich guidance may include an image feature identification
and, if needed, a corrective operator action, e.g., “The image
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looks great,” “Shadow detected—Adjust the probed to avoid
the pubic bone,” “Reverberation detected—Please apply
more gel,” “Bladder cropped—Please move the probe loca-
tion to cover the entire bladder,” “Shadow detected—DPlease
adjust the probe angle until the shadow warning signal
disappears,” etc. The guidance may be displayed on display
122 or provided audibly by a speaker (e.g., in base unit 120)
to provide the operator the real-time feedback in helping to
acquire quality image data and subsequently accurate vol-
ume measurements. In another implementation, the bound-
ing boxes or some form of indictor may also be shown on
display 122 to provide the location of detected features.
[0030] Post-processing logic 240 may provide additional
analysis of an organ, such as cavity-type recognition, vol-
ume estimations, or other clinically useful information with
B-mode images acquired by data acquisition unit 210. For
example, post-processing logic 240 may identify a cavity as
a bladder and/or estimate a volume for the bladder.

[0031] The exemplary configuration illustrated in FI1G. 1 is
provided for simplicity. System 100 may include more or
fewer logic units/devices than illustrated in FIGS. 1 and 2.
For example, system 100 may include multiple data acqui-
sition units 210 and multiple processing units that process
the received data. In addition, system 100 may include
additional elements, such as communication interfaces (e.g.,
radio frequency transceivers) that transmit and receive infor-
mation via external networks to aid in analyzing ultrasound
signals to identify a target organ of interest. Furthermore,
while illustrations and descriptions herein primarily refer to
bladder applications, other embodiments can be applied to
wall boundary detection of other organs, such as a prostate/
kidney boundary, blood vessels (including aorta), thyroid,
etc.

[0032] FIG. 4 is a block diagram of functional logic
components of feature identification unit 220. As shown in
FIG. 4, feature identification unit 220 may include an image
feature set extraction unit 410 and an image classifier 420.
The functional logic components of FIG. 4 are shown as
separate components for descriptive purposes. In other
implementations, image feature set extraction unit 410 and
an image classifier 420 may be included in a single func-
tional logic components, such as an end-to-end neural net-
work that performs feature extraction and image classifica-
tion.

[0033] Image feature extraction unit 410 may include
various set of linear and/or nonlinear mathematical opera-
tions to be performed on an image. Image feature extraction
unit 410 may be trained by serval sets of training images,
where each set of training images includes a certain type of
pre-identified feature. Pre-identified features may include,
for example, well-identified organs, strong shadows (e.g.,
typically caused by pubic bone interference), cropped organ
boundaries (e.g., due to incorrect probe 110 aiming), rever-
berations (e.g., due to an inadequate gel 154 coupling at a
region of interest), no organ detected (e.g., an air scan),
bowel gas interference (e.g., rendering some or all of an
underlying organ 152 invisible), etc.

[0034] Image classifier 420 may perform multi-class
image categorizations of real-time images received from
data acquisition unit 210. In one implementation, image
classifier 420 may use a multi-class categorization algorithm
to classify each incoming ultrasound image during scanning
into a specific class/category. In one implementation, image
classifier 420 may apply a pre-trained deep convolutional
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neural network (DCNN). In one implementation, DCNN or
other image classification algorithms are well-suited for
application of hardwired circuitry, such as a field-program-
mable gate array (FPGA), an application specific integrated
circuits (ASIC), etc., to provide rapid image classification.
In one implementation, an input ultrasound image from data
acquisition unit 210 is fed into a pre-trained DCNN, where
the salient image features are extracted from the input image
via several layers of convolution operations. The extracted
image features are then fed into fully-connected layers for
the classification. The classification results can be presented
at the last layer of the neural network, where the category is
assigned to the input image as the classifier with a high
probability.

[0035] Image classifier 420 may support any number of
categories for output, as long as the amount of ultrasound
images in the training dataset supports each category. How-
ever, as the total number of categories grows, the classifi-
cation distance (e.g., in terms of image feature space)
between two categories could be potentially decreased,
which could lead to difficulties for the correct classification
and the confusion to human operators. In one implementa-
tion, image classifier 420 may use no more than twelve
categories. Examples of categories identified by image clas-
sifier 420 include “strong shadow,” “air scan,” “lack of gel”
(or “reverberation”), “cropped image,” “bowel gas interfer-
ence,” and “good image.” According to one implementation,
image classifier 420 may identify multiple different features/
categories for an image received from data acquisition umt
210.

[0036] FIGS. 5A-5C are sample ultrasound images with
features that may be identified by image classifier 420. FIG.
5A illustrates an image 320-1 in which a portion of an organ
(e.g., a bladder) is cropped. More particularly, image 320-1
shows an organ wall boundary that exceeds the extents of the
ultrasound scan, which makes a discontinuity in the wall of
the bladder in image 320-1, as illustrated by the arrow in
FIG. 5A. FIG. 5B illustrates an image 320-2 in which a
strong shadows prevent detection of an organ wall, as
illustrated by the arrow in FIG. 5B. The anatomical infor-
mation in the shadowed region is, thus, unavailable for
calculating results, such as size or volume estimates. FIG.
5C illustrates an image 320-3 where proper probe 110
position/aiming provides acceptable organ detection. For
example, in FIG. 5C a complete, uninterrupted bladder wall
can be detected in image 320-3. Using DCNN, for example,
image classifier 420 may detect identifiable error features
such as those in FIGS. 5A-5B and associate respective
images 320 with a corresponding error category. Addition-
ally, or alternatively, image classifier 420 may detect accept-
able features (or no identifiable error features), such as those
in FIG. 5C, and associate respective images 320 with a
corresponding good category.

[0037] FIG. 6 is a block diagram of exemplary commu-
nications for generating real-time semantic feedback in
scanning system 100. An operator 600 may use ultrasound
probe 110 to acquire real-time data from a targeted anatomi-
cal region. For example, operator 600 may control probe 110
to position 605 the nose of probe 110 toward an organ of
interest (e.g., organ 152 of FIG. 1) and emit ultrasonic
waves.

[0038] Data acquisition unit 210 may receive echo data
and process the echo data to generate, for example, a
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two-dimensional B-mode image 610. Data acquisition unit
210 may forward B-mode image 610 to feature identification
unit 220.

[0039] Feature identification unit 220 may analyze image
610 using, for example, a multi-class image categorization
algorithm to classify image 610 into one or more of multiple
different feature categories, such as an image with good
quality, an image with strong shadows, an image with
reverberations, etc. According to an implementation, image
610 may be simultaneously included in two separate cat-
egories. For example, feature identification unit 220 may
identify image 610 as having both strong shadows and
reverberations. Feature identification unit 220 may forward
the category associations 615 for image 610 to semantic
guidance generator 230.

[0040] Semantic guidance generator 230 may receive cat-
egory associations 615 and generate semantic-rich guidance
based on category associations 615. According to an imple-
mentation, semantic guidance generator 230 may match the
category association 615 to a particular stored phrase or
instruction using a table, such as table 700 described below
in connection with FIG. 7.

[0041] FIG. 7 is an illustration of an exemplary semantic
guidance matching table 700 that may be used by semantic
guidance generator 230. As shown in FIG. 7, semantic
guidance matching table 700 may include a category field
710, a semantic-rich phrase field 720, and a variety of entries
730 associated with each of fields 710 and 720.

[0042] Category field 710 may include categories for
images. Categories may include, for example, categories
that indicate machine-detectable features of images 610.
Categories in category field 710 may correspond to catego-
ries identified by image classifier 420 of feature identifica-
tion unit 220. For example, categories in category field 710
may include “strong shadow,” “air scan,” “lack of gel,”
“cropped image,” “bowel gas interference,” and “correct
aim.” Other categories may be used in other implementa-
tions, including, for example, direction-oriented subcatego-
ries (e.g., “strong shadow—Ieft,” “strong shadow—right”,
etc.).

[0043] Semantic-rich phrase field 720 may include text
used for visual or audible guidance corresponding to an
entry in category field 710. Entries in semantic-rich phrase
field 720 may include guidance that an operator may apply
to correct aiming of probe 110 and/or improve the quality of
image 610. For example, if image 610 is assigned to the
“strong shadow” category of category field 710, the corre-
sponding phrase from semantic-rich phrase field 720 may be
“Shadow detected. Adjust the probe to avoid the pubic
bone.” In other implementations, phrase field 720 may
include aiming instructions, such as “move the probe left,”
etc. In other implementations, a bounding box or an indi-
cator may be displayed on screen 122 showing the location
of the shadow.

[0044] Although FIG. 7 shows exemplary information that
may be provided in table 700 for matching semantic guid-
ance to an image category, in other implementations, table
700 may contain less, different, differently-arranged, or
additional information than depicted in FIG. 7. For example,
in another implementation, table 700 may use different
categories for different organs/body areas of interest. Thus,
table 700 may include one set of categories and semantic-
rich phrases for a bladder scan, while different sets of
categories and semantic-rich phrases may be used for a
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prostate scan, kidney scan, aorta scan, etc. Furthermore, in
other implementations, table 700 may be replaced with a flat
file structure with strings of features and settings in place of
designated fields. In other implementations, the semantic-
rich phrases may be automatically generated via the recur-
rent neural network (RNN), long short-term memory
(LSTM), etc. without referring to a fixed table.

[0045] Referring again to FIG. 6, semantic guidance gen-
erator 230 may select appropriate guidance/text correspond-
ing to the category (e.g.. an entry 730 from category field
710) for image 610 and submit guidance 620 (e.g., an entry
730 from semantic-rich phrase field 720) to display 122 for
presentation to operator 600. For example, guidance 620
may be presented visibly and/or audibly through display 122
simultaneously with image 610. The semantic-rich guidance
may be displayed on the screen or audibly output by a
speaker to provide the operator real-time feedback in help-
ing the operator acquire best quality data and subsequently
accurate calculated results, such as volume measurements.
Because feature identification unit 220 analyzes individual
two-dimensional scan images, guidance 620 from semantic
guidance generator 230 may be presented (via display 122)
in real-time (e.g., less than 0.2 seconds delay). In contrast,
post-scan feedback that relies on analysis of multiple images
from different scan planes may require that a user wait more
than three seconds to allow an entire scan to finish before
receiving feedback. Such a lack of real-time feedback can
impair the user experience considerably.

[0046] Operator 600 may detect 625 guidance 620 from
display 122. Assuming guidance 620 includes instructions to
adjust aim or otherwise adjust use of probe 110, operator 600
may re-position 605 probe 110. Data acquisition unit 210
may receive new echo data and process the new echo data
to generate another B-mode image 610. Feature identifica-
tion unit 220 may analyze the image 610 to again provide
category associations 615 to semantic guidance generator
230.

[0047] Assume that category associations 615 indicate
image 610 is a clear image (e.g., corresponding to the
“correct aim” entry 730 from category field 710). Semantic
guidance generator 230 may forward appropriate guidance
620 (e.g., the “Good aiming!” entry 730 from semantic-rich
phrase field 720) to display 122 for presentation to operator
600. Additionally (and preferably simultaneously), semantic
guidance generator 230 may forward the clear image 630 to
post-processing logic 240. According to another implemen-
tation, probe 110 or base unit 120 may include a measure-
ment override option to cause semantic guidance generator
230 to forward any last image 630 to post-processing logic
240 (e.g., an image that is not in the “correct aim” category).
A measurement override option may cause base unit 120 to
calculate a “best effort” result (e.g., for a bladder volume,
aorta size, prostate size, kidney size, etc.) based on one or
more images 610 with flaws or errors.

[0048] Post-processing logic 240 may receive clear image
630 and subsequent clear images 630, if needed, to provide
a desired calculation, such as a bladder volume estimate,
based on the clear image 630. Post-processing logic 240 may
provide a calculated result 635 to display 122 for presenta-
tion to the operator 600.

[0049] FIG. 8 is a block diagram of exemplary commu-
nications for generating real-time semantic feedback in
scanning system 100 according to another implementation.
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Communications in FIG. 8 represent feedback provided to
an operator along with a requested output.

[0050] Similar to communications described in connection
with FIG. 6, in FIG. 8, operator 600 may control probe 110
to position 605 the nose of probe 110 toward an organ of
interest and emit ultrasonic waves. Data acquisition unit 210
may receive echo data and process the echo data to generate
image 610. Data acquisition unit 210 may send image 610
to feature identification unit 220. Feature identification unit
220 may analyze image 610 and classify image 610 into one
or more feature categories (e.g., an entry 730 from category
field 710). Feature identification unit 220 may provide
category associations 615 for image 610 to semantic guid-
ance generator 230.

[0051] Additionally (and simultaneously) with sending
image 610 to feature identification unit 220, data acquisition
unit 210 may send image 610 to post-processing logic 240.
Post-processing logic 240 may receive image 610 and
subsequent images 610, if needed, to provide a desired
calculation, such as a bladder volume estimate, based on
image 610. Thus, an image quality assessment (from feature
identification unit 220) and a calculated measurement (e.g.,
bladder volume) can be obtained at the same time. Post-
processing logic 240 may provide a calculated result 810 to
semantic guidance generator 230.

[0052] Semantic guidance generator 230 may receive cat-
egory associations 615 and calculated results 810. Semantic
guidance generator 230 may use category associations 615
and calculated results 810 to generate the post-scan guidance
to the operator. For example, semantic guidance generator
230 may use a table similar to table 700 described above, but
with different or additional semantic-rich guidance. In one
implementation, semantic guidance generator 230 may pro-
vide the calculated result 810 with additional guidance to
indicate a potential error in a calculated result due to probe
aiming or other operator error. Some example guidance may
include: “The bladder is not fully covered by the images and
in response to determining that the volume could be under-
estimated;” “There are strong shadows presented in the
images and the volume accuracy might be compromised;”
“The algorithm has a low level of confidence on the volume
reading as there are strong reverberations in images,” etc.
[0053] Semantic guidance generator 230 may select
appropriate guidance/text corresponding to the category for
image 610 and submit guidance 820 to display 122 for
presentation to operator 600. For example, guidance 820
may be presented visibly and/or audibly through display 122
simultaneously with image 610. Operator 600 may detect
825 guidance 820 on display 122. With the feedback and
guidance, operator 600 can choose to rescan the patient or
simply accept the result knowing that the calculated results
might be less accurate due to the unsatisfied image quality.
[0054] FIG. 9 is a flow diagram illustrating exemplary
process 900 for providing semantic-rich guidance for ultra-
sound probe manipulations. Process 900 may be performed,
for example, by base unit 120 of system 100. In another
implementation, process 900 may be performed by base unit
120 in conjunction with probe 110. In one implementation,
process 900 may begin after probe 110 obtains an ultrasound
image as described above.

[0055] Process 900 may include receiving and processing
two-dimensional scan images (block 910). For example,
data acquisition unit 210) may receive a B-mode ultrasound
image from probe 110 and apply noise reduction and/or
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other pre-processing techniques to remove speckle and
background noise from the image. In some embodiments,
the aspect ratio of the raw B-mode image can be adjusted
through a resizing process to compensate for differences
between axial and lateral resolution. In other implementa-
tions, such as bladder scanning applications, a scan conver-
sion can also be applied to make a bladder shape more
accurately reflect the actual shape of a typical bladder.
[0056] Process 900 may also include performing image
classification based on the image features (block 920) and
determining if there is probe aiming error based on the
image classification (block 930). For example, feature iden-
tification unit 220 may receive pre-processed images, such
as image 610, from data acquisition unit 210. Feature
identification unit 220 may analyze image 610 using, for
example, a multi-class image categorization algorithm to
classify image 610 into one or more of multiple different
feature categories (e.g., strong shadow, cropped image, etc.).
[0057] If the image classification indicates there is probe
aiming error or other error (block 930—yes), process 900
may include matching the image classification to corrective
feedback (block 940), and presenting semantic feedback to
the operator (block 950). For example, feature identification
unit 220 may forward category associations 615 for image
610 to semantic guidance generator 230. If category asso-
ciations 615 indicate a feature category indicative of a probe
aiming or position error, semantic guidance generator 230
may select appropriate guidance/text corresponding to the
category (e.g., an entry 730 from category field 710) for
image 610 and submit guidance 620 (e.g., a corrective entry
730 from semantic-rich phrase field 720) to display 122 for
presentation to the operator. Process 900 may return to block
910 to receive and process more two-dimensional scan
images from probe 110.

[0058] If the image classification indicates there is no
probe aiming error (block 93013 no), process 900 may
include matching the image classification to positive feed-
back (block 960), presenting semantic feedback to the
operator (block 970), and calculating results based on the
scan images (block 980). For example, feature identification
unit 220 may forward category associations 615 for image
610 to semantic guidance generator 230. If category asso-
ciations 615 indicate a feature category indicative of a good
probe aiming (e.g., entry 730, “correct aim”), semantic
guidance generator 230 may select appropriate guidance/
text corresponding to the “correct aim” category (e.g., entry
730 “Good aiming!” from semantic-rich phrase field 720)
and submit guidance 620 to display 122 for presentation to
the operator. Post-processing logic 240 uses clear images
630 to provide a desired calculation, such as a bladder
volume estimate, based on the clear images 630, and provide
the calculated result 635 for presentation to the operator 600.
[0059] FIG. 10 is a diagram illustrating exemplary physi-
cal components of base unit 120. Base unit 120 may include
a bus 1010, a processor 1020, a memory 1030, an input
component 1040, an output component 1050, and a com-
munication interface 1060. In other implementations, probe
110 may include similar components.

[0060] Bus 1010 may include a path that permits commu-
nication among the components of base unit 120. Processor
1020 may include a processor, microprocessors, ASICs,
controllers, programmable logic devices, chipsets, FPGAs,
graphics processing unit (GPU), application specific instruc-
tion-set processors (ASIPs), system-on-chips (SoCs), central
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processing units (CPUs) (e.g., one or multiple cores), micro-
controllers, and/or some other type of component that intet-
prets and/or executes instructions and/or data. Processor
1020 may be implemented as hardware (e.g., a FPGA, etc.),
a combination of hardware and software (e.g., a SoC, an
ASIC, etc.), may include one or multiple memories (e.g.,
cache, etc.), etc.

[0061] Memory 1030 may include any type of dynamic
storage device that may store information and instructions
(e.g., software 1035), for execution by processor 1020,
and/or any type of non-volatile storage device that may store
information for use by processor 1020.

[0062] Software 1035 includes an application or a pro-
gram that provides a function and/or a process. Software
1035 is also intended to include firmware, middleware,
microcode, hardware description language (HDL), and/or
other form of instruction.

[0063] Input component 1040 may include a mechanism
that permits an operator to input information to base unit
120, such as a keyboard, a keypad, a button, a switch, a
touch screen, etc. Output component 1050 may include a
mechanism that outputs information to the operator, such as
a display (e.g., display 122), a speaker, one or more light
emitting diodes (LEDs), etc.

[0064] Communication interface 1060 may include a
transceiver that enables base unit 120 to communicate with
other devices and/or systems via wireless communications,
wired communications, or a combination of wireless and
wired communications. For example, communication inter-
face 1060 may include mechanisms for communicating with
another device or system, such as probe 110, via a network,
or to other devices/systems, such as a system control com-
puter that monitors operation of multiple base units (e.g., in
a hospital or another type of medical monitoring facility). In
one implementation, communication interface 1060 may be
a logical component that includes input and output ports,
input and output systems, and/or other input and output
components that facilitate the transmission of data to/from
other devices.

[0065] Base unit 120 may perform certain operations in
response to processor 1020 executing software instructions
(e.g., software 1035) contained in a computer-readable
medium, such as memory 1030. A computer-readable
medium may be defined as a non-transitory memory device.
A non-transitory memory device may include memory space
within a single physical memory device or spread across
multiple physical memory devices. The software instruc-
tions may be read into memory 1030 from another com-
puter-readable medium or from another device. The sofi-
ware instructions contained in memory 1030 may cause
processor 1020 to perform processes described herein. Alter-
natively, hardwired circuitry, such as an ASIC, a FPGA, etc.,
may be used in place of or in combination with software
instructions to implement processes described herein. Thus,
implementations described herein are not limited to any
specific combination of hardware circuitry and software.

[0066] Base unit 120 may include fewer components,
additional components, different components, and/or differ-
ently arranged components than those illustrated in FIG. 10.
As an example, base unit 120 may include one or more
switch fabrics instead of, or in addition to, bus 1010.
Additionally, or alternatively, one or more components of
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base unit 120 may perform one or more tasks described as
being performed by one or more other components of base
unit 120.
[0067] Systems and methods described herein provide
real-time feedback and semantic-rich guidance to operators
during the ultrasound scanning. The real-time feedback and
semantic-rich guidance is helpful in assisting inexperienced
operators to acquire high quality ultrasound data and achieve
accurate calculated organ dimensions, such as bladder vol-
ume measurements. A deep convolutional neural network
enables rapid image classification that can be used to pro-
vide real-time feedback.
[0068] Systems and methods described herein minimize
the requirement for an operator to interpret ultrasound
images and transfer that task to logic within system 100.
Conventional ultrasound systems require that an operator
interpret image content. For inexperienced users, correctly
understanding what happens in an ultrasound image is not a
trivial task. The systems and methods described herein
perform an initial level of image understanding for the
operators and provide semantic-rich messages (based on
features extracted from the image) to the operators to
minimize the burden of image interpretation. By doing so,
intra- and inter-operator variability can be minimized and
the operator’s experience can be improved.
[0069] The foregoing description of exemplary implemen-
tations provides illustration and description, but is not
intended to be exhaustive or to limit the embodiments
described herein to the precise form disclosed. Modifica-
tions and variations are possible in light of the above
teachings or may be acquired from practice of the embodi-
ments.
[0070] Although the invention has been described in detail
above, it is expressly understood that it will be apparent to
persons skilled in the relevant art that the invention may be
modified without departing from the spirit of the invention.
Various changes of form, design, or arrangement may be
made to the invention without departing from the spirit and
scope of the invention.
[0071] No element, act, or instruction used in the descrip-
tion of the present application should be construed as critical
or essential to the invention unless explicitly described as
such. Also, as used herein, the article “a” is intended to
include one or more items. Further, the phrase “based on” is
intended to mean “based. at least in part, on” unless explic-
itly stated otherwise.
[0072] 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, the temporal order in which
acts of a method are performed, the temporal order in which
instructions executed by a device are performed, etc., 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.
What is claimed is:
1. A method for providing operator guidance during
collection of an ultrasound image, the method comprising:
receiving, by a processor associated with an ultrasound
probe, an ultrasound image;
classifying, by the processor, the ultrasound image into
one or more categories based on image features,
wherein the classifying creates a classified image;
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determining, by the processor, whether the classified
image provides an acceptable representation of a target
organ,

in response to determining that the classified image does

not provide an acceptable representation of the target

organ:

selecting, by the processor, operator guidance corre-
sponding to the one or more categories,

presenting, via one or more of a display and audible
sound, the selected operator guidance, and

receiving, by the processor, additional ultrasound
images; and

calculating, by the processor, a result based on the clas-

sified image in response to determining that the clas-
sified image provides an acceptable representation of
the target organ.

2. The method of claim 1, wherein the ultrasound image
includes a two-dimensional B-mode image.

3. The method of claim 1, wherein the image features
include features that are indicative of an improper position
or condition of the ultrasound probe.

4. The method of claim 1, wherein the classifying includes
using a neural network to perform feature extraction and
image classification.

5. The method of claim 1, wherein, in response to
determining that the classified image does not provide an
acceptable representation of the target organ, the method
further comprises:

calculating, by the processor, another result based on the

classified image.

6. The method of claim 5, wherein the operator guidance
corresponding to the one or more categories further com-
prises an indication of a potential error in the other result.

7. The method of claim 1, wherein the result includes an
organ dimension.

8. The method of claim 1, wherein the target organ
includes a bladder.

9. The method of claim 8, wherein the result includes a
bladder volume.

10. The method of claim 1, wherein the one or more
categories include:

images with a cropped organ,

images with a strong shadow, and

images with reverberation.

11. The method of claim 1, wherein the operator guidance
indicates an image feature identification and a corrective
operator action.

12. A device, comprising:

a memory device for storing instructions; and

a processor configured to:

receive an ultrasound image,

classify the ultrasound image into one or more catego-
ries based on image features, wherein the classifying
creates a classified image,

determine whether the classified image provides an
acceptable representation of a target organ,

in response to determining that the classified image
does not provide an acceptable representation of the
target organ,
select operator guidance corresponding to the one or

more category,
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present, via one or more of a display and audible
sound, the selected operator guidance, and
receive additional ultrasound images, and
calculate a result based on the classified image in
response to determining that the classified image
provides an acceptable representation of the target
organ.

13. The device of claim 12, wherein the ultrasound image
includes a two-dimensional scan image.

14. The device of claim 12, wherein the image features
include features that are indicative of an improper position
or condition of an ultrasound probe.

15. The device of claim 12, wherein the memory device
is further configured to store the pre-trained model.

16. The device of claim 15, wherein, when classifying the
ultrasound image, the processor is further configured to:

apply a neural network to extract and match features of

the ultrasound image with the pre-trained model for
classification.

17. The device of claim 12, wherein the images features
include one or more of:

a cropped organ image,

a strong shadow,

reverberation,

a lack of detectable anatomy, or

bowel gas interference.

18. The device of claim 12, wherein, the processor is
farther configured to:

select positive operator feedback when the classified

image provides an acceptable representation of the
target organ, and

present, via the display, the positive operator feedback.

19. A non-transitory computer-readable medium contain-
ing instructions executable by at least one processor, the
computer-readable medium comprising one or more instruc-
tions to:

receive an ultrasound image,

classify the ultrasound image into one or more categories

based on image features, wherein the classifying cre-
ates a classified image,

determine whether the classified image provides an

acceptable representation of a target organ,

in response to determining that the classified image does

not provide an acceptable representation of the target

organ,

select operator guidance corresponding to the one or
more category,

present, via one or more of a display and audible sound,
the selected operator guidance, and

receive additional ultrasound images, and

calculate a result based on the classified image in response

to determining that the classified image provides an

acceptable representation of the target organ.

20. The non-transitory computer-readable medium claim
19, wherein the instructions to classify further comprise one
or more instructions to:

apply a neural network to extract and match features of

the ultrasound image with the pre-trained model for
classification.
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