wo 2017/156329 A1 [N NI NP0 O 0 O

(43) International Publication Date
14 September 2017 (14.09.2017)

Organization
International Bureau

—~
é

=

\

WIPOIPCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2017/156329 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:

A61B 8/00 (2006.01) GO6K 9/32 (2006.01)
A61B 8/08 (2006.01) GO6K 9/46 (2006.01)
GO6F 19/00 (2011.01) GO6K 9/66 (2006.01)
GO6K 9/20 (2006.01)

International Application Number:
PCT/US2017/021668

International Filing Date:
9 March 2017 (09.03.2017)

English
English

Filing Language:
Publication Language:

Priority Data:
62/305,980 9 March 2016 (09.03.2016) Us
62/313,601 25 March 2016 (25.03.2016) Us

Applicant: ECHONOUS, INC. [US/US]; 8310 154th Av-
enue Northeast, Building B, Redmond, Washington 98052

(US).

Inventors: PAGOULATOS, Nikolaos; c/o EchoNous,
Inc., 8310 154th Avenue Northeast, Building B, Redmond,
Washington 98052 (US). PAILOOR, Ramachandra; c/o
EchoNous, Inc., 8310 154th Avenue Northeast, Building
B, Redmond, Washington 98052 (US). GOODWIN, Kev-
in; c¢/o EchoNous, Inc., 8310 154th Avenue Northeast,
Building B, Redmond, Washington 98052 (US).

(74

(8D

(84)

Agents: COE, Justin, E. et al.; Seed Intellectual Property
Law Group LLP, Suite 5400, 701 Fifth Avenue, Seattle,
Washington 98104-7064 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA,IM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

[Continued on next page]

(54) Title: ULTRASOUND IMAGE RECOGNITION SYSTEMS AND METHODS UTILIZING AN ARTIFICIAL INTELLI-
GENCE NETWORK

110
ULTRASCUND
IMAGING DEVICE
112

S DISPLAY I’“

ULTRASGUND
IMAGE DB

FIG. 1
(57) Abstract: Ultrasound image recognition systems and methods, and artificial intelligence training networks for such systems and
methods, are provided. An ultrasound data information system includes an ultrasound image recognition training network that is
contigured to receive ultrasound training images and to develop ultrasound image knowledge based on the received ultrasound train -
ing images. An ultrasound imaging device acquires ultrasound images of a patient, and the device includes an ultrasound image re -
cognition module. The ultrasound image recognition module is configured to receive the ultrasound image knowledge, receive the
acquired ultrasound images from the ultrasound imaging device, and determine, based on the ultrasound image knowledge, whether
the received ultrasound images represent a clinically desirable view of an organ or whether the clinically desirable views indicate
normal function or a particular pathology. The received ultrasound images are transmitted to the ultrasound image recognition train -
ing network for further training and development of updated ultrasound image knowledge.

100

~120

ULTRASOUND IMAGE
RECOGNITION MODULE

iMAGE

KNOWLEDGE
0B




WO 2017/156329 A1 |00 0000 TR O AU

— as to the applicant’s entitlement to claim the priority of —  before the expiration of the time limit for amending the
the earlier application (Rule 4.17(iii)) claims and to be republished in the event of receipt of
Published: amendments (Rule 48.2(h))

—  with international search report (Art. 21(3))



10

15

20

25

WO 2017/156329 PCT/US2017/021668

ULTRASOUND IMAGE RECOGNITION SYSTEMS AND METHODS
UTILIZING AN ARTIFICIAL INTELLIGENCE NETWORK

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit under 35 U.S.C. § 119(e} to U.S. Provisional
Application 62/305,980 filed March 9, 2016, and U.S. Provisional Application
62/313,601 filed March 25, 2016, which applications are incorporated by reference
herein in their entireties,

BACKGROUND

Technical Field

This disclosure generally relates to ultrasound imaging systems and
methods and, more particularly, to artificial intelligence based networks for ultrasound
imaging and evaluation of ultrasound images, and systems and methods for determining
whether acquired ultrasound images represent a clinically desirable view of one or more

organs in a patient.

Drescription of the Related Art

Ultrasound imaging 1s typically performed in a clinical setting, by
trained ultrascund experts. For diagnostic ultrasound imaging, particular views of an
organ or other tissue or body teature (such as fluids, bones, joints or the like) are
clinically significant. Such views may be prescribed by clinical standards as views that
should be captured by the ultrasound technician, depending on the target organ,
diagnostic purpose or the like. Ultrasound technicians generally require specialized
training to properly operate ultrasound imaging equipment, and to recognize when an
acquired image or view of an organ or other tissue or body feature of a patient
adequately represents a clinically desirable view. Nonetheless, ultrasound images

captured by an ultrasound technician are typically reviewed by a physician to determine
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whether the captured images sufficiently represent the clinically desirable or standard
VIEWS.

While conventional ultrasound iraging systems may be suitable for
most patients in a hospital or similar clinical setting, such systems require significant
training to operate and to adequately capture clinically destrable views. This adds to
the overall cost of such ultrasound 1maging and further limits the availability of
ultrasound imaging to patients, as only weli-trained professionals can properly operate

conventional ultrasound imaging devices.

BRIEF SUMMARY

The present disclosure provides ultrasound systems and methods that
tacilitate ultrasound image recognition. In particular, the ultrasound systems and
methods are operable to determine whether ultrasound images acquired by an
ultrasound imaging device correspond to known, clinically desirable views of one or
more organs or tissues or body features in a patient. Artificial intelligence approaches
are employed in an ultrasound tmage recognition module to make such determinations
about ultrascund images captured by an ultrasound imaging device.

In one embodiment, an ultrasound system is provided that includes an
ultrasound imaging device and an ultrasound image recognition module. The
ultrascund imaging device 1s configured to acquire ultrasound images of a patient. The
ultrasound image recognition module 1s configured to receive the acquired ultrasound
images from the ultrasound imaging device and to determine whether the received
ultrasound images represent a chinically desirable view of an organ or other body
feature. Positive or negative feedback may then be provided to the user to indicate
whether or not a clinically desirable view has been captured, such as through a visual or
audible cue. To assist the system in determining whether a clinically desirable view has
been captured, the user may identify, before or during the image capture process, the
particular image perspective or view the user desires to capture, which tnput the system

then can use to assist in identifying whether the desired view in fact has been captured.

R
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In ancther embodiment, a method 1s provided that includes acquiring, by
an ultrascund imaging device, one or more ultrasound images of a patient; transmitting
the acquired ultrasound images of the patient to an ultrasound image recognition
module; and determining, by the ultrascund image recognition module, whether the
acquired ultrasound images represent a clinically desirable view of an organ or other
body feature.

In ancther embodiment, an ultrasound system is provided that includes
an ultrasound imaging device configured to acquire ultrasound 1mages of a patient, and
ultrasound irmage recognition means for determining whether the acquired ultrasound
images represent a clinically desirable view of an organ or other body feature.

The present disclosure turther provides ultrasound data information
systems and methods that facilitate ultrasound image recognition for the purposes of
ultrasound image acquisition and interpretation. In particular, the ultrasound data
information systems and methods are operable to determine whether, in the context of
image acquisition, ultrasound images acquired by an ultrasound imaging device
correspond to known, clinically desirable views of one or more organs or tissues or
body features in a patient, or in the context of image interpretation, whether ultrasound
images acquired by an ultrasound imaging device indicate certain pathologies or normal
function. Artificial intelligence approaches are employed in a central artificial
intelligence {Al} ultrasound image recognition training network, which is trained to
recognize and/or make determinations regarding ultrasound irnages of a patient. The Al
training network and/or the knowledge developed by the Al training network may be
provided to, and implemented by, a number of ultrasound imaging devices that may be
located anywhere. Utilizing the ultrasound image knowledge developed by the Al
training network, the ulirasound truaging devices may thus acquire images of a patient
and determine, for example, whether the acquired images represent one or more of the
clinically desirable views. Ultrasound images acquired by the ultrasound imaging
devices may then be transmitted back to the Al training network, as training tnput
information, thereby further training the Al training network and developing further

and/or refined ultrasound image knowledge.

(98]
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The ultrasound imaging devices may receive periodic updates {e.g.,
monthly, weekly, daily, or more frequently, etc.) from the Al training network, thus
recetving the most recently developed ultrasound image knowledge stored in the AT
training network with each update.

In at least one embodiment, an ultrasound data information system is
provided that includes an ultrasound image recognition training network, stored at least
partially on a computer device having one or more processors. The ultrasound image
recognition training network is configured to receive ultrasound training images and
develop ultrasound image knowledge based on the received ultrasound training images.
The uitrasound data information system further includes an ultrasound imaging device
configured to acquire ultrasound images of a patient, and an ultrasound image
recognition module within the ultrasound imaging device. The ultrasound image
recognition module is configured to receive the ultrasound image knowledge, receive
the acquired ultrasound images from the ultrasound imaging device, and determine,
hased on the ultrasound troage knowledge, whether the received ultrasound images
represent a clinically desirable view of an organ or a certain pathology.

In another embodiment, the present disclosure provides a method that
includes receiving, by an ultrasound image recognition training network, ultrasound
training images. The method further includes generating, by the ultrasound image
recognition training network, ultrasound image knowledge based on the received
ultrasound training images, and transmitting the ultrasound image knowledge to an
ultrasound imaging device that is separate from and located remotely from the
ultrasound image recognition training network. The ultrasound imaging device may
thus acquire ultrasound 1mages of a patient, and determine, based on the ultrasound
image knowledge, whether the acquired ultrasound 1mages represent a clinically

desirable view of an organ.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Figure 1 is a block diagram illustrating an ultrasound image recognition
system, in accordance with one or more ernbodiments of the disclosure;

Figure 2 1s a block diagram illustrating training of the ultrasound image
recognition module, in accordance with one or more embodiments of the disclosure;

Figure 3 is a block diagram illustrating a neural network, which may be
implemented by the ultrasound image recognition module, in accordance with one or
more embodiments of the disclosure;

Figure 4 15 a schematic tllustration of an ultrasound imaging device, in
accordance with one or more embodiments of the disclosure;

Figure S 1s a flowchart illustrating an ultrasound image recognition
method, in accordance with one or more embodiments of the disclosure;

Figure 6 is a block diagram illustrating an uitrasound data intformation
system in accordance with one or more embodiments of the disclosure;

Figure 7 ts a block diagram illustrating an ultrasound irmaging device in
accordance with one or more embodiments of the disclosure;

Figure 8 is a block diagram illustrating training of an artificial
intelligence ultrasound tmage recognition training network in accordance with one or
more embodiments of the disclosure; and

Figure @ ts a flowchart illustrating an ultrasound irnage recognition

method in accordance with one or more embodiments of the disclosure.

DETAILED DESCRIPTION

The present disclosure provides several embodiments of ultrasound
image recognition systems and methods. The systerns and methods provided herein
may be particularly useful for ulirasound imaging performed by novice ultrasound
technicians and/or for ultrasound imaging utilizing a handheld or mobile ultrasound
imaging device which may be deployed in a non-traditional clinical setting. Utilizing
artificial intelligence approaches, the systems and methods provided herein are capable

of determining whether acquired ultrasound images accurately depict or represent a
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desired view of a patient’s organ or other tissue, feature or region of interest in a
patient. These systems may also then provide feedback to a user to indicate whether or
not a desired view of a patient’s organ or other tissue or feature has been captured.
Alternatively, or in addition, these systems may accept input from a user regarding the
particular view of a patient’s organ the user desires to capture. In addition, the system
may guide the user to attempt to capture one or more particular views of particular
anatomy in order, and confirm for the user whether or not one or more of the desired
views has been captured.

The present disclosure further provides several embodiments of artificial
intelligence network systems and methods for ultrasound imaging. The artificial
intelligence systerns and methods provided herein may be particularly useful for
ultrasound imaging performed by ultrasound technicians at all skill levels and/or for
ultrasound imaging utilizing a handheld or mobile ultrasound 1maging device which
may be deployed in a non-traditional clinical setting. Utilizing artificial intelligence
approaches, the systems and methods provided herein are capable of determining
whether (i) acquired ultrasound 1mages accurately or substantially accurately depiet or
represent, or do not accurately or substantially accurately depict or represent, a desired
view of a structure and/or anatomy including, for example, a patient’s organ or other
tissue, feature or region of interest in a patient, and (11} whether acquired images
representing clinically desired views of anatomy indicate normal function or a
particular pathology. For example, based on acquired ultrasound images determined to
substantially accurately depict or represent a particular view of a heart, the artificial
intelligence approaches may further indicate a particular problem with the mitral valves
it the heart.

An artificial intelligence ultrasound image recognition training network
(“Al trainung network™) may be a cloud-based or distributed computing network, and
may be accessible to a large number of ultrasound imaging devices. The Al training
network may be trained using a large number of ultrasound tmages representing known
or chinically determined views, and within these views ultrasound images may represent

normal or pathological function. Through a training process, the parameters of the Al
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training network are optimized for recognition of a variety of views of structures, such
as organs, tissue or any other region of interest in a patient and for a variety of normal
and pathological conditions. The Al training network and/or the network parameters
(e.g., any knowledge learned by the Al training network via the training process) may
S be downioaded and implemented by the ultrasound imaging devices in order to

recognize, interpret and/or make determinations with respect to acquired ultrasound
images. Accordingly, the ultrasound imaging devices need not be individually trained
{which is a cornputationally intensive process). Ultrasound irnages acquired by the
ultrasound imaging devices may be transmitted back to the Al training network, as

10 training input to further train the Al training network.

Figure 1 tllustrates a block diagrarn of an ultrasound systern 100, in
accordance with embodiments of the present disclosure. As shown in Figure |, the
ultrasound system 100 includes an ultrasound imaging device 110, a communications
network 102, an ultrasound image recognition module 120 and an tmage knowledge

IS database 122. Each of these may be incorporated into a single ultrasound device, such
as a hand-held or portable device, or may constitute multiple devices operatively linked
or linkable to one ancther.

The ultrasound imaging device 110 is any ultrasound device operable to
acquire ultrasound images of a patient, and may be, for example, a handheld ultrasound

20 imaging device. The ultrasound imaging device 110 may include a display 112,
memory 114, one or more processors 116, The ultrasound imaging device 110 1s
operatively coupled to an ultrasound probe 118,

The memory 114 may be or include any computer-readable storage

medium, including, for example, read-only memory (ROM), random access memory

25 (RAM), flash memory, hard disk drive, optical storage device, magnetic storage device,
electrically erasable programumable read-only memory (EEPROM), organic storage
media, or the like.

The processor 116 may be any computer processor operable to execute
instructions {e.g., stored in memory 114} to perform the functions of the ultrasound

30  imaging device 110 as described herein.
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The ultrasound probe 118 is driven by the ultrasound imaging device
110 to transmit signals toward a target region in a patient, and to receive echo signals
returning from the target region in response to the transmitted signals. In operation, a
user of the ultrasound device 110 may hold the probe 118 against a patient’s body at a
position and angle to acquire a desired ultrasound image. The signals received by the
probe (7.e., the echo signals) are communicated to the ultrasound imaging device 110
and may form, or be processed to form, an ultrasound image of the target region of the
patient. Further, the ultrasound images may be provided to the display 112, which may
display the ultrasound images and/or any other relevant information to the user.

The ultrasound images thus acquired by the ultrasound imaging device
110 may be provided to the ultrasound image recognition module 120 via a
communications network 102, Ultrasound images from the ultrasound imaging device
110 are provided to the ultrasound image recognition module 120, as shown by
reference numeral 101, Communications network 102 may utilize one or more
protocols to communicate via one or more physical networks, including local area
networks, wireless networks, dedicated lines, intranets, the Internet, and the like.

In one or more embodiments, the ultrascund image recognition module
120 may be provided within the ultrasound imaging device 110, or a local copy of the
ultrasound image recognition module 120 and/or ultrasound knowledge stored in the
image knowledge database 122 may be contatned within the ultrasound tmaging device
110, with the ultrasound 1maging device 110 having access to a remotely located {e.g.,
stored on one or more server computers, or in the “cloud”) ultrasound image
recognition module 120, e.g., for receiving updated ultrasound image recognition
algorithms and/or knowledge.

The ultrasound irvage recognition module 120 receives the ultrasound
images acquired from the ultrasound imaging device 110, and determines whether one
or more of the received ultrasound images represent a clinically desirable view of an
organ or other aspect, region or feature of the patient. The ultrasound image
recognition module 120 may be implemented by any computationally intelligent system

that employs artificial intelligence, drawing from an image knowledge database 122, to
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determine whether received ultrasound images represent a chinically desirable view.
Some or all of the determinations described herein that are made by the ultrasound
image recognition rnodule may be performed automatically by the ultrasound image
recognition module 120, for example, in response to receiving the acquired ultrasound
images.

“Artificial intelligence” is used herein to broadly describe any
computationally intelligent systems and methods that can learn knowledge (e.g., based
on training data), and use such learned knowledge to adapt its approaches for solving
one or more problems. Artificially intelligent machines may employ, for example,
neural network, deep learning, convolutional neural network, and Bayesian program
learning techniques to solve problems such as image recognition. Further, artificial
intelligence may include any one or combination of the following computational
techniques: constraint program, fuzzy logic, classification, conventional artificial
intelligence, symbolic manipulation, fuzzy set theory, evolutionary computation,
cybernetics, data mining, approxirate reasoning, derivative-free optimization, decision
trees, and/or soft cornputing. Employing one or more computationally intelligent
techniques, the ultrasound image recognition module 120 may learn to adapt to an
unknown and/or changing environnent for better performance.

The image knowledge database 122 may include a variety of information
facilttating image analysis, with respect to received ultrasound irnages, by the
ultrasound image recognition module 120, In particular, the image knowledge database
122 may contain information relating to various image views of various organs. For
example, the image knowledge database 122 may tnclude information associated with
clinically standard or desirable views of a heart. The clinically standard views of a
heart may include, for example, suprasternal, subcostal, short- and long-axis
parasternal, 2~-chamber apical, 3-chamber apical, 4-chamber apical and 5-chamber
apical views. Additionally, the information associated with clinically standard views
maay be information associated with a three-dimensional view, a two-dimensional cross

section view and/or a set of two-dimensional cross section views, The image

9
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knowledge database 122 may be stored in any computer-readable storage medium
accessible by the ultrascund image recognition module 120

The ultrasound image recognition module 120 may include, or otherwise
be executed by, a computer processor configured to perform the various functions and
operations described herein. For example, the ultrasound tmage recognition module
120 may be executed by a general purpose computer or a data processor selectively
activated or reconfigured by a stored computer program, or may be a specially
constructed computing platform for carrying out the features and operations described
herein.

Figure 2 ts a block diagram illustrating training of the ultrasound tmage
recognition module 120, in accordance with one or more embodiments. The ultrasound
image recognition module 120 may be trained based on training images 210. Training
images 210 may include any ultrasound image information. For example, the training
images 210 may include a vanety of ultrasound image information associated with
known views of an organ, such as the heart. As a further exarnple, the training images
210 may be clinically desirable images of, e.g., suprasterval views of a heart. Insucha
case, the training images 210 may be ultrasound images which have been pre-
determined (e.g., by a physician) as adequately showing a chinically desirable
suprasternal view of a heart. Each such training image 210 may have slightly ditferent
characteristics {(e.g., higher quality images, lower quality images, blurry images, images
taken at slightly different angles, and 50 on), yet cach such trainung image 210 may
nonetheless be pre-determined as adequately representing a clinically desirable view of
a heart.

Moreover, the training images 210 may include not only image
information associated with chinically standard or desirable views, but may further
include image information associated with non-clinically desirable views. Accordingly,
the ultrasound recognition module 120 may receive, for example, a view of a heart
which is not representative of any particular clinically desirable view {e.g., suprasternal,
subcostal, short- and long-axis parasternal, 2-chamber apical, 3-chamber apical, 4-

chamber apical and S-chamber apical views). In such a case, the ultrasound recognition

16
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module 120 may nonetheless recognize the image as being a view of a heart, and may
turther recognize the image as being an image somewhere between, for example, a 2-
chamber apical view and a 3-chamber apical view. A clinically standard 3-chamber
apical view is generally obtainable, for example, by rotating an ultrasound imaging
probe about 60° counterclockwise with respect to the 2-chamber apical view.
Ultrasound 1mages obtained with the probe at an angle of rotation somewhere between,
tor example, 5° and 55° counterclockwise with respect to the 2-chamber apical view
may be determined as not representing a clinically desirable view of a heart. Fowever,
the ultrasound 1mage recognition module 120 may be trained with training images 210
showing a vartety of known, but non-clinically destrable, views of a heart {such as
views somewhere between the 2-chamber apical and the 3-chamber apical views), and
thus may recognize such views {e.g., the ultrasound image recognition module 120 may
recognize a view as representing a 359 counterclockwise rotation of the probe 118 with
respect to the 2-chamber apical view).

Other training tnput 220 may further be provided to the ultrasound 1mage
recognition module 120 for training. The other training input 220 may include, for
example, manually-entered input to adjust or otherwise manage the image recognition
model developed in the irnage recognition module 120 through the training process.

Using training images 210, the ultrasound image recognition module 120
may implement an tterative training process. Training may be based on a wide variety
of learning rules or training algorithms. For example, the learning rules may include
one or more of the following: back-propagation, real-time recurrent learning, pattern-
by-pattern learning, supervised learning, interpolation, weighted sum, reinforced
learning, temporal difference learning, unsupervised learning, and/or recording
learning.

The back-propagation learning algorithm is a common method of
training artificial neural networks (and may be employed, for example, with the
artificial neural network 300 shown in Figure 3). Back-propagation generally includes
two phases: propagation and weight update. In the propagation phase, a training

pattern’s input is forward propagated through the neural network in order to generate

11
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the propagation’s output activations. Then, the propagation’s output activations are
backward propagated through the neural network using the training pattern target in
order to generate deltas {7.e., the difference between the input and output values) of all
output and hidden neurons. In the weight update phase, for each weight-synapse the
following steps are generally performed: 1. Multiply its output delta and input
activation to get the gradient of the weight; 2. Subtract a ratio (percentage) of the
gradient from the weight. The propagation and weight update phases are repeated as
desired until performance of the network is satisfactory.

As a result of the training, the ultrasound image recognition module 120
may learn to modify its behavior 1n response to the training images 210, and obtain or
generate ultrasound image knowledge 230, The ultrasound image knowledge 230 may
represent any information upon which the ultrasound image recognition module 120
may deterrmine an appropriate response to new data or situations. In particular, the
ultrasound image knowledge 230 represents relationships between ultrasound images
and one or more views of an organ {e.g., one or more functions that describe one or
more views of an organ based on ultrasound 1mage parameters, coetficients, weighting
information, parameters associated with the example neural network shown in Figure 3
or any such variable). The ultrasound image knowledge 230 may be stored in the
ultrasound image knowledge database 122.

Based on the training images 210, the ultrasound image recognition
module 120 may learn to modify its behavior, and may apply knowledge contained in
the image knowledge database 122 to alter the manner in which it makes determinations
with respect to new input, such as, for example, ultrasound image information received
from the ultrasound 1maging device 110

Figure 3 ts a block diagram illustrating one example of an artificial
neural network 300, which may be implemented by the ultrasound 1mage recognition
module 120, in accordance with one or more embodiments. Artificial neural networks
{ANNs) are artificial intelligence models that are used to estimate or approximate
functions that can depend on a large number of inputs, and which are generally

unknown. Such neural networks generally include a system of interconnected

12
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“neurons” which exchange information between each other. The connections have
numeric weights that can be tuned based on experience, and thus neural networks are
adaptive to inputs and are capable of learning.

The artificial neural network 300 shown in Figure 3 includes three
layers: an input laver 310 including input neurons 1; through 13, a hidden laver 320
including hidden layer neurons h; through hy, and an cutput layer 330 including output
neurons f; and £, While the neural network 300 of Figure 3 is shown having three
layers, 1t should be readily appreciated that additional layers may be included 1n the
neural network 300 as desired to achieve optimal training and performance of the
ultrasound image recognition module 120. Similarly, the neurons in each layer are
shown for exermplary purposes, and it should be readily understood that each layer may
include more, even significantly more, neurons than shown in Figure 3.

The neural network 300 may be trained by providing training images
210 to the input layer 310, As described with respect to Figure 2, the training images
may include ultrasound image information having a wide variety of known
characteristics, including, for example, various organ views, various image qualities or
characteristics, various imaging angles, and so on. Through training, the neural
network 300 may generate and/or modify the hidden layer 320, which represents
weighted connections mapping the training images 210 provided at the input layer 310
to known output information at the ocutput layer 330 {e.g., classification of an image as a
subcostal view of a heart, a suprasternal view, etc.). Relationships between neurons of
the input layer 310, hidden taver 320 and cutput layer 330, formed through the training
process and which may include weight connection relationships, are generally referred
to herein as “ultrasound image knowledge,” and may be stored, for example, in the
ultrasound image knowledge database 122.

Ouce the neural network 300 has been sufficiently trained, the neural
network 300 may be provided with non-training ultrasound tmages at the input layer
310 (i.e., ultrasound images taken of a patient uttlizing the ultrasound imaging device
110). Utilizing ultrasound image knowledge stored in the ultrasound image knowledge

database 122 (which may include, for example, weighted connection information
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between neurons of the neural network 300), the neural network 300 may make
determinations about the received ultrasound image information at the output layer 330.
For exarmple, the neural network 300 may determine whether the received ultrasound
images represent one or more clinically desirable views of an organ.

The neural network 300 of Figure 3 ts provided as just one example,
among various possible implementations of an ultrasound image recognition module
120 that emiploys artificial intelligence to make determinations with respect to received
ultrasound image information. For example, the ultrasound image recognition module
120 may implement any of neural network, deep learning, convolutional neural
network, and Bayesian program learning techniques to make determinations with
respect to recetved ultrasound images of a patient.

Moreover, the ultrasound recognition module 120 may be trained,
utilizing a variety of training images 210 and/or a variety of sequences of training
images 210, to make a variety of determinations relating to received ultrasound image
information. For example, the ultrascund recognition module 120 may be trained or
otherwise configured to determine whether a received ultrasound image represents one
or more clinically standard or desirable views. Further, the ultrasound recognition
module 120 may determine whether a received ultrasound image represents a non-
clinically desirable view (and may recognize such non-clinically desirable view as a
particular view or angle of a particular organ or other tissue within a patient}, and may
turther determine based on a sequence of received ultrasound images whether the
images are approaching or moving away from a clinically desirable view of an organ.
Based on its recognition of whether the images are approaching or moving away from a
clinically desirable view of the organ, and/or on its recogrition of the actual image
captured, the system may then be configured to provide feedback to the user to assist
the user in capturing the desired view of the organ, for example, by indicating a
direction in which the user may wish to move the probe and/or an angle of rotation or
orientation in which the user may wish to angle the probe.

For example, as discussed above, the ultrasound image recognition

module 120 may be trained with training images 210 showing a variety of known, but
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non-clinically desirable, views of a heart (such as views somewhere between the 2-
chamber apical and the 3-chamber apical views), and thus may recognize such views
{(e.g., the ultrasound image recognition module 120 may recognize a view as
representing a 35° counterclockwise rotation of the probe 118 with respect to the 2-
chamber apical view). Further, the ultrasound image recognition module 120 may be
trained with a sequence of recognized, but non-clinically standard or desirable views of
a heart. For example, the ultrasound image recognition module 120 may be trained to
recognize ultrasound images showing a view of the heart at each degree of
counterclockwise rotation between 0° and 60° with respect to the 2-chamber apical
view {i.e., every degree between the 2-chamber apical and the 3-chamber apical views).
Further, the ultrasound 1mage recognition module 120 may be trained to recognize a
sequence of or progression of such non-clinically desirable views toward and/or away
from a clinically desirable view (e.g., the training images 210 may include a sequence
of ultrasound images representing rotation of the probe 118 from the 2-chamber apical
view toward and/or away from the 3-chamber apical view). The ultrasound image
recognition module 120 may thus be trained to recognize that received ultrasound
images, while not being representative of a particular clinically desired view, may be
getting successively closer to (or moving away from) the chinically desired view.

Further, the ultrasound image recognition module 120 may be trained
such that the ultrasound image recognition module 120 may determine whether
received ultrasound images represent any of a plurality of elinically desirable views of
an organ. Such clinically desirable views of an organ may include, for example,
suprasternal, subcostal, short- and long-axis parasternal, 2-chamber apical, 3-chamber
apical, 4-chamber apical and 5-chamber apical views of a heart.

Referring again to Figure 1, the ultrasound image recognition module
120 may provide a feedback signal (indicated by reference numeral 103) to the
ultrasound imaging device 110, as described in further detail below. The feedback
signal 103 may be provided in response 1o a determination made by the ultrasound

image recognition module 120 with respect to a recetved ultrasound image.
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Figure 4 schematically iHlustrates an ultrasound imaging device 110, in
accordance with one or more embodiments. The ultrasound imaging device 110 may
include a display 112, a user interface 410 including one or more input elements 412,
one or more visual feedback elements 420, an audible feedback element 430 and/or a
haptic feedback element 440,

The user interface 410 allows a user to control or otherwise
communicate with the ultrasound imaging device 110. Various types of user input may
be provided, for example, via the user input elerents 412, which may be buttons or
similar user input elements. Additionally or alternatively, the display 112 may be a
touchscreen display, and user input may be received via the display 112, Using the
ultrasound imaging device 110, a user may select {e.g., via the input elements 412
and/or display 112) or otherwise input a desired view of an organ that is to be imaged in
a patient. For example, a user mnay select one view {e.g., a subcostal view of a heart)
from among a plurality of clinically desirable views that are stored in the ultrasound
imaging device 110 and presented to the user. The ultrasound imaging device 110 may
communicate the selected view to the ultrasound image recoguition module 120, and
the ultrasound image recognition module 120 may thus be configured to determine
whether received ulirasound images represent the selected view. That s, the ultrasound
image recognition module 120 may access the appropriate ultrasound image knowledge
(e.z., knowledge, rules or relations associated with a subcostal view of 3 heart) in the
image knowledge database 122 such that reeeived ultrasound images may be cornpared
with, or processed by, knowledge corresponding to the selected view. Alternatively, the
user may select a mode of operation tn which the system guides the user through
capture of one of more of a series of standard views of an organ, such as a heart as
described above. In such a mode, the system would first select a desired view of the
organ to be imaged, and then confirm for the user when the desired image had been
captured and/or guide the user towards the desired view based on the initial image
capture. The system would then repeat this process, in series, for each of the desired
standard views of the organ to be imaged. Alternatively, the system could operate in

such a way to compare any captured image against each of the images to be captured
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and confirm when one or more of the desired standard views had been captured,
without first indicating which view was to be captured first.

The visual feedback elements 420 may be any clement that can provide a
visual indication to a user of the ultrasound imaging device 110, and may be, for
example, one or more lights, colors, shapes, icons or the like, whether static or moving,
The audible feedback element 430 may be any element capable of producing an audible
indication to a user of the ultrasound imaging device 110, and may be, for example, a
speaker for produeing various tones or sounds associated with lack of correspondence
and correspondence between the captured image and the image desired to be captured.
Similarly, the haptic feedback element 440 may be any element capable of providing a
haptic effeet to a user of the ultrasound 1maging device 110, and may be, for example, a
vibration device.

Feedback signals 103 provided by the ultrasound 1mage recognition
module 120 may indicate any of a variety of determinations made by the ultrasound
image recognition module 120 regarding ultrasound images recetved from the
ultrasound imaging device 110.

For example, the ultrasound image recognition module 120 may provide
a feedback signal 103 indicating that a current or most recently received ultrasound
image represents a clinically desirable view of the organ (e.g., the selected clinically
desirable view). In a further example, the ultrasound image recognition module 120
may determine whether the received ultrasound images are sequentially approaching or
moving away from a clinically desirable view of an organ, and provides a feedback
signal 103 that indicates whether the received ultrasound images are sequentially
approaching or moving away from the clinically desirable view of the organ. Thus
feedback signal could include a visual or audible command to instruct the user to move
or angle the probe in a certain way, or an icon, such as a straight or curved arrow(s),
indicating the direction and/or angle of movement required of the probe in order to
better approach the desired image of the organ.

The ultrasound imaging device 110 receives the feedback signal 103,

and in response, may activate one or more feedback elements (7.e., visual teedback
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elements 420, audible feedback element 430 and/or haptic feedback element 440} to
provide a feedback effect to a user of the ultrasound imaging device 110. For example,
the feedback signal 103 may indicate that the current or most recently received
ultrasound image represents a clinically desirable view of an organ. In such a case, the
feedback effect provided by the ultrasound imaging device 110 may include flashing a
green light 420a of the visual feedback element 420, an audible tone or beep from the
audible feedback element 430 and/or a vibrational pulse provided by the haptic
feedback element 440. The flashing green light 420a, audible tone and/or vibrational
pulse indicates to the user that the desired view has been obtained, and the user may
thus retain the ulirasound image of the desired view (e.g., utilizing one or more of the
user input elements 412) and store the image 1n an ultrasound image database 115.

Additionally or alternatively, upon determining that a clinically desirable
view of an organ is represented 1o a received ultrasound 1mage, the ultrasound image
recognition module 120 may cause (e.g., by a feedback signal 103} the ultrasound
imaging device 110 to automatically retain and store the ultrasound umage in the
ultrasound image database 115, A table may also be displayed with appropriate
indications next to each desired type of image, to indicate whether the user had already
captured the desired image or whether the desired 1mage remains to be captured for the
particular patient being imaged.

In embodiments where a feedback signal 103 indicates that the received
ultrasound images are sequentially approaching or moving away from the clinically
desirable view of the organ, the ultrasound imaging device 110 may communicate this
to the user, for example, by providing a changing feedback effect, such as an audible
tone having an increasing {or decreasing) frequency as the received ultrasound images
are approaching {or moving away from) the chinically desired view, a series of
vibrational pulses having an increasing (or decreasing) intensity as the received
ultrasound images are approaching (or moving away from) the clinically desired view,
and/or iHluminating a different color or position of hights as the received ultrasound
image are approaches or moving away from the clinically desired view {(e.g.,

iHluminating red outer lights 420¢, then yellow intermediate lights 420b, then green
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center light 420a as the received ultrasound images approach the clinically desired
view).

The probe 118, which is operatively coupled with the ultrasound
imaging device 110, may include one or more motion sensors 450, which may be any
motion sensors, including, for example, accelerometers, gyroscopes, or the like
Accordingly, the ultrasound imaging device 110 may determine a position and/or
motion of the probe 118. In particular, the ultrasound imaging device 110 may
determine a position and/or motion of the probe 118 with respect to one or more known
points on a patient. For example, a user may position the probe 118 in a known
otientation {e.g., substantially normal to the patient’s skin) at a known point on the
patient {e.g., a particular point on the patient’s chest), and the ultrasound imaging
device 110 may capture {e.g., via user input elements 412} this position as a reference
or tnitialization point. The ultrasound imaging device 110 may thus determine its
position with respect to the known reference point utilizing any known positioning
algorithms, including, for example, inertial navigation technigues. Similarly, the
ultrasound image recognition module 120 may determine, for example, that the
received ultrasound images are moving away from a clinically desirable view {as
described herein), and may recomnend a movement (e.g., via feedback signal 103) of
the probe 118, with respect to the known point on the patient, in order to acquire the
chinically desirable view. For example, the ultrasound image recognition module 120
may determine, for example, that the received ultrasound images represent successive
views of a heart associated with 45°, 40°, then 35° of counterclockwise rotation with
respect to the 2-chamber apical view. The clinically desirable view may be, for
example, a 3-chamber apical view, which may be obtainable by rotating the probe 118
about 60° with respect to the 2-chamber apical view. Accordingly, the ultrasound
image recognition module 120 may determine that the received ultrasound images are
moving away from the clinically desirable view, and may further recommend, for
example, that the user rotate the probe 118 about 25° (as the most recent view may

represent a 35° counterclockwise rotation with respect to the 2-chamber apical view, an
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additional 25° counterclockwise rotation should result in the desired 3-chamber apical
view) in a counterclockwise direction in order to obtain the 3-chamber apical view.

While the ultrasound image recognition module 120 has been deseribed
herein as being separate from the ultrasound imaging device 110, and accessible via the
communications network 102, it should be readily appreciated that the ultrasound image
recognition module 120 may be included within the ultrasound imaging device 110.
That is, the ultrasound image recognition module 120 (either the image recognition
module 120 itself, or a local copy of a remotely located image recoguition module 120)
may be contained within the ultrasound imaging device 110, and may be stored, for
example, in memory 114 and the features and/or functionality of the ultrasound image
recognition module 120 roay be executed or otherwise implemented by the processor
116

Figure 5 is a flowchart dlustrating an ultrasound image recognition
method 500, in accordance with one or more embodiments. At block 502, the method
500 inchades acquiring, by an ultrasound imaging device 110, ultrasound images of a
patient. The acquired ultrasound images may include, for example, a view of an organ
in the patient.

At block 504, the method 500 1ncludes transnutting the acquired
ultrasound images to an ultrasound image recognition module 1206, The acquired
ultrasound tmages may be transmitted via a communications network 102, or
alternatively, the ultrasound 1mage recognition module 120 may be contained within the
ultrasound imaging device 110, and the acquired ultrasound images may be transmitted
via a hardwired connection.

At block 506, the method 500 includes determining, by the ultrasound
image recognition module 120, whether the acquired ultrasound images represent a
clinically desirable view of an organ. The ultrasound image recognition module 120
may employ any artificial intelligence methodologies to facilitate the determination, as
shown and described, for example, tn Figures 2 and 3.

At block 508, the method 500 may further include transmitting a

feedback signal 103 to the ultrasound imaging device 110, in response to determining
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whether the received ultrasound images represent the clinically desirable view of the
organ. The feedback signal 103 may communicate a variety of potential messages to
the ultrasound imaging device 110, For example, the feedback signal 103 may indicate
that an acquired ultrasound image represents the clinically desirable view, does not
represent the clinically desirable view, and/or the images are sequentially approaching
or moving away from the clinically desirable view.

At block 510, the method 100 may further inchude storing an acquired
ultrasound 1mage in response to the ultrasound mage recognition module 120
determining that the acquired ultrasound 1mage represents the clinically desirable view
of the organ. In such a case, the acquired uitrasound image may be automatically
stored, for example, in the ultrasound image database 115, Additionally or
alternatively, a user of the ultrasound tmaging device 110 may be prompted to store the
acquired ultrasound 1mage, for example, by providing an input to the ultrasound
imaging device 110 via the user interface 410.

Figure 6 tllustrates a block diagram of an ultrasound data information
systern 600 in accordance with embodiments of the present disclosure. As shown in
Figure 6, the ultrasound data information system 600 includes a number of ultrasound
imaging devices 610, a communications network 602, a cloud-based artificial
intelligence (AQ) ultrasound image recognition training network 620 (referred to
hereinafter as “ Al training network 1207} and an ultrasound image knowledge database
622. The ultrasound data information system 600 may further include one or rmore user
computer devices 630,

The Al training network 620 i1s a cloud-based or distributed computing
artificial intelligence network that is trained to recognize ultrasound images. In
particular, the Al training network 620 may be trained to determine whether received
ultrasound images represent a chinically desirable view of an organ or other aspect,
region or feature of a patient, or whether the clinically desirable views indicate normal
function or a particular pathology. The Al tratning network 620 may be implemented
by any computationally intelligent system that employs artificial intelligence, drawing

from training inputs to learn or otherwise generate knowledge (e.g., as stored in the
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image knowledge database 622), which 1s utilized to determine whether received
ultrasound images represent a clinically desirable view or whether the clinically
desirable views indicate normal funetion or a particular pathology.

Employing one or more computationally intelligent techniques, the Al
training network 620 may learn to adapt to an unknown and/or changing environment
tor better performance.

Through an artificial intelligence training process, the Al training
network 620 learns knowledge, which 1s stored in the image knowledge database 622
The knowledge stored in image knowledge database 622 may include a variety of
information facilitating ultrasound image analysis, with respect to received ulirasound
images, by the Al training vetwork 620 and/or by an ultrasound image recognition
meodule 621 within the ultrasound imaging devices 610, as will be described in further
detail herein. In particular, for example, the image knowledge database 622 may
contain information relating to various trmage views of various organs, and normal and
pathological states of various organs. For example, the image knowledge database 622
may include information associated with clinically standard or desirable views of a
heart. The clinically standard views of a heart may inclhude, for example, suprasternal,
subcostal, short- and long-axis parasternal, 2-chamber apical, 3-chamber apical, 4-
chamber apical and 5-chamber apical views. Additionally, the information associated
with clintcally standard views may be information associated with a three-dimensional
view, a two-dimensional ¢ross section view and/or a set of two-dimensional cross
section views. Simularly, the image knowledge database 622 may include information
associated with normal function of organs, such as a heart, and various pathological
conditions of an organ, including for example, cardiac muscle contractility and valve
function. The image knowledge database 622 may be stored in any computer-readable
storage medium accessible by the Al tratning network 620.

The Al training network 620 may include, or otherwise be executed by,
one or more computer processors configured to perform the various functions and
operations described herein. For example, the Al training network 620 may be

executed by one or more general purpose computers or data processors selectively
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activated or configured by a stored computer program, or may be a specially
constructed computing platform for carrying out the features and operations described
herein. In particular, the Al training network 620 may be a cloud-based or distributed
computing artificial intelligence network having a high level of computational
capability such that if can receive and process a very large number {(e.g., tens of
thousands, or more} of training images to generate ultrasound image knowledge. In one
or more embodiments, the Al training network 620 may be included within and/or
executed 1o an ultrasound imaging device 610.

The ultrasound imaging devices 610 may be any ultrasound devices
operable to acquire ultrasound images of a patient, and may be, for example, handheld
ultrasound imaging devices. The ultrasound imaging devices 610 shown in Figure 6
may be the same, or substantially the same, as the ultrasound imaging devices 110
shown in Figure 1. In particular, the ultrasound 1maging devices 610 may include the
same features as discussed above with respect to the ultrasound imaging devices 110
(and shown, for example, 1o Figures 1 through 4), and may further include additional
teatures as discussed below with respect to Figure 7.

With reference to Figure 7, an ultrasocund imaging device 610 may
include a display 112, memory 114, one or more processors 116 and an ultrasound
image recognition module 621. The ultrasocund image recognition module 621 included
with the ultrasound imaging device 610 may be essentially the same as the ultrascund
image recognition module 120 shown in, and described with respect to, Figure 1. One
difference is that the ultrasound image recognition module 621 (as well as the local
ultrasound knowledge database 612} is located within the ultrasound imaging device
610 of Figure 8, while the ultrasound image recognition module 120 1s located remotely
with respect to the ultrasound imaging device 110 of Figure 1.

The ultrasound imaging device 610 may further include an aequired
ultrasound image database 615 and/or a local ultrasound image knowledge database
612. The ultrasound imaging device 610 is operatively coupled to an ultrasound probe

118.
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The memory 114, processor 116, ultrasound probe 118 and display 112
are described above with respect to the ultrasound imaging device 110 of Figure 1.

The ultrasound image recognition module 621 may incorporate, for
example, a portion or all of the pre-trained cloud-based Al training network 620,
inchuding the image knowledge acquired and stored in the image knowledge database
622. That is, the ultrasound imaging devices 610 may download, via a communications
network 002, the Al training network 620 and/or the ultrasound image knowledge
stored in the ultrasound image knowledge database 622 (which may be stored, for
exaraple, in the local ultrasound image knowledge database 612). Accordingly, the
image knowledge learned by the Al training network 620 may be applied by the
ultrasound image recognition module 621 to process and rnake determinations
regarding the ultrasound images acquired by the ultrascund imaging device 610.
Communications network 602 may utilize one or more protocols to commuuicate via
one or more physical networks, including local area networks, wireless networks,
dedicated lines, intranets, the Internet, and the hke.

The ultrasound images thus acquired by the ultrasound imaging device
610 may be provided to, and processed by, the ultrasound image recognition module
621, The ultrasound image recognition module 621 receives the ultrasound images
acquired by the ultrasound imaging device 610, and determines whether one or more of
the received ulirasound images represent a clinically desirable view of an organ or other
aspect, region or feature of the patient or whether the clinucally desirable views indicate
normal function or a particular pathology. The ultrasound image recognition module
621 may be implemented by any computationally intelligent system that employs
artificial intelligence, drawing from learned knowledge such as contained in a local
ultrasound image knowledge database 612, to determine whether received ultrasound
images represent a clinically desirable view or whether the clinically desirable views
indicate normal function or a particular pathology.

The uitrasound image knowledge database 622 may be similar to, or the
same as, the ultrasound image knowledge database 122 shown in Figure 1. The Al

training network 620 is similar to the ultrasound image recognition module 120 shown
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in Figure 1, in that the Al training network 620 is trained and develops ultrasound
image knowledge (which is stored in the ultrasound image knowledge database 622) for
making determinations with respect to ultrasound images acquired by an ultrasound
imaging device 610. One difference, however, is that the Al training network 620 is
trained, in part, by actual ultrasound images acquired by numerous ultrasound imaging
devices 610, which are provided to the Al training network 620 for further training and
development of additional or refined ultrasound image knowledge.

Figure 8 is a block diagram illustrating training of the cloud-based Al
training network 620, in accordance with one or more embodiments. The Al training
network 620 may inttially be trained using training images 810. Training tmages 810
may include any ultrasound image information, and may be the same as or similar to the
training images 210 shown in, and described with respect to, Figure 2. For example,
the training frages 810 may include a variety of ultrasound image information
associated with known views of an organ (such as chinically desirable images of, e.g.,
suprasternal views of a heart). Further, the training images 810 may be ultrasocund
images which have been pre-deterruined (e.g., by a physician) as adequately showing a
particular clinically desirable view. Additionally, a wide variety of images with various
characteristics representing normal function and/or certain pathologies may be included
in the traming images 810,

Moreover, the training images 810 may include image information
associated with non-clinically desirable views, as discussed above with respect to the
training images 210 provided for training the ultrasound image recognition module 120,
as shown in Figure 2. Accordingly, the AT training network 620 may receive, for
exaraple, a view of a heart which 1s not representative of any particular clinically
desirable view, but may nonetheless recognize the image as being a view of a heart, and
may further recognize the image as being an image somewhere between, for example, a
2-chamber apical view and a 3-chamber apical view. The Al training network 620 may
be trained with training images 810 showing a variety of known, but non-clinically
desirable, views of a heart (such as views somewhere between the 2-chamber apical and

the 3-chamber apical views), and thus may develop knowledge facilitating recognition
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of such views {e.g., the Al training network 620 may recognize a view as representing a
35° counterclockwise rotation of the probe 118 with respect to the 2-chamber apical
view). In accordance with one or more embodiments, feedback 1s provided to the user
regarding recognition (or lack thereof) and identification or interpretation (or lack
thereof) of the image captured, as described for example, with respect to Figure 1
{feedback 103).

Other training input 820 may further be provided to the Al training
network 620 for training. The other training tnput 820 may include, for example,
manually-entered input to adjust or otherwise manage the image recognition model
developed in the Al training network 620 through the training process.

Using training images 810, the Al tramning network 620 may implement
an iterative training process. Training may be based on a wide variety of learning rules
or training algorithms. For example, the learning rules may include one or more of the
following: back-propagation, real-time recurrent learning, pattern-by-pattern learning,
supervised learning, interpolation, weighted sum, reinforced learning, temporal
difference learming, unsupervised learning, and/or recording learning.

As discussed previously with respect to Figure 3, the back-propagation
learning algorithm 15 a comnmon method of training artificial neural networks (and may
be employed, for example, with the artificial neural network 300 shown in Figure 3,
which may be utilized or implemented by the Al training network 620).

As aresult of the training, the AT training network 620 may learn to
meodity its behavior in response to the training images €10, and obtain or generate
ultrasound image knowledge 830, The ultrasound image knowledge 830 may represent
any information upon which an artificial intelligence network (e.g., the Al training
network 620 and/or the ultrasound image recognition module 6213 may determine to be
an appropriate respounse to new data or situations. In particular, the ultrasound 1rnage
knowledge 830 represents relationships between ultrasound images and one or more
views of an organ and normal versus pathological conditions of an organ (e.g., one or
more functions that describe one or more views of an organ based on ultrasound image

parameters, coefficients, weighting information, parameters associated with the
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example neural network shown in Figure 3 or any such variable). The ultrasound image
knowledge 830 may be stored in the ultrasound image knowledge database 622.

Once the Al training network 620 s sufficiently trained based on the
initial training tmages 810, the ultrasound imaging devices 610 may download {e.g., as
indicated by reference numeral 603) the trained Al training network 620 and/or the
image knowledge developed by the Al training network 620 and stored in the
ultrasound image knowledge database 622, via the communications network 602, That
i3, the ultrasound image recognition module 621 1n the ultrasound 1rnaging devices 610
may mclude one or more portions of, or may be a complete copy of, the already trained
Al training network 620, and the local ultrasound image knowledge database 612
within the ultrasound imaging devices 610 may be provided with some or all of the
ultrasound image knowledge stored in the ultrasound image knowledge database 622

The ultrasound imaging devices 610 are thus equipped to acquire
unknown ultrasound images during normal operational use, and to determine {(e.g., by
the ultrasound tmage recognition module 621) whether the acquired ultrasound images
represent a chinically desirable view of a patient or whether the chinically desirable
views indicate normal function or a particular pathology.

Images acquired by the ultrasound irmaging devices 610 during normal
operational use {(e.g., acquired diagnostic images 817 of a patient) may be stored in the
acquired ultrasound tmage database 615, and further may be provided to the Al training
network 620 (shown in Figure 6, for example, at reference numeral 601) as additional
training inputs, thereby further training the Al training network 620. Such acquired
uhtrasound images 817 may be images directly acquired by the ultrasound imaging
devices 610 and/or may be images that have been verified, modified and/or otherwise
chinically determined for use as training data for further training the Al training network
620. For example, the acquired ultrasound images 817 may include images obtained by
an ultrascund imaging device 610, and which were not correctly determined by the
local ultrasound image recognition module 621, For example, the ultrasound image
recognition module 621 may determine that a particular image does not represent a

clinically desirable view {e.g., a suprasternal view of heart); however, that same image
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may in fact represent the clinically desirable view. For example, a physician or other
such expert may, upon independent review of the ultrasound image, deternine that the
image does in fact show a chinically sufficient suprasternal view of heart, but the
ultrasound image recognition module 621 did not make same determination, thus
reflecting that the ultrasound image recognition module 621 may be further optimized
to determine or recognize the image correctly. In such a case, the acquired ultrasound
image may be modified, labeled or otherwise associated with training data indicating
that the acquired nmage represents a clinically desirable view (e.g., a suprasternal view
of a heart), and may thus be provided as an acquired ultrasound image 817 for further
training the Al training network 620, which in turn is used to update the ultrasound
image recognition module 621.

Ultrasound images obtained by the ultrasound imaging devices 610 may
be stored in the acquired ultrasound 1mage database 615 and/or may be modified to
include training information (e.g., indicating any known characteristics about the image,
such as that the image represents or does not represent a particular clinically desirable
view, normal function or known pathology) and then stored in the acquired ultrasound
image database 615, Accordingly, acquired ultrasound images 817, having training
information indicating one or more known characteristics about the acquired ultrasound
images 817, may be provided to the Al training network 620 for further training and for
further development and/or refinement of ultrasound image knowledge 830,

The acquired ultrasound images 817 used for further training the Al
training network 020 may be received directly from the ultrasound imaging devices 610
{e.g., by uploading tmages stored in the acquired image database 615, via
communications network 602, to the Al training network 620) and/or from one or more
user computer devices 630, For example, a physician may download ultrasound images
tfrom the ultrasound imaging devices 610 to a user computer device 630, and further
may modify, label, or otherwise append training data to the ultrasound images
indicating one or more known characteristics associated with the ultrasound images.
The user computer device 630 may thus be utilized to transmit the acquired ultrasound

images 817 (which may include, for example, the training data indicating one or more
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known characteristics) to the Al training network 620 for further training. User
computer device 630 may also, or alternatively, be used to receive updated knowledge
from the Al training network 620, which it may communicate to any associated
ultrasound imaging device 610,

The acquired ultrasound images 817 are thus training tmages used o
turther train the Al training network 620, That is, the initial set of training images 810
are used to initially train the Al training network 620, and the acquired ultrasound
images 817 are provided to further train the Al training network 620 after one or more
ultrasound imaging devices 610 have been deployed and have acquired ultrasound
images which may provide training value. The training images 810, as well as the
acquired ultrasound images 817, include the same type of information, 7.e., ultrasound
image information and associated training labels.

The training images 810 and/or the acquired ultrasound images 817 for
training the Al training network 620 may include a sequence of images {(e.g., a video
chip having a sequence of successively-acquired image frames). For example, a chip
may include a sequence of images indicating a dynamic phenornenon such as heart
motion/contractility. Such a clip may be provided to the Al training network 620 as
initial training froages 8§10 and/or as acquired ultrasound images 817 for further training
the AT training network 620.

Based on the training images 810, the Al training network 620 may learn
to modity its behavior, and may apply knowledge contained in the image knowledge
database 622 to alter the manner in which it makes determinations with respect to new
inputs, such as, for example, acquired ultrasound image information 817 received from
the ultrasound imaging devices 610. The acquired ultrasound images 817 may be
provided to the Al training network 620 via the communications network 602, and thus
may be used as additional training tnput to further train the Al training network 620,
and to generate further developed image knowledge 830, which may be stored in the
image knowledge database 622

An artificial neural network (e.g., the artificial neural network 300,

shown in Figure 3} may be implemented by the Al training network 620 and/or the
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ultrasound image recognition module 621, in accordance with one or more
embodiments.

As discussed above, the artificial neural network 300 shown in Figure 3
includes three layers: an input layer 310 including input neurons 1y through 15, a hidden
layer 320 inchuding hidden layer neurons by through by, and an output layer 330
including output neurons £ and £, While the neural network 300 of Figure 3 is shown
having three lavyers, it should be readily appreciated that additional layers may be
included in the neural network 300 as desired to achieve optimal training and
performance of the Al training network 620 and/or the ultrasound image recognition
module 621, Similarly, the neurons in each layer are shown for exemplary purposes,
and it should be readily understood that each layer may include more, even significantly
more, neurons than shown in Figure 3.

The neural network 300 may be trained (e.g., in an embodiment where
the Al training network 620 is a neural network 300) by providing training images 810
and/or acquired ultrasound images 817 to the input layer 310. As described with
respect to Figure 8, the training images 810 (as well as the acquired ultrasound images
817, provided as training input to the Al training network 620) may include ultrasound
image wformation having a wide variety of known characteristics, including, for
example, various organ views, normal function, various pathologies, various image
qualities or characteristics, various imaging angles, and so on. Through training, the
neural network 300 may generate and/or modify the hidden layer 320, which represents
weighted connections mapping the training images 810 and/or acquired ultrasound
images 817 provided at the input layer 310 to known output information at the output
layer 330 {e.g., classification of an image as a subcostal view of a heart, a suprasternal
view, etc.}. Relationships between neurons of the tnput layer 310, hidden layer 320 and
output layer 330, formed through the training process and which may include weight
connection relationships, are generally referred to herein as “ultrasound image
knowledge,” and may be stored, for example, in the ultrasound image knowledge

database 622.
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Ounce the neural network 300 has been sufficiently trained, the neural
network 300 may be provided to the ultrasound imaging devices 610, and tmplemented,
for example, by ultrasound 1mage recognition module 621 As such, the neural network
300 may receive non-training ultrasound images at the input layer 310 (7.e., ultrascund
images taken of a patient utilizing the ultrasound imaging device 610). Utilizing
ultrasound image knowledge stored in the ultrasound image knowledge database 622
{which may be provided to and stored in the local ultrasound image knowledge
database 612, and which may include, for example, weighted connection information
hetween neurons of the neural network 300), the neural network 300 may make
determinations about the received ultrasound umage information at the output layer 330.
For example, the neural network 300 may determine whether the recetved ultrasound
images represent one or more clinically desirable views of an organ.

Thus, the cloud-based AT training network 620 1s mitially trained in
order to develop a network and/or image knowledge sufficient to implement in an
ultrasound image recognition module 621 in the ultrasound imaging devices 610. The
cloud-based AT training network 620 then continues to be further trained based on the
acquired ultrasound images 817, which are acquired by ultrasound devices 610 and
provided to the Al training network 620 via the cornmunications network 602 (shown in
Figure 6, for exarple, at reference numeral 601). As a result of the continued training
of the Al training network 620, the Al training network 620 continues to develop, refine
or otherwise generate additional ultrasound image knowledge, which is stored in the
ultrasound image knowledge database 622, The ultrasound imaging devices 610 may
thus periodically receive updated ultrasound image knowledge stored i the ulirasocund
image knowledge database 622 (shown in Figure 6, for example, at reference numeral
603), either through updates that are automatically downloaded per a predetermined
schedule, or at a particular time desired or requested by a user, or avtomatically when
the database has received a certain threshold number of additional images that has
resulted in the network being further trained since the tmaging device(s) were last

updated.
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The neural network 300 of Figure 3 is provided as just one example,
among various possible implementations, of an Al training network 620 and/or an
ultrasound 1mage recognition rnodule 621 that employs artificial intelligence to make
determinations with respect to received ultrasound image information. For example,
the Al training network 620 and/or the ultrasound image recognition module 621 may
implement any of neural network, deep learning, convolutional neural network, and
Bayesian program learning techniques to make determinations with respect to received
ultrasound images of a patient,

Moreover, the Al training network 620 may be trained, utilizing a
variety of tratning images 810 and/or acquired ultrasound images 817 {and further may
be trained utilizing a variety of sequences of training images 810 and/or acquired
ultrasound images €17} to make a variety of determinations relating to received
ultrasound mage information. For example, the Al training network 620 rnay be
trained or otherwise configured to determine whether a received ultrasound 1mage
represents one or more clinically standard or desirable views or whether the clinically
desirable views indicate normal function or a particular pathology. Further, the Al
training network 620 may be trained to determine whether a received ultrasocund image
represents a non-clinically desirable view (and may recognize such non-clinucally
desirable view as a particular view or angle of a particular organ or other tissue within a
patient), and may further determine based on a sequence of received ultrasound tmages
whether the images are approaching or moving away trom a clinically desirable view of
an organ.

By downloading the Al training network 620 and/or the ultrasound
image knowledge developed by the Al training network 620 and stored in the
ultrasound image knowledge database 622, the ultrasound image recognition module
621 and local ultrasound 1mage knowledge database 612 in the ultrasound 1maging
devices 610 may include all of the features and functionality described herein with
respect to the trained Al training network 620 and the ultrasound image knowledge

database 622.
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For example, as discussed above, the Al training network 620 may be
trained with training tmages 810 and/or acquired ultrascund images 817 showing a
variety of known, but non-clinically desirable, views of an organ or other structure in a
patient, and thus the ultrasound image recognition module 621 in the ultrasound devices
610 may recognize such views. Further, the Al training network 620 may be trained
with one or more sequences of recognized, but non-clinically standard or desirable
views, and the Al training network 620 may be trained to recognize a sequence of or
progression of such non-clinically desirable views toward and/or away from a chinically
desirable view {e.g., the training images 810 may include a sequence of ultrasound
images representing rotation of the probe 118 from the 2-chamber apical view toward
and/or away from the 3-chamber apical view). The Al training network 620 may thus
be trained {and the ultrasound image recognition module 621 in the ultrasound imaging
devices 610 may thus be implemented) to recognize that received ultrasound images,
while not being representative of a particular clinically desired view, may be getting
successively closer to {or moving away from} the clinically desired view.

Further, the Al training network 620 rnay be trained such that, when
implemented as the ultrasound image recognition module 621 in the ultrasound imaging
devices 610, the ultrasound mage recognition rnodule 621 may deterroine whether
received ultrasound images represent any of a plurality of clinically desirable views of
an organ. Such clinically desirable views of an organ may include, for example,
suprasternal, subcostal, short- and long-axis parasternal, 2-chamber apical, 3-chamber
apical, 4-chamber apical and 5-chamber apical views of a heart.

While Figure 6 illustrates an ultrasound data information system 600
including a cloud-based ultrasound image recognition Al training network 620, in one
ot more alternative embodiments the ultrasound image recognition Al tratning network
620 may be included within one or more of the ultrasound devices 610, Accordingly,
the Al training network 620 within an ultrasound imaging device 610 may be trained as
described above (and shown, for example, in Figure 8) based on the initial training
images 810, and further may be trained based on acquired ultrasound tmages 817 which

are acquired by the ultrasound imaging device 610 and further have been labeled and/or
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modified in some way as to provide training information. For example, an ultrasound
image acquired by an ultrasound imaging device 610 may be determined by the
ultrasound image recognition rnodule 621 and/or the Al training network 620 as not
representing a desirable clinical view of a particular organ, such as a heart. An
ultrasound technician operating the ultrasound imaging device 610 may know, for
example, that the acquired image does in fact represent the clinically desirable view;
however, the patient’s heart has an atypical anatomy and thus the ultrasound image
recognition module 621 and/or the AT training network 620 does not correctly recognize
the image as being a clinically desirable view. In such a case, the ultrasound technician
may label the acquired image as being the clinically desirable view {(e.g., by pressing a
corresponding button on the ultrasound imaging device 610, by storing the acquired
image in the acquired ulirasound image database 615 for labeling by a physician or
other trained expert utilizing the ultrasound imaging device 610 and/or a user computer
device 630, or the like). Once labeled as properly representing the clinically desirable
view, the image is provided as training mput (e.g., acquired ultrasound image 817} to
turther train the AT training network 620 and/or the ultrasound image recognition
meodule 621 within the ultrasound imaging device 610. Thus, an ultrasound imaging
device 610 may include the ability to self-train its internal ultrasound image recognition
module 621 based on images acquired by the ultrasound image device 610

Further, there may be other circumstances in which multiple
organizations (e.g., hospitals or clinics) or groups of users of ultrasound imaging
devices 610 {e.g., trade associations or informal groups) may each have their own Al
training network {(e.g., a central Al training network 620, or a separate, organization or
group Al training network for providing updated image knowledge, based on ultrasound
images acquired by ultrasound tmaging devices 610 within the organization or group}
and/or knowledge database for their organization or group, with updates being
generated from ultrasound images acquired by ultrasound imaging devices 610 in the
organization or group.

Figure 9 1s a flowchart illustrating a method 900, in accordance with one

or more embodiments. At block 902, the method 900 includes receiving, by an
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ultrasound image recognition training network (e.g., the Al training network 620},
ultrasound training images 810,

At block 904, the method 900 wncludes generating, by the ultrasound
image recognition training network, ultrasound image knowledge 830 based on the
recetved ultrasound training images 810, The ultrasound image knowledge 830 may be
stored, for example, in the ultrasound image knowledge database 622

At block 906, the method 900 includes transmitting the ultrasound image
knowledge 830 to an ultrasound imaging device 610. The ultrasound 1maging devices
610 may periodically poll the AT training network 620 for updated knowledge, and the
ultrasound image knowledge 830 may be transmitted in response to the polling.
Additionally or alternatively, the AT training network 620 may periodically push
updated ultrasound image knowledge 830 to the ultrasound imaging devices 610. In
one or more embodiments, one or more of the ultrasound imaging devices 610 and/or
user computer devices 630 may receive the updated ultrascund image knowledge 830
and then distribute the updated ultrasound image knowledge 830 to one or more other
ultrasound imaging devices 610 (e.g., via a peer-to~-peer or other local network). For
example, one or more user computer devices 630 may be located within a clinical
setting, such as a hospital, and may receive and provide updated ultrasound image
knowledge 830 to multiple ultrasound 1maging devices 610 located within the same
setting,

The ultrasound image knowledge 830 may be transmitied to the

ultrasound imaging device 610, for example, directly from the ultrasound image

knowledge database 622 or from the Al training network 620. Alternatively, the
ultrasound image knowledge 830 may be provided to a user computer device 630,
which then transmits the ultrasound image knowledge 830 to one or more ultrasound
imaging devices 610. The transmitted ultrasound image knowledge may be stored in
the local ultrasound image knowledge database 612, which may be contained within the
ultrasound imaging device 610

At block 908, the method 900 further includes acquiring, by the

ultrasound imaging device 610, ultrasound images of a patient. At block 910, the
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method 900 includes determining by the ultrasound imaging device 610 {e.g., utilizing
the ultrasound image recognition module 621} whether the acquired ultrasound images
represent a clinically desirable view of an organ. The determining may be performed,
for example, based on the ultrasound image knowledge 30.

At block 912, the method 900 includes transmitting the acquired
ultrasound images of the patient to the ultrasound 1mage recognition training network
tor further training. The transmitted acquired ulirasound images of the patient may
include tratning data indicating one or rnore known characteristics associated with the
acquired ultrasound images.

The various embodiments described above can be combined to provide
turther embeodiments. These and other changes can be made to the embodiments in
light of the above-detailed description. In general, in the following claims, the terms
used should not be construed to limit the claims to the specific embodiments disclosed
in the specification and the claims, but should be construed to mnclude all possible
embodiments along with the full scope of equivalents to which such claims are entitled.

Accordingly, the claims are not limuted by the disclosure.
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CLAIMS

i An ultrasound system, comprising:

an ultrasound imaging device configured to acquire ultrasound images of
a patient; and

an ultrasound image recognition module configured to receive the
acquired ultrasound images from the ultrasound imaging device and to automatically
determine whether the received ultrasound 1mages represent a chinically desirable view
of an organ.

2. The vltrasound system of claim 1, wheretn the ultrasound image
recognition module implements at least one of neural network, deep learning,
convolutional neural network, and Bayesian program learning techniques to
automatically determine whether the received ultrasound images represent the clinically

desirable view of the organ.

3. The ultrasound system of claim 1, wherein the clinically
desirable view of the organ includes at least one of suprasternal, subcostal, short axis
parasternal, long axis parasternal, 2-chamber apical, 3-chamber apical, 4-chamber

apical and S-chamber apical views of a heart.

4 The ultrasound system of claim 1, the ultrasound imaging device
including a user interface operable to receive a selection of one of a plurality of
clinically desirable views of the organ, wherein the ultrasound image recognition
module is configured to determine whether the received ultrasound images represent the

selected clinically desirable view of the organ.

5. The ultrasound system of claim 1, wherein the ultrasound image

recognition module is operable to automatically determine whether the received
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ultrasound images represent at feast one of a plurality of clinically desirable views of

the organ.

6. The ultrasound system of claim 1, wherein the ultrasound image
recognition module is further configured to provide a feedback signal to the ultrasound
imaging device, in response to determining whether the recetved ultrasound 1mages

represent the clinically desirable view of the organ.

7. The ultrasound system of claim 6, wherein the feedback signal
indicates whether a most recently received ultrasound image represents the clinically

desirable view of the organ.

8. The ultrasound systern of claim 6, wherein the ultrasound image
recognition module automatically determines whether the received ultrasound images
are sequentially approaching or moving away from the clinically desirable view of the
organ, wherein the feedback signal indicates whether the received ultrasound images
are sequentially approaching or moving away from the clinically desirable view of the

organ.

9. The ultrasound system of claim 6, the ultrasound imaging device
including a feedback eclement, the ultrasound imaging device being configured to
activate the feedback element, based on the feedback signal, to provide a feedback

effect to a user of the ultrasound imaging device.

10.  The ultrasound system of claim 9, wherein the feedback element

comprises at least one of a visual, audible or haptic feedback element.
it The ultrasound system of claim 1, further comprising a non-

transitory computer-readable storage medium, wherein the ultrasound imaging device is

configured to provide an acquired ultrasound image to the storage medium for storage
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in response to the ultrasound 1image recognition module determining that the acquired

ultrasound image represents the clinically desirable view of the organ.

12. The ultrasound system of claim 1, wherein the ultrasound image
recognition module is further configured to determine a recommended movement of the

ultrasound imaging device for acquiring the chinically desirable view of the organ.

13, The ultrasound systern of claim 1, wherein the ultrasound image

recognition module is operated within the ultrasound 1maging device.

14, A method, comprising:

acquiring, by an ultrascund imaging device, ultrascund images of a
patient;

transmitting the acquired ultrasound images of the patient to an
ultrasound image recognition module; and

automatically determining, by the ultrasound 1mage recognition module,
whether the acquired ultrasound images represent a clinically desirable view of an

organ.

15, The method of claim 14, wherein automatically determining
whether the received ultrasound images represent the clinically desirable view of the
organ includes:

implementing at least one of neural network, deep learning,
convolutional neural network, and Bayesian program learning techniques to determine
whether the received ultrasound images represent the clinically desirable view of the

organ.
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16, The method of claim 14, wherein automatically determining
whether the received ultrasound images represent the clinically desirable view of the
organ includes:

determining whether the received ultrasound images represent at least
one of suprasternal, subcostal, short axis parasternal, long axis parasternal, 2-chamber

apical, 3-chamber apical, 4-chamber apical and 5-chamber apical views of a heart.

7. The method of claim 14, further comprising:

receiving a selection of one of a plurality of clinically desirable views of
the organ, wherein the ultrasound image recognition module is configured to determine
whether the received ultrasound images represent the selected clinically desirable view

of the organ.

18. The method of claim 14, further comprising:
transmitting a feedback signal to the ultrasound imaging device, in
response to the determining whether the received ultrasound images represent the

clinically desirable view of the organ.

19 The method of claim 18, further comprising:

automatically determining, by the ultrasound image recognition module,
whether the received ultrasound images are sequentially approaching or moving away
trom the clinically desirable view of the organ, wherein the feedback signal indicates
whether the received ultrasound tmages are sequentially approaching or moving away

from the clinically desirable view of the organ.

20, The method of claim 18, further comprising:
activating a feedback element in the ultrasound imaging device, based on
the feedback signal, to provide a feedback effect to a user of the ultrasound imaging

device.
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21 The method of claim 14, further comprising:

storing an acquired ultrasound image in a non-transitory computer-
readable storage medium in response to the ultrasound 1mage recognition module
determining that the acquired ultrascund image represents the clinically desirable view

of the organ.

22. The method of claim 14, further comprising:

determining, by the ultrasound image recognition module, a
recommended movement of the ultrascund imaging device, with respect to one or more
koown points on the patient, for acquiring the chinically desirable view of the organ;
and

transmitting a signal to the ultrasound imaging device indicating the

recormmmended movement,

23, An ultrasound data information system, comprising;
an ultrasound image recognition training network stored at least partially
on a computer device having one or more processors, the ultrasound image recognition
training network being configured to receive ultrasound training images, and to develop
ultrasound image knowledge based on the received ultrasound training images;
an ultrasound imaging device configured to acquire ultrasound images of
a patient; and
an ultrasound image recognition module, within the ultrasound imaging
device, the ultrasound image recognition module betng configured to:
recetve the ultrasound image knowledge;
receive the acquired ultrasound tmages from the ultrasound
imaging device; and
determine, based on the ultrasound image knowledge, whether

the recetved ultrasound images represent a clinically desirable view of an organ.
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24. The ultrasound data information system of claim 23, wherein the
ultrasound image recognition training network implements at feast one of neural
network, deep learning, convolutional neural network, and Bayesian program learning
technigues to determine whether the received ultrascund images represent the clinically

desirable view of the organ.

25. The ultrasound data information system of claim 23, wherein the
clinically desirable view of the organ includes at least one of suprasternal, subcostal,
short axis parasternal, long axis parasternal, 2-chamber apical, 3-chamber apical, 4-

chamber apical and 5-chamber apical views of a heart.

26. The ultrasound data information system of claim 23, wherein the
ultrasound image recognition rnodule is operable to determine whether the received
ultrasound images represent at least one of a plurality of clinically desirable views of

the organ.

27. The ultrasound data information system of claim 23, wherein the
ultrasound imaging device 1s further configured to provide the acquired ultrasound
images to the ultrasound image recognition training network for further training the
ultrasocund image recognition training network and developing updated ultrasound

image knowledge.

28.  The ultrasound data information system of claim 23, wherein the
ultrasound irmage recognition training network is contigured to receive ultrasound
training images, the ulirasound training images including initial training images and the

ultrasound images acquired by the ultrasound 1maging device.

29, The ultrasound data information system of claim 23, wherein the

ultrasound irmage recognition module is configured to determine whether the received
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ultrasound images are sequentially approaching or moving away from the clinically

desirable view of the organ.

30. The ultrasound data information system of claim 23, further
comprising:

an ultrasound image knowledge database, communicatively coupled to
the ultrasound tmage recognition training network and configured to store the
ultrasound image knowledge; and

a local ultrasound image knowledge database, communicatively coupled
to the ultrasound imaging device and configured to store the ultrasound image

knowledge.

31, The ultrasound data information syster of claim 23, the
ultrasound image recognition module being further configured to:
determine, based on the ultrasound image knowledge, whether the

received ultrasound images indicate normal function or a particular pathology.

32, A method, comprising:

receiving, by an ultrasound image recognition training network,
ultrascund training images;

generating, by the ultrasound image recognition training network,
ultrasound image knowledge based on the received ultrasound training images; and

transmitting the ulirasound image knowledge to an ultrasound mmaging
device that acquires ultrasound images, the ultrasound imaging device being separate

from and tocated remotely from the ultrasound image recognition training network,
33 The method of claim 32, further comprising:

acquiring, by the ultrasound imaging device, ultrasound images of a

patient; and
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automatically determining, based on the ultrasound image knowledge,
whether the acquired ultrasound images represent a clinically desirable view of an

organ.

34, The method of claim 33, further comprising;
transmitting the acquired ultrasound images of the patient to the
ultrasound image recognition training network for further training the ultrasound image

recognition training network and generating updated ultrasound 1mage knowledge.

35, The method of claim 33, wherein determining whether the
received ultrasound images represent a clinically desirable view of an organ includes:

implementing at least one of neural network, deep learning,
convolutional neural network, and Bayesian program learning techniques to determine
whether the received ultrasound images represent the clinically desirable view of the

organ.

36. The method of claim 33, wherein determining whether the
received ultrasound 1images represent a clinically desirable view of an organ includes:

determining whether the received ultrasound images represent at least
one of suprasternal, subcostal, short axis parasternal, long axis parasternal, 2-chamber

apical, 3-chamber apical, 4-charober apical and 5-chamber apical views of a heart.

37. The method of claim 34, wherein the transmitted acquired
ultrasound images of the patient include training data indicating one or more known

characteristics associated with the acquired ultrasound images.
38. The method of claim 33, further comprising:

determining, based on the ultrasound tmage knowledge, whether the

acquired ultrasound images indicate normal function or a particular pathology.
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