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includes acquiring at least one image of a subject, deter-
mining a current position of an ultrasound probe on a body
surface of the subject based on the image, identifying
anatomical regions of interest in the image, quantifying the
image to determine suitability of the image to one or more
scan planes corresponding to a clinical protocol, generating
a personalized anatomical model of the subject based on a
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anatomical regions of interest, and the quantification of the
image, computing a desired trajectory of the ultrasound
probe from the current location to a target location based on
the clinical protocol, communicating a desired movement of

(2006.01) the ultrasound probe based on the computed trajectory,
(2006.01) moving the ultrasound probe along the computed trajectory
(2006.01) based on the communicated desired movement to acquire
(2006.01) images of the subject.
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SYSTEM AND METHOD FOR ULTRASOUND
NAVIGATION

BACKGROUND

[0001] Embodiments of the present specification generally
relate to ultrasound imaging and more specifically to a
system and method for clinician independent guidance in an
ultrasound imaging system.

[0002] Ultrasound imaging provides a relatively inexpen-
sive method of imaging. During the process of ultrasound
scanning, a clinician attempts to capture a view of a certain
anatomy which confirms/negates a particular medical con-
dition. Once the clinician is satisfied with the quality of a
view or a scan plane, the image is frozen to proceed to a
measurement phase. For example, ultrasound images are
routinely used to assess gestational age (GA) and weight of
a fetus or to monitor cardiac health of a patient. Ultrasound
measurements of specific features of fetal anatomy such as
the head, abdomen or the femur from two-dimensional (2D)
or three-dimensional (3D) image data are used in the detet-
mination of GA, assessment of growth patterns and identi-
fication of anomalies. Similarly, for cardiac applications,
thicknesses of cardiac walls are routinely measured by
cardiologists to check for cardiomyopathy.

[0003] Recent developments in ultrasound imaging have
led to current state of the art ultrasound devices that boast of
relatively high image resolutions and ease of use. These
developments have in turn led to increased use of ultrasound
for clinical research as well as day to day point of care
practice. Consequently, the use of ultrasound imaging has
been steadily increasing over the years. Moreover, the
improved ultrasound technology has led to higher frequency
ultrasound probes that are well-suited for imaging relatively
shallow anatomical structures, as is generally the case for
musculoskeletal imaging.

[0004] Notwithstanding the various advantages of ultra-
sound, an important factor that restricts the use of ultrasound
at the point of care has been the fact that performing
ultrasound scanning requires experience and training of a
clinician. In addition, use of ultrasound leads to subjective
diagnosis even among relatively skilled ultrasound practi-
tioners such as sonographers. More particularly, image
acquisition is quite a challenging problem for sonographers.
Currently, image acquisition takes anywhere between 1 to 5
minutes for each correct scan plane acquisition and more so
for novice clinicians. The other challenge the less experi-
enced clinicians/sonographers face is the ability to correctly
identify acceptable scan plane frames. It is also desirable for
the clinicians to have an understanding of how far they are
from correct scan plane. Moreover, ultrasound images are
subject to both patient and clinician variability. Also, deter-
mining a quality of an image frame is fraught with chal-
lenges. Particularly, pixel intensities in the images vary
significantly with different gain settings.

[0005] Furthermore, clinician variability also limits repro-
ducibility of ultrasound imagery and measurement, There
are multiple reasons for the inter-clinician variability. For
example, two-dimensional (2D) echocardiography visual-
izes only a cross-sectional slice of a three-dimensional
structure, commonly referred to as the scan plane, Even
small changes in positioning of the transducer, which has six
degrees of freedom, may lead to significant changes in the
scene visualized, which may in turn lead to incorrect mea-
surements. In addition, sub-optimal ultrasound image set-
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tings such as gain, time-gain compensation may decrease the
ability to visualize the internal structures of the human body.
[0006] Early efforts at improving robustness and accuracy
of clinical workflow have tended to focus on semi-auto-
mated methods for segmenting an anatomical region of
interest. However, these processes tend to be time-consum-
ing. Additionally, use of these techniques may entail user
intervention or call for a trained sonographer. These tech-
niques may also be subject to clinician variability or may be
prone to false detection. In remote or rural markets, it may
be particularly difficult to obtain services of a trained ultra-
sonographer or ultrasound technician, causing remote
regions to be poorly served or underserved.

BRIEF DESCRIPTION

[0007] In accordance with aspects of the present specifi-
cation, a method for ultrasound imaging is presented. The
method includes acquiring, via an ultrasound probe, at least
one image of a subject. Further, the method includes deter-
mining in real-time, via a navigation platform, a current
position of an ultrasound probe on a body surface of a
subject based on the at least one image. In addition, the
method includes identifying in real-time, via the navigation
platform, one or more anatomical regions of interest in the
at least one image. The method also includes quantifying in
real-time, via the navigation platform, the at least one image
to determine suitability of the at least one image to one or
more scan planes corresponding to a determined clinical
protocol. Moreover, the method includes generating in real-
time, via the navigation platform, a personalized anatomical
model of the subject based on a current position of the
ultrasound probe, the identified one or more anatomical
regions of interest, and the quantification of the at least one
image. Also, the method includes computing in real-time,
via the navigation platform, a desired trajectory of the
ultrasound probe from the current location to a target loca-
tion based on the determined clinical protocol. Furthermore,
the method includes communicating in real-time, via the
navigation platform, a desired movement of the ultrasound
probe based on the computed trajectory. Additionally, the
method includes moving the ultrasound probe along the
computed trajectory based on the communicated desired
movement to acquire images of the subject, where the
acquired images include a desired anatomical region of
interest.

[0008] In accordance with another aspect of the present
specification, a system is presented. The system includes a
navigation platform, where the navigation platform includes
an anatomy positioning unit configured to determine in
real-time a current position of an ultrasound probe on a body
surface of a subject based on at least one image, an anatomy
cognition unit configured to identify in real-time one or
more anatomical regions of interest in the at least one image,
a scan plane scoring unit configured to quantify in real-time
the at least one image to determine suitability of the at least
one image to one or more scan planes corresponding to a
determined clinical protocol, a subject modeling unit con-
figured to generate in real-time a personalized anatomical
model of the subject based on a current position of the
ultrasound probe, previous positions of the ultrasound probe,
the identified one or more anatomical regions of interest, and
the quantification of the at least one image, or combinations
thereof, a guidance unit configured to compute in real-time
a desired trajectory of the ultrasound probe from the current
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location to a target location based on the determined clinical
protocol, and a feedback unit configured to communicate in
real-time a desired movement of the ultrasound probe based
on the computed trajectory.

[0009] In accordance with yet another aspect of the pres-
ent specification, an imaging system is presented. The imag-
ing system includes an acquisition subsystem configured to
acquire at least one image corresponding to a subject.
Moreover, the imaging system includes a processing sub-
system in operative association with the acquisition subsys-
tem and configured to process the at least one image, where
the processing subsystem comprises a navigation platform
configured to determine in real-time a current position of an
ultrasound probe on a body surface of the subject based on
the at least one image, identify in real-time one or more
anatomical regions of interest in the at least one image,
quantify in real-time the at least one image to determine
suitability of the at least one image to one or more scan
planes corresponding to a determined clinical protocol,
generate in real-time a personalized anatomical model of the
subject based on a current position of the ultrasound probe,
previous positions of the ultrasound probe, the identified one
or more anatomical regions of interest, and the quantifica-
tion of the at least one image, or combinations thereof,
compute in real-time a desired trajectory of the ultrasound
probe from the current location to a target location based on
the determined clinical protocol, and communicate in real-
time a desired movement of the ultrasound probe based on
the computed trajectory.

DRAWINGS

[0010] These and other features, aspects, and advantages
of the present disclosure will become better understood
when the following detailed description is read with refer-
ence to the accompanying drawings in which like characters
represent like parts throughout the drawings, wherein:
[0011] FIG. 1 is a diagrammatical illustration of a system
for ultrasound imaging, in accordance with aspects of the
present specification;

[0012] FIG. 2 is a diagrammatical illustration of one
embodiment of a navigation platform for use in the system
of FIG. 1, in accordance with aspects of the present speci-
fication;

[0013] FIG. 3 depicts a flow chart illustrating an exem-
plary method for ultrasound imaging, in accordance with
aspects of the present specification;

[0014] FIGS. 4(a)-4(c) depict diagrammatic illustrations
of one example of the exemplary method for ultrasound
imaging of FIG. 3, in accordance with aspects of the present
specification; and

[0015] FIG. 5 is a diagrammatical illustration of an ultra-
sound imaging system for use in the system of FIG. 1.

DETAILED DESCRIPTION

[0016] Ultrasound imaging is being increasingly used to
image anatomical regions of interest in a patient. As will be
appreciated, more than other medical imaging modalities, in
ultrasound imaging, efficacy of acquisition of relevant
images for clinical diagnosis is highly dependent on the skill
of the clinician/operator, in particular, clinically relevant
outcomes depend on the skill level of the clinician in
ultrasound scanning. Low-skilled clinicians often struggle to
identify the anatomy, which is to be followed by the tasks of
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greater complexity, namely the identification of the right
scan plane and biometry. Various systems and methods for
ultrasound imaging of the present application present a
robust, intelligent technique that will enable clinicians with
varying skill levels to be effective in ultrasonography, More
particularly, the systems and methods described hereinafter
provide actionable instructions in terms of probe movements
to aid the clinician in consistently arriving at the clinical
gold standard will lead to consistent outcomes.

[0017] It may be noted that although the various systems
and methods are described in the context of a medical
imaging system, these systems and methods may also be
used in the imaging of non-living objects such as but not
limited to pipes, tubes, luggage, packages, and the like.
Furthermore, the systems and methods of imaging are
described with reference to providing assistance to a clini-
cian such as a clinician, sonographer, or a radiologist in
locating the right kidney of a subject. However, the present
systems and methods may also find application in assisting
the clinician in locating other anatomical regions in the
subject.

[0018] FIG. 1 is a block diagram of an exemplary system
100 for use in diagnostic imaging, in accordance with
aspects of the present specification. More particularly, the
system 100 is configured to aid a clinician in imaging a
patient 102 to deliver consistent clinical outcomes irrespec-
tive of the skill level of the clinician such as a sonographer
and/or a medical practitioner.

[0019] During imaging, the clinician typically positions an
ultrasound probe on or about a region of interest in a patient
102 being imaged. In one example, the patient 102 may be
positioned in a supine position on a patient support. Fur-
thermore, an image acquisition device 104 that is opera-
tively coupled to a medical imaging system 108 may be used
to acquire image data corresponding to an object or region
of interest in the patient 102. In one embodiment, the image
acquisition device 104 may be an ultrasound probe. Addi-
tionally, in one example, the medical imaging system 108 is
an ultrasound imaging system. The ultrasound imaging
system 108 may be configured to receive ultrasound image
data corresponding to the patient 102 and process the
ultrasound image data to generate one or more images
corresponding to the patient 102. It may be noted that the
system 100 may be configured to automatically guide the
clinician to a desired target location for scanning using a
single acquired image. However, in certain other embodi-
ments, more than one image may be employed to automati-
cally guide the clinician to a desired target location for
scanning.

[0020] Furthermore, in one example, the acquired image
may include a two-dimensional (2D) B-mode ultrasound
image. Also, in certain embodiments, the images may
include pre-scan-converted or radio frequency (RF) ultra-
sound data. Additionally, the 2D images may include static
2D images or cine loops that include a series of 2D images
or image frames acquired over time. It may be noted that
although the present specification is described in terms of
2D ultrasound images, use of the present specification with
three-dimensional (3D) ultrasound images and four-dimen-
sional (4D) ultrasound images is also envisaged.

[0021] In the present specification, the object of interest is
the right kidney of the patient 102. It may be noted that
although the present specification is described with refer-
ence to the right kidney as the object of interest, use of the
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present specification for imaging anatomical regions of
interest in other objects of interest is also envisaged.
[0022] In a presently contemplated configuration, the sys-
tem 100 may be configured to acquire image data represen-
tative of the patient 102. In one embodiment, the system 100
may acquire image data corresponding to the patient 102 via
the image acquisition device 104. Also, in one embodiment,
the image acquisition device 104 may include a probe,
where the probe may include an invasive probe, or a
non-invasive or external probe, such as an external ultra-
sound probe, that is configured to aid in the acquisition of
image data. Also, in certain other embodiments, image data
may be acquired via one or more sensors (not shown) that
may be disposed on the patient 102. By way of example, the
sensors may include physiological sensors (not shown) such
as positional sensors. In certain embodiments, the positional
sensors may include electromagnetic field sensors or inertial
sensors. These sensors may be operationally coupled to a
data acquisition device, such as an imaging system, via leads
(not shown), for example.

[0023] Furthermore, the ultrasound system 100 may also
include a position sensing unit 106 that is operatively
coupled to the ultrasound probe 104. The position sensing
unit 106 may include an optical tracking system, magnetic
position sensing system, a sensor in a probe holder, a motion
sensing system, a laser, a camera, an electromagnetic posi-
tion sensing system and/or any suitable system or combi-
nations of systems configured to detect, in real-time, the
position of the ultrasound probe 104. In some embodiments,
the position sensing unit 106 may provide the probe position
data to the processing subsystem 112 of the ultrasound
system 100 for association with ultrasound image data
acquired by the ultrasound probe 104 at the corresponding
probe positions. In certain embodiments, the ultrasound
probe 104 may be operable to acquire ultrasound image data
covering at least a substantial portion of an organ, such as
the right kidney or any suitable organ.

[0024] The system 100 may also include a medical imag-
ing system 108 that is in operative association with the
image acquisition device 104. It should be noted that
although the exemplary embodiments illustrated hereinafter
are described in the context of a medical imaging system,
other imaging systems and applications such as industrial
imaging systems and non-destructive evaluation and inspec-
tion systems, such as pipeline inspection systems, liquid
reactor inspection systems, are also contemplated. Addition-
ally, the exemplary embodiments illustrated and described
hereinafter may find application in multi-modality imaging
systems that employ ultrasound imaging in conjunction with
other imaging modalities, position-tracking systems or other
sensor systems. In one example, the multi-modality imaging
system may include a positron emission tomography (PET)
imaging system-ultrasound imaging system. Furthermore, in
other non-limiting examples of the multi-modality imaging
systems, the ultrasound imaging system may be used in
conjunction with other imaging systems, such as, but not
limited to, a computed tomography (CT) imaging system, a
contrast enhanced ultrasound imaging system, an X-ray
imaging system, an optical imaging system, a magnetic
resonance (MR) imaging system and other imaging systems,
in accordance with aspects of the present specification.
[0025] As noted hereinabove, in a presently contemplated
configuration, the medical imaging system 108 is an ultra-
sound imaging system. The medical imaging system 108
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may include an acquisition subsystem 110 and a processing
subsystem 112, in one embodiment. Further, the acquisition
subsystem 110 of the medical imaging system 108 is con-
figured to acquire image data representative of the patient
102 via the image acquisition device 104, in one embodi-
ment. For example, the acquired image data may include a
plurality of 2D ultrasound images or slices. It may be noted
that the terms images and image frames may be used
interchangeably.

[0026] Inaddition, the acquisition subsystem 110 may also
be configured to acquire images stored in the optical data
storage article. It may be noted that the optical data storage
article may be an optical storage medium, such as a compact
disc (CD), a digital versatile disc (DVD), multi-layer struc-
tures; such as DVD-5 or DVD-9, multi-sided structures,
such as DVD-10 or DVD-18, a high definition digital
versatile disc (HD-DVD), a Blu-ray disc, a near field optical
storage disc, a holographic storage medium, or another like
volumetric optical storage medium, such as, for example,
two-photon or multi-photon absorption storage format. Fur-
ther, the 2D images so acquired by the acquisition subsystem
110 may be stored locally on the medical imaging system
108 in the data repository 116, for example.

[0027] Additionally, the image data acquired from the
patient 102 may then be processed by the processing sub-
system 112. Further, the processing subsystem 112 is also
configured to receive the probe position data from the
position sensing unit 106 and associate the probe position
data with the acquired ultrasound image data acquired by the
ultrasound probe 104 at the corresponding probe positions.
[0028] The processing subsystem 112, for example, may
include one or more application-specific processors, graphi-
cal processing units, digital signal processors, microcom-
puters, microcontrollers, Application Specific Integrated
Circuits (ASICs), Field Programmable Gate Arrays (FP-
GAs), Programmable Logic Arrays (PLAs), and/or other
suitable processing devices. Alternatively, the processing
subsystem 112 may be configured to store the acquired
image data and/or the user input in a data repository 116 for
later use. In one embodiment, the data repository 116, for
example, may include a hard disk drive, a floppy disk drive,
a compact disk-read/write (CD-R/W) drive, a Digital Ver-
satile Disc (DVD) drive, a flash drive, and/or a solid-state
storage device.

[0029] According to aspects of the present specification,
the image data acquired and/or processed by the medical
imaging system 108 may be employed to aid a clinician,
irrespective of skill level, to arrive at the right scan plane,
make automated measurements, and provide a diagnosis
based on the acquired image. In certain embodiments, the
processing subsystem 112 may be further coupled to a
storage system, such as the data repository 116, where the
data repository 116 is configured to store the acquired image
data. In certain embodiments, the data repository 116 may
include a local database.

[0030] Furthermore, in accordance with exemplary
aspects of the present specification, the processing subsys-
tem 112 includes a navigation platform 114 that is config-
ured to aid in the automated determination of the right scan
plane to enable automated measurements corresponding to
the patient 102. The exemplary system 100 that includes the
navigation platform 114 provides a fully automated frame-
work for acquiring relevant images for clinical diagnosis,
which will in turn enable the clinicians with varying skill
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levels to be effective in ultrasonography, thereby simplifying
the workflow and enhancing the productivity of a skilled
and/or less-experienced clinician. Consequently, the exem-
plary navigation platform 114 is configured to provide an
objective, “operator independent” navigation guidance to
the clinician.

[0031] Also, in the presently contemplated configuration
illustrated in FIG. 1, the processing subsystem 112 is shown
as including the navigation platform 114. However, in
certain embodiments, the navigation platform 114 may also
be used as a standalone unit that is physically separate from
the processing subsystem 112 and the medical imaging
system 108. By way of example, the navigation platform 114
may be external to and operatively coupled to the medical
imaging system 108.

[0032] As noted hereinabove, clinically relevant outcomes
depend on the skill level of the clinician in ultrasound
scanning. Low-skilled operators/clinicians often struggle to
identify the anatomy, which is to be followed by tasks of
greater complexity, such as the identification of the right
scan plane and biometry. Traditionally, the clinician posi-
tions the ultrasound probe 104 on the body of the patient 102
and moves the ultrasound probe 101 till a desired scan plane
is identified. Unfortunately, this is a time consuming and
laborious task, especially for low-skilled operators. Also, the
outcome is very subjective and is dependent on the skill of
the clinician.

[0033] The exemplary navigation platform 114 is config-
ured to circumvent the shortcomings of the presently avail-
able techniques. More particularly, the navigation platform
114 is configured to guide and/or help the clinician navigate
the ultrasound probe 104 during the imaging session, irre-
spective of skill level, to arrive at the right scan plane, make
automated measurements, and provide a diagnosis. Specifi-
cally, the navigation platform 114 is configured to provide
actionable instructions in terms of movements of the ultra-
sound probe 104 which help the clinician arrive at the
clinical gold standard, thereby leading to consistent out-
comes.

[0034] To that end, the navigation platform 114 is config-
ured to process the acquired ultrasound image to identify, in
real-time, one or more anatomical regions of interest in the
patient 102. Prior to identifying the anatomical regions of
interest in the patient 102, it is desirable to acquire image
data corresponding to the patient 102. Accordingly, the
clinician may position the ultrasound probe 104 at a deter-
mined location on the body of the patient 102 and acquire at
least one image of the patient 102 via the ultrasound probe
104. Further, the navigation platform 114 is configured to
determine in real-time, a current position of the ultrasound
probe 104 on a body surface of patient 102 based on the
acquired image and identify in real-time, one or more
anatomical regions of interest in the acquired image. Addi-
tionally, the navigation platform 111 is configured to quan-
tify in real-time, the acquired image to determine suitability
of that image to one or more scan planes corresponding to
a determined clinical protocol and generate in real-time, a
personalized anatomical model of the patient 102 based on
a current position of the ultrasound probe, the identified
anatomical region(s) of interest, and the quantification of the
acquired image. The navigation platform 114 is also con-
figured to compute in real-time, a desired trajectory of the
ultrasound probe 104 from the current location to a target
location based on the determined clinical protocol and
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communicate in real-time, a desired movement of the ultra-
sound probe 104 based on the computed trajectory. Once the
desired movement of the ultrasound probe 104 is deter-
mined, the ultrasound probe 104 may be moved along the
computed trajectory based on the communicated desired
movement to acquire images of the patient 102, where the
acquired images include a desired anatomical region of
interest. These images may be used to make measurements,
diagnose a condition, suggest a treatment plan, study the
efficacy of a currently ongoing treatment plan, and the like.
In one example, the navigation platform 114 may be con-
figured to access the 2D images from the local database 116.
Alternatively, the 2D images may be obtained by the acqui-
sition subsystem 110 from an archival site, a database, or an
optical data storage article. Alternatively, the 2D images
may be obtained by the acquisition subsystem 110 from an
archival site, a database, or an optical data storage article.
The working of the navigation platform 114 will be
described in greater detail with reference to FIGS. 2-4.
[0035] Moreover, as illustrated in FIG. 1, the medical
imaging system 108 may include a display 118 and a user
interface 120. In certain embodiments, such as in a touch
screen, the display 118 and the user interface 120 may
overlap. Also, in some embodiments, the display 118 and the
user interface 120 may include a common area. In accor-
dance with aspects of the present specification, the display
118 of the medical imaging system 108 may be configured
to display an image generated by the medical imaging
system 108 based on the acquired image data. Additionally,
the current location of the ultrasound probe 104, previous
locations of the ultrasound probe 106, the quantification of
the image, and the desired trajectory of the ultrasound probe
104 may also be visualized the display 118, Moreover, any
quality metrics/indicators generated by the navigation plat-
form 114 may also be visualized on the display 118. In one
embodiment, the indicator that is representative of the
quality metric may be overlaid on the corresponding image
visualized on the display 118. For example, the generated
indicator may be overlaid on or about the image visualized
on the display 118.

[0036] In addition, the user interface 120 of the medical
imaging system 108 may include a human interface device
(not shown) configured to aid the clinician in manipulating
image data displayed on the display 118. The human inter-
face device may include a mouse-type device, a trackball, a
joystick, a stylus, or a touch screen configured to facilitate
the clinician to identify the one or more regions of interest
in the images. However, as will be appreciated, other human
interface devices, such as, but not limited to, a touch screen,
may also be employed. Furthermore, in accordance with
aspects of the present specification, the user interface 120
may be configured to aid the clinician in navigating through
the images acquired by the medical imaging system 108.
Additionally, the user interface 120 may also be configured
to aid in manipulating and/or organizing the displayed
images and/or generated indicators displayed on the display
118.

[0037] Turning now to FIG. 2, a block diagram 200 of one
embodiment of the diagnostic system 100 of FIG. 1 is
depicted. FIG. 2 is described with reference to the compo-
nents of FIG. 1.

[0038] As previously noted with reference to FIG. 1, the
acquisition subsystem 108 (see F1G. 1) is configured to aid
in the acquisition of image data corresponding to an ana-
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tomical region of the patient 102 such as the right kidney.
Accordingly, at least one image representative of the patient
102 may be acquired by the acquisition subsystem 110. In
certain embodiments, the image may include an ultrasound
image 202. Tt may be noted that the ultrasound image 202
may be representative of the anatomical region in the patient
102. For instance, in the example illustrated in FIG. 2, the
ultrasound image 202 may include image data representative
of the abdominal region of the patient 102 that includes the
right kidney. As previously noted, the ultrasound image 202
may include 2D ultrasound image frames or cine loops,
where the cine loops include 2D image frames acquired over
time t.

[0039] Furthermore, the image data acquired by the acqui-
sition subsystem 110 may be stored in the data repository
116. In certain embodiments, the data repository 116 may
include a local database. The navigation platform 114 may
be configured to access the images, such as the ultrasound
images 202, from the local database 116, Alternatively, the
ultrasound images 202 may be obtained by the acquisition
subsystem 110 from an archival site, a database, or an optical
data storage article. Moreover, in certain embodiments, the
ultrasound images 202 so acquired by the acquisition sub-
system 110 may be stored locally on the medical imaging
system 108. By way of example, the ultrasound images 202
may be stored in the data repository 116.

[0040] Also, in the embodiments illustrated in FIGS. 1-2,
the processing subsystem 110 is shown as including the
navigation platform 114, where the navigation platform 114
is configured to guide and/or help the clinician navigate the
ultrasound probe 104 during the imaging session, irrespec-
tive of skill level, to arrive at the right scan plane, make
automated measurements, and provide a diagnosis. Specifi-
cally, the navigation platform 114 is configured to provide
actionable instructions in terms of movements of the ultra-
sound probe 104 which help the clinician arrive at the
clinical gold standard, thereby leading to consistent out-
comes. Moreover, as previously noted in certain embodi-
ments, the navigation platform 114 may also be used as a
standalone unit that is physically separate from the process-
ing subsystem 110 and the medical imaging system 108.
[0041] In one embodiment, the navigation platform 114
may include a real-time anatomy positioning unit 204, a
real-time anatomy cognition unit 206, a real-time scan plane
scoring unit 208, a real-time subject modeling unit 210, a
real-time guidance unit 212, and a real-time feedback unit
214. It may be noted that although the configuration of FIG.
2 depicts the navigation platform 114 as including the
anatomy positioning unit 204, the anatomy cognition unit
206, the scan plane scoring unit 208, the subject modeling
unit 210, the guidance unit 212, and the feedback unit 214,
fewer or greater number of such units may be used.
[0042] In accordance with aspects of the present specifi-
cation, the navigation platform 114 is configured to provide
assistance to the clinician in locating the desired anatomical
region of interest. In the present example, the desired
anatomical region of interest is the right kidney of the patient
112. Accordingly, the clinician may position the ultrasound
probe 104 on the surface of the body of the patient 102 to
image the patient 102, Subsequently, the navigation platform
114, via use of a deep learning algorithm, is configured to
detect anatomical regions seen in the acquired images 202
and readjust internal anatomy in an anatomical atlas based
on detected anatomical regions. By way of example, the
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location of the right kidney in the anatomical atlas is
adjusted to match the patient 102.

[0043] The anatomy positioning unit 204 is configured to
track, in real-time, a spatial location of the ultrasound probe
104 and situate the current location of the ultrasound probe
104 within the anatomy of the patient 102. Accordingly, in
one embodiment, the anatomy positioning unit 204 employs
an anatomical atlas to provide an anatomical context. The
anatomical atlas may be retrieved from a database such as an
anatomical atlas repository 214, in certain embodiments.
Further, the anatomy positioning unit 204 is configured to
make the anatomical atlas “subject” or “patient” specific by
deforming the anatomical atlas to match external landmarks
of the patient 102. Accordingly, one or more anatomical
landmarks such as the ribs, solar plexus, and the like on the
body surface of the patient 102 are identified. In certain
embodiments, the clinician may manually identify the exter-
nal bony landmarks on the body surface of the patient 102.
These landmarks may be used to align the anatomical atlas
to the patient 102. As will be appreciated, in certain situa-
tions, the external alignment however may not guarantee
accurate alignment of the internal anatomy of the patient
102. Accordingly, the system 200 and the navigation plat-
form 114 in particular is configured to instruct the clinician
is instructed to perform a “scout sweep” around the ana-
tomical region of interest in the anatomical atlas.

[0044] Moreover, the anatomy positioning unit 204 is
configured to automatically identify one or more landmarks
on the body surface of the patient 102. In one example, six
(6) landmarks may be automatically identified on the body
surface of the patient 102 via use of a camera. Further, the
anatomy positioning unit 201 is configured to register the
body surface of the patient 102 with the anatomical atlas
based on the identified external landmarks to generate an
exterior of a personalized anatomical model of the patient
102, Furthermore, one or more position sensors (not shown
in FIG. 2) may be used to determine the current spatial
location or position of the ultrasound probe 104 based on the
acquired ultrasound image 202. In one example, the position
sensing unit 106 may be used to obtain the current spatial
location of the ultrasound probe 104. The position sensing
unit 106 may be employed to capture the (X, y, z) coordinates
of the current location of the ultrasound probe 104 and the
yaw, pitch and roll orientations of the ultrasound probe 104.
Further, these coordinates and orientations of the ultrasound
probe 104 are mapped to the exterior of the personalized
anatomical model of the patient 102. This mapping aids in
identifying the current location of the ultrasound probe 104
based on the personalized anatomical model of the patient
102. This mapping also aids the clinician in viewing poten-
tial locations of the internal organ(s) of the patient 102 with
reference to the current probe location on the ultrasound
image 202.

[0045] It may be noted that consequent to the processing
via the anatomy positioning unit 201, a visual, anatomical
context of the current location of the ultrasound probe 104
is generated. In particular, the anatomy positioning unit 204
is configured to “inform” the clinician as to “where” the
ultrasound probe 104 is currently positioned on the body
surface of the patient 102, This anatomical context may be
used to aid in guiding the clinician on the anatomical atlas
to a desired anatomical location in the patient 102.

[0046] Furthermore, the real-time anatomy cognition unit
206 is configured to identify and localize, in real-time,



US 2020/0069285 A1l

anatomies or anatomical regions that are present in the
acquired ultrasound image 202. In particular, the anatomy
cognition unit 206 is configured to detect all visible organs
in the ultrasound image 202. In certain embodiments, the
anatomical cognition unit 206 employs a deep learning
technique to identify the anatomies in the ultrasound image
202. In certain embodiments, pre-trained neural networks
may be used detect the anatomies in the ultrasound image
202. Additionally, the anatomy cognition unit 206 is con-
figured to generate a bounding box corresponding to each of
the detected anatomies. The bounding boxes are configured
to encompass a corresponding detected anatomy.

[0047] In accordance with further aspects of the present
specification, the anatomy cognition unit 206 is further
configured to continuously and robustly track the identified
anatomies in the ultrasound image 202 across successive
frames notwithstanding any changes in the presentation of
the identified anatomies. Moreover, if a change in scene/shot
is detected, the anatomy cognition unit 206 is configured to
re-detect and re-track the anatomies.

[0048] Processing the ultrasound image 202 via the
anatomy cognition unit 206 provides anatomical awareness
to the clinician. In particular, while the clinician is scanning
the patient 102, the anatomy cognition unit 206 provides the
clinician with a visual representation of “what” (for
example, the identified anatomies) is being visualized. In the
present example, as the clinician is scanning the patient 102,
the anatomy cognition unit 206 is configured to detect the
presence of the right kidney in the ultrasound images 202.
[0049] With continuing reference to the navigation plat-
form 114, the scan plane scoring unit 208 is configured to
quantify, in real-time, the ultrasound image 202 to determine
suitability of that ultrasound image 202 to one or more scan
planes corresponding to a determined clinical protocol.
More particularly. the scan plane scoring unit 208 is con-
figured to quantify the ultrasound image 202 by rating the
ultrasound image 202 based on a clinical standard to gen-
erate a proximity score corresponding to each scan plane of
the one or more scan planes. In one embodiment, the scan
plane scoring unit 208 may employ a deep learning tech-
nique to rate the ultrasound image 202 to generate the
proximity scores corresponding to each of the one or more
scan planes.

[0050] By way of example, following the scanning of the
patient 102 by the clinician, one or more images of the
ultrasound images 202 that include the right kidney are
identified. The scan plane scoring unit 208 is configured to
process scan planes associated with each of these identified
images to determine the suitability of the scan planes for
measurements and/or diagnosis.

[0051] Subsequent to the generation of the proximity
scores, the real-time subject modeling unit 210 is configured
to generate, in real-time, a personalized anatomical model of
the patient 102 based on the current position of the ultra-
sound probe 104, the identified anatomical regions of inter-
est, the bounding boxes that encompass the identified ana-
tomical regions of interest, and the quantification of the
ultrasound image 202. By way of example, the subject
modeling unit 210 is configured to build an anatomical twin
of the right kidney of the patient 102. It may be noted that
in one embodiment, the personalized anatomical model may
be in the same coordinate system as the exterior of the
personalized anatomical model. Further, in some embodi-
ments, an interior of the personalized anatomical model of
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the patient 102 may be updated based on one or more of the
personalized anatomical model, the bounding boxes corre-
sponding to the one or more detected anatomical regions of
interest, and the proximity scores corresponding to the one
or more scan planes. Accordingly, the subject modeling unit
210 aids the system 100 in continuously “learning” the
anatomical layout of the patient 102 based on the current
location of the ultrasound probe 104 and the identified
anatomical regions of interest. In particular, the subject
modeling unit 210 is configured to customize the personal-
ized anatomical model as the patient 102 is scanned. Addi-
tionally, subsequent to the scoring of the scan planes, the
subject modeling unit 210 is configured to identify an
optimal scan plane from the one or more scan planes for
imaging the right kidney of the patient 102.

[0052] Once the current location of the ultrasound probe
104 is identified and the personalized anatomical model is
generated and/or updated, it is desirable to “guide” the
clinician from the current location of the ultrasound probe
104 to a “desired” or “target” location to enable accurate
imaging of the desired anatomical region of interest in the
patient 102. Accordingly, the real-time guidance unit 212 is
configured to compute, in real-time, a desired trajectory of
the ultrasound probe 104 from the current location of the
ultrasound probe 104 to the target location based on the
determined clinical protocol. In certain embodiments, the
guidance unit 212 is configured to compute the desired
trajectory of the ultrasound probe 104 by charting a path on
the body surface of the patient 102 from the current position
of the ultrasound probe 104 to the target location based on
the current position of the ultrasound probe 104, the bound-
ing boxes corresponding to the one or more detected ana-
tomical regions of interest, the identified anatomical regions
of interest, or combinations thereof. More particularly, in
certain embodiments, to acquire the long axis of the right
kidney, points corresponding to the interior of the person-
alized anatomical model are circumscribed by an ellipsoid.
In addition, a plane passing through the major axis of the
ellipsoid is identified. Further, an orientation of the identified
plane is computed. The desired trajectory is then computed
from the current location of the ultrasound probe 104 to the
location of the identified plane. In one example, the desired
trajectory may be determined based on minimum manifold
distance between the current location of the ultrasound
probe 104 and the location of the identified plane. Subse-
quently, one or more ultrasound images around this identi-
fied plane are acquired and scored to determine the optimal
scan plane.

[0053] As previously noted, the system 100 and the navi-
gation platform 114 in particular is configured to provide
actionable instructions, in real-time, to the clinician based on
the computed trajectory from the current location of the
ultrasound probe 104 to the target location on the patient
102. Accordingly, the real-time feedback unit 214 is con-
figured to compute and communicate, in real-time, sug-
gested probe movements to the clinician to reach the target
location from the current probe location based on the
determined clinical protocol, in the present example, the
feedback unit 214 is configured to compute and communi-
cate desired movements of the ultrasound probe 104 to the
clinician to navigate the ultrasound probe 104 from the
current location of the ultrasound probe 104 to the target
location to enable imaging the right kidney of the patient
102. In particular, during the real-time scanning of the
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patient 102, the feedback unit 214 is configured to provide
feedback to the clinician to “guide” the clinician to an
optimal scan plane for imaging the right kidney of the
patient 102.

[0054] Accordingly, the clinician may move the ultra-
sound probe 104 along the computed trajectory to the target
location based on the feedback/guidance received from the
feedback unit 214. In certain embodiments, the feedback
unit 214 may be configured to communicate the desired
movement of the ultrasound probe 104 to the clinician via a
real-time indicator. By way of example, the feedback unit
214 is configured to provide the real-time indicator to the
clinician by visualizing the real-time indicator on a display
such as the display 118 to guide the clinician to the target
location. Additionally or alternatively, the feedback unit 214
may also play an audio-indicator of the real-time indicator,
in real-time, to guide the clinician to the target location.
Further, the real-time indicator may include a “color” indi-
cator or a “directional” indicator. In one embodiment, the
feedback unit 214 is configured to change the color of the
ultrasound probe 104 to indicate that the desired anatomical
region has been located. By way of example, if the right
kidney is identified in a given ultrasound image 202, the
color of the ultrasound probe 104 may be changed to green
to indicate the identification of the right kidney in the
ultrasound image 202. Once the ultrasound probe 104 is
situated at the target location, the clinician may capture one
or more desired images, where the desired images include
the desired anatomical region(s) of interest.

[0055] Furthermore, subsequent to the acquisition of the
desired images, the acquired/captured images may be visu-
alized, in real-time, on the display 118. Additionally, the
captured ultrasound image(s), one or more of the bounding
boxes, the computed trajectory, the quantification of the
ultrasound image 202, and the like may also be visualized on
the display 118. In certain embodiments, the bounding
boxes, the computed trajectory, and/or the quantification of
the ultrasound image 202 may be superimposed on the
ultrasound image 202.

[0056] Turning now to FIG. 3, a flow chart of exemplary
logic 300 for a method for ultrasound imaging is illustrated.
It may be noted that method 300 provides an objective,
“operator independent” navigation guidance to the clinician
to perform the imaging of the patient 102. In the present
specification, embodiments of the exemplary method 300 of
FIG. 3 may be described in a general context of computer
executable instructions on a computing system or a proces-
sor. Generally, computer executable instructions may
include routines, programs, objects, components, data struc-
tures, procedures, modules, functions, and the like that
perform vparticular functions or implement particular
abstract data types.

[0057] Additionally, embodiments of the exemplary
method 300 of FIG. 3 may also be practised in a distributed
computing environment where optimization functions are
performed by remote processing devices that are linked
through a wired and/or wireless communication network. In
the distributed computing environment, the computer
executable instructions may be located in both local and
remote computer storage media, including memory storage
devices.

[0058] Further, in FIG. 3, the method 300 for ultrasound
imaging is illustrated as a collection of blocks in a logical
flow chart, which represents operations that may be imple-
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mented in hardware, software, or combinations thereof. The
various operations are depicted in the blocks to illustrate the
functions that are performed. In the context of software, the
blocks represent computer instructions that, when executed
by one or more processing subsystems, perform the recited
operations.

[0059] The order in which the method 300 of FIG. 3 is
described is not intended to be construed as a limitation, and
any number of the described blocks may be combined in any
order to implement the exemplary methods disclosed herein,
or equivalent alternative methods. Additionally, certain
blocks may be deleted from the exemplary methods or
augmented by additional blocks with added functionality
without departing from the spirit and scope of the subject
matter described herein. Although, the exemplary embodi-
ments illustrated hereinafter are described in the context of
a medical imaging system, it will be appreciated that use of
the systems and methods in industrial applications is also
contemplated in conjunction with the present specification.

[0060] The working of the system 100 (see FIG. 1) and the
navigation platform 114 (see FIG. 1) in particular may be
better understood with reference to the exemplary logic
depicted in FIG. 3. In accordance with exemplary aspects of
the present specification, the method of imaging 300 pro-
vides actionable instructions in terms of probe movements to
aid the clinician in consistently arriving at the clinical gold
standard, thereby leading to consistent outcomes is pre-
sented, More particularly, the method of imaging 300 guides
and/or helps the clinician in navigating the ultrasound probe
104 during the imaging session, irrespective of skill level, to
arrive at the right scan plane, make automated measure-
ments, and formulate a diagnosis. Also, in certain embodi-
ments, the navigation platform 114 may be employed to
perform the steps of the method 300. The method 300 is
describe with respect to the components of FIGS. 1-2.

[0061] The method 300 starts at step 302, where the
clinician may position the ultrasound probe 104 on the
surface of the body of the patient 102 to image the patient
102. At least one ultrasound image may be acquired, as
indicated by step 302. Further, a current location of the
ultrasound probe 104 on the body surface of the patient 102
may be determined in real-time. An anatomical atlas may be
used to provide an anatomical context. A device such as a
camera may be used to identify one or more external
landmarks on the body surface of the patient 102. In some
examples, six (6) landmarks may be identified on the body
surface of the patient 102. Also, the anatomical atlas is
customized and made “subject” or “patient” specific by
deforming the anatomical atlas to match the external land-
marks of the patient 102. In one embodiment, the body
surface of the patient 102 is registered with the anatomical
atlas based on the identified external landmarks to generate
an exterior of a personalized anatomical model of the patient
102. Furthermore, the current spatial location or position of
the ultrasound probe 101 is determined based on the
acquired ultrasound image 202 via use of one or more
position sensors or the position sensing unit 106. In particu-
lar, (x, y, z) coordinates of the current location of the
ultrasound probe 104 and the yaw, pitch and roll orientations
of the ultrasound probe 104 are determined and are mapped
to the exterior of the personalized anatomical model of the
patient 102 to identify the current location of the ultrasound
probe 104 based on the personalized anatomical model of
the patient 102.
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[0062] Subsequently, at step 306, anatomies or anatomical
regions that are present in the acquired ultrasound image 202
are identified and localized, in real-time. In particular, all
visible organs in the ultrasound image 202 are detected. In
certain embodiments, a deep learning technique is used to
identify the anatomies in the ultrasound image 202, Further-
more, a bounding box corresponding to each of the detected
anatomies in the ultrasound image is generated. The bound-
ing boxes are configured to encompass a corresponding
detected anatomy. Additionally, at step 306, the identified
anatomies in the ultrasound image 202 may be continuously
tracked across successive frames. If a change in scene/shot
is detected, the anatomies are re-detected and re-tracked.

[0063] Furthermore, at step 308, the ultrasound image 202
is quantified, in real-time, to determine suitability of that
ultrasound image 202 to one or more scan planes corre-
sponding to a determined clinical protocol. Accordingly, in
one embodiment, the ultrasound image 202 may be rated
based on a clinical standard to generate a proximity score
corresponding to each scan plane of the one or more scan
planes. Also, in some embodiments, a deep learning tech-
nique may be used to perform the rating of the ultrasound
image to generate the proximity scores corresponding to
each of the one or more scan planes.

[0064] Moreover, a personalized anatomical model of the
patient 102 is generated, in real-time, based on the current
position of the ultrasound probe 104, the identified anatomi-
cal regions of interest, the bounding boxes that encompass
the identified anatomical regions of interest, and the quan-
tification of the ultrasound image 202, as indicated by step
310. Additionally, in certain embodiments, an interior of the
personalized anatomical model of the patient 102 may be
updated based on one or more of the personalized anatomi-
cal model, the bounding boxes corresponding to the one or
more detected anatomical regions of interest, and the prox-
imity scores corresponding to the one or more scan planes.

[0065] In addition, subsequent to the identification of the
current location of the ultrasound probe 104, the clinician is
guided to traverse a path from the current location of the
ultrasound probe 104 to a “desired” or “target” location to
enable accurate imaging of a desired anatomical region of
interest in the patient 102, as indicated by step 312. Accord-
ingly, a desired trajectory of the ultrasound probe 104 from
the current location to the target location is determined, in
real-time, based on the determined clinical protocol. In
certain embodiments, the desired trajectory is computed by
charting a path on the body surface of the patient 102 from
the current position of the ultrasound probe 104 to the target
location based on the current position of the ultrasound
probe 104, the bounding boxes corresponding to the one or
more detected anatomical regions of interest, the identified
anatomical regions of interest, or combinations thereof. By
way of example, to acquire the long axis of the right kidney,
points corresponding to the interior of the personalized
anatomical model are circumscribed by an ellipsoid and an
orientation of a plane passing through the major axis (i.e.,
identified plane) of the ellipsoid is determined. The desired
trajectory is computed from the current location of the
ultrasound probe 104 to the location of the identified plane.
In one example, the desired trajectory may be determined
based on minimum manifold distance between the current
location of the ultrasound probe 104 and the location of the
identified plane. Further, one or more ultrasound images
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around this identified plane are acquired and scored to
determine the optimal scan plane.

[0066] As previously noted, actionable instructions are
provided in real-time to the clinician based on the computed
trajectory from the current location of the ultrasound probe
104 to the target location on the patient 102. Accordingly, at
step 314, desired suggested probe movements are computed
and communicated, in real-time, to the clinician to arrive at
the target location from the current probe location based on
the determined clinical protocol.

[0067] The actionable instructions so generated are com-
municated to the clinician to guide the clinician to the target
location, as depicted by step 316. Accordingly, the clinician
may move the ultrasound probe 104 to the target location
based on the feedback/guidance received. In certain embodi-
ments, the desired movement of the ultrasound probe 104
may be communicated to the clinician via a real-time
indicator. By way of example, the may include a visualiza-
tion of the real-time indicator on a display such as the
display 118 and/or playing an audio-indicator, in real-time,
to guide the clinician to the target location. Once the
ultrasound probe 104 is situated at the target location, the
clinician may capture one or more desired images, where the
desired images include the desired anatomical region(s) of
interest.

[0068] Further, at step 318, the captured images may be
visualized, in real-time, on the display 118. Additionally, the
captured images, the ultrasound image 202, one or more of
the bounding boxes, the computed trajectory, the quantifi-
cation of the ultrasound image 202, and the like may also be
visualized on the display 118. In certain embodiments, the
bounding boxes, the computed trajectory, and/or the quan-
tification of the ultrasound image 202 may be superimposed
on the ultrasound image 202.

[0069] FIGS. 4(a)-4(c) depict a diagrammatic illustration
of one example of the exemplary method for ultrasound
imaging 300 of FIG. 3, in accordance with aspects of the
present specification. Also, FIGS. 4(a)-4(c) are described
with reference to FIGS. 1-3.

[0070] FIG. 4(a) depicts a diagrammatical illustration 400
of a patient 402 (such as the patient 102) being imaged.
Reference numeral 404 is used to represent a desired ana-
tomical region of interest such as the right kidney of the
patient 402, The left kidney of the patient 402 is represented
by reference numeral 406. Also, reference numeral 408
depicts an ultrasound probe such as the ultrasound probe
104, while a scan plane is represented by reference numeral
410. In FIG. 4(a), a tracking of a current location of the
ultrasound probe 408 is depicted. In one embodiment, an
electromagnetic sensor in the position sensing unit 106 may
be used to track the location of the ultrasound probe 408.
Furthermore, in FIG. 4(a), the ultrasound probe 408 is
depicted as being position near the lower end of the ribs of
the patient 402.

[0071] Turning now to FIG. 4(b), a diagrammatical illus-
tration 420 of one example of real-time deep learning of
anatomy of the patient 402 is depicted. In particular, as the
patient 402 is being scanned, the navigation platform 114 is
configured to continue to “learn,” via use of a deep learning
technique, the anatomy of the patient 402. In addition, one
example of communication of a real-time indicator 422 the
clinician is also depicted. By way of example. as the
clinician scans the patient 402, if the right kidney is detected
in an image, the system 100 is configured to communicate
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the real-time indicator to the clinician, where the real-time
indicator 422 is configured to inform the clinician of the
detected anatomical region of interest in a given image. In
one particular example, the color of the ultrasound probe
408 may be changed to green to indicate that the right kidney
has been identified in the ultrasound image. However, as
previously noted, other types of real-time indicators such as
a visual indicator and/or an audio-indicator of the visual
indicator may also be used to guide the clinician to the target
location.

[0072] Referring to FIG. 4(c), a diagrammatical illustra-
tion 430 of real-time patient specific model building is
depicted. This personalized anatomical model may then be
used to guide the clinician to image and examine the right
kidney and make any required measurements. Reference
numeral 432 is generally representative of bounding boxes
corresponding to the images that include the right kidney
404. In particular, in FIG. 4(c), a patient specific alignment
of the anatomical region of interest, such as the right kidney
404 is depicted.

[0073] As previously noted with reference to FIG. 1, the
medical imaging system 108 may include an ultrasound
imaging system. FIG. 5 is a block diagram of an embodi-
ment of an ultrasound imaging system 500 depicted in FIG.
1. The ultrasound system 500 includes an acquisition sub-
system, such as the acquisition subsystem 112 of FIG. 1 and
a processing subsystem, such as the processing subsystem
112 of FIG. 1. The acquisition subsystem 112 may include
a transducer assembly 506. In addition, the acquisition
subsystem 110 includes transmit/receive switching circuitry
508, a transmitter 510, a receiver 512, and a beamformer
514. It may be noted that in certain embodiments, the
transducer assembly 506 is disposed in the probe 104 (see
FIG. 1). Also, in certain embodiments, the transducer assem-
bly 506 may include a plurality of transducer elements (not
shown) arranged in a spaced relationship to form a trans-
ducer array, such as a one-dimensional or two-dimensional
transducer array, for example. Additionally, the transducer
assembly 506 may include an interconnect structure (not
shown) configured to facilitate operatively coupling the
transducer array to an external device (not shown), such as,
but not limited to, a cable assembly or associated electron-
ics. In the illustrated embodiment, the interconnect structure
may be configured to couple the transducer array to the T/R
switching circuitry 508.

[0074] The processing subsystem 112 includes a control
processor 516, a demodulator 518, an imaging mode pro-
cessor 520, a scan converter 522 and a display processor
524. The display processor 524 is further coupled to a
display monitor 536, such as the display 116 (see FIG. 1), for
displaying images. User interface 538, such as the user
interface area 118 (see FIG. 1), interacts with the control
processor 516 and the display monitor 536. The control
processor 516 may also be coupled to a remote connectivity
subsystem 526 including a remote connectivity interface 528
and a web server 530. The processing subsystem 112 may be
further coupled to a data repository 532, such as the data
repository 114 of FIG. 1, configured to receive and/or store
ultrasound image data. The data repository 532 interacts
with an imaging workstation 534.

[0075] The aforementioned components may be dedicated
hardware elements such as circuit boards with digital signal
processors or may be software running on a general-purpose
computer or processor such as a commercial, off-the-shelf
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personal computer (PC). The various components may be
combined or separated according to various embodiments of
the invention. Thus, those skilled in the art will appreciate
that the present ultrasound imaging system 500 is provided
by way of example, and the present specifications are in no
way limited by the specific system configuration.

[0076] In the acquisition subsystem 110, the transducer
assembly 506 is in contact with the patient 102. The trans-
ducer assembly 506 is coupled to the transmit/receive (T/R)
switching circuitry 508. Also, the T/R switching circuitry
508 is in operative association with an output of transmitter
510 and an input of the receiver 512. The output of the
receiver 512 is an input to the beamformer 514. In addition,
the beamformer 514 is further coupled to the input of the
transmitter 510 and to the input of the demodulator 518. The
beamformer 514 is also operatively coupled to the control
processor 516 as shown in FIG. 5.

[0077] In the processing subsystem 112, the output of
demodulator 518 is in operative association with an input of
the imaging mode processor 520. Additionally, the control
processor 516 interfaces with the imaging mode processor
520, the scan converter 522 and the display processor 524.
An output of imaging mode processor 520 is coupled to an
input of scan converter 522. Also, an output of the scan
converter 522 is operatively coupled to an input of the
display processor 524. The Output of display processor 524
is coupled to the monitor 536.

[0078] Furthermore, the foregoing examples, demonstra-
tions, and process steps such as those that may be performed
by the system may be implemented by suitable code on a
processor-based system, such as a general-purpose or spe-
cial-purpose computer. It should also be noted that different
implementations of the present specification may perform
some or all of the steps described herein in different orders
or substantially concurrently, that is, in parallel. Addition-
ally, the functions may be implemented in a variety of
programming languages, including but not limited to Ruby,
Hypertext Preprocessor (PHP), Perl, Delphi, Python, C,
C++, or Java. Such code may be stored or adapted for
storage on one or more tangible, machine-readable media,
such as on data repository chips, local or remote hard disks,
optical disks (that is, CDs or DVDs), solid-state drives, or
other media, which may be accessed by the processor-based
system to execute the stored code. Note that the tangible
media may include paper or another suitable medium upon
which the instructions are printed. For instance, the instruc-
tions may be electronically captured via optical scanning of
the paper or other medium, then compiled, interpreted or
otherwise processed in a suitable manner if necessary, and
then stored in the data repository or memory.

[0079] It may be noted that the foregoing examples, dem-
onstrations, and process steps that may be performed by
certain components of the present systems, for example by
the processing subsystem 112 and the navigation platform
114 in particular, may be implemented by suitable code on
a processor-based system. The processor-based system, for
example, may include a general-purpose or a special-pur-
pose computer. It may also be noted that different imple-
mentations of the present specification may perform some or
all of the steps described herein in different orders or
substantially concurrently.

[0080] As will be appreciated, ultrasound imaging, more
than other medical imaging modalities, depends on the skill
of the clinician to acquire relevant images for clinical
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diagnosis. The various systems and methods for ultrasound
imaging described hereinabove provide a robust framework
for intelligent, next generation ultrasound system that
enables operators or clinicians with varying skill levels to be
effective in ultrasonography. In particular, the systems and
methods provide an operator independent ultrasound navi-
gation and guidance system that helps any clinician, irre-
spective of skill level, to arrive at the right scan plane, make
automated measurements, and formulate an appropriate
diagnosis. Additionally, the methods and systems provide
operator independent actionable instructions in terms of
probe movements to aid the clinician in arriving at the
clinical gold standard which will in turn lead to consistent
outcomes, irrespective of the skill level of the sonographer.
The systems and methods described hereinabove also enable
clinicians with lower skill levels in resource constrained
geographies to efficiently perform ultrasound imaging. Fur-
thermore, the systems and methods may also make sonog-
raphy attractive/accessible to non-traditional users such as
anesthesiologists and general practitioners.

[0081] Additionally, the various systems and methods are
automated and configured to provide guidance in real-time,
thereby circumventing the need for excessive manual inter-
vention. Consequently, dependency on highly trained pro-
fessionals is reduced. In addition, the scan time may be
dramatically minimized when compared to manual image
acquisition and measurement, thereby increasing the
throughput. By way of example, for rural setups with high
volumes of scanning, these systems and methods aid in
decreasing the net scan time, thereby enhancing handling of
higher volumes.

[0082] Furthermore, the systems and methods aid in
enhancing the accuracy of imaging by reducing the vari-
ability in assisting patients. Moreover, the productivity may
be increased by avoiding multiple examinations and/or
minimizing the need for support of expert clinicians. The
easy and fast workflow derived provided by the methods and
systems for ultrasound imaging may aid in enhancing the
skill and utilization of midwives or paramedics across the
world and also encourage adoption of ultrasound to assist
labor in geographies with fewer experienced sonographers.
[0083] Although specific features of embodiments of the
present specification may be shown in and/or described with
respect to some drawings and not in others, this is for
convenience only. It is to be understood that the described
features, structures, and/or characteristics, illustrated in the
figures and described herein, may be combined and/or used
interchangeably in any suitable manner in the various
embodiments, for example, to construct additional assem-
blies and methods for use in diagnostic imaging.

[0084] While only certain features of the present specifi-
cation have been illustrated and described herein, many
modifications and changes will occur to those skilled in the
art. It is, therefore, to be understood that the appended
claims are intended to cover all such modifications and
changes as fall within the true spirit of the invention.

1. A method for ultrasound imaging, the method compris-
ing:
acquiring, via an ultrasound probe, at least one image of
a subject;
determining in real-time, via a navigation platform, a
current position of an ultrasound probe on a body
surface of a subject based on the at least one image;
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identifying in real-time, via the navigation platform, one
or more anatomical regions of interest in the at least one
image;
quantifying in real-time, via the navigation platform, the
at least one image to determine suitability of the at least
one image to one or more scan planes corresponding to
a determined clinical protocol,

generating in real-time, via the navigation platform, a
personalized anatomical model of the subject based on
a current position of the ultrasound probe, the identified
one or more anatomical regions of interest, and the
quantification of the at least one image;

computing in real-time, via the navigation platform, a

desired trajectory of the ultrasound probe from the
current location to a target location based on the
determined clinical protocol;

communicating in real-time, via the navigation platform,

a desired movement of the ultrasound probe based on
the computed trajectory; and

moving the ultrasound probe along the computed trajec-

tory based on the communicated desired movement to
acquire images of the subject, wherein the acquired
images comprise a desired anatomical region of inter-
est.

2. The method of claim 1, wherein determining the current
position of the ultrasound probe on the body surface of the
subject comprises:

identifying one or more anatomical landmarks on the

body surface of the subject;

registering the body surface of the subject with an ana-

tomical atlas based on the one or more landmarks to
generate an exterior of the personalized anatomical
model of the subject;

obtaining, via use of one or more position sensors, posi-

tional coordinates and orientations of the ultrasound
probe; and

mapping the positional coordinates and the orientations of

the ultrasound probe to the exterior of the personalized
anatomical model of the subject to identify the current
location of the ultrasound probe based on the person-
alized anatomical model of the subject.

3. The method of claim 1, wherein identifying the one or
more anatomical regions of interest comprises:

detecting, via use of a deep learning technique, one or

more anatomical regions of interest in the at least one
image of the subject; and

generating a bounding box corresponding to each of the

one or more detected anatomical regions of interest,
wherein each bounding box is configured to encompass
a corresponding detected anatomical region of interest
of the one or more anatomical regions of interest.

4. The method of claim 3, wherein quantifying the at least
one image comprises rating, via a deep learning technique,
the at least one image based on a clinical standard to
generate a proximity score corresponding to each scan plane
of the one or more scan planes.

5. The method of claim 4, farther comprising the updating
an interior of the personalized anatomical model of the
subject based on one or more of the personalized anatomical
model, the bounding boxes corresponding to the one or more
detected anatomical regions of interest, and the proximity
scores corresponding to the one or more scan planes.

6. The method of claim 4, wherein computing the desired
trajectory of the ultrasound probe comprises charting a path
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on the body surface of the subject from the current position
of the ultrasound probe to the target location based on the
current position of the ultrasound probe, the bounding boxes
corresponding to the one or more detected anatomical
regions of interest, the identified anatomical regions of
interest, or combinations thereof.

7. The method of claim 6, wherein communicating in real
time the desired movement of the ultrasound probe com-
prises providing desired movements of the ultrasound probe
based on the computed trajectory to guide the user to the
target location.

8. The method of claim 7, wherein communicating in real
time the desired movement of the ultrasound probe com-
prises providing a real-time indicator to a user, wherein
providing the real-time indicator comprises one or more of
visualizing the real-time indicator on a display, playing an
audio-indicator of the real-time indicator, and visualizing a
color indicator to guide the user to the target location.

9. The method of claim 8, further comprising visualizing
in real-time on a display the at least one image, the current
location of the ultrasound probe, the quantification of the at
least one image, and the desired trajectory of the ultrasound
probe.

10. The method of claim 9, further comprising superim-
posing the real-time indicator on the at least one image.

11. A system, comprising:

a navigation platform comprising:

an anatomy positioning unit configured to determine in
real-time a current position of an ultrasound probe on
a body surface of a subject based on at least one
image;

an anatomy cognition unit configured to identify in
real-time one or more anatomical regions of interest
in the at least one image;

a scan plane scoring unit configured to quantify in
real-time the at least one image to determine suit-
ability of the at least one image to one or more scan
planes corresponding to a determined clinical pro-
tocol;

a subject modeling unit configured to generate in
real-time a personalized anatomical model of the
subject based on a current position of the ultrasound
probe, previous positions of the ultrasound probe,
the identified one or more anatomical regions of
interest, and the quantification of the at least one
image, or combinations thereof;

a guidance unit configured to compute in real-time a
desired trajectory of the ultrasound probe from the
current location to a target location based on the
determined clinical protocol; and

a feedback unit configured to communicate in real-time
a desired movement of the ultrasound probe based on
the computed trajectory.

12. The system of claim 11, wherein to determine the
current position of the ultrasound probe on the body surface
of the subject, the anatomy positioning unit is configured to:

identify one or more anatomical landmarks on the body

surface of the subject;

register the body surface of the subject with an anatomical

atlas based on the one or more landmarks to generate an

exterior of the personalized anatomical model of the
subject;
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obtain, via use of one or more position sensors, positional
coordinates and orientations of the ultrasound probe;
and

map the positional coordinates and the orientations of the
ultrasound probe to the exterior of the personalized
anatomical model of the subject to identify the current
location of the ultrasound probe based on the person-
alized anatomical model of the subject.

13. The system of claim 11, wherein to identify the one or
more anatomical regions of interest the anatomy cognition
unit is configured to:

detect, via use of a deep learning technique, one or more
anatomical regions of interest in the at least one image
of the subject; and

generate a bounding box corresponding to each of the one
or more detected anatomical regions of interest,
wherein each bounding box is configured to encompass
a corresponding detected anatomical region of interest
of the one or more detected anatomical regions of
interest.

14. The system of claim 13, wherein to quantify the at
least one image the scan plane scoring unit is configured to
rate, via a deep learning technique, the at least one image
based on a clinical standard to generate a proximity score
corresponding to each scan plane of the one or more scan
planes.

15. The system of claim 14, wherein the subject modeling
unit is configured to update an interior of the personalized
anatomical model of the subject based on one or more of the
personalized anatomical model, the bounding boxes corre-
sponding to the one or more detected anatomical regions of
interest, and the proximity scores corresponding to the one
or more scan planes.

16. The system of claim 14, wherein to compute the
desired trajectory of the ultrasound probe the guidance unit
is configured to chart a path on the body surface of the
subject from the current position of the ultrasound probe to
the target location based on the current position of the
ultrasound probe, the bounding boxes corresponding to the
one or more detected anatomical regions of interest, the
identified anatomical regions of interest, or combinations
thereof.

17. The system of claim 16, wherein to communicate in
real time the desired movement of the ultrasound probe the
feedback unit is configured to provide a real-time indicator
to a user, and wherein to provide the real-time indicator the
feedback unit is configured to visualize the real-time indi-
cator on a display, play an audio-indicator of the real-time
indicator, or a combination thereof to guide the user to the
target location.
18. An imaging system, the system comprising:
an acquisition subsystem configured to acquire at least
one image corresponding to a subject;
a processing subsystem in operative association with the
acquisition subsystem and configured to process the at
least one image, wherein the processing subsystem
comprises a navigation platform configured to:
determine in real-time a current position of an ultra-
sound probe on a body surface of the subject based
on the at least one image;

identify in real-time one or more anatomical regions of
interest in the at least one image;
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quantify in real-time the at least one image to determine
suitability of the at least one image to one or more
scan planes corresponding to a determined clinical
protocol;
generate in real-time a personalized anatomical model
of the subject based on a current position of the
ultrasound probe, previous positions of the ultra-
sound probe, the identified one or more anatomical
regions of interest, and the quantification of the at
least one image, or combinations thereof;
compute in real-time a desired trajectory of the ultra-
sound probe from the current location to a target
location based on the determined clinical protocol;
and
comniunicate in real-time a desired movement of the
ultrasound probe based on the computed trajectory.
19. The imaging system of claim 18, wherein the acqui-
sition subsystem is further configured to acquire images of
the subject corresponding to movement of the ultrasound
probe along the computed trajectory, and wherein the
acquired images comprise a desired anatomical region of
interest.
20. The imaging system of claim 18, further comprising
a display configured to visualize the at least one image, the
current location of the ultrasound probe, the quantification
of the at least one image, the desired trajectory of the
ultrasound probe, or combinations thereof.
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