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(57) ABSTRACT

An apparatus and method for providing remote expert
feedback to an operator of an ultrasound imaging machine.
The remote feedback consists of graphical icons that are
dragged and dropped onto a video stream of the patient
being scanned or the ultrasound image being captured and
shared in real-time with the local operator to help improve
their scanning technique
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SYSTEMS AND METHODS FOR REMOTE
GRAPHICAL FEEDBACK OF ULTRASOUND
SCANNING TECHNIQUE

FIELD

[0001] This invention relates to ultrasound imaging sys-
tems. Particular embodiments provide probe and methods
that include adaptations for providing and receiving remote
feedback to an operator performing an ultrasound imaging
procedure.

BACKGROUND

[0002] Ultrasound is a useful, non-invasive imaging tech-
nique capable of producing real-time images. Ultrasound
imaging has an advantage over X-ray imaging in that
ultrasound imaging does not involve ionizing radiation.
[0003] It can be difficult to properly capture and analyse
ultrasound images. The successful use of ultrasound is
dependent on highly-skilled technicians to perform the scans
and experienced physicians to interpret them. It typically
takes several years of training for a technician to become
proficient.

[0004] In order to capture a high quality image, an opera-
tor needs to use proper scanning technique, including using
the right amount of coupling medium, positioning the probe
correctly relative to the patient and applying the right level
of pressure to the probe.

[0005] Anatomy varies between different patients. Tech-
nicians must often use ultrasound images to fine-tune posi-
tioning of the ultrasound probe. Even experienced operators
often make image-plane positioning mistakes.

[0006] In addition to scanning technique, there are a wide
variety of imaging parameters that must typically be
adjusted to suit the type of exam, the anatomical location,
and the patient.

[0007] Trained ultrasound technicians are not universally
accessible. Ultrasound could be used to improve care for
more patients, especially in rural and low-resource settings,
if less-skilled operators were able to perform ultrasound
examinations quickly and accurately.

[0008] Examples of ultrasound systems that provide some
facility for training technicians and/or providing comments
on ultrasound images from a remote location are described
in: U.S. Pat. No. 8,297,983; US. Pat. No. 9,021,358;
US2005/0049495;  US2011/0306025; US2013/0296707;
US2014/011173; and US 2015/0005630. Some existing
ultrasound systems enable a remote expert to provide com-
munications to an inexperienced operator regarding ultra-
sound images.

[0009] Asynchronous techniques such as ‘store and for-
ward’ are known in the art. In such a systeni, images are
acquired, and then forwarded and stored until they can be
reviewed. These types of systems still rely on a highly
trained sonographer to capture the initial images, and there
is still a delay between imaging and diagnosis. Furthermore,
if the imaging is insuflicient, the examination will need to be
repeated, causing further delay.

[0010] Real-time telemedicine and tele-sonography sys-
tems are known in the art. These systems typically rely on
conventional multimedia communications to enable two-
way communication between the examiner and a remote
expert. Typically, the ultrasound imaging data is streamed in
real-time and displayed simultaneously with a video stream
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that provides a view of the ultrasound image displayed in
real-time and in some cases with a video stream depicting
the patient and the probe. U.S. Pat. No. 9,021,358 discloses
simultaneously displaying ultrasound imaging data, medical
data about a patient, a video stream depicting the source of
the ultrasound imaging data and supplemental information
on a remote graphical user interface. A remote expert can
provide live voice instructions and certain other feedback to
the operator.

[0011] Tele-robotic systems are also known in the art.
Such systems allow a remote operator to view a real-time
stream of ultrasound images and to control a robot to
manipulate the probe and acquire an image. Robotic systems
carry the disadvantages of a lack of portability, cost, and
complexity.

[0012] There remains a need for practical and cost effec-
tive systems that can help an inexperienced operator to
capture ultrasound images and/or learn better imaging tech-
niques. There is a particular need for such systems that can
work effectively with relatively low-bandwidth data con-
nections, that are language independent, and that can pro-
vide visual feedback to help the inexperienced operator to
modify and improve his or her ultrasound scanning tech-
nique.

SUMMARY

[0013] This invention has a number of different aspects
that have synergy when combined but are also capable of
application individually and/or in subcombinations. These
aspects include, without limitation:

[0014] A method for providing visual feedback from a
remote expert to an ultrasound system user comprises:

[0015] acquiring ultrasound image data at a first loca-
tion;
[0016] acquiring ultrasound image data acquisition

information at the first location;

[0017] transmitting the ultrasound image data and ultra-
sound image data acquisition information to a second
location;

[0018] displaying the ultrasound image data and ultra-
sound image data acquisition information;

[0019] receiving instructions to adjust imaging acquisi-
tion technique;

[0020] transmitting instructions to adjust imaging
acquisition technique to the first location

[0021] outputting instructions to adjust imaging acqui-
sition technique.

[0022] Another aspect provides a system comprising a
medical imaging device configured to acquire ultrasound
image data from a patient and a patient imaging device
configured to acquire patient images (which may comprise
a video stream) depicting the medical imaging device and
the patient. A local user interface is in communication with
the medical imaging device and patient imaging device and
is configured to transmit the ultrasound image data and
patient image data to a remote interface located remotely.
The remote interface is configured to display the ultrasound
imaging data and the patient images and receive input from
a positional feedback selector. The positional feedback
selector includes controls for triggering transmission of
predefined messages to the local user interface. The local
user interface provides feedback to the user in the form of
graphical elements that correspond to the predefined mes-
sages. The graphical elements may provide specific sugges-
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tions as to how a user can modify their ultrasound scanning
techniques. In some embodiments the remote interface is
configured to permit a user to place the controls onto a
display of the ultrasound image data or patient image data
using a drag and drop gesture. This positional feedback is
transmitted back to the local user interface and displayed in
real-time.

[0023] Another aspect provides ultrasound imaging
devices comprising a hand-holdable probe comprising a
transducer; transmit and receive circuits respectively oper-
able to drive the transducer to transmit ultrasound energy to
a patient and to receive signals generated by the transducer
in response to ultrasound energy received from the patient;
and an image processing circuit comprising a beamformer
configured to process the received signals to yield ultra-
sound image data. The devices further comprise a data
interface connected to transmit the ultrasound image data to
a remote interface and to receive signals from the remote
interface, the signals including position correction messages
relating to positional correction for the probe; and a display
connected to display the ultrasound image data in a first
display area and to display positional correction symbols
determined by the messages in a second display area.
[0024] In some embodiments the positional correction
symbols comprise predetermined icons stored in the ultra-
sound imaging device, each of the predetermined icons
comprising an arrow indicating a particular desired motion
of the probe. Each of the icons may include a depiction of
the probe. In some embodiments the icons include one or
more of: icons depicting tilting the probe forward and
backward; icons depicting rocking the probe right and left;
icons depicting rotating the probe clockwise and counter-
clockwise; and icons depicting moving the probe to the left,
right, forward and backward. In some embodiments the
ultrasound imaging device is configured to discontinue
display of one of the positional correction symbols by fading
the displayed positional control symbol a predetermined
time after commencing display of the positional control
symbol.

[0025] In some embodiments the ultrasound imaging
devices comprise a motion sensor and are configured to
determine from the motion sensor whether or not the probe
is being moved in a way corresponding to a displayed
positional control symbol and to discontinue display of the
positional correction symbol in response to determining
from the motion sensor that the probe has been moved in the
way corresponding to a displayed positional control symbol.
In some embodiments the ultrasound imaging devices are
configured to issue a warning signal in response to detet-
mining from the motion sensor that the probe has been not
moved in the way corresponding to a displayed positional
control symbol.

[0026] In an example embodiment the probe comprises a
self-contained battery-powered ultrasound image acquisi-
tion device that contains the transducer, the transmit and
receive circuits and the image processing circuit; the display
and data interface are provided on a local user interface
device separate from the probe. The probe and the local user
interface device may each comprise wireless interfaces
wherein the probe is configured to transmit the ultrasound
image data to the local user interface device by way of the
wireless data interfaces.

[0027] Some embodiments provide a camera operable to
generate a video stream wherein the data interface is con-
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figured to transmit the video stream from the camera to the
remote interface. The video stream and/or ultrasound image
data may be buffered in corresponding image buffers. The
ultrasound imaging device may be configured to receive a
freeze message by way of the remote interface, the freeze
message identifying a selected one of the plurality of frames
of the video stream or the ultrasound image data, and, in
response to the freeze message, to display on the display the
selected one of the plurality of frames.

[0028] In some embodiments the ultrasound imaging
device is configured to receive from the remote interface by
way of the data interface one or more annotations and to
display the one or more annotations on the display of the
selected frame. The ultrasound imaging device may com-
prise a plurality of stored annotations wherein the ultrasound
imaging device is configured to receive from the remote
interface by way of the data interface an annotation message
identifying a selected one of the stored annotations and, in
response, to retrieve and display the selected annotation on
the display of the selected frame.

[0029] Insome embodiments the probe comprises a direc-
tional indicator such as a display or indicator lights and the
ultrasound imaging device is configured to operate the
directional indicator on the probe to indicate a position
correction corresponding to one of the position correction
messages.

[0030] Some embodiments comprise a demonstration
device equipped with a position sensor in communication
with the remote interface. In such embodiments the remote
interface may be configured to transmit data comprising
tracked positions and orientations of the demonstration
device to the ultrasound imaging device and the ultrasound
imaging device is configured to generate and display an
animation corresponding to the tracked positions and orien-
tations of the demonstration device.

[0031] Another aspect provides a remote interface having
features as described herein.

[0032] The methods and systems described herein may
increase the effectiveness of remote feedback, thus helping
inexperienced ultrasound users to capture accurate images in
less time, ultimately leading to improved patient care and
reduced costs.

[0033] Further aspects and example embodiments are
illustrated in the accompanying drawings and/or described
in the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The accompanying drawings illustrate non-limit-
ing example embodiments of the invention.

[0035] FIG. 1 is a schematic diagram of an ultrasound
imaging system according to an example embodiment.
[0036] FIG. 2 is a process diagram illustrating an opera-
tion of an example ultrasound imaging system.

[0037] FIG. 3 is a diagram showing a patient and an
example local user interface device.

[0038] FIG. 4 is an example of a remote user interface
device.
[0039] FIG. 5A is an example of graphical controls dis-

played in a positional feedback selector.

[0040] FIG. 5B is an example of an alternative embodi-
ment of graphical controls.

[0041] FIG. 5C is another example of an alternative
embodiment of positional graphical controls.

[0042] FIG. 5D is an example of graphical feedback icons.
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[0043] FIG. 6 is an example of a gesture that may be used
to provide remote feedback.

[0044] FIG. 7 is a schematic diagram of an alternative
embodiment of an ultrasound system adapted to facilitate
remote ultrasound feedback.

[0045] FIG. 8 is a schematic diagram of an ultrasound
system according to another embodiment.

[0046] FIG. 9 is a diagram depicting an example coordi-
nate system for an ultrasound probe.

[0047] FIG. 10A is an alternative embodiment of the probe
with an integrated display.

[0048] FIG. 10B is another alternative embodiment of the
probe with integrated feedback elements.

[0049] FIG. 11 depicts the use of apps on smart phones to
provide elements of a system as described herein.

DETAILED DESCRIPTION

[0050] Throughout the following description, specific
details are set forth in order to provide a more thorough
understanding of the invention. However, the invention may
be practiced without these particulars. In other instances,
well known elements have not been shown or described in
detail to avoid unnecessarily obscuring the invention.
Accordingly, the specification and drawings are to be
regarded in an illustrative, rather than a restrictive sense.
[0051] Acquiring an ultrasound image of a desired portion
of a patient’s anatomy is a challenging spatial-motor task.
2D ultrasound produces a 2D planar image. An operator
must position a probe such that a 2D imaging plane is
positioned in 3D space to capture a desired image. Capturing
the desired image requires manipulating the probe to get the
correct translation and rotation. Often, force must be applied
to the patient so there is also compression. The mnemonic
“PART” is often used to describe the different probe maneu-
vers: pressure, alignment, rotation, and tilt.

[0052] Like most manipulation tasks, it is possible to
divide orienting the ultrasound probe into gross and fine
movements. In the gross positioning phase, it is important to
get the patient into an appropriate posture for the exam and
place the probe at approximately the right location. Ultra-
sound images can then be acquired and used for preliminary
feedback to gauge whether a different approach may be
required.

[0053] Fine positioning typically involves numerous small
movements to allow the operator to get a better idea of that
particular patient’s anatomy. As this is being done, the
operator will use ultrasound images to guide what sort of
rotation and translation is required to achieve the desired
image. Once the desired scan plane is found, the operator
will typically capture, or freeze that image for further
analysis or documentation. A typical ultrasound exam may
involve capturing images from several different scan planes.
[0054] Ultrasound scanning techniques are typically
taught with reference to standard scanning planes and stan-
dard movements. For example standard scan planes are
often described with reference to the coronal, transverse, and
longitudinal planes of the patient’s body. Translational
movements of the probe may be described as sliding with
respect to the patient’s body, for example toward the head or
toward the feet, toward the midline, etc. Rotation move-
ments can also be described with reference to the patient’s
body or the probe itself.

[0055] FIG. 9 is a diagram of a typical ultrasound probe
with a coordinate system. The origin of the coordinate
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system is centred on the face of the transducer. The z-axis is
aligned with the long axis of the probe. The y-axis is parallel
to the probe elements. The x-axis is mutually perpendicular
to both the y- and z-axes. Movements and rotations of the
ultrasound probe may be described with respect to this
coordinate system.

[0056] Probe translation involves moving the probe in the
XY plane. The different rotations of the probe can be
described with respect to rotation around the different axes
and are described as “rocking”, “tilting”, and “rotation”.
[0057] Rocking, or heel-toe involves rotating the probe
around the x-axis. This movement does not change the scan
plane, but can be used to extend the field of view.

[0058] Tilting, or angulation involves rotating the probe
around the y-axis. This movement sweeps through a volume
and can be used to get a three dimensional impression of the
anatomy or locate specific targets.

[0059] Rotation involves rotating around the z-axis. Rota-
tion may be used in combination with sliding movements to
trace a curved structure. Rotation may also be used alone to
image a structure in different, often perpendicular, planes.
For example, to image a vessel longitudinally and in cross-
section.

[0060] An ultrasound system may provide features that
allow a person at a remote site (e.g. an expert ultrasound
user) to review the actions of a person using an ultrasound
system and provide feedback. The feedback can help the
user of the ultrasound system to learn proper operating
techniques and can also help to ensure that images acquired
by the user are of a suitable quality.

Example System

[0061] FIG. 1 is a schematic diagram of an example
ultrasound imaging system 100 capable of providing remote
feedback. System 100 comprises apparatus 100A at a loca-
tion where a user performs an ultrasound scan on a patient
and apparatus 100B at a remote location. An expert may use
apparatus 100B to review information about an ultrasound
procedure in real time as the ultrasound procedure is being
performed at apparatus 100A and to provide real time
feedback to a user of apparatus 100A.

[0062] The expert may, for example, use system 100 to
provide feedback on how to capture a high quality image.
This feedback may include adjustments to the type or
amount of acoustic coupling used, gross positioning, fine
positioning, or imaging parameters.

[0063] In the illustrated embodiment, an ultrasound imag-
ing apparatus 101 transmits ultrasound waves into and
receives ultrasound echoes from a patient P, which may be
a human or an animal, for example. The ultrasound echoes
are processed into ultrasound imaging data. The ultrasound
imaging data is transferred to a local user interface device
102. Ultrasound imaging apparatus 101 comprises a hand-
holdable probe 103 that may be scanned over a patient to
acquire desired ultrasound images. It is convenient but not
mandatory that electronics for generating ultrasound waves
and receiving ultrasound echoes and performing at least
some processing of the ultrasound echoes are contained
within probe 103. In some embodiments ultrasound imaging
apparatus 101 provides a self-contained battery-powered
ultrasound image acquisition device that contains all cir-
cuitry required for obtaining ultrasound images and wire-
lessly transmitting the acquired ultrasound images to another
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device in real time. In alternative embodiments, ultrasound
imaging apparatus 101 comprises some components not
contained within probe 103.

[0064] Local interface 102 may include a user interface
which includes controls for controlling aspects of the opera-
tion of ultrasound imaging apparatus 101. Device 102 may
include a display on which images represented in the ultra-
sound imaging data from ultrasound imaging apparatus 101
may be displayed.

[0065] In some embodiments, local user interface device
102 is a general purpose device configured by software to
operate as described herein. For example, local user inter-
face device 102 may comprise a general purpose device such
as a tablet computer, a smart phone, a laptop computer, a
personal computer, a computer workstation or the like. In
other embodiments local user interface device 102 com-
prises a custom electronic device.

[0066] Local user interface device 102 may be separate
from ultrasound imaging apparatus 101 as illustrated or may
be integrated with ultrasound imaging apparatus 101. Where
ultrasound imaging apparatus 101 is separate from local user
interface device 102, ultrasound imaging apparatus 101 may
be in wireless data communication with local interface
device 102. In other embodiments local interface device 102
and ultrasound imaging apparatus 101 are tethered by a
suitable cable that provides a data communication path.
[0067] A patient imaging device 104 captures patient
images showing probe 103 and patient P. The patient images
may comprise a video stream. In some embodiments the
patient images may comprise a sequence of still images.
Imaging device 104 may, for example, comprise a suitable
video camera, web camera, security camera or the like.
[0068] In some embodiments patient imaging device 104
is integrated with local user interface device 102. For
example, where local user interface device 102 comprises a
tablet, laptop or cellular telephone equipped with a camera,
that camera may be configured to operate as patient imaging
device 104. Patient imaging device 104 transmits the video
stream to local user interface device 102. Local user inter-
face device 102 may display the ultrasound imaging data
and/or video stream from patient imaging device 104 to the
operator on a display 102A.

[0069] A user of apparatus 100A may request remote
assistance from an expert at apparatus 100B. For example,
when a user is ready to begin imaging and requires assis-
tance, they can activate a control on local interface device
102 (which may, for example, comprise a smartphone), to
initiate a connection with a remote expert at remote appa-
ratus 100B.

[0070] When remote feedback is desired apparatus 100A
is caused to transmit one or both of the ultrasound imaging
data and the video stream through a data communication
network 106 to remote apparatus 100B. Apparatus 100A
may send other data to apparatus 100B instead of or in
addition to the video stream. Additional data may include
positional measurements of probe 103, positional measure-
ments of the patient, measurements of forces applied to the
patient by probe 103, or a secondary video, for example.
[0071] The remote expert may provide feedback by inter-
acting with a remote interface 118. In some embodiments
remote interface 118 is a general purpose device configured
by software to allow a remote expert to review an ultrasound
procedure and provide feedback as described herein. For
example, remote interface device 118 may comprise a smart-
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phone, tablet, laptop, or personal computer configured by
software to perform the functions of remote interface 118 as
described herein. In other embodiments, remote interface
118 comprises a custom electronic device.

[0072] How the expert interacts with remote interface 118
will depend on the design and configuration of remote
interface 118. In some embodiments, remote interface 118
comprises a touchscreen. For example, the remote expert
may click or drag and drop an icon that corresponds to a
desired feedback. The remote expert may drag and drop the
icon onto the display of an ultrasound image stream or video
stream at remote interface 118. In a preferred embodiment,
the local user interface 102 is updated with the position of
the icon in real time as the icon is applied by the expert.
[0073] Network 106 may comprise a local area network
(LAN), wireless area network (WAN), cellular network,
satellite communication, the Internet, dedicated wired or
wireless or fiber optic connection, telephone line, cellular
data connection, or the like, or some combination thereof.
Any suitable data communications protocols may be used.
In some embodiments each of local interface device 102 and
remote interface 118 provide one or more TCP-IP type
sockets for carrying data communications between appara-
tus 100A and apparatus 100B.

[0074] In the illustrated embodiment, local user interface
device 102 is operable to transmit the ultrasound imaging
data and the video stream data through data communication
network 106 to remote apparatus 100B which includes
remote interface 118. The remote expert can then use remote
interface device 118 to view one or both of the ultrasound
imaging data and the patient image data. This is preferably
done in real time as a user is performing an ultrasound scan
using probe 103. In some embodiments, patient imaging
device 104 is adjustable (for example has adjustable pan
and/or zoom) and remote interface device 118 includes
controls that allow the expert to remotely adjust patient
imaging device 104 to obtain a clear view of the procedure
or a view that can best help the user to see and understand
how to best conduct a scan. For example, the remote user
may adjust pan and/or zoom of patient imaging device 104
and/or select video streams from different ones of a plurality
of patient imaging devices 104 which are located to view the
procedure from different points of view.

[0075] In some embodiments probe 103 includes a force
transducer connected to monitor an amount of pressure
(compression) being applied by the user to the patient. An
output signal from the force transducer may be delivered to
remote interface 118. Remote interface 118 may display an
indication of the amount of pressure being applied for
evaluation by an expert.

Position Feedback

[0076] If the remote expert considers that the user’s tech-
nique for performing the ultrasound scan could be improved
then the remote expert may provide feedback to the user by
way of remote user interface 118. To achieve this, the expert
may activate physical controls (such as buttons, joysticks,
trackballs, switches, computer mice or the like); interact
with a tough screen of remote interface 118; issue voice
commands; use a stylus or other pointing device to operate
controls presented by a graphical user interface of remote
interface 118 or the like. In some embodiments remote
interface 118 includes a demonstration device which can be
positioned like probe 103 and is equipped with a position
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sensor. The demonstration device may be a probe 103 or a
replica of probe 103 for example. The expert may manipu-
late the demonstration device to demonstrate a particular
technique while the position and orientation of the demon-
stration device is tracked .The tracked position and orien-
tation of the demonstration device may be transmitted to
apparatus 100A which may generate an animation showing
the user of apparatus 100A how the expert is manipulating
the demonstration device.

[0077] FIG. 3 is a diagram showing an example of a local
user interface device 102. The operator is holding probe 103
against the abdomen of patient P. In this case, patient image
device 104 comprises a digital camera integrated into local
user interface device 102. An ultrasound image 402 captured
by probe 103 and a video stream 404 captured by camera
104 are displayed simultaneously on display 102A of local
user interface device 102.

[0078] FIG. 4 is an example of a graphical display that
may be produced at a remote interface device 118. The
display includes ultrasound image 402 and video stream 404
as well as controls that may be used by an expert to provide
direction and feedback to a user.

[0079] FIG. 4 includes a plurality of graphical feedback
elements 121 for selection by an expert. These feedback
elements may be actuated by the expert to generate prede-
termined messages.

[0080] In some embodiments some or all of the feedback
is in the form of discrete messages. These discrete messages
may be selected from a set of predetermined discrete mes-
sages. The predetermined messages can include messages to
change the position of probe 103. In the illustrated embodi-
ment, remote interface 118 includes a position feedback
selector 120 configured to allow a remote expert to trigger
remote interface 118 to send selected discrete messages to
apparatus 100A. In a preferred embodiment the discrete
messages include messages signifying:

[0081] move probe 103 to the left;
[0082] move probe 103 to the right;
[0083] move probe 103 toward the front;
[0084] move probe 103 toward the back;
[0085] rotate probe 103 clockwise;
[0086] rotate probe 103 counterclockwise;
[0087] tilt probe 103 forward,
[0088] tilt probe 103 backward,
[0089] rock probe 103 to the right;
[0090] rock probe 103 to the left;

[0091] FIG. 5A shows an example feedback selector 120.

In the illustrated embodiment, feedback selector 120 has the
form of a palette comprising several individual controls 121.
Controls 121-SI, 121-SR, 121-SF, and 121-SB respectively
trigger messages for moving (sliding) probe 103 to the left,
to the right forward and backward; controls 121-CW and
121-CCW respectively trigger messages for rotating probe
103 clockwise and counterclockwise; controls 121-TF and
121-TB respectively trigger messages for tilting probe 103
forward and backward; and controls 121-RR and 121-RL
respectively trigger messages for rocking probe 103 to the
right and to the left.

[0092] In some embodiments the predefined discrete mes-
sages include messages signifying increase pressure on
probe 103 and decrease pressure on probe 103. In the
illustrated embodiment, feedback selector includes controls
121-PH and 121-PS which respectively trigger messages
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indicating that the user should push probe 103 harder
(increase compression) or more softly (decrease compres-
sion) against the patient.

[0093] In some embodiments feedback selector 120
includes controls that cause the messages to indicate a
degree of required movement (i.e. controls that allow the
expert to indicate that the suggested movement should be a
relatively small movement or a relatively larger movement).
There are a number of ways to implement such controls. One
way is to include in feedback selector 120 duplicate sets of
controls 121 corresponding to different sizes of motions. For
example, each of the above-noted controls 121 could com-
prise a pair of controls, one corresponding to messages
indicating a smaller motion and one corresponding to mes-
sages indicating a larger motion. An example of this is
shown in FIG. 5B.

[0094] As another example (not shown), controls 121
could each comprise a triplet of controls with one control
arranged to trigger a message indicating a small motion,
another control arranged to trigger a message indicating a
medium motion and a third control arranged to trigger a
message indicating a large motion. This same principle may
be extended to any reasonable number of controls.

[0095] In another example shown in FIG. 5C feedback
selector 120 includes one or more separate controls for
indicating a magnitude of suggested motion. In the illus-
trated embodiment controls 121-< and 121-> are provided.
With this arrangement an expert can trigger a message for a
suggested movement as described above. In addition the
expert may optionally operate control 121-< and then the
control 121 for the desired movement to signify that the
movement should be small or operate control 121-> and then
the control 121 for the desired movement to indicate that the
movement should be large. In an alternative embodiment
(not shown), feedback selector 120 may include + and -
controls that can be actuated one or more times to respec-
tively command transmission of messages indicating pro-
gressively larger or progressively smaller magnitudes of
motion.

[0096] Remote interface 118 may additionally or in the
alternative include a gesture-based feedback selector. For
example, messages indicating motions to the right or left
could respectively be triggered by swipes to the right and
left; messages indicating clockwise or counterclockwise
rotations could respectively be triggered by two-finger ges-
tures in which the fingers move clockwise or counterclock-
wise relative to one another; messages indicating tilts could
respectively be triggered by downward and upward swipes
respectively.

[0097] Whatever mechanism is used by the expert at
remote interface 118 to select messages for transmission to
the user, the selected feedback is transmitted back through
network 106 to local user interface device 102 and displayed
to the user. Advantageously, a predetermined set of mes-
sages may be stored at interface device 102 such that the
communication from remote interface 118 needs only to
identify the message to be displayed to the user. In such
embodiments the message content does not need to be
transmitted. Each message may, for example, be represented
by a number or other small message ID code. Upon receiv-
ing from remote interface 118 an indication that a predeter-
mined message should be displayed, interface device 102
may retrieve and display the predetermined message.
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[0098] Preferably, each message corresponding to a
desired movement comprises an arrow indicating the direc-
tion and type of the desired movement such that a user can
immediately and intuitively see what type of movement is
being suggested by the remote expert. For example, each
predetermined message may correspond to a predetermined
icon that can be displayed on display 102A. In some
embodiments the icons comprise semi-3D or isometric icons
depicting probe 103 which include arrows to indicate the
desired motion with rotation, tilting or pressing arrows.
[0099] FIG. 5D shows non-limiting examples of icons 123
that may be displayed at interface device 102 to deliver
predetermined messages to a user of apparatus 100A. Icons
123 include icons 123-L and 123-R for respectively signal-
ling movements to left and right; icons 123-CW and 123-
CCW for respectively signalling clockwise and countet-
clockwise rotations; and icons 123-F and 123-B for
respectively signalling tilt forward and tilt backward. In
embodiments which support indications of the suggested
magnitude of movements, the sizes of arrows in icons 123
may be increased and/or decreased to indicate larger or
smaller movements.

[0100] Ideally the icons indicating messages from the
expert are relatively large so that they can be immediately
seen and understood by a user. Ideally the icons are dis-
played at the top of display 102A.

Message Persistence

[0101] Messages from the expert may have a controlled
persistence. For example, an icon or other visual depiction
of a message from remote interface 118 may be automati-
cally deleted or faded a predetermined time after it is
received at local user interface 102. In some embodiments,
each icon fades after a few seconds or when a new message
for display is received from remote interface 118, whichever
is first.

[0102] In some embodiments apparatus 100B fades or
discontinues displaying messages in response to determin-
ing that the message has been acted on. For example, a
message suggesting a particular movement may persist only
until the suggested movement is detected (e.g. based on a
signal indicating movements of probe 103). Such signals
may be generated in any of the ways discussed elsewhere
herein.

[0103] Insome embodiments display of messages at appa-
ratus 100A can be discontinued by a control signal from
apparatus 100B. For example, an expert may send a message
indicating satisfaction with the current state of the ultra-
sound exam. In response to receiving that message the
display of previous messages may be discontinued.

[0104] In some embodiments an expert may indicate a
combination of motions (e.g. by selecting two controls 121).
In such cases apparatus 100A may alternate displaying
messages (e.g. icons) for the two motions or display a
composite icon that includes arrows showing both motions.

Feedback Delivered by Way of Probe

[0105] In addition to or as an alternative to displaying
messages, e.g. on display 102A, messages may trigger
indications on probe 103. For example, probe 103 may
include a small display and/or LED lamps which are con-
trolled in predetermined ways in response to messages
received from remote interface 118. FIGS. 10A and 10B
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provide example probes 103A and 103B. Each of these
probes includes a hand-holdable body 101-1 having an
ultrasound transducer 101-2 at one end. Electronics for
controlling the transducer to emit and receive ultrasound
signals are contained within body 101-1.

[0106] Probe 103 A comprises a small display 101-5 which
is located where it can be seen by a user who is holding body
101-1 to perform an ultrasound scan. Display 101-5 may
display predetermined static or moving images indicating
motions corresponding to messages received from remote
interface 118.

[0107] Probe 103B comprises an array of small lights
101-6 that are located where they can be seen by a user who
is holding body 101-1 to perform an ultrasound scan.
Selected lights 101-6 may be turned on to provide static or
dynamically varying patterns selected to indicate motions
corresponding to messages received from remote interface
118. For example, lights 101-6 on the left side of probe 103B
may be controlled to blink to indicate motion to the left;
lights 101-6 on the right side of probe 103B may be
controlled to blink to indicate motion to the right; lights
101-6 on the front side of probe 103B may be controlled to
blink to indicate forward tilt; lights 101-6 on the back side
of probe 103B may be controlled to blink to indicate
backward tilt; lights 101-6 may be controlled in a clockwise
rotating pattern to indicate clockwise rotation; and lights
101-6 may be controlled in a counterclockwise rotating
pattern to indicate counterclockwise rotation. Lights 101-6
may be controlled to indicate increased or decreased applied
pressure, for example by changing the color of lights 101-6
or pulsing lights 101-6 in a characteristic way.

Monitoring User Responses

[0108] In addition to merely displaying messages to a user
at apparatus 100A, system 100 may include functions for
monitoring to determine whether or not a user is correctly
following the suggestions conveyed by the messages. In
some embodiments such monitoring comprises one or more
of:

[0109] monitoring changes in received echo signals
and/or the ultrasound imaging data to detect motions of
probe 103 relative to the patient;

[0110] providing an accelerometer in probe 103 and
monitoring one ot more outputs of the accelerometer to
detect and/or measure inclination of and/or rotations of
the probe 103;

[0111] providing a position sensor in probe 103. The
position sensor may, for example, be of the general type
used to sense motions of a ball-type or optical computer
mouse and may be located to sense motions of probe
103 over the surface of a patient.

[0112] If the monitored motion does not correspond to the
message received from remote interface 118 then a warning
signal may be provided to the user. The warning signal may,
for example, comprise a sound, tactile feedback or the like.
For example, probe 103 may be controlled to deliver a
vibration or other haptic feedback to a user if the user moves
the probe 103 in the wrong way. As another example, a
display of apparatus 100A (e.g. display 102A) may be
controlled to display a 3D rendering of probe 103. The
display may be, for example in a corner of the screen. The
rendering may change colour if the system detects that the
probe 103 is not aligned properly.
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[0113] Tt is not mandatory that messages be delivered
visually at apparatus 100A. In the alternative, or in addition,
messages may be delivered by other means. For example by
one or more of:

[0114] audio messages may be provided. In some
embodiments the audio messages may include synthe-
sized or pre-recorded speech messages such as ‘scan
left’; ‘scan right’; ‘tilt forward’ etc. Such audio mes-
sages may optionally be delivered privately to a user,
for example by way of an earpiece. In some embodi-
ments the earpiece communicates wirelessly (e.g. by
Bluetooth™) with local user interface 102. Such mes-
sages may be delivered in a language corresponding to
a language setting for local user interface 102. In such
embodiments it is not necessary for the expert to speak
or understand the language in which the messages are
delivered to the user;

[0115] text messages may be displayed on a display of
apparatus 101A, for example on screen 102A. The text
messages may include predetermined statements such
as such as ‘scan left’; ‘scan right’; “tilt forward’ etc. The
text messages may be delivered in a language corre-
sponding to a language setting for local user interface
102;

[0116] tactile feedback may be provided. In some
embodiments the tactile feedback is provided by trans-
ducers such as piezoelectric transducers and/or heaters
on a housing of probe 103 that may be selectively
actuated to change the texture, temperature and/or
vibration patterns sensed by a user holding probe 103
in a manner that maps intuitively to suggested move-
ments.

Other Messages

[0117] The predetermined messages that remote interface
118 is configured to deliver may include messages that
communicate other suggestions to the user. Such predeter-
mined messages may be selected to cover a range of issues
that typically arise when inexperienced users are operating
ultrasound equipment. To keep remote interface 118 rela-
tively uncluttered, different sets of additional predetermined
messages may be provided for different types of ultrasound
procedures and only those predetermined messages relevant
to a current procedure may be displayed for selection by the
expert at remote interface 118. Examples of possible prede-
termined messages include:

[0118] Unacceptable;

[0119] Acceptable;

[0120] Start again;

[0121] Move on to capture the next image in this series;

[0122] Reposition the patient (in a specified way);

[0123] Apply more gel to the transducer;

[0124] Change the ultrasound settings (in a specified
way),

[0125] Good job;

[0126] Move camera to better show patient;

[0127] etc.

Such additional predetermined messages may be delivered
in any of the manners described above. Remote interface 118
may comprise a menu from which an expert may select
additional messages to deliver to a user. The messages may
be delivered in real time.

[0128] Predetermined messages may result in various
types of display at apparatus 100A. For example, a certain
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predetermined message may display as an icon having the
desired significance. In the alternative, predetermined mes-
sages may be presented as text in a certain area.

[0129] In addition to one or more other kinds of feedback,
local interface device 102 and remote user interface 118 may
optionally be configured to support two-way voice commu-
nication between the user of apparatus 100A and the expert
at apparatus 100B.

Rapid Custom Messages

[0130] In some embodiments, remote interface 118
includes a facility 130 which permits the expert to rapidly
create customized messages which indicate an action for the
user of ultrasound imaging apparatus 101 to perform. Facil-
ity 130 may use the video stream from patient imaging
device 104 as a basis for some such messages.

Freeze Frame

[0131] In one example, the expert may operate a control
that selects a frame of the video stream to freeze. The expert
may then annotate the frozen frame. Selecting a frame to
freeze may be done in real time, for example, by actuating
a control when a desired frame is being shown. In another
embodiment an expert may replay a portion of a video or
ultrasound data stream that is buffered at remote user inter-
face 118. The replay may be done forward or backward at
original speed or a faster or slower speed or a speed
controlled by the expert. The expert may go back and forth
through the buffered frames until a suitable frame is iden-
tified. The expert may then operate a control to use the
selected frame as the basis for a message to the user.
[0132] For example the expert may annotate the frozen
frame to show a desired change in position and/or orienta-
tion of probe 103. In an example embodiment this is done by
indicating starting and ending positions or orientations of the
probe 103.

[0133] In some embodiments, remote interface 118 pro-
vides a freeze control that causes a current frame of the
video stream to be frozen. Remote interface 118 may auto-
matically generate and send to apparatus 100A a freeze
message containing an identifier of the frozen frame (e.g. a
frame number). Upon receipt of the freeze message appa-
ratus 100A may retrieve the selected frame and display it
instead of or in addition to the video stream (e.g. on display
102A). Display of the ultrasound image data may be frozen
in a similar way. At apparatus 100A frozen video or ultra-
sound image data may be displayed in a characteristic
manner that identifies it as being frozen under control of
remote interface 118. For example, the frozen image may be
displayed together with a particular icon or symbol or
overlaid with a particular color or the like.

[0134] One way in which the starting and ending positions
may be input is for the expert to position or position and
orient an icon representing probe 103 at a starting position
on the frozen frame. The starting position may, for example
be the location at which the probe 103 is shown in the frozen
frame. The expert may then position or position and orient
an icon representing probe 103 at a desired position in the
frozen frame. The expert may then operate a control to cause
remote interface 118 to send the message.

[0135] Since the video stream originated at apparatus
100A it is not necessary to send the frozen frame to
apparatus 100A. Remote interface 118 may be configured to
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generate a message that indicates which frame of the video
stream was frozen by the expert and the starting and ending
positions (or positions and orientations). At apparatus 100A
(for example at local user interface 102) the message is
received and processed. Processing the message may com-
prise retrieving from a data store and displaying the indi-
cated frame of the video stream, and displaying icons on the
frame at the starting and ending positions/orientations. In
some embodiments, processing the message comprises gen-
erating an animation illustrating movement of the probe 103
from the starting to the ending position. Such an animation
may assist the user to see how to reposition the probe 103 for
better results.

[0136] The remote expert may use a freeze frame control
to provide feedback to indicate a desired view while the
probe is in motion. This feature may be implemented as a
remote freeze, enabling the expert to remotely indicate the
desired view. For example, the remote expert could instruct
the local user to slowly rotate the probe. The remote expert
would then actuate a freeze control on remote interface 118
when the probe is capturing the desired image. The freeze
control may optionally freeze both the ultrasound image data
and the video stream from patient imaging device 104. This
way the user of apparatus 100A can see both what the
ultrasound image should look like and the correct position
and orientation for probe 103 to acquire the image.

[0137] To facilitate learning, the remotely frozen image
may be used to help the local user realign to the desired
scanning location. The frozen image may be used as a
reference image so that the local user can re-align the probe
to same position as when the remote expert indicated. For
example, the frozen reference image could be displayed
adjacent to the live ultrasound image, or overlaid with a
transparency on display 102A so that the local user can try
to adjust the position of probe 103 to match.

[0138] Additional information may also be captured when
the remote expert remotely indicates a reference position
(e.g. by operating a ‘freeze’ control). For example, the
position of the probe and/or patient as measured by position
sensors may be recorded. The recorded position information
may be compared to current information on the position of
the probe 103 and/or the patient. The result of the compari-
son could be used to provide additional feedback to help the
local user align probe 103 with the desired position.

Highlighting

[0139] As another example, the expert may use remote
interface 118 to highlight a particular area of an ultrasound
image or a particular area within the video stream from
patient imaging device 104. Highlighting may be performed
on ‘live’ images or on a selected frozen frame of the
ultrasound image data or the video stream. In an example
embodiment highlighting is done using controls provided on
remote interface 118 to identify the location that should be
highlighted. Such highlighting may be done in any of a wide
number of ways. For example, the expert may select a
highlight control and position the highlight control at a
desired location on the ultrasound image data being dis-
playved on remote interface 118 (e.g. the interface may
facilitate dragging and dropping a highlight control at a
location to be highlighted). Selection and positioning the
control may be done using a touch interface, a pointing
device such as a trackball or stylus, or in any other suitable
manner. The control may optionally permit the expert to
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select attributes (e.g. color, size, shape, orientation) for the
highlighted region. Remote interface 118 may optionally be
configured to allow the expert to optionally enter or select
text to be displayed in conjunction with the highlighting.

[0140] Upon remote interface 118 detecting that the expert
has selected a region to highlight, remote interface 118
generates a highlight message to apparatus 100A. Since the
ultrasound images are available at apparatus 100A the
highlight message does not need to include the ultrasound
image but may be a short message containing coordinates
for the highlighted region as well as any attributes of the
highlighting (e.g. color or size for the highlighted region,
any text to be displayed in conjunction with the highlight-
ing).

[0141] Upon receiving a highlight message, apparatus
100A highlights the displayed ultrasound image (e.g. on
display 102) at the coordinates indicated in the highlight
message using the attributes, if any, provided in the highlight
message. cl Image Annotation

[0142] Some embodiments provide an annotation feature
that may be used by an expert to annotate images (e.g.
frames from the ultrasound imaging data generated by
ultrasound imaging apparatus 101 and/or the video stream
from patient imaging device 104). The annotations may be
predetermined. For example, remote interface 118 may
include a set of annotations depicting things that may be
seen in an ultrasound image. The expert may arrange such
annotations on an image to identify various features to the
user. The predetermined annotations may include annota-
tions like: “liver”; “lung™; “heart”; “kidney”; “bowel”;
“blood vessel”; “urethra”. Since the image data is already
available at apparatus 100A the annotations may be com-
municated from apparatus 100B as short annotation mes-
sages identifying which frame of which source is to be
annotated, which annotation is to be displayed and where are
the coordinates at which the annotation is to be displayed. In
some embodiments remote interface 118 is configured to
allow the expert to select predetermined annotations from a
set of predetermined annotations and to drag and drop the
selected annotations at desired locations on a frozen image.
This action may automatically generate annotation messages
which may be used by apparatus 100A to create an annotated
version of the same image for viewing by the user.

[0143] As with messages of other types, apparatus 100A
may include a set of predetermined annotations in a lan-
guage that is different from that used at remote interface 118.
In some embodiments, apparatus 100A includes several sets
of predetermined messages and/or annotations with each set
in a different language. A user of apparatus 100A may select
the desired language. For example, a Spanish-speaking
expert may drag and drop an annotation reading “corazon”
to indicate a portion of a frozen ultrasound image corre-
sponding to a patient’s heart. This predetermined annotation
may have a particular reference number in system 100 such
as “A2348”. In response to this drag and drop operation,
apparatus 100B may generate an annotation message having
the content “A2348; F22365; X; Y” where F22365 indicates
the particular frame of the ultrasound image data annotated
by the expert X and Y are the coordinates at which the expert
dropped the annotation. Apparatus 100A may be set to the
English language. On receiving the annotation message,
apparatus 100A may retrieve and display frame F22365 and
retrieve annotation No. A2348 (which is an English-lan-
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guage annotation reading “heart”) and place the annotation
at location X, Y on the frozen image for viewing by the user.

[0144] In some embodiments the expert may also select
annotations which can accept arbitrary text supplied by the
expert.

[0145] In some embodiments the remote expert may add

graphical elements to an image. These graphical elements
may be provided to the user of apparatus 100A in a sub-
stantially real-time screen sharing mode. The graphical
elements may include arrows, circles, or other shapes to
indicate a point or region of interest.

[0146] FIG. 6 shows an example remote user interface
with drag and drop graphical elements that a remote user can
select to provide feedback. In the example, the expert drags
and drops a targeting icon 121 onto patient video stream 404
to indicate the desired location of the probe. In some
embodiments remote interface 118 sends a plurality of
messages for a drag and drop event so that a user at
apparatus 100A sees where the expert has dragged the icon
in real time while the icon is being dragged by the expert at
remote interface 118.

Optional Position Sensors and Applications

[0147] FIG. 8 is a schematic diagram illustrating an alter-
native version of apparatus 100A.In this embodiment, a
sensing unit 900 is in communication with local user inter-
face device 102. Sensing unit 900 is operable to measure the
position, orientation, or both, of probe 103. Sensing unit 900
may comprise one or more sensors integrated into probe 103
such as one or more accelerometers, gyroscopes, or the like.
In other embodiments, sensing unit 900 comprises tracking
devices that monitor positions of probe 103 relative to one
or more external references. Examples of such devices are
optical trackers (some of which are configured to monitor
positions of fiducial markers on probe 103 and others which
are marker-less optical systems).

[0148] Sensing unit 900 is configured to provide device
position information that indicates the position and orienta-
tion of probe 103. The device position information may be
measured with respect to patient P, patient imaging device
104, local user interface device 102, or a different world
reference. The device position information from sensing unit
900 may be applied for various purposes including:

[0149] Providing information to the expert regarding
things such as the speed at which a user is moving
probe 103 or the amount by which a user has changed
an orientation of the probe 103 relative to one or more
axes;

[0150] Permitting apparatus 100A to monitor whether
or not a user is positioning the probe 103 as suggested
in a message received from remote interface 118;

[0151] Automatically controlling patient imaging
device 104 to follow motion of probe 103 (e.g. where
patient imaging device 104 has a pan functionality).

[0152] Where apparatus 100A includes a sensing unit 900
it is meaningful for the expert to make more specific
suggestions (e.g. tilt by about 12 degrees, slide right by 1.3
cm) because apparatus 100A can provide feedback to the
user regarding when the specific movement has been
achieved based on the device position information from
sensing unit 900. In some embodiments apparatus 100A
provides a display which depicts both a current position and
orientation of the probe 103 and a new position as suggested
in a message from remote interface 118. The user can see on
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the display when he or she has achieved the suggested
position. Various cues may be given when the suggested
position is reached or has nearly been reached. These cues
may include audio cues, visual cues (e.g. green highlighting
on the display), tactile cues (e.g. a pulse or vibration
generated at an actuator in probe 103) or combinations of
these, for example.

[0153] In some embodiments, apparatus 100A provides a
sensor system configured to monitor a position of a patient
(or a part of the patient being examined). In such cases the
apparatus may track the position of probe 103 relative to the
patient.

Measurement Assistance

[0154] Some ultrasound procedures require technicians to
make measurements of anatomical structures. In such cases
the technician must first obtain a good image of the structure
to be measured from an appropriate angle. An expert can
assist the user to obtain a suitable image as discussed
elsewhere in this disclosure.

[0155] After a suitable ultrasound image has been
obtained, the technician must identify the anatomical struc-
ture to be measured, select an appropriate measurement tool
(in cases where more than one measurement tool is pro-
vided) and then define endpoints of the measurement that are
located at the right places for the desired measurement.
System 100 may be configured to facilitate training a
technician to make such measurements or to assist an
inexperienced user to achieve acceptable measurements.
[0156] The remote expert may provide assistance in mak-
ing measurements on the image. The remote expert may
fine-tune or adjust a measurement made by the local user or
add additional measurements.

[0157] In some embodiments apparatus 100A includes a
measurement tool comprising endpoints that a user can place
at desired locations in an ultrasound image to perform a
measurement. Apparatus 100A may automatically transmit
the endpoints to apparatus 100B. Remote interface 118 may
display the endpoints as set by the user of apparatus 100A.
[0158] Remote interface 118 may be configured to allow
the expert to perform a measurement on the same ultrasound
image. The expert may select a measurement tool, adjust the
positions of endpoints provided by the measurement tool
and take a measurement. Remote interface 118 may generate
a message to apparatus 100A which identifies the measure-
ment tool and endpoint locations. Apparatus 100A may
display the expert’s measurement (e.g. on display 102A).
The expert’s measurenent and the user’s measurements may
be displayed in contrasting colors at each of apparatus 100A
and 100B so that they can be readily distinguished.

[0159] In an alternative embodiment a measurement tool
provided at apparatus 100A is configured to accept remote
inputs from remote interface 118. In such embodiments the
expert may be empowered to select particular measurement
and/or adjust end points of the measurement, and indicate
they are satisfied with the correction. Such changes may be
reflected in real time at display 102A.. In some embodiments
the endpoints selected by the user may be preserved so that
they can be compared to the endpoints selected by the
expert.

Example Process

[0160] FIG. 2is a process diagram illustrating an example
method 200 which may be performed by an ultrasound
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imaging system. In operation 201, ultrasound imaging data
is acquired. The operator places a probe against the patient.
The probe generates ultrasound waves which travel into and
are partially reflected back from the patient. The echoed
ultrasound waves are measured by the probe and converted
into ultrasound imaging data.

[0161] In operation 202, a video stream depicting the
probe is acquired. Operations 201 and 202 may occur
simultaneously. Preferably, the video stream depicts the
probe in relation to the patient. The video stream may be
captured by a camera. The camera may be attached or
integrated with the probe, or the local user interface device,
or may be mounted separately.

[0162] In operation 204, the ultrasound imaging data and
video stream are transmitted to a second location. The
imaging data and video stream may be compressed before
transmission to reduce bandwidth requirements.

[0163] In operation 206, the ultrasound imaging data and
video stream are received and displayed at the second
location. The ultrasound imaging data and video stream may
be displayed simultaneously in dedicated areas of a remote
user interface display. The ultrasound imaging data and
video stream may be presented in a side-by-side format, or
in a picture-in-picture format. Alternatively, the two video
sources may be shown concurrently or toggled back and
forth on demand by the remote expert.

[0164] In operation 208, a plurality of graphical elements
corresponding to possible positional corrections of the probe
are displayed at the second location.

[0165] In operation 210, the remote user interface device
receives instructions on positional correction. This input
may involve, for example, selection or dragging and drop-
ping of the graphical elements displayed in operation 208.

[0166] In operation 212, the instructions on positional
correction are transmitted to the first location.

[0167] In operation 214, the instructions on positional
correction are output at the first location.

[0168] FIG. 7 is a schematic diagram depicting a remote
ultrasound feedback system according to an alternative
embodiment. In this embodiment, there is no two-way voice
communication between the operator and the expert. The
operator relies on the graphical feedback provided by the
expert to adjust the operator’s scan technique and capture
the desired image. This embodiment may be particularly
useful when the operator and expert do not speak the same
language, or when network 106 is unable to support voice
communication.

Example Embodiment

[0169] In some embodiments local user interface 102
and/or remote interface 118 are provided by general purpose
computing devices. Such computing devices may execute
software (e.g. apps) that cause them to provide functionality
as described herein. FIG. 11 illustrates an example embodi-
ment wherein local user interface 102 is provided by a
cellular telephone 1202 configured with an app 1203 that
includes predetermined messages 1204 in an app database
1205. Remote interface 118 is provided by a cellular tele-
phone 1218 executing an app 1219. App 1219 provides
controls that enable the expert to provide predetermined
feedback messages to a user as described herein.
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Interpretation of Terms

[0170] Unless the context clearly requires otherwise,
throughout the description and the claims:

[0171] “comprise”, “comprising”, and the like are to be
construed in an inclusive sense, as opposed to an
exclusive or exhaustive sense; that is to say, in the sense
of “including, but not limited to”;

[0172] “connected”, “coupled”, or any variant thereof,
means any connection or coupling, either direct or
indirect, between two or more elements; the coupling
or connection between the elements can be physical,
logical, or a combination thereof;

[0173] “herein”, “above”, “below”, and words of simi-
lar import, when used to describe this specification,
shall refer to this specification as a whole, and not to
any particular portions of this specification;

[0174] “or”, in reference to a list of two or more items,
covers all of the following interpretations of the word:
any of the items in the list, all of the items in the list,
and any combination of the items in the list;

[0175] the singular forms “a”, “an”, and “the” also
include the meaning of any appropriate plural forms.

[0176] “remote” means not in the same location as. In
some embodiments remote apparatus 100B may be a
great distance away from local apparatus 100A (even in
a different state, country or continent). In other embodi-
ments remote apparatus 100B may be in the same
building as local apparatus 100A.

[0177] Words that indicate directions such as “vertical”,
“transverse”, “horizontal”, “upward”, “downward”, “for-
ward”, “backward”, “inward”, “outward”, “vertical”, “trans-
verse”, “left”, “right”, “front”, “back”, “top”, “bottom”,
“below™, “above”, “under”, and the like, used in this
description and any accompanying claims (where present),
depend on the specific orientation of the apparatus described
and illustrated. The subject matter described herein may
assume various alternative orientations. Accordingly, these
directional terms are not strictly defined and should not be
interpreted narrowly.

[0178] Embodiments of the invention may be imple-
mented using specifically designed hardware, configurable
hardware, programmable data processors configured by the
provision of software (which may optionally comprise
“firmware”) capable of executing on the data processors,
special purpose computers or data processors that are spe-
cifically programmed, configured, or constructed to perform
one or more steps in a method as explained in detail herein
and/or combinations of two or more of these. Examples of
specifically designed hardware are: logic circuits, applica-
tion-specific integrated circuits (“ASICs”), large scale inte-
grated circuits (“LSIs”), very large scale integrated circuits
(“VLSIs”), and the like. Examples of configurable hardware
are: one or more programmable logic devices such as
programmable array logic (“PALs”), programmable logic
arrays (“PLAs”), and field programmable gate arrays (“FP-
GAs”)). Examples of programmable data processors are:
microprocessors, digital signal processors (“DSPs”), embed-
ded processors, graphics processors, math co-processors,
general purpose computers, server computers, cloud com-
puters, mainframe computers, computer workstations, and
the like. For example, one or more data processors in a
control circuit for a device may implement methods as
described herein by executing software instructions in a
program memory accessible to the processors.
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[0179] Processing may be centralized or distributed.
Where processing is distributed, information including soft-
ware and/or data may be kept centrally or distributed. Such
information may be exchanged between different functional
units by way of a communications network, such as a Local
Area Network (LAN), Wide Area Network (WAN), or the
Internet, wired or wireless data links, electromagnetic sig-
nals, or other data communication channel.

[0180] While processes or blocks are presented in a given
order, alternative examples may perform routines having
steps, or employ systems having blocks, in a different order,
and some processes or blocks may be deleted, moved,
added, subdivided, combined, and/or modified to provide
alternative or subcombinations. Each of these processes or
blocks may be implemented in a variety of different ways.
Also, while processes or blocks are at times shown as being
performed in series, these processes or blocks may instead
be performed in parallel, or may be performed at different
times.

[0181] The invention may also be provided in the form of
a program product. The program product may comprise any
non-transitory medium which carries a set of computer-
readable instructions which, when executed by a data pro-
cessor, cause the data processor to execute a method of the
invention. Program products according to the invention may
be in any of a wide variety of forms. The program product
may comprise, for example, non-transitory media such as
magnetic data storage media including floppy diskettes, hard
disk drives, optical data storage media including CD ROMs,
DVDs, electronic data storage media including ROMs, flash
RAM, EPROMs, hardwired or preprogrammed chips (e.g.,
EEPROM semiconductor chips), nanotechnology memory,
or the like. The computer-readable signals on the program
product may optionally be compressed or encrypted.
[0182] Insome embodiments, the invention may be imple-
mented in software. For greater clarity, “software” includes
any instructions executed on a processor, and may include
(but is not limited to) firmware, resident software, micro-
code, and the like. Both processing hardware and software
may be centralized or distributed (or a combination thereof),
in whole or in part, as known to those skilled in the art. For
example, software and other modules may be accessible via
local memory, via a network, via a browser or other appli-
cation in a distributed computing context, or via other means
suitable for the purposes described above.

[0183] Where a component (e.g. a software module, pro-
cessor, assembly, device, circuit, etc.) is referred to above,
unless otherwise indicated, reference to that component
(including a reference to a “means”) should be interpreted as
including as equivalents of that component any component
which performs the function of the described component
(i.e., that is functionally equivalent), including components
which are not structurally equivalent to the disclosed struc-
ture which performs the function in the illustrated exemplary
embodiments of the invention.

[0184] Specific examples of systems, methods and appa-
ratus have been described herein for purposes of illustration.
These are only examples. The technology provided herein
can be applied to systems other than the example systems
described above. Many alterations, modifications, additions,
omissions, and permutations are possible within the practice
of this invention. This invention includes variations on
described embodiments that would be apparent to the skilled
addressee, including variations obtained by: replacing fea-
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tures, elements and/or acts with equivalent features, ele-
ments and/or acts; mixing and matching of features, ele-
ments and/or acts from different described embodiments;
combining features, elements and/or acts from embodiments
as described herein with features, elements and/or acts of
other technology; and/or omitting combining features, ele-
ments and/or acts from described embodiments.

[0185] Itis therefore intended that the following appended
claims and claims hereafter introduced are interpreted to
include all such modifications, permutations, additions,
omissions, and sub-combinations as may reasonably be
inferred. The scope of the claims should not be limited by
the preferred embodiments set forth in the examples, but
should be given the broadest interpretation consistent with
the description as a whole.

What is claimed is:

1. An ultrasound imaging device comprising:

a hand-holdable probe comprising a transducer;

transmit and receive circuits respectively operable to
drive the transducer to transmit ultrasound energy to a
patient and to receive signals generated by the trans-
ducer in response to ultrasound energy received from
the patient;

an image processing circuit comprising a beamformer
configured to process the received signals to yield
ultrasound image data;

a data interface connected to transmit the ultrasound
image data to a remote interface and to receive signals
from the remote interface, the signals including posi-
tion correction messages relating to positional correc-
tion for the probe;

a display connected to display the ultrasound image data
in a first display area and to display positional correc-
tion symbols determined by the messages in a second
display area.

2. An ultrasound imaging device according to claim 1
wherein the positional correction symbols comprise prede-
termined icons stored in the ultrasound imaging device, each
of the predetermined icons comprising an arrow indicating
a particular desired motion of the probe.

3. An ultrasound imaging device according to claim 2
wherein each of the icons includes a depiction of the probe.

4. An ultrasound imaging device according to claim 3
wherein the icons include:

icons depicting tilting the probe forward and backward,;

icons depicting rocking the probe right and left; and

icons depicting rotating the probe clockwise and counter-
clockwise.

5. An ultrasound imaging device according to claim 4
wherein the icons further include icons depicting moving the
probe to the left, right, forward and backward.

6. An ultrasound imaging device according to claim 3
wherein the ultrasound imaging device is configured to
discontinue display of one of the positional correction
symbols by fading the displayed positional control symbol a
predetermined time after commencing display of the posi-
tional control symbol.

7. An ultrasound imaging device according to claim 3
wherein the ultrasound imaging device comprises a motion
sensor and is configured to determine from the motion
sensor whether or not the probe is being moved in a way
corresponding to a displayed positional control symbol and
to discontinue display of the positional correction symbol in
response to determining from the motion sensor that the
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probe has been moved in the way corresponding to a
displayed positional control symbol.

8. An ultrasound imaging device according to claim 7
wherein the ultrasound imaging device is configured to issue
a warning signal in response to determining from the motion
sensor that the probe has been not moved in the way
corresponding to a displayed positional control symbol.

9. An ultrasound imaging device according to claim 2
wherein the icons include icons depicting increasing pres-
sure on the probe and decreasing pressure on the probe.

10. An ultrasound imaging device according to claim 9
comprising a pressure sensor arranged to measure a pressure
on the probe.

11. An ultrasound imaging device according to claim 1
wherein the probe comprises a self-contained battery-pow-
ered ultrasound image acquisition device that contains the
transducer, the transmit and receive circuits and the image
processing circuit, the display and data interface are pro-
vided on a local user interface device separate from the
probe and the probe and the local user interface device each
comprise wireless interfaces wherein the probe is configured
to transmit the ultrasound image data to the local user
interface device by way of the wireless data interfaces.

12. An ultrasound imaging device according to claim 11
comprising a camera operable to generate a video stream
wherein the data interface is configured to transmit the video
stream from the camera to the remote interface.

13. An ultrasound imaging device according to claim 12
comprising a buffer configured to store a plurality of frames
of the video stream wherein the ultrasound imaging device
is configured to receive a freeze message by way of the
remote interface, the freeze message identifying a selected
one of the plurality of frames of the video stream, and, in
response to the freeze message, to display on the display the
selected one of the plurality of frames of the video stream.

14. An ultrasound imaging device according to claim 12
wherein the video stream depicts the probe and the ultra-
sound imaging device is configured to receive from the
remote interface an indication of an ending position for the
probe and to display an animation illustrating a motion of the
probe from a current position of the probe to the ending
position.

15. An ultrasound imaging device according to claim 12
wherein the ultrasound imaging device is configured to
receive from the remote interface by way of the data
interface one or more annotations and to display the one or
more annotations on the display of the selected frame.

16. An ultrasound imaging device according to claim 15
comprising a plurality of stored annotations wherein the
ultrasound imaging device is configured to receive from the
remote interface by way of the data interface an annotation
message identifying a selected one of the stored annotations
and, in response, to retrieve and display the selected anno-
tation on the display of the selected frame.

17. An ultrasound imaging device according to claim 11
wherein the probe comprises a directional indicator and the
ultrasound imaging device is configured to operate the
directional indicator on the probe to indicate a position
correction corresponding to one of the position correction
messages.

18. An ultrasound imaging device according to claim 17
wherein the directional indicator comprises a display on the
probe.
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19. An ultrasound imaging device according to claim 17
wherein the directional indicator comprises a plurality of
indicator lights on the probe.

20. An ultrasound imaging device according to claim 1
comprising an ultrasound image buffer configured to store a
plurality of frames of the ultrasound image data wherein the
ultrasound imaging device is configured to receive an ultra-
sound image freeze message by way of the remote interface,
the ultrasound image freeze message identifying a selected
one of the plurality of frames of the ultrasound image data,
and, in response to the ultrasound freeze message, to display
on the display the selected one of the plurality of frames of
the ultrasound image data.

21. An ultrasound imaging device according to claim 20
wherein the ultrasound imaging device is configured to
display on the display the selected one of the plurality of
frames of the ultrasound image data next to or as an overlay
superposed on a live view of the ultrasound image data.

22. An ultrasound imaging device according to claim 1 in
combination with the remote interface, wherein the remote
interface comprises a display and is configured to display the
ultrasound image data on the display and the remote inter-
face comprises a plurality of controls, each of the plurality
of controls operable to cause the remote interface to issue a
corresponding one of the messages relating to positional
correction for the probe.

23. An ultrasound imaging device according to claim 22
further comprising a demonstration device equipped with a
position sensor in communication with the remote interface
wherein the remote interface is configured to transmit data
comprising tracked positions and orientations of the dem-
onstration device to the ultrasound imaging device and the
ultrasound imaging device is configured to generate and
display an animation corresponding to the tracked positions
and orientations of the demonstration device.

24. An ultrasound imaging device according to claim 22
wherein the remote interface comprises a display configured
to display the ultrasound image data and a plurality of
graphical elements and is configured to automatically gen-
erate and send to the ultrasound imaging device messages in
response to a user of the remote interface dragging and
dropping the graphical elements onto the display of the
ultrasound image data.

25. A method for providing positional feedback to an
operator performing an ultrasound scan of a patient, the
method comprising:

acquiring ultrasound image data from an probe at a first

location;

acquiring a video stream depicting the probe and the

patient;

transmitting the ultrasound image data and the video

stream to a second location that is remote from the first
location;

displaying on a graphical interface at the second location

the ultrasound image data, the video stream, and a
plurality of graphical elements each indicating a posi-
tional correction;

receiving input through the graphical interface of a posi-

tional correction;

transmitting the positional correction from the second

location to the first location;

outputting the positional correction to a device at the first

location.
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26. The method of claim 25, wherein receiving input
through the graphical interface comprises dragging and
dropping graphical elements from the user interface on to
the video stream.

27. The method of claim 25, wherein receiving input
through the graphical interface comprises dragging and
dropping graphical elements from the user interface on to
the ultrasound image data.
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