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(57) Abstract: An ultrasound imaging system comprising a multi-use elec-
tronic display device and an ultrasound imaging device. The multi-use elec-
tronic display device is capable of communicating with one or more ultra-
sound imaging devices and selecting which to connect with based on at least
one of previously store information, user input, and information gathered
from the ultrasound imaging devices. The multi-use electronic display device
may communicate with the ultrasound imaging devices while they are in a
low power standby state. This approach reduces the complexity of the pair-
ing process and provides a means for quickly and easily selecting between
multiple ultrasound imaging devices.
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SYSTEM AND METHOD FOR CONNECTING AND CONTROLLING
WIRELESS ULTRASOUND IMAGING SYSTEM FROM ELECTRONIC DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from US Application No. 14/671773, filed

27 March 2015. For purposes of the United States, this application claims the benefit
under 35 U.S.C. §119 of US Application No. 14/671773, filed 27 March 2015, and
entitled SYSTEM AND METHOD FOR CONNECTING AND CONTROLLING
WIRELESS ULTRASOUND IMAGING SYSTEM FROM ELECTRONIC DEVICE

which is hereby incorporated herein by reference for all purposes.

FIELD

[0002] This invention generally relates to ultrasound imaging systems. In particular, the
invention relates to ultrasound imaging systems comprising an ultrasound imaging
apparatus and a multi-use electronic display device, and to methods for communication

between ultrasound imaging apparatus and multi-use display devices.

BACKGROUND

[0003] Ultrasound imaging systems are an important tool for diagnosis and therapy in a
wide range of medical applications. Conventionally, ultrasound systems were large,
expensive units used only in radiology departments by highly trained specialists. To
improve portability and usability and enable ultrasound to be used at the point-of-care and
by more users, various attempts have been made to reduce the size and cost of these
systems and avoid the ergonomically troublesome cables that are typically used to attach

handheld transducers to processing hardware.

[0004] For example, U.S. Pat. No. 6780154 discloses a handheld medical diagnostic
ultrasound imaging system that wirelessly communicates ultrasound data to a multi-use

display device such as a commercially available PDA or tablet computer.
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[0005] In addition to size and cost, wireless ultrasound systems may also face challenges
related to bandwidth and power. A high bandwidth is desirable in order to support high
quality images and high frame rates. However, high bandwidth wireless connections
typically have high power consumption, which can quickly drain the battery of a wireless

imaging device.

[0006] Some applications, like emergency medicine, may be time-critical. In such
applications, users may need to begin imaging without delay. Some ultrasound systems
can take a long time, on the order of 30-45 seconds, to boot up. It may not be practical for
a battery-powered device to remain on when not in use. Wireless communication links
generally require some sort of initialization procedure in order to establish
communication. This pairing process can take a long time and be prone to errors, further

delaying the start of imaging.

[0007] There remains a need for wireless ultrasound imaging systems that enable users of
multi-use display devices to connect to ultrasound imaging devices quickly, easily, and
securely. There is a particular need for such systems that provide multiple ultrasound
imaging devices and allow users to rapidly select and commence imaging using a selected

one of the ultrasound imaging devices.

SUMMARY

[0008] The description of the invention which follows, together with the accompanying
drawings should not be construed as limiting the invention to the examples shown and
described, because those skilled in the art to which this invention pertains will be able to

devise other forms thereof within the scope of the appended claims.

[0009] In accordance with one or more embodiments, a wireless ultrasound imaging
system comprises a multi-use display device and an ultrasound imaging device. The
multi-use display device is configured to acquire ultrasound imaging device selection data
from one or more ultrasound imaging devices, select an ultrasound imaging device, direct
the selected ultrasound imaging device to acquire ultrasound data, receive the ultrasound

data from the selected ultrasound imaging device and display the ultrasound data.
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[0010] One aspect provides an ultrasound imaging method. The method comprises, by a
multi-use electronic display device: using a first wireless communication protocol to
acquire imaging device selection information from each of one or more ultrasound
imaging devices. The method selects one of the one or more ultrasound imaging devices
for use in an ultrasound procedure based on the selection information. The method then
establishes a primary wireless communication link with the selected one of the ultrasound
imaging devices according to a second wireless communication protocol different from the
first wireless communication protocol. The method commands the selected one of the
ultrasound imaging devices to acquire ultrasound image data. Subsequently, the method
receives the ultrasound image data by way of the primary wireless communication link;
and displays the received ultrasound image data on a screen of the multi-use electronic
display device. The first wireless communication protocol may, for example, comprise a

Bluetooth protocol.

[0011] In some embodiments the method comprises, by the multi-use electronic display
device: determining from the selection information a controllable function of the
ultrasound imaging device; and in response to determining the controllable function,
configuring the multi-use electronic display device to provide at least one user interface

control for the controllable function.

[0012] In some embodiments the selection information comprises link information for
each of the one or more ultrasound imaging devices and establishing the primary wireless
communication link with the selected one of the ultrasound imaging devices comprises
using the link information to establish data communication between the multi-use display
device and the selected ultrasound imaging device according to the second wireless data
communication protocol. The link information may include, for example an address,
name, ID or other information identifying the selected ultrasound imaging device. The
link information may optionally include other information useful for setting up the
primary wireless communication link such as encryption keys or other encryption

information, protocol information, etc.

[0013] In some embodiments the selection information comprises battery charge

information indicative of a state of charge of batteries of the ultrasound imaging devices.
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In some embodiments the first wireless communication protocol is a protocol that does not
require the ultrasound imaging devices to be powered. For example, the first wireless
communication protocol may comprise an RFID protocol. In some embodiments the
method comprise, at the multi-use electronic display device, determining the ultrasound
procedure to perform on a patient and selecting one of the one or more ultrasound imaging
devices comprises limiting the selection to those of the ultrasound imaging devices that
possess an adaptation necessary for the ultrasound procedure. The adaptation may
comprise, for example one or more of, a Doppler imaging mode or other special imaging
mode; a transducer having a configuration required for the determined ultrasound
procedure; a needle guide or other structural adaptation; a data transceiver providing a

desired bandwidth, etc.

[0014] In some embodiments selecting one of the one or more ultrasound imaging devices
comprises a filtering stage in which those of the ultrasound imaging devices potentially
suitable for the ultrasound procedure are identified and a selection stage comprising, if
more than one of the ultrasound imaging devices are potentially suitable for the procedure,
selecting one of the more than one of the ultrasound imaging devices that are potentially

suitable for the procedure.

[0015] In some embodiments acquiring imaging device selection information from each of
one or more ultrasound imaging devices is performed while some or all of the ultrasound
imaging devices are in a low-power standby state and the method comprises commanding
the selected one of the ultrasound imaging devices to switch to an active or power on

State.

[0016] In some embodiments, the method comprises, by way of the first wireless
communication protocol commanding the selected one of the ultrasound imaging devices
to issue a human-perceptible visual or audible signal. The visual or audible signal may be
used to locate the selected ultrasound imaging device or to distinguish the selected
ultrasound imaging device from other similar-looking ultrasound imaging devices. In
some embodiments the method comprises, before selecting one of the one or more
ultrasound imaging devices, displaying at the multi-use display device at least some of the

selection information for each of a plurality of the ultrasound imaging devices, the
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displayed selection information including one or more of: type of an ultrasound transducer
type of the ultrasound imaging device; nickname of the ultrasound imaging device; battery
state of charge of the ultrasound imaging device; and strength of signals in the first
wireless communication protocol received at the multi-use display device from the

ultrasound imaging device.

[0017] The above-noted features may be combined in any combinations and sub-

combinations to yield various non-limiting example embodiments.

[0018] Another aspect provides an ultrasound imaging system comprising an ultrasonic
imaging apparatus which wirelessly communicates with a multi-use electronic display
device for display of ultrasound image data acquired by the ultrasonic imaging device.
The ultrasonic imaging apparatus comprises: an imaging unit operable to transmit
ultrasound energy and acquire ultrasound data; a processor, coupled to and configured to
control the imaging unit; a pairing unit, coupled to the processor and configured to
establish a preliminary data connection with the multi-use electronic display device; a
communication unit, coupled to the processor and configured to communicate ultrasound
image data to the multi-use electronic display device. The processor is coupled to the first
communication interface, imaging unit, and pairing unit and is operable to receive imaging
configuration data from the multi-use electronic display device. The multi-use electronic
display device comprises: an external interface configured to communicate with the
communication interface and receive said transmitted ultrasound image data information, a
second processor, configured to convert said ultrasound image data information into an
ultrasound image, a memory, coupled to said second processor; and a user interface,

coupled to the second processor and operable to display the ultrasound image.

[0019] In some embodiments the external interface comprises first and second wireless
transceivers and the communication unit comprises a third wireless transceiver, configured
to form a first data connection with the first wireless transceiver; and a fourth wireless
transceiver, configured to form a second data connection with the second wireless
transceiver. The first and second wireless transceivers may operate according to distinct
communication protocols. In some embodiments, information for setting up said second

data connection is communicated via the first data connection. In an example embodiment
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the first wireless transceiver is provided by a Bluetooth module. In the example

embodiment the second wireless transceiver may be provided by a Wi-Fi module.

[0020] In some embodiments the ultrasound imaging device comprises a sensing unit.
The sending unit may, for example, comprise one or more of an inertial measurement unit
and a global positioning sensor. One or both of the ultrasound imaging device and multi-

use display device may be battery powered portable devices.

[0021] In some embodiments, commanding the selected one of the ultrasound imaging
devices to acquire ultrasound image data comprises transmitting imaging parameters to the
selected one of the ultrasound imaging devices and the method comprises automatically
establishing initial values f or the imaging parameters at the multi-use imaging device

based on the ultrasound procedure.

[0022] Another aspect of the invention provides a diagnostic ultrasound imaging system.
The diagnostic ultrasound imaging system according to this aspect comprises a multi-use
display device operable to wirelessly connect with at least one ultrasound imaging device.
The multi-use display device may comprise an off-the-shelf device such as a smart phone,
tablet computer, personal digital assistant (PDA) or portable computer configured with
software (e.g. an app) which provides functions for establishing a data connection to an
ultrasound imaging device, receiving ultrasound image data from the ultrasound imaging
device and displaying an ultrasound image on a display of the multi-use display device.

The multi-use display device may be operable for uses other than ultrasound imaging.

[0023] The multi-use display device comprises a processor, a user interface, a memory,
and an external interface. The multi-use display device is operable to wirelessly
communicate with the ultrasound imaging device through the external interface to

configure imaging parameters and receive ultrasound data.

[0024] In some embodiments, the external interface of the multi-use display device may
comprise one or more wireless transceivers that provide wireless communications with

other devices using a plurality of different wireless communication protocols.
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[0025] In an example embodiment the ultrasound imaging device comprises a processor,
an imaging unit, a pairing unit, a memory, and a communication unit operable to connect

with the multi-use display device.

[0026] In some embodiments, the ultrasound imaging device may further comprise a
sensing unit to generate ultrasound imaging device selection information on the current

state of the ultrasound imaging device.

[0027] In some embodiments, the ultrasound imaging device may operate in at least a
standby state and an active state. The ultrasound imaging device may consume less power

in the standby state.

[0028] In some embodiments, the ultrasound imaging device is a handheld or hand-carried
system. The ultrasound imaging device may be a laptop or cart-based system in the

alternative.

[0029] Another aspect of the present invention provides a method for using a multi-use
display device to wirelessly control and receive data from an ultrasound imaging device.
The method comprises: acquiring ultrasound imaging device selection information from
one or more ultrasound imaging devices, selecting an ultrasound imaging device based on
the plurality of ultrasound imaging device selection information, establishing
communication with the selected ultrasound imaging device, directing the selected
ultrasound imaging device to acquire ultrasound data, receiving the acquired ultrasound
data from the ultrasound imaging device, and displaying the ultrasound data acquired by

the ultrasound imaging device on the multi-use display device.

[0030] In some embodiments, the ultrasound imaging device selection information may
comprise at least one of the following: information gathered from one or more available

ultrasound imaging devices, information from the user, and previously stored information.

[0031] In some embodiments, the plurality of ultrasound imaging device selection
information from one or more ultrasound imaging devices may be acquired while one or
more of the ultrasound imaging devices are in a standby state. A selected one of the

ultrasound imaging devices may subsequently be transitioned from a standby state to an
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active state by a user control input or automatically. In some embodiments, the user
control input is received at the user interface of a multi-use display device and software on
the multi-use display device causes the multi-use display device to transmit a signal to the
ultrasound imaging device that causes the ultrasound imaging device to transition to the

active state.

[0032] In some embodiments an ultrasound device list may be generated based at least in
part on the ultrasound imaging device selection information. This list may also be

displayed on multi-use display device 102.

[0033] In some embodiments, selecting an ultrasound imaging device may comprise

receiving an input from a user via a user interface on the multi-use display device.

[0034] In some embodiments, selecting an ultrasound imaging device may comprise an
automated step performed by the multi-use display device based on the plurality of pieces
of ultrasound imaging device selection information. For example, the multi-use display
device may be configured to automatically select the closest ultrasound imaging device, or

automatically select the ultrasound imaging device that was previously connected.

[0035] Another aspect of the invention provides ultrasound imaging devices as described

herein.

[0036] Further aspects and example embodiments are illustrated in the accompanying

drawings and/or described in the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The accompanying drawings illustrate non-limiting example embodiments of the

invention.

[0038] FIG. 1 is a schematic diagram of an ultrasound imaging system according to an

example embodiment of the present disclosure.
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[0039] FIG. 2 is a process diagram that illustrating an operation of the multi-use electronic
display device in the communication method according to an example embodiment of the

present disclosure.

[0040] FIG. 3 is a diagram illustrating a preliminary connection between an ultrasound
imaging device and multi-use display device and a primary connection via a wireless local

area network according to an example embodiment of the present disclosure.

[0041] FIG. 4 is a diagram illustrating a preliminary connection between an ultrasound
imaging device and multi-use display device and a primary connection via a personal area

network according to an example embodiment of the present disclosure.

[0042] FIG. 5 is a signal flow diagram illustrating signal flows between devices in the

communication method according to an example embodiment of the present disclosure.
[0043] FIG. 6 is an example of a screen shown on the multi-use display device of FIG 1.
[0044] FIG. 7 is an example of a screen shown on multi-use display device of FIG 1.
[0045] FIG. 8 is an example of a screen shown on multi-use display device of FIG 1.

[0046] FIG. 9 is schematic diagram of an example embodiment of the ultrasound imaging

system.

DETAILED DESCRIPTION

[0047] 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.

[0048] Throughout the following description, a “target object” may be a target inanimate

object or a target animate object, which is displayed via an image. Also, the target object
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may be a part of a human body and may include the liver, the heart, the womb, the brain,
the breast, the abdominal region, or the like, a fetus, or a cross-section of a part of the
human body. Throughout the following description, a “user” may be a medical expert

including a doctor, a nurse, a medical laboratory technologist, a sonographer, or the like.

[0049] FIG. 1 is a schematic diagram of an ultrasound imaging system 100 in accordance
with an embodiment of the disclosure. Ultrasound imaging system 100 comprises a multi-

use display device 102 and an ultrasound imaging device 104.

[0050] A communication link 106 between multi-use display device 102 and ultrasound
imaging device 104 may be established. Multi-use display device 102 may gather
information about ultrasound imaging device 104 by way of link 106. Multi-use display
device 102 may establish communication link 106 with one or more other ultrasound
imaging devices 104 (not shown in Figure 1) and may obtain and use information about
the ultrasound imaging devices 104 to select among two or more ultrasound imaging

devices 104.

[0051] Ultrasound imaging device 104 may be wirelessly connected with multi-use
display device 102. Ultrasound imaging device 104 may transmit an ultrasound signal to a
target object according to a control signal that is transmitted from multi-use display device
102.

[0052] Still referring to FIG. 1, multi-use display device 102 may comprise a processor
120, memory 124, user interface 120, and an external interface 122. Processor 120 may be
a general purpose CPU or may be a low power/mobile specific processor. Processor 120
is coupled with memory 124. Memory 124 includes storage for program and program
operating code. One or more programs 124A in memory 124 coordinates interactions of

multi-use display device 102 with ultrasound imaging devices 104 as described herein.

[0053] User interface 120 is coupled with processor 120 and may comprise both the
software and hardware components necessary to interface with a user of the multi-use
display device. User interface 120 may comprise physical input devices such as a touch-

sensitive display screen, keyboard, microphone, or function buttons. User interface 120
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may further comprise output devices such as a color, grayscale, or black and white display

screen, audio speaker/output, vibrating or LED indicators.

[0054] External interface 122 is coupled with processor 120 and provides connectivity of
multi-use display device 102 with ultrasound imaging device(s) 104 though
communication link(s) 106. External interface 122 may also be operable to communicate

with another device, such as a web server.

[0055] Processor 120 may generate control signals to control an operation of ultrasound
imaging device 104 according to information that is provided via user interface 126. The
control signals may include control signals that control ultrasound imaging device 104 to
generate ultrasound signals, and control signals that control how ultrasound imaging
device 104 handles transmission and reception of the ultrasound signal. In addition,
processor 120 may control wireless communication with ultrasound imaging device 104,
and may control generation and display of an ultrasound image on a display of user
interface 126 based on ultrasound image data provided from ultrasound imaging device
104.

[0056] Still referring to FIG. 1, ultrasound imaging device 104 may comprise a processor
140, memory 144, imaging unit 146, pairing unit 148, and a communication unit 142.
Processor 140 may comprise a general purpose CPU, a low power/mobile specific
processor, a field programmable gate array, a combination of two or more of these or the
like.

[0057] Imaging unit 146 is operable to acquire ultrasound image data of a target object
based on control signals from processor 140. Imaging unit 146 may comprise a
transmitter for generating ultrasound energy and a receiver for receiving ultrasound energy
reflected from the target object. Imaging unit 146 may further comprise an analog-to-
digital converter for digitizing the received ultrasound energy into digital ultrasound data.
Imaging unit 146 may further comprise one or more beamformers to combine and focus
the received ultrasound energy along a desired scanline. Imaging unit 146 may further

comprise a signal processor to apply filtering or compression to the ultrasound image data.
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Imaging unit 146 may also comprise a scan converter for converting the ultrasound image

data into a specific display format.

[0058] Processor 120 is coupled with memory 124. Memory 124 includes storage for
program and program operating code. One or more programs in memory 124 coordinates
the operation of ultrasound imaging device 104 as described herein. Memory 124 may
also be used to store information about ultrasound imaging device 104 and/or ultrasound

image data.

[0059] Pairing unit 148 is operable to establish communication link 106 between
communication unit 142 and external interface 122 of multi-use display device 102.

Communication unit 142 may comprise one or more wireless transceivers.

[0060] In some embodiments, ultrasound imaging device 104 may function in at least a
standby state and an active state. In the standby state, some of the internal subsystems of
ultrasound imaging device 104 may be powered and thus functional while others are
powered down. For example, in the standby state all subsystems may be powered down
except for pairing unit 148 and communication unit 142. In the standby state, ultrasound
imaging device 102 is able conserve power, which may extend battery life. In the active
state, all subsystems of ultrasound imaging device 102 may be powered. Ultrasound
imaging devices 104 may be transitioned from a standby state to an active state by
activating a control on the ultrasound imaging device 104. Alternatively, ultrasound
imaging devices 104 may be transitioned from a standby state to an active state in

response to a signal or command received through communication unit 142,

[0061] Ultrasound imaging devices 104 may have any of a wide range of various sizes and
configurations. For example, ultrasound imaging device 104 may be handheld or hand
carried. Alternatively, ultrasound imaging device 104 may be in a laptop form factor or a
more traditional cart-based device. In some preferred embodiments, ultrasound imaging

devices 104 have the form of hand-held battery-powered probes.

[0062] Communication link 106 may comprise more than one communication protocol.
In some embodiments, a first protocol is applied for initial discovery of an ultrasound

imaging device 104 by multi-use display device 102 as well as acquisition of data useful
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for selecting the ultrasound imaging device 104 and information useful for establishing a
communications link according to a second protocol with the ultrasound imaging device
104. The second protocol may provide a longer range and/or higher bandwidth connection

than the first protocol.

[0063] For example, a preliminary connection may be a Bluetooth ™ low energy (BLE)
connection and a primary connection may be a Wi-Fi connection. Alternatively, one or
more of the following protocols may be used: wireless local area network (LAN),
Bluetooth, ZigBee ™ Wi-Fi Direct (WFD), ultra wideband (UWB), infrared data
association (IrDA), Bluetooth low energy (BLE), near field communication (NFC),
wireless broadband internet (Wibro), world interoperability for microwave access
(WiMAX), shared wireless access protocol (SWAP), radio frequency (RF)

communications and the like.

[0064] Once the desired ultrasound imaging device 104 is selected, the preliminary
connection may be operable to setup a primary connection for communication and data

transfer between multi-use display device 102 and ultrasound imaging device 104.

[0065] In some embodiments, software processes running on multi-use display device 102
play a role in selection of an ultrasound imaging device 104. To give three examples,
selection may be based on one or more of: capabilities of the ultrasound imaging device
104; proximity to multi-use display device 102; and rights of a user of multi-use display
device 102. Selection may also be based on combinations of two or more of these or other

factors with one another.

[0066] In a first example, a user selects an ultrasound imaging procedure to perform. Not
all of ultrasound imaging devices 104 are suitable for the procedure. Multi-use display
device 102 may display for selection only those available ultrasound imaging devices 104
that are suitable for the procedure. This filtering may be based on information regarding
the configuration and/or capabilities of the ultrasound imaging devices 104 provided by

way of preliminary connections to those devices.

[0067] As a second example, multi-use display device 102 determines distance to each of

ultrasound imaging devices 104 and sorts a list of available ultrasound imaging devices
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104 by distance. Distance may be measured by monitoring signal strength of signals from

the ultrasound imaging devices on the preliminary communication channel.

[0068] As a third example, different multi-use display devices 102 may have rights to
access different ultrasound imaging devices. Some ultrasound imaging devices may be
available only to physicians. Others may be available only to members of a certain
department. Others may be available only to certain individuals, and so on. Multi-use
display device 102 may use information obtained from the preliminary data connection to
determine whether it is authorized for use with the ultrasound imaging device 104 and
may display for selection only those ultrasound imaging devices 104 for which the multi-

use display device 102 is authorized.

[0069] In some embodiments, the preliminary protocol is a protocol that does not require
the ultrasonic imaging device to be powered. For example, the preliminary protocol may
comprise an RFID protocol. An RFID chip on the ultrasonic imaging device 104 may
contain information identifying the ultrasonic imaging device 104, describing capabilities
of the ultrasonic imaging device 104, and/or describing how to establish a second
(primary) data connection to the ultrasonic imaging device 104. In such embodiments,
multi-use display device 102 may incorporate an RFID reader or system 100 may include
a separate RFID reader with which multi-use display device 102 communicates by a

suitable protocol, for example Bluetooth.

[0070] FIG. 2 is a flowchart illustrating an operation procedure S200 of the multi-use
electronic display device in the communication method according to an embodiment of the

present disclosure.

[0071] In operation 8202, multi-use display device 102 acquires a plurality of pieces of
ultrasound imaging device selection information. The plurality of pieces of information
may be acquired from one or more ultrasound imaging devices, from the user, or from

memory 124,

[0072] In order to obtain ultrasound imaging device selection information from one or

more ultrasound imaging devices, multi-use display device 102 may search for ultrasound
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imaging devices 104 that are within range and may establish a preliminary connection

with each of them.

[0073] In some embodiments, ultrasound imaging devices 104 advertise their presence.
For example, communication unit 142 may include a Bluetooth Low Energy module that
is configured to periodically advertise the presence of ultrasound imaging device 104.
Upon reception of one of these advertisements, multi-use display device 102 may attempt
to establish a preliminary connection with ultrasound imaging device 104 in order to
request ultrasound imaging device selection information. Alternatively, the
advertisements may also contain some or all of the ultrasound imaging device selection

information.

[0074] As part of the preliminary connection process, multi-use display device 102 and/or
ultrasound imaging device 104 may perform an authentication step. An authentication
step may involve the exchange of credentials (e.g. username/password or digital certificate
information) between multi-use display device 102 and ultrasound imaging device 104. In
some embodiments, an authentication server, which may be network-based or cloud-
based, mediates the authentication. The authentication step may block further execution
of method S200 if the multi-use display device 102 is not authorized to work with the

ultrasound imaging device 104 or vice versa.

[0075] Ultrasound imaging device selection information received from an ultrasound
imaging device 104 may include at least one of identity information of the ultrasound
imaging device, function information about the ultrasound imaging device, and status

information about the ultrasound imaging device.

[0076] The identity information of the ultrasound imaging device may include a
universally unique identifier (UUID), a name determined by the manufacturer and/or a
user-defined device name. For example, a user-defined device name could be

“DrSeymourConvex”.

[0077] The function information about the ultrasound imaging device may include, for
example, one or more of the following: power information (e.g. state of charge of an

onboard battery), transducer information, or imaging capabilities. Power information may
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include power type, such as line or battery or information on the battery. For example,
battery information may include type, capacity, state of charge, and/or an estimated life.
Transducer information may include the geometry, such as convex or linear, the number of
elements, and the number of channels. Imaging capabilities may include available
imaging modes such as B-Mode, M-Mode, Color Doppler, Power Doppler, and the like.
Transducer information may also include physical features of the probe, such as whether

or not a needle guide is present,

[0078] The status information about the ultrasound imaging device may include one of the
following: connection state, boot state. For example, the connection state may include the
presence and/or identity of a different multi-use display device connected to the ultrasound
imaging device. The boot state may indicate the power state of the ultrasound imaging

device, such as a standby state or an active state.

[0079] Multi-use display device 102 may also acquire ultrasound device selection
information for ultrasound imaging device 104 based on characteristics of its connection
to the ultrasound imaging device 104. For example, the strength of the wireless
connection, or an estimate of proximity based at least in part on the strength of the

wireless connection.

[0080] In some embodiments, ultrasound imaging device 104 may comprise additional
sensors to report other status information such as temperature, orientation, or position. For
example, an inertial measurement sensor may report the 3D orientation of the probe
relative to the ground. In another example, a global positioning sensor may indicate the

global position of the ultrasound imaging system.

[0081] In some embodiments, the ultrasound device selection information is retrieved
from available ultrasound imaging devices 104 in two or more steps. A first step may be
used to identify those of ultrasound imaging devices 104 that have a first characteristic.
This first characteristic could be a configuration or capability (e.g. transducer type or
available imaging modes). Further ultrasound device selection information could then be
obtained via the preliminary data connection only for those available ultrasound imaging

devices 104 that have the desired characteristic (e.g. only those with curved transducers or
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only those capable of colour Doppler imaging or only those with at least 50% battery

capacity, etc.).

[0082] Still referring to operation S202, multi-use display device 102 may acquire
ultrasound imaging selection information by receiving an input from the user. For
example, the user may request a particular type of exam or a particular time of day they
would like to perform an exam. This input may be received through user interface 126,

for example by input via a touchscreen or based on voice command.

[0083] Multi-use display device 102 may also acquire certain ultrasound imaging device
selection information from memory 124. For example, information specifying which
ultrasound imaging devices the user is authorized to operate and which ultrasound imaging

device was last used by the user may be stored in memory 124.

[0084] In operation 8204, multi-use display device 102 selects an ultrasound imaging
device based on the ultrasound imaging device selection information acquired in operation
§202. The selection may be based on an input from the user received through user

interface 126 or may be automated.

[0085] Multi-use display device 102 may generate and display an ultrasound imaging
device list based on the plurality of pieces of ultrasound imaging device selection
information. The ultrasound imaging device list may display identifiers (e.g. names,
allocated numbers, allocated letters or allocated symbols of the ultrasound imaging
devices) that correspond to the ultrasound imaging device, and the plurality of pieces of

ultrasound imaging device selection information acquired in operation S202.

[0086] The ultrasound imaging device list may be filtered or ranked based on the
ultrasound imaging device selection information. For example, if the user has indicated
that an abdominal exam is desired, the ultrasound imaging device list may display only
ultrasound imaging devices with a transducer geometry suitable for abdominal
examinations (e.g. convex). In another example, the ultrasound imaging device list may
be ranked by physical proximity. In yet another example, the ultrasound imaging device

list may be ranked by estimated battery life. Combinations of these are also possible. One
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skilled in the art can envision that various criteria could be used and/or combined to match

the preference of the user.

[0087] Processor 120 may be configured to automate part or all of the selection. For
example, if there is only one device on the ultrasound imaging device list, processor 120
may be configured to skip displaying the list to the user and proceed to the next step.
Processor 120 may also be configured to automatically select an ultrasound imaging
device based on predetermined or user-selectable criteria. For example, processor 120
may preferentially select the ultrasound imaging device that was used in a preceding

session.

[0088] The ultrasound imaging device list may optionally provide a means for locating or
identifying a particular ultrasound imaging device. For example, multi-use display device
102 may receive an input from the user through user interface 126 for one or more of the
ultrasound imaging devices on the ultrasound imaging device list. In response to receiving
the input, multi-use display device 102 may transmit a page signal to the corresponding
ultrasound imaging devices via the preliminary connection. Upon reception of the page
signal, the ultrasound imaging device may generate an indication for the user. The
indication may include a visible, audible, and/or tactile signal, such as a flashing light,

audible tone, or a vibration.

[0089] In operation 8206, multi-use display device 102 establishes a primary

communication channel with the ultrasound imaging device selected in S206.

[0090] Operation S206 may involve transmitting information to setup the primary
communication channel through the preliminary communication channel. For example,
information such as an SSID and a password to setup a WIFI connection may be

transmitted through a preliminary Bluetooth connection.

[0091] As part of establishing communication to a particular ultrasound imaging device
104, multi-use display device 102 may transmit a signal to the ultrasound imaging device

selected in operation S204 to transition it from a standby state to an active state.
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[0092] Operation S206 may additionally configure multi-use display device 102 to work
with the selected ultrasonic imaging device 104. This configuration may involve one or
more of:
¢ configuring multi-use display device 102 to perform any steps required to further
process for display ultrasound data to be received from the ultrasound imaging
device 104;
¢ configuring user interface 126 to provide controls for the various functions of
ultrasound imaging device 104. Optionally, only a subset of the available controls
which are required for a procedure specified by the ultrasound imaging device
selection information are initially displayed on multi-use display device 102;
¢ sizing buffers to accommodate the expected ultrasound imaging data;
¢ configuring user interface 126 to display ultrasound images from the selected
ultrasound imaging device 104;

* etc.

[0093] In operation S208, multi-use display device 102 transmits a control signal to the
ultrasound imaging device selected in S204. The control signal may contain commands to
set the selected ultrasound imaging device 104 into a particular imaging mode. For
example, the commands may control values for a number of imaging parameters that are
to be used to acquire ultrasound data. In some embodiments initial values for the imaging
parameters are set based on an ultrasound procedure to be performed on a patient. The
imaging parameters may comprise parameters that relate to aspects of ultrasound imaging
such as the nature of ultrasound signals to be transmitted (e.g. waveform, intensity,
aperture, frequency, etc.); the nature of beamforming to be applied to the transmit signals;
the nature of beamforming to apply to received ultrasound echo signals; the nature of
processing to be applied to received ultrasound signals (e.g. gain, filtering etc.); the nature

of an image to acquire (e.g. number of scanlines, depth of scanlines, compounding, etc.).

[0094] In operation S210, multi-use display device 102 receives ultrasound data acquired
by the ultrasound imaging device in response to the control signal transmitted in operation
S208.
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[0095] In operation 8212, multi-use electronic display device 102 displays the ultrasound

image data generated in operation S214 via user interface 126.

[0096] Additional processing steps may be performed on the ultrasound data on multi-use
electronic display device 102 before it is displayed as an image. For example, the

ultrasound data may be scan converted.

[0097] FIG. 3 is a diagram illustrating a preliminary connection between ultrasound
imaging device 104 and multi-use display device 102 and a primary connection between
the ultrasound imaging device 104 and the multi-use display device 102 via a wireless
local area network. In this embodiment, preliminary connection 310 is a Bluetooth
connection and primary connection 314 is a Wi-Fi connection. Multi-use display device
102 establishes Bluetooth connection 310 with ultrasound imaging device 104 within a
personal area network 306. Multi-use display device 102 may then transmit configuration
information via Bluetooth to ultrasound imaging device 104 in order to establish a Wi-Fi

connection 314.

[0098] Configuration information to setup Wi-Fi connection 314 may comprise an SSID
and a password. This configuration information may be encrypted. Alternatively,
configuration information may comprise a reference to previously stored information in

ultrasound imaging device memory 144,

[0099] In some embodiments, communications between ultrasound imaging apparatus 104
and multi-use display apparatus 102 are encrypted. In some embodiments, encryption is
provided by the wireless protocol used for the primary connection. For example, where
the primary connection is a Wi-Fi connection, the connection may be secured by WEP or
WPA. In some embodiments, to ensure better security, ultrasound imaging device 104
encrypts ultrasound image data using a separate encryption protocol and multi-use display
data 102 decrypts the ultrasound image data before displaying it. In such embodiments,
information regarding the encryption (such as a public key from multi-use display device
102) may be exchanged by way of the preliminary connection or by way of the primary

data connection.
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[0100] FIG. 4 is a diagram illustration of a preliminary connection between an ultrasound
imaging device and multi-use display device and a primary connection via a personal area
network. In this embodiment, preliminary connection 310 is a Bluetooth connection and
primary connection 416 is a Wi-Fi direct connection. In a similar fashion, Bluetooth

connection 310 is established first, and used to establish Wi-Fi direct connection 416.

[0101] FIG. 5 is signal flow diagram for an example procedure in which multi-use display
102 selects an ultrasound imaging device 104 and performs wireless communication,

according to an embodiment of the present disclosure.

[0102] At least one ultrasound imaging device 104 may be in a broadcast state S500, and

will periodically send a Bluetooth Device Advertisement signal in operation S504.

[0103] In operation 8502, multi-use display device 102 initiates a discovery process. If an
advertisement signal is received, multi-use display 102 transmits an Information Request
signal (Information REQ) at operation S506. Ultrasound imaging device 104 then
responds by transmitting an Information Response signal (Information RES) in operation
S508.

[0104] In operation S510, multi-use display device 102 transmits a Bluetooth Connection
Request signal (Bluetooth Connection REQ). If the signal is received, ultrasound imaging
device 104 sends multi-use display device 102 a Bluetooth Connection Response signal
(Bluetooth Connection RES) at operation S512. Then multi-use display device 102 and
ultrasound imaging device 104 establish a Bluetooth communication channel at operation

S514.

[0105] In operation 8516, multi-use display device 102 generates an ultrasound imaging
device list from the information acquired during operation S508 from one or more

ultrasound imaging devices 104 and displays an ultrasound imaging device list.

[0106] In operation S518, multi-use display device 102 select an ultrasound imaging
device from the list of ultrasound imaging devices. This selection may be based on an

input received from user interface 126.
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[0107] If the ultrasound imaging device 104 selected in operation S518 is determined to
be in a standby state, multi-use display device 102 will send a Boot Request signal (Boot
REQ) at operation S520. Ultrasound imaging device 104 then transitions from a standby
state to an active state in operation S522Te. When the boot process is complete,

ultrasound imaging device 104 transmits a Boot Response signal (Boot RES) in operation
S524.

[0108] In operation 8526 multi-use display device 102 transmits Wi-Fi connection
information via the Bluetooth connection. In operation 528, multi-use display device 102
prepares for a Wi-Fi connection. Similarly, ultrasound imaging devices 104 prepares for
Wi-Fi connection in operation S530 and then transmits a Wi-Fi Connection Request signal
(Wi-Fi Connect REQ) in operation S532. If multi-use display device 102 receives the Wi-
Fi Connection Request signal, multi-use display device 102 transmits a Wi-Fi Connection
Response signal (Wi-Fi Connection RES) in operation S534. Afterwards, multi-use
display device 102 and ultrasound imaging device 104 establish a Wi-Fi communication

channel at operation S536.

[0109] Next, in operation S538, multi-use display device 102 transmits imaging
configuration information via the Wi-Fi communication channel. If ultrasound imaging
devices 104 receives the imaging configuration information, it prepares for imaging at

operation S540.

[0110] In operation S542, multi-use display device 102 transmits a Start Imaging Request
signal (Start Imaging REQ). Ultrasound imaging devices 104 sends a Start Imaging
Response signal (Start Imaging RES) in response to the Start Imaging Request signal at
operation S544. Then ultrasound imaging devices 104 starts imaging in operation S546.
Ultrasound data is sent from ultrasound imaging devices 104 to multi-use display device

102 multi-use display device 102 via the Wi-Fi communication channel in operation S548.

[0111] In operation 8550, multi-use display device 102 displays the ultrasound data
received from ultrasound imaging devices 104. The ultrasound data may be displayed on

user interface 126 or on a secondary display.
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[0112] FIG. 6 illustrates an example of a screen that may be shown on ultrasound imaging
device 104 during selection operation S204 of FIG 2. In this example, user interface 126
displays an ultrasound imaging device list comprising an ID indicator 610, a type indicator
612, a state indicator 614, a power indicator 616, and a page control 618 for ultrasound
imaging devices 104A-C. In this example, the ultrasound imaging device list on the user
interface shows that System A and System B are in a standby state, while System C is in

an active state.

[0113] FIG. 7 illustrates an example of a screen that may be shown on ultrasound imaging
device 104 during selection operation S204 of FIG. 2 in which an ultrasound imaging
device is already connected to another multi-use display device. In this example, System
A is already connected so it is moved to the bottom of the list and marked as unavailable

on the user interface.

[0114] FIG. 8 illustrates an example of a screen that may be shown on ultrasound imaging
device 104 during selection operation S204 of FIG 2 in which the ultrasound imaging

device list is ranked based on the proximity of the ultrasound imaging devices to multi-use
display device 102. In this example, System B is the ultrasound imaging devices with the

strongest signal and is displayed at the top of the list.

[0115] FIG. 9 illustrates an ultrasound imaging system in accordance with another
embodiment of the present disclosure. In this embodiment, ultrasound imaging device 104
further comprises a sensing unit 900 in communication with processor 140. Sensing unit

900 is configured to measure ultrasound imaging device state information.

[0116] Sensing unit 900 may also comprise a battery monitor capable of reporting at least
one of the following: battery type, state of charge, estimated run-time, battery voltage,

battery temperature, battery current.

[0117] Sensing unit 900 may also comprise one or more environmental sensors such as an
inertial measurement unit, an accelerometer, a compass, a magnetometer, temperature

sensor, or a global positioning sensor.
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[0118] In one embodiment, sensing unit 900 comprises a contact sensor able to sense
when ultrasound imaging device 104 is in physical contact with a patient or user. For
example, a capacitive touch sensor may sense when the transducer is being held by a

user’s hand.

[0119] An ultrasound imaging system that does not require a display or a user interface
can be much more cost effective than traditional ultrasound machines which include

dedicated displays and extensive user interfaces.

[0120] The simpler and/or partially automated ultrasound imaging device selection
process and simplified pairing process as described herein may reduce the time required to

start scanning and make the workflow easier.

[0121] The ability of a multi-user display device to acquire ultrasound imaging device
selection information while the ultrasound imaging device is in a low-power standby state

may help reduce power consumption and extend battery life.

[0122] In an example use case, an ultrasound department in a hospital has acquired a set
of ultrasound imaging devices 104 as described herein. The ultrasound imaging devices
104 are of different types. In this example, some, but not all, of the ultrasound imaging
devices 104 incorporate colour Doppler imaging functions. Another difference between
the different ultrasound imaging devices 104 is that different ones of the ultrasound
imaging devices 104 are equipped with different probes. Some of the ultrasound imaging
devices 104 have general purpose linear or convex transducers. Others of the ultrasound
imaging devices 104 have special-purpose probes such as probes specialized for trans-
vaginal imaging. Others of the imaging devices may be equipped with hardware features
such as guides for conducting needle biopsies. In this use example, the hospital acquired
ultrasound imaging devices 104 for a cost significantly less than it would have cost to

equip the ultrasound imaging suite with conventional ultrasound imaging machines.

[0123] A number of ultrasound technicians work in the hospital. Each of the ultrasound
technicians has a tablet computer which runs an ultrasound imaging application. Each of
the ultrasound technicians has a full caseload and therefore must be efficient in going

about their work. When ultrasound devices 104 are not being used, they are normally
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stored in a charging dock so that their internal batteries may be kept charged. As different
ultrasound imaging devices 104 are used in different amounts during the day, different
ultrasound imaging devices 104 may be at different charge levels. These ultrasound
imaging devices 104 that have not been used very much or which have been on the
charger for a sufficient period of time will be fully charged or nearly fully charged. Others
may be partially discharged. Others still may be nearing the end of their battery life.

[0124] As each ultrasound technician goes about his or her business, the software on his or
her tablet computer causes the tablet computer to interrogate ultrasound imaging devices
104 by way of a preliminary communication channel, such as Bluetooth. Thus, each
ultrasound technician’s tablet computer has, at any given time, information about the
available ultrasound imaging devices 104. When a technician is available to take a new
patient, the technician can cause the software to display a list of the available ultrasound
imaging devices 104. Those ultrasound imaging devices 104 that are currently in use by
somebody else or currently have very low levels of battery charge may be either excluded
from the list or marked as being unavailable. The ultrasound technician may select one of
the available ultrasound imaging devices 104. The selection causes the ultrasound
technician’s tablet computer to commence pairing with the selected ultrasound imaging
device 104. The pairing may establish a primary data connection such as a Wi-Fi wireless
connection. If the selected ultrasound imaging device 104 is not in the place where it
should be, or if it is in the midst of one or more other very similar looking ultrasound
imaging devices 104, then the technician may, by activating a control on his or her tablet

computer, cause the selected ultrasound imaging device 104 to identify itself.

[0125] In some cases the ultrasound technician may prepare for selecting an ultrasound
device 104 by operating software on the tablet computer to identify a type of ultrasound
procedure for which the next patient is scheduled. Information about the type of
ultrasound procedure may be retrieved from a patient record or appointment booking
system or entered by the technician into the tablet computer. In some cases software
running on the tablet computer provides a user interface which allows the user to select
from among a number of predefined types of ultrasound examination. In such

embodiments the selection step may include identifying those of available ultrasound
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imaging devices 104 that are suitable for the selected type of ultrasound examination. The
software may suppress display of those ultrasound imaging devices 104 that are not
suitable for the selected type of ultrasound examination or in some other manner indicate

their non-suitability.

[0126] Software on the multi-use display device determines an initial set of imaging
parameters to be used by the selected ultrasound imaging device. This initial set of
imaging parameters may be predefined and associated with a selected predefined type of
ultrasound examination. In some embodiments the imaging parameters are transmitted to
the selected ultrasound imaging device before the ultrasound imaging device is initialized
(e.g. booted) and an initialization sequence of the ultrasound imaging device configures
the ultrasound imaging device according to the imaging parameters while the ultrasound
imaging device is being initialized such that the ultrasound imaging device is already
configured according to the imaging parameters as soon as it has completed its

initialization (e.g. as soon as it is booted up).

[0127] Having identified and taken the selected ultrasound imaging device 104, the
technician proceeds to perform the desired ultrasound examination of the patient. By the
time the ultrasound technician has reached the patient’s bedside, the pairing process has
been completed, the ultrasound imaging device has been configured with imaging
parameters suitable for the type of ultrasound examination to be performed and so
ultrasound examination can proceed without delay. Ultrasound data from the ultrasound
imaging device 104 is provided to the technician’s tablet computer. Ultrasound images
may be stored on the tablet computer and/or uploaded to a server to be reviewed by a

radiologist and/or stored in a medical record.

[0128] When the technician is done with the ultrasound imaging device 104, the
technician may unpair the ultrasound imaging device with his or her tablet computer, for
example, by activating a control on the tablet computer and may return the ultrasound

imaging device to a charging station for later use.

[0129] In some embodiments, an ultrasound technician may know that he or she will need

to use a particular ultrasound imaging apparatus 104 in a short while. Some embodiments
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permit the user to reserve the ultrasound imaging device by inputting a command on his or
her computer. The tablet computer may confirm the reservation to the ultrasound imaging
device, for example, by way of the preliminary communication link. The ultrasound
imaging device itself may record the reservation request and start a countdown timer for a
reservation time. For example, the system may be set up to allow ultrasound technicians
to reserve ultrasound imaging devices 15 minutes in advance only. When such a
reservation has been made, the ultrasound imaging device 104 may communicate the
reservation information to other multi-use display devices 102 (e.g. the tablet computers of
other technicians) such that the other technicians can see that the particular ultrasound
imaging device 104 has been reserved and optionally by whom. These communications

are made by way of the preliminary data connection in some embodiments.

[0130] Although it is not mandatory, it is convenient that multi-use display devices 102
may be provided by standard off-the-shelf hardware such as smart phones or tablet
computers which are customized by the addition of application software having functions
for interacting with ultrasound imaging devices 104 and displaying ultrasound images as
described herein. It is also convenient and cost effective but not mandatory for ultrasound

imaging devices 104 to have no user interface or only minimal user interfaces.

[0131] While the above description contains many specifications, these should not be
construed as limitations on the scope of any embodiment, but as exemplifications of
various embodiments thereof. Many other ramifications and variations are possible within

the teachings of the various embodiments.

[0132] Thus the scope should be determined by the appended claims and their legal

equivalents, and not by the examples given.

INTERPRETATION OF TERMS

[0133] Unless the context clearly requires otherwise, throughout the description and the

claims:
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e “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”;

e “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;

¢ “herein”, “above”, “below”, and words of similar import, when used to describe
this specification, shall refer to this specification as a whole, and not to any
particular portions of this specification;

¢ “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;

¢ the singular forms “a”, “an”, and “the” also include the meaning of any appropriate

plural forms.

[0134] Words that indicate directions such as “vertical”, “transverse”, “horizontal”,
“upward”, “downward”, “forward”, “backward”, “inward”, “outward”, “vertical”,
“transverse”, “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.

[0135] Embodiments of the invention may be implemented 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 specifically
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, application-specific integrated circuits
(“ASICs”), large scale integrated circuits (“LSIs™), very large scale integrated circuits

(“VLSIs™), and the like. Examples of configurable hardware are: one or more
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programmable logic devices such as programmable array logic (“PALs”), programmable
logic arrays (“PLLAs”), and field programmable gate arrays (“FPGAs”)). Examples of
programmable data processors are: microprocessors, digital signal processors (“DSPs™),
embedded processors, graphics processors, math co-processors, general purpose
computers, server computers, cloud computers, 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.

[0136] 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 sub-combinations. 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.

[0137] In addition, while elements are at times shown as being performed sequentially,
they may instead be performed simultaneously or in different sequences. It is therefore
intended that the following claims are interpreted to include all such variations as are

within their intended scope.

[0138] Certain aspects of 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 processor, 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.
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[0139] In some embodiments, some aspects of the invention may be implemented in
software. For greater clarity, “software” includes any instructions executed on a
processor, and may include (but is not limited to) firmware, resident software, microcode,
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 application in a distributed computing context, or via other means

suitable for the purposes described above.

[0140] Where a component (e.g. a software module, processor, 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 structure which performs the function in the illustrated

exemplary embodiments of the invention.

[0141] Specific examples of systems, methods and apparatus 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 features, elements and/or acts with equivalent features, elements and/or acts;
mixing and matching of features, elements and/or acts from different 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,

elements and/or acts from described embodiments.

[0142] It is 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
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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.
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WHAT IS CLAIMED IS:

1. An ultrasound imaging method comprising, by a multi-use electronic display

device:

using a first wireless communication protocol, acquiring imaging device
selection information from each of one or more ultrasound imaging devices;

selecting one of the one or more ultrasound imaging devices for use in an
ultrasound procedure based on the selection information;

establishing a primary wireless communication link with the selected one
of the ultrasound imaging devices according to a second wireless communication
protocol different from the first wireless communication protocol;

commanding the selected one of the ultrasound imaging devices to acquire
ultrasound image data;

receiving the ultrasound image data by way of the primary wireless
communication link; and

displaying the received ultrasound image data on a screen of the multi-use

electronic display device.

2, A method according to claim 1 comprising, by the multi-use electronic display
device:
determining from the selection information a controllable function of the
ultrasound imaging device; and
in response to determining the controllable function, configuring the multi-
use electronic display device to provide at least one user interface control for the

controllable function.

3. A method according to either of claim 1 or 2, wherein the selection information
comprises battery charge information indicative of states of charge of batteries of

the ultrasound imaging devices.
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A method according to claim 3 wherein selecting one of the one or more
ultrasound imaging devices is based at least in part on the battery charge

information.

A method according to either of claim 1 or 2, wherein selecting one of the one or
more ultrasound imaging devices comprises a filtering stage in which those of the
ultrasound imaging devices potentially suitable for the ultrasound procedure are
identified and a selection stage comprising, if more than one of the ultrasound
imaging devices are potentially suitable for the procedure, selecting one of the
more than one of the ultrasound imaging devices that are potentially suitable for

the procedure.

A method according to claim 5 wherein the selection information comprises
battery charge information indicative of states of charge of batteries of the

ultrasound imaging devices.

A method according to claim 6 wherein selecting one of the one or more
ultrasound imaging devices is based at least in part on the battery charge

information.

A method according to any one of claims 5 to 7, wherein the filtering stage
comprises selecting those of the ultrasound imaging devices for which the state of

charge has at least a threshold value.

A method according to any one of claims 5 to 8, wherein:
the selection information comprises a reservation status; and
the filtering stage comprises selecting those of the ultrasound imaging

devices that have a certain reservation status.

A method according to any one of claims 5 to 9, wherein:
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the selection information comprises an access requirement for each of the
one or more ultrasound imaging devices;

the multi-use electronic display is associated with an access right; and

the filtering stage comprises selecting those of the ultrasound imaging

devices of which the access right meets or exceeds the access requirement.

11. A method according to any one of claims 5 to 10 wherein:
the selection information comprises a first authentication credential for
each of the one or more ultrasound imaging devices; and
the filtering stage comprises:
authenticating the first authentication credential of each of the
ultrasound imaging devices; and
selecting those of the ultrasound imaging devices of which the first

authentication credential has been successfully authenticated.

12. A method according to any one of claims 5 to 11 wherein:
the multi-use electronic display device has a second authentication
credential; and
the filtering stage comprises:
each of the ultrasound imaging devices authenticating the second
authentication credential; and
selecting those of the ultrasound imaging devices for which the

second authentication credential was successfully authenticated.

13. A method according to any one of claims 1 to 12 wherein the selection information
comprises link information for each of the one or more ultrasound imaging devices
and establishing the primary wireless communication link with the selected one of
the ultrasound imaging devices comprises using the link information to establish
data communication between the multi-use display device and the selected
ultrasound imaging device according to the second wireless data communication

protocol.
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14. A method according to any one of claims 1 to 12 further comprising, using the first
wireless protocol, acquiring link information for establishing the primary wireless
communication link with one or more of the ultrasound imaging devices and
establishing the primary wireless communication link with the selected ultrasound

imaging device using the link information.

15. A method according to any one of claims 1 to 14, wherein the selection
information comprises a size and a configuration of the one or more ultrasound

imaging devices.

16. A method according to any one of claims 1 to 15, wherein:
each of the one or more ultrasound imaging devices comprises one or more
sensors; and
the selection information comprises one or more outputs from the one or

more Sensors.

17. A method according to any one of claims 1 to 16, comprising, before selecting one
of the one or more ultrasound imaging devices, displaying at the multi-use display
device at least some of the selection information for each of a plurality of the
ultrasound imaging devices, the displayed selection information including one or
more of:

type of an ultrasound transducer type of the ultrasound imaging device;
nickname of the ultrasound imaging device;

battery state of charge of the ultrasound imaging device; and

strength of signals in the first wireless communication protocol received at

the multi-use display device from the ultrasound imaging device.

18. A method according to any one of claims 1 to 17, comprising, at the multi-use
electronic display device, determining the ultrasound procedure to perform on a

patient wherein selecting one of the one or more ultrasound imaging devices
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comprises limiting the selection to those of the ultrasound imaging devices that

possess an adaptation necessary for the ultrasound procedure.

A method according to claim 18 wherein the adaptation comprises a Doppler

imaging mode.

A method according to claim 18 wherein the adaptation comprises a transducer

having a configuration suitable for the determined ultrasound procedure.

A method according to claim 18 wherein the adaptation comprises a needle guide.

A method according to any one of claims 1 to 21, comprising determining at the
multi-use display device a proximity of each of the ultrasound imaging devices to
the multi-use electronic display device based on signals received by the multi-use
display device from the ultrasound imaging devices according to the first wireless
communication protocol and selecting one of the one or more ultrasound imaging
devices is based at least in part on the proximities of the ultrasound imaging

devices to the multi-use display device.

A method according to claim 22 wherein the proximity of each of the ultrasound
imaging devices is determined by a strength of the signals received by the multi-

use display device from the ultrasound imaging devices.

A method according to any one of claims 1 to 23, wherein acquiring imaging
device selection information from each of the one or more ultrasound imaging
devices is performed while some or all of the ultrasound imaging devices are in a
low-power standby state and the method comprises commanding the selected one

of the ultrasound imaging devices to switch to a power on state.

A method according to any one of claims 1 to 24, wherein commanding the

selected one of the ultrasound imaging devices to acquire ultrasound image data



WO 2016/154739 PCT/CA2016/050343

26.

217.

28.

29.

30.

31.

32.

37

comprises transmitting imaging parameters to the selected one of the ultrasound
imaging devices and the method comprises automatically establishing initial values
for the imaging parameters at the multi-use imaging device based on the ultrasound

procedure.

A method according to any one of claims 1 to 25, wherein the multi-use electronic

display device comprises a smartphone, laptop computer or tablet computer.

A method according to any one of claims 1 to 26, comprising, by way of the first
wireless communication protocol commanding the selected one of the ultrasound

imaging devices to issue a human-perceptible visual or audible signal.

A method according to any one of claims 1 to 27, wherein the first wireless

communication protocol is a Bluetooth protocol.

A method according to any one of claims 1 to 28, wherein the first wireless
communication protocol is a protocol that does not require the ultrasound imaging

devices to be powered.

A method according to any one of claims 1 to 29, wherein the first wireless

communication protocol comprises an RFID protocol.

A method according to any one of claims 1 to 30, wherein the selection
information comprises a set of image filtering and data compression capabilities of
each of the ultrasound imaging devices, and establishing a primary wireless
communication link comprises commanding the selected one of the ultrasound

imaging devices to use a specified filter and data compression capability.

A method according to any one of claims 1 to 31, wherein establishing the primary

wireless communication link comprises:
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the multi-use electronic display device transmitting a first encryption key to
the ultrasound imaging device over the first wireless communication protocol;

the ultrasound imaging device transmitting a second encryption key to the
multi-use electronic display device over the first wireless communication protocol;

the multi-use electronic display device encrypting transmissions over the
second wireless communication protocol with the second encryption key; and

the ultrasound imaging display device encrypting transmissions over the

second wireless communication protocol with the first encryption key.

33, An apparatus for ultrasound imaging, the apparatus comprising:

a multi-use electronic display device comprising:

a first communications system operative to wirelessly communicate
data according to a first and a second wireless communication protocol;

a processor;

a first data store containing a program executable by the processor
and parameters for one or more ultrasound imaging procedures; and

a screen;
wherein:

the program is configured to:

cause the first communications system to retrieve device selection
information from one or more ultrasound imaging devices using the first
wireless communication protocol and to store the selection information on
the first data store;

cause the processor to select one of the ultrasound imaging devices
based on a selected one of the one or more ultrasound imaging procedures
and the selection information;

cause the first communications system to establish a primary
wireless communication link with the selected one of the ultrasound
imaging devices using the second wireless communication protocol;

cause the first communications system to command the selected one

of the ultrasound imaging devices to acquire ultrasound image data;
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cause the first communications system to receive the ultrasound
image data over the primary wireless communication link; and

cause the screen to display the ultrasound image data.

34, An apparatus for ultrasound imaging, the apparatus comprising:
a multi-use electronic display device comprising:

a first communications system operative to wirelessly communicate
data according to a first and a second wireless communication protocol;

a processor;

a first data store containing a program executable by the processor
and parameters for one or more ultrasound procedures; and

a screen;
one or more ultrasound imaging devices, each of the one or more

ultrasound imaging devices comprising:

a second communications system operative to wirelessly
communicate data according to the first and the second wireless
communication protocol; and

a second data store containing device selection information;
wherein:

the program is configured to cause:

the first communications system to connect to the second
communications system of each of the one or more ultrasound imaging
devices using the first wireless communication protocol, retrieve the device
selection information stored on the corresponding second data store, and
store the device selection information in the first data store;

the processor to select one of the ultrasound imaging devices based
on a selected one of the one or more ultrasound procedures and the
selection information stored on the first data store;

the first communications system to establish a primary wireless

communication link with the second communications system on the
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selected one of the ultrasound imaging devices using the second wireless
communication protocol;

the first communications system to cause the selected one of the
ultrasound imaging devices to acquire ultrasound image data;

the first communications system to retrieve the ultrasound image
data over the primary wireless communication link; and

the screen to display the ultrasound image data.

35. An apparatus according to either of claims 33 or 34, wherein the program is
configured to cause the processor to determine from the selection information a
controllable function of the ultrasound imaging device, and to configure the

display to provide at least one user interface control for the controllable function.

36. An apparatus according to any one of claims 33 to 35, wherein the selection
information comprises battery charge information indicative of states of charge of

batteries of the ultrasound imaging devices.

37. An apparatus according to claim 36 wherein the program is configure to cause the
processor to select one of the one or more ultrasound imaging devices based at

least in part on the battery charge information.

38. An apparatus according to either of claims 33 or 34, wherein the program
configures the processor to select one of the one or more ultrasound imaging
devices by filtering those of the ultrasound imaging devices potentially suitable for
the selected ultrasound procedure, and then performing a selection stage
comprising, if more than one of the ultrasound imaging devices are potentially
suitable for the selected ultrasound procedure, selecting one of the more than one

of the ultrasound imaging devices that are potentially suitable for the procedure.
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An apparatus according to claim 38 wherein the selection information comprises
battery charge information indicative of states of charge of batteries of the

ultrasound imaging devices.

An apparatus according to claim 39 wherein the program is configured to cause the
processor to select one of the one or more ultrasound imaging devices based at

least in part on the battery charge information.

An apparatus according to either of claims 39 or 40, wherein the filtering
comprises selecting those of the ultrasound imaging devices for which the state of

charge has at least a threshold value.

An apparatus according to any one of claims 38 to 41, wherein:
the selection information comprises a reservation status; and
the filtering comprises selecting those of the ultrasound imaging devices

that have a certain reservation status.

An apparatus according to any one of claims 38 to 42, wherein:

the selection information comprises an access requirement for each of the
one or more ultrasound imaging devices;

an access right is stored on the first data store; and

the filtering comprises selecting those of the ultrasound imaging devices of

which the access right meets or exceeds the access requirement.

An apparatus according to any one of claims 38 to 43 wherein:
the selection information comprises a first authentication credential for
each of the one or more ultrasound imaging devices; and
the filtering comprises:
authenticating the first authentication credential of each of the

ultrasound imaging devices; and
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selecting those of the ultrasound imaging devices of which the first

authentication credential has been successfully authenticated.

45. An apparatus according to any one of claims 38 to 44 wherein:

a second authentication credential is stored on the first data store;

the program is configured to cause:

the first communications system to transmit the second authentication
credential to each of the ultrasound imaging devices;

the first communications system to retrieve an authentication result from
each of the ultrasound imaging devices; and

the filtering comprises selecting those of the ultrasound imaging devices for

which the retrieved authentication result was successful.

46. An apparatus according to any one of claims 33 to 45 wherein the selection
information comprises link information for each of the one or more ultrasound
imaging devices and the program is configured to cause the processor to establish
the primary wireless communication link with the selected one of the ultrasound
imaging devices using the link information to establish data communication with
the selected ultrasound imaging device according to the second wireless data

communication protocol.

47. An apparatus according to any one of claim 33 to 46, wherein the selection
information comprises information for establishing the primary wireless

communication link with the selected ultrasound imaging device.
48. An apparatus according to any one of claims 33 to 47, wherein the selection
information comprises a size and a configuration of the one or more ultrasound

imaging devices.

49. An apparatus according to any one of claims 33 to 48, wherein:



WO 2016/154739 PCT/CA2016/050343

43

each of the one or more ultrasound imaging devices comprises one or more
sensors; and
the selection information comprises one or more outputs from the one or

more sensors.

50. An apparatus according to any one of claims 33 to 49, wherein the program is
configured to cause the display to display at least some of the selection information
for each of a plurality of the ultrasound imaging devices, before causing the
processor to select one of the one or more ultrasound imaging devices based at
least in part on user input to the multi-use electronic display device, wherein
displayed selection information comprises one or more of:

type of an ultrasound transducer type of the ultrasound imaging device;
nickname of the ultrasound imaging device;

battery state of charge of the ultrasound imaging device; and

strength of signals in the first wireless communication protocol received at

the first communications system from the ultrasound imaging device.

51. An apparatus according to any one of claims 33 to 50, wherein the program is
configured to cause the processor to select one of the one or more ultrasound
imaging devices by steps comprising limiting the selection to those of the
ultrasound imaging devices that possess an adaptation necessary for the ultrasound

procedure.

52, An apparatus according to claim 51 wherein the adaptation comprises a Doppler

imaging mode.

53. An apparatus according to claim 51 or 52 wherein the adaptation comprises a
transducer having a configuration required for the determined ultrasound

procedure.
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An apparatus according to anyone of claims 51 to 53 wherein the adaptation

comprises a needle guide.

An apparatus according to any one of claims 33 to 54 wherein the program is
configured to cause the processor to determine a proximity of each of the
ultrasound imaging devices based on signals received by the first communications
system from the ultrasound imaging devices according to the first wireless
communication protocol and to select one of the one or more ultrasound imaging
devices based at least in part on the proximities of the ultrasound imaging devices

to the multi-use display device.

An apparatus according to claim 55 wherein the program is configured to cause the
processor to determine the proximity of each of the ultrasound imaging devices by
a strength of the signals received by the first communications system from the

ultrasound imaging devices.

An apparatus according to any one of claims 33 to 56, wherein retrieving selection
information from each of the one or more ultrasound imaging devices is performed
while some or all of the ultrasound imaging devices are in a low-power standby
state and the program is configure to cause the first communications system to
command the selected one of the ultrasound imaging devices to switch to a power

on state.

An apparatus according to any one of claims 33 to 57, wherein causing the selected
one of the ultrasound imaging devices to acquire ultrasound image data comprises
the first communications system transmitting imaging parameters to the selected
one of the ultrasound imaging devices, and the program is configured to cause the
processor to establish initial values for the imaging parameters based on the

selected ultrasound procedure.
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An apparatus according to any one of claims 33 to 58, wherein the multi-use
electronic display device comprises a smartphone, laptop computer or tablet

computer.

An apparatus according to any one of claims 33 to 59, wherein the program is
configured to cause the first communications system to transmit by way of the first
wireless communication protocol to the selected one of the ultrasound imaging
devices a command for an audio-visual module to emit a human-perceptible visual

or audible signal.

An apparatus according to any one of claims 33 to 60, wherein the first wireless

communication protocol is a Bluetooth protocol.

An apparatus according to any one of claims 33 to 61, wherein the first wireless
communication protocol is a protocol that does not require the ultrasound imaging

devices to be powered.

An apparatus according to any one of claims 33 to 62, wherein the first wireless

communication protocol comprises an RFID protocol.

An apparatus according to any one of claims 33 to 63, wherein the selection
information comprises a set of image filtering and data compression capabilities of
each of the ultrasound imaging devices, and establishing a primary wireless
communication link comprises commanding the selected one of the ultrasound

imaging devices to use a specified filter and data compression capability.

An ultrasound imaging devices comprising:
a communications system configured to send and receive data over
a first and a second wireless communication protocol;
a data store containing device selection information; and

an ultrasound imaging module;
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wherein:

the ultrasound imaging device is configured to transmit the device
selection information to a multi-use electronic display device in response to
a request received at the communications system using the first wireless
communication protocol and to acquire ultrasound image data using the
ultrasound imaging module and transmit the ultrasound image data using
the second wireless communication protocol in response to a command

received at the communications system.

60. An ultrasound imaging device according to claim 65, wherein the selection
information comprises battery charge information indicative of a state of charge of

batteries of the ultrasound imaging device.

67. An ultrasound imaging device according to either of claim 65 or 66, wherein the

selection information comprises a reservation status.

68. An ultrasound imaging device according to any one of claims 65 to 67, wherein the
selection information comprises an access requirement for the ultrasound imaging

device.

69. An ultrasound imaging device according to any one of claims 65 to 68, wherein the
selection information comprises a first authentication credential for the ultrasound

imaging device.

70. An ultrasound imaging device according to any one of claims 65 to 69, wherein:
the ultrasound imaging device comprises a processor configured to
authenticate an authentication credential received by the communications system
and to; and
cause the communications system to transmit results of the authentication

to a multi-use electronic display device.
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An apparatus according to any one of claims 65 to 70, wherein the selection

information comprises a size and a configuration of the ultrasound imaging device.

An ultrasound imaging device according to any one of claims 65 to 71, wherein:
the ultrasound imaging device comprises one or more sensors; and
the selection information comprises one or more outputs from the one or

more Sensors.

An ultrasound imaging device according to any one of claims 65 to 72, wherein
transmitting the device selection information is performed while the ultrasound
imaging device is in a low-power standby state and the ultrasound imaging device
is configured to switch to a power on state in response to a command received by

the communications system.

An ultrasound imaging device according to any one of claims 65 to 73, comprising
an audio and/or video module connected to emit a human-perceptible visual or
audible signal in response to a command received by way of the first wireless

communication protocol.

An ultrasound imaging device according to any one of claims 65 to 74, wherein the

first wireless communication protocol is a Bluetooth protocol.

An ultrasound imaging device according to any one of claims 65 to 75, wherein the
first wireless communication protocol is a protocol that does not require the

ultrasound imaging device to be powered.

An ultrasound imaging device according to any one of claims 65 to 76, wherein the

first wireless communication protocol comprises an RFID protocol.
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An ultrasound imaging device according to any one of claims 65 to 77 comprising
an image filtering and data compression module, wherein:
the selection information comprises a set of image filtering and

compression capabilities; and

the communications system is configured to cause the image filtering and
compression module to use an image filter and compression specified by a

command received at the communications system.
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