w0 2017/189756 A1 | 0000 00O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intell 1P J
(%) Tor Or‘g'ﬁ.‘i,iiﬁtt‘i’fn roperty > D O 0 00O 0 00

International Bureau —/) (10) International Publication Number
(43) International Publication Date = WO 2017/189756 A1
02 November 2017 (02.11.2017) WIPO|PCT
(51) International Patent Classification: (72) Inventor: WILLSIE, Todd; c¢/o Echonous, Inc., 8310
A61B 8/00(2006.01) 154th Avenue Northeast, Building B, Redmond, Washing-

ton 98052 (US).

PCT/US2017/029686 (74) Agent: COE, Justin, E. et al.; Seed Intellectual Property
Law Group LLP, Suite 5400, 701 Fifth Avenue, Seattle,
Washington 98104-7064 (US).

(21) International Application Number:

(22) International Filing Date:
26 April 2017 (26.04.2017)
(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

(25) Filing Language: English

(30) Priority Data:

62/327,636 26 April 2016 (26.04.2016) UsS HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
(71) Applicant: ECHONOUS, INC. [US/US]; 8310 154th Av- KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA,MD, ME, MG,
enue Northeast, Building B, Redmond, Washington 98052 MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(US). PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,

(54) Title: ULTRASOUND ADAPTIVE POWER MANAGEMENT SYSTEMS AND METHODS

106
.

e

=

FIG. 1

(57) Abstract: Systems and methods for dynamically managing power consumption in an ultrasound device are provided herein. A
transducer in an ultrasound device may have transmit and receive elements for respectively transmitting and receiving ultrasound
signals. In at least one embodiment, the method includes sensing a motion of the transducer by a motion sensor that is coupled to the
transducer. An amount of power consumed by the ultrasound device is then reduced, based on the sensed motion of the transducer.
Reducing an amount of power consumption may include adjusting one or more operational parameters of the ultrasound device, such
as but not limited to reducing the display frame rate, the receive aperture, or the transmit amplitude, or by decoupling power to one or
more components of the ultrasound device. Alternatively or in addition, power consumption may be reduced based on signals received
from a capacitive sensor and/or a patient contact sensor.

[Continued on next page]



WO 2017/189756 A1 {1 I0F0 T 00080 OO 0 00

SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

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

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

— as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

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



10

15

20

25

WO 2017/189756 PCT/US2017/029686

ULTRASOUND ADAPTIVE POWER MANAGEMENT SYSTEMS AND
METHODS

CROSS REFERENCE TO RELATED APPLICATION
This application claims the benefit under 35 U.5.C. § 119(e) to U.S. Provisional
Application 62/327 636 filed April 26, 2016, which application is incorporated by

reference herein in its entirety.

BACKGROUND

Technical Fisld

The present application pertains to ultrasound systems, and more
particularly to ultrasound systems and methods for adaptively managing power

consumption based on a sensed motion of the ultrasound transducer.

Description of the Related Art

Ultrasound imaging is useful as an imaging modality in a number
of environments. For example, in the field of healthcare, internal structures of a
patient’s body may be imaged before, during or after a therapeutic intervention.
A heaithcare professional may hold a portable ultrasound probe, or transducer,
in proximity to the patient and move the transducer as appropriate to visualize
one or more target structures in a region of interest in the patient. A {fransducer
may be placed on the surface of the body or, in some procedures, a transducer
s inserted inside the patient’s body. The healthcare professional coordinates
the movementi of the transducer so as {0 obtain a desired representation on a
screen, such as a two-dimensional cross-section of a three-dimensional
volume.

Ultrasound may also be used to measure functional aspecis of a
patient, such as organ movement and bicod flow in the patient. Doppler

measurements, for example, are effective in measuring the direction and speed
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of movement of a structure, such as a heart valve or bicod cells flowing ina
vessel, relative to the transducer. Doppler echocardiography is widely used for
evaluating the cardiocirculatory system of patients with known or suspected
cardiovascular disease.

For many years, ulirasound imaging was effectively confined to
large equipment operating in a hospital environment. Recent technological
advances, however, have produced smaller ultrasound systems that
increasingly are deployed in frontling point-of-care environments, e.g., doctorg’
offices. Nevertheless, smaller ultrasound systems typically lack the power,
thermal management, and processing capabilities of larger systems. This
generally results in limited runtime of the ultrasound imaging components, lower

image resolution, and fewer features or modes of operation.

BRIEF SUMMARY

The present application, in part, addresses a desire for smaller
ultrasound systems, having greater portability, lower cost, and ease of use for
different modes of ulfrasound imaging, while at the same time providing high
quality measurements and effective power consumption management.

The performance of portable ultrasound devices may be limited by
the available power storage, for example, by a power supply including one or
more batteries. Since the amount of electrical power that may be delivered by
such a power supply over g period of iime may be limited, reducing the power
consumption in a portable ultrascund device extends the life-cycle or charging
cycle of the power supply, and thus allows the ultrasound device to be used for
a longer period of time before replacing or recharging the batteries becomes
necessary. Moresover, other benefits may be realized from reducing power
consumption in a portable ultrasound device, such as advantageously reducing
the amount of heat to be dissipated during operation. Reducing power

consumption further allows for operating the ultrasound device for a longer
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period of time, while staying within regulatory limits with respect to the
temperature of the ulfrasound transducer during patient contact,

in a typical use case, the ultrasound system is not coupled to the
body and producing a diagnostic image 100% of the time. This "non-imaging”
time can include, for example, time spent applying ultrasound gel, moving the
fransducer o the patient, positioning the transducer to obtain the correct,
desired view and confirming whether the image(s) captured are desirable.

The incorporation of motion sensing technology — such as, for
example, acceleromeiers, gyroscopes and the like — in the ultrasound
transducer can provide information about the motion of the transducer, and may
be used {0 indicate the level of image quality that is possible at any given time
{e.g., image quality may be reduced while the transducer is being moved).
Iinformation about the motion of the fransducer (e.g., the acceleration or velocity
of the transducer) can be used o control other system parameters in order to
reduce the power consumption of the ultrasound device. Reducing power
consumption in an ultrasound device, which may result in a lower quality
ultrasound image, may be especially desirable or beneficial when the
transducer motion already exceeds a predetermined threshold so as (o reduce
the likelihood of obtaining ultrasound images of higher guality or reliable
diagnostic value. In such a case, after the motion of the transducer is reduced
to a more accepiable or normal level (e.g., 1o a low enough level of motion that
images of a desired quality may be obtained) then the power-related
parameters of the system may be adjusted towards a normal operating level in
order o obtain ultrasound images of a desired quality. Such capability in an
ultrasound system may avoid power being wasted during an operating phase of
the system where images are aiready likely {o be unreliable or not of sufficient
guality.

Other sensors may also be incorporated into the ultrasound
device, which may be operatively coupled to the transducer or other portions of

the ultrasound device, in order to provide information concerning the readiness
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of the system to capture images. For example, the ultrasound transducer may
include a patient contact or pressure sensor positioned on an imaging surface
of the transducer. The patient contact or pressure sensor may thus sense
when the fransducer is contacting, for example, a patient or a gel applied to the
patient’s skin. Power consumption may thus be reduced when the patient
coritact or pressure sensor senses that the transducer is not contacting the
patient.

Similarly, the ultrasound transducer may include a capacitive
sensor positioned to sense whether the transducer is being held, for example,
by an operator of the ultrasound device. Power consumption may thus be
reduced when the capacitive sensor senses that the transducer is not being
held, and thus is not positioned to obtain ultrasound images of a desirable
quality.

in at least one embodiment, a method is provided for dynamicaily
managing power consumption in an ultrasound device having a transducer, the
fransducer including transmit and receive elements for respectively transmitting
and receiving ulirasound signals. The method includes sensing a motion of the
transducer by a motion sensor coupled o the transducer, and reducing an
amount of power consumption by the ultrasound device based on the sensed
motion of the transducer. Reducing an amount of power consumption may
include adjusting one or more operational parameters of the ultrasound device,
such as, for example, reducing a frame rate of the display, reducing a receive
aperture of the transducer, reducing an amplitude of the ulirasound signals
transmitied by the fransducer or reducing the brightness of a display or
otherwise reducing the power consumption required to deliver information to the
User.

In anocther embodiment, the present discliosure provides a method
for adaptively managing power consumption in an ultrasound device having a
transducer. The method includes generating, by a motion sensor operatively

coupled to the transducer, a motion sense signal indicating a motion of the
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fransducer. The method further includes transmitting the motion sense signal
to a power management controller, determining by the power management
controller, based on the motion sense signal, whether the motion of the
transducer exceeds a predetermined threshold level of motion, and reducing a
level of power consumption by the ultrasound device if the motion of the
fransducer equals or exceeds the predetermined threshold level of motion.

in another embodiment, a handheld ultrasound transducer is
provided that includes one or more first transducer elements, one or more
second transducer elements and a motion sensor configured o sense one or
more motions of the ultrasound transducer. The first transducer glements are
arranged along an imaging surface of the ultrasound transducer and configured
to transmit an ultrasound signal toward a target structure in a region of interest.
The second transducer elements are arranged along the imaging surface of the
ultrasound transducer and configured 1o receive echo signals returning from the
target structure in response to transmission of the ultrasound signal.

In yet another embodiment, the present disclosure provides an
ulirasound device that includes a handheld ultrasound transducer, processing
circuitry, driving circuilry, a display and a power management controller. The
handhelid ultrasound iransducer includes one or more first ransducer elements
arranged along an imaging surface of the ultrasound transducer and configured
o transmit an ultrasound signal toward a target structure in a region of interest,
one or more second transducer elements arranged along the imaging surface
of the ultrasound transducer and configured 1o receive echo signals returning
from the target structure in response {0 transmission of the ultrasound signal,
and a motion sensor configured o sense a motion of the ultrasound transducer.
The processing circuitry controls transmission of the ulirasound signal from the
one or more first transducer elements. The driving circuitry is operatively
coupled to the one or more first transducer elements and the processing
circuitry, and the driving circuitry drives the transmission of the ultrasound

signal by the one or more first fransducer elements in response to a control
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signal received from the processing circuitry. The display is configured to
display ultrasound images acquired by the ultrascund device, and the power
management controller is couplaed o the motion sensor and configured to
reduce an amount of power consumption by the ultrasound device based on the

sensed motion of the ultrasound transducer.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Figure 1 is a schematic illustration of an ultrasound imaging
device, in accordance with one or more embodiments of the present disclosure.

Figure 2 is a block diagram illustrating components of the
ultrasound device 10, in accordance with one or more embodiments of the
present disclosure.

Figure 3 is a flow diagram illustrating a method for adaptively
managing power consumption in an ultrasound device, in accordance with one

or more embodiments of the present disclosure.

DETAILED DESCRIPTION

A portable ultrasound device may include a power management
module or controller configured to selectively enter the ultrasound device into
one or more “low power” (i.e., reduced power) modes. A low power mode may
include reducing or eliminating the power consumption of one or more
components within the ulirasound device. For example, the low power mode
may include electrically decoupling a power source o a transducer, a
transducer transmit element, a transducer receive element, an ultrasound
device display, driving circuitry, processing circuitry and/or any other electronic
component in the ultrasound device in order to temporarily reduce the power
consumption of the device.

Additionally, or alternatively, the low power mode may include
reducing the power consumead by one or more electronic components within the

ultrasound device. The power consumption of the ultrasound device may be
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reduced by dynamicaily adjusting system parameters such as, for exampie, the
frame rate of the ultrasound device display (i.e., the rate of user display
refresh), the receive aperture {i.e., the number of elements used for display
generation) and the transmission amplitude (/.e., ransmission power may be
reduced) or the brightness of a user display.

The power management controller may inciude circuitry 1o
dynamically adjust system parameters, and may further include circuitry (e.g.,
one or more switches or transistors) for coupling and decoupling power from a
power supply to the various electronic components within the ultrasound
device.

The low power mode may be initiated based on sense signals
provided from one or more sensors, such as motion sensors operatively
coupled to the transducer. For example, if a molion sensor senses that the
ultrasound transducer is being moved too quickly to capture an ultrasound
image of sufficient quality or reliability, the power management controller may
enter the ultrasound device into a low power mode in order to save power uniil
the period of undesirably rapid movement has concluded. That is, since the
ultrasound device may not be able to capture suitable ultrasound images while
the transducer is being moved too quickly, the power management controlier
may shut down or otherwise reduce the power consumed by various electronic
components within the ultrasound device, such as the transducer elements
during that period.

In one or more embodiments, the sensors may include a patient
contact or pressure sensor positioned on an imaging surface of the transducer.
Such a sensor may thus sense when the transducer is contacting, for example,
a patient or a gel applied o the patient’s skin. The power management
controlier may be coupled to the sensors, and thus may initiate the low power
mode upon receiving a sense signal indicating that the transducer is not

contacting the patient.



10

15

20

25

30

WO 2017/189756 PCT/US2017/029686

Similarly, the sensors may include a capacitive sensor positioned
to sense whether the transducer is being held, for example, by an operator of
the ultrasound device. The power management controller may thus initiate the
low power mode upon receiving a sense signal indicating that the transducer is
not being held, and thus is not positioned to obtain ultrasound images of a
desirable quality.

Figure 1 is a schematic illustration of an ultrasound Imaging
device 10 {refarred to herein as "ultrasound device” 10}, in accordance with one
or more embodiments of the present disclosure. The ultrasound device 10
includes an ultrasound transducer 12 that is electrically coupled to a computing
device 14 by a cable 16. The cable 16 includes a connector 18 that detachably
connects the transducer 12 to the computing device 14, As shown in Figure 1,
the ultrasound device 10 may be a portable ulirasound device, 1.e., the
transducer 12 may be connected to a portable computing device 14, such as a
tablet computer, laptop, a hand-held device, or the like.

The transducer 12 is configured {o transmit an ultrasound signal
toward a target structure in a region of interest. The transducer 12 is further
configured to receive acho signals returmning from the target structure in
response o transmission of the ultrasound signal. To that end, the transducer
12 includes transducer elements 20 that are capable of transmitting an
ultrasound signal and receiving subseguent echo signals. in various
embodiments, the transducer glements 20 may be arranged as elements of a
phased array transducer. Suitable phased array transducers are known in the
field of ultrasound technology.

As will be described in greater detail in connection with Figure 2,
the ultrasound device 10 further includes processing circuitry and driving
circuitry. In part, the processing circuitry controls the transmission of the
ultrasound signal from the fransducer elements 20. The driving circuitry is
operatively coupled o the transducer elements 20 for driving the transmission

of the ultrasound signal. The driving circuitry may drive the transmission of the
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ultrasound signal in response {0 a control signal received from the processing
circuitry.

The ultrasound device 10 aiso includes a power supply that
provides power to the driving circuitry for transmission of the ultrasound signal,
for example, in a pulsed wave or a continuous wave maode of operation.
Further, the ulirasound device 10 includes one or more sensors and a power
management controller that dynamically adjusts power consumption in the
ultrasound device 10, based on operating conditions such as motion of the
transducer 12 and contact with a patient or with an operator of the ultrasound
device 10, as will be described in further detail below. The sensors may incliude
a motion sensor 102, a capacitive sensor 104 and a patient contact sensor 106,

The motion sensor 102 is included in the transducer 12 and may
include, for example, one or more accelerometers or gyroscopes for sensing
motion of the transducer 12. For example, the motion sensor 102 may be or
include any of a piezoelectric, piezoresistive or capacitive accelerometer
capable of sensing motion of the transducer 12, preferably in three dimensions.

One or more capacitive sensors 104 may further be included in
the transducer 12 to sense whather the transducer 12 is being held by a user
{e.g., an operator of the ultrasound device 10). As shown in Figure 1, the
capacitive sensor 104 may include one or more capacitive strips or elements
positioned along the periphery of the transducer 12 such that, during normal
operation of the ultrasound device 10, an operator’'s hand contacts the
capacitive sensor 104 or is in close proximity with the capacitive sensor 104,
While Figure 1 shows capacitive sensors 104 for sensing human touch (e.g.,
when holding the transducer 12}, it should be readily appreciated that any
sensor capable of sensing physical contact (e.g., human touch) may be utilized
in place of the capacitive sensors 104, including for example, one or more
piezoresistive, piezoelectric, capacitive and elastoresistive sensors, as well as

pressure sensors, force sensors and the like.
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The patient contact sensor 106 may further be included in the
transducer to sense whether the transducer 12 is contacting a physical object,
such as a patient, during operation of the ultrasound device 10. The patient
contact sensor 106 thus may be utilized to sense whether the fransducer 12 is
contacting a patient’s skin or a gel applied to the patient’s skin while operating
the ultrasound device 10 {o obtain ultrasound images. The patient contact
sensor 106 may be positioned along an imaging surface of the transducer 12,
such as a surface including the transducer elements 20, as shown in Figure 1.
The patient contact sensor 106 may be or include any iactile sensor, capacitive
sensor, force sensor, pressure sensor or the like capable of sensing physical
coritact of a patient or gel applied to a patient with an imaging surface of the
transducer 12.

The computing device 14 shown in Figure 1 includes a display
screen 22 and a user interface 24. The display screen 22 may use any type of
display technology including, but not limited to, LED display technology. The
display screen 22 is used {o display one or more images generated from echo
data obtained from the echo signals received in response to transmission of an
ultrasound signal. In some embodiments, the display screen 22 may be a
touch screen capable of receiving input from a user that touches the screen. In
some embodiments, the user interface 24 may include one or more buttons,
knobs, switches, and the like, capable of receiving input from a user of the
ultrasound device 10.

The computing device 14 may further include one or more audio
speakers 54 that may be used (o generate audible representations of echo
signals or other features derived from operation of the ultrasound device 10,

Figure 2 is a block diagram illustrating components of the
ultrasound device 10, including the ulirasound transducer 12 and the computing
device 14, In Figure 2, the ultrasound device 10 includes transducer elements
80 (e.g., transducer elements 20 shown in Figure 1) configured for transmission

of an ultrasound signal toward a target structure in a region of interest. The
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transducer elements 80 include one or more first transducer elements 82 that
transmit the ultrasound signal and one or more second transducer elements 84
that recaive echo signals returning from the target structure in response o
transmission of the ultrasound signal. In some embodiments, some or all of the
transducer elements 80 may act as first transducer elements 82 during a first
period of time and as second transducer elements 84 during a second period of
time that is different than the first period of time (i e., the same transducer
eglements are usable to transmit the ultrasound signal and {o receive echo
signals at different times). In other embodiments, some or all of the first and
second transducer elements 82, 84 may be different transducer slements, each
corfigured for transmitting an ultrasound signal or receiving echo signals.

The ultrasound device 10 further includes processing circuitry 86
coupled to driving circuitry 88, In various embodiments, the processing circuitry
86 includes one or more programmed processors that operate in accordance
with computer-executable instructions that, in response {0 execution, cause the
programmed processor(s) to perform various actions. For example, the
processing circuitry 86 may be configured to send one or more conirol signals
to the driving circuitry 88 to control the transmission of an ultrasound signal by
the ultrasound transducer 12.

The processing circuitry 86 is further coupled to a user interface
96 and a display 98. In at least one embodiment, the display 98 may comprise
the screen 22 described with respect to Figure 1, while the user interface 96
may comprise thea interface elements 24 described with respect to Figure 1.

The processing circuitry 86 may control a variety of operational
parameters associated with the driving circuitry 86, the display 98 and the user
interface 96.

The driving circuitry 88 may include an oscillator 90 that is used
when generating an ultrasound signal to be transmitted by the one or more first
transducer elements 82, The oscillator 90 is used by the driving circuitry 88 {o

generate and shape the ultrasound pulses that form the ulfrasound signal.
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The ultrasound device 10 includes a power supply 82 that is
electrically coupled to component parts of the ultrasound device 10 through a
power management controller 100. Such component parts may include, but are
not limited {o, the processing circuitry 86 and the driving circuitry 88. The
power supply 92 provides power for operating the processing circuitry 86 and
the driving circuitry 88. In particular, the power supply 92 provides power for
generating the ultrasound signal by the driving circuitry 88 and transmitting the
ultrasound signal, with stepped-up voltage as needead, by the onea or more first
transducer elements 82. The power provided by the power supply 92 also
provides power for the driving circuiiry 88 and the processing circuitry 86 when
receiving echo signals via the one or more second transducer elements 84,
The power supply 92 may further provide power for the display 98 and the user
interface 96. The power supply 92 may be, for example, one or more batleries
in which electrical energy is stored and which may be rechargeable.

During operation, componeants of the ultrasound probe 10,
including but not imited {o the power supply 92, generate heat that must be
dissipated by the ultrasound probe 10. Accordingly, the ultrasound probe 10
may include one or more heat dissipation elements 94 configured to draw away
and dissipate heat from the components of the ultrasound probe 10. For
example, the heat dissipation elements 94 may include one or more thermal
circuits that are thermally coupled o the components of the ultrasound device
10, including the power supply 92, and conduct heat toward a surface of the
ultrasound device 10 for dissipation by convection to a user's hand or the
surrounding environment.

The power management controlier 100 controls the power drawn
by the ultrasound device 10 based on sense signals provided from one or more
of the motion sensor 102, the capacitive sensor 104 and the patient contact
sensor 1068, The power management confrolier 100 may control the power

draw by adjusting operational parameters of the ultrasound device 10, and may
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further electrically decouple power from one or more components of the
ultrasound device 10.

in one or more embodiments, the power management controller
100 may be included in, or executed by, the processing circuitry 86. For
example, the power management controlier 100 may be a module exacuted by
one or more processors included in the processing circuitry 86, In other
embodiments, the power management controller 100 may be configured with
processing circuitry separate from the main processing circuitry 86 and may
operate in cooperation with the processing circuitry 86. The processing circuitry
of the power management controller 100 may be a programmed processor
and/or an application specific integrated circuit configured to provide the power
management functions described herein.

During operation of the ultrasound device 10, the motion sensor
102 senses motion of the transducer 12. The motion of the fransducer 12 may
indicate a level of ultrasound image quality which may be obtained at any given
time. For example, obtaining high quality or clinically desirable ultrasound
images may not be possible while moving the transducer 12 at a high rale of
speed or acceleration in any direction. In contrast, by holding the transducer 12
still, at a proper position with respect to a target structure in a region of interest,
a high or clinically desirable quality ultrasound image may be obtained. Thus,
the sensed motion of the transducer 12 may be used as a proxy for, and may
indicate, a level of ultrasound image quality which may be obtained at any
instant in time.

The power management controlier 100 receives a signal
indicating motion of the transducer 12 from the motion sensor 102, Based on
the sensed motion, the power management controller 100 may reduce the
power consumption of the ultrasound device 10 by adjusting one or more
operational parameters of the ultrascund device 10 or by adjusting the coupling

of power o one or more components of the ultrasound device 10.
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In one or more embodiments, the power management controller
100 may process the signal received from the motion sensor 102 to determine
a motion of the transducer 12, and may compare the determined motion of the
transducer 12 with a predetermined threshold motion. The motion of the
transducer 12 may be reflected in terms of acceleration, velocity or other such
parameter indicative of motion which may be detected by the motion sensor
102. The predetermined threshold motion may represent, for example, an
acceleration or velocity at which {or above which} ultrasound images of a
desired guality cannot be obtained. If the signal received from the motion
sensor 102 indicates a motion (e.g., an acceleration or velocity) below the
predetermined threshold motion, then the power management controiler 100
will cause the components of the ultrasound device 10 {(inciuding, for exampie,
the driving circuitry 88, the transducer elements 80, the display 98, the user
interface 96 and/or the processing circuitry 86) to draw electrical power from the
power supply 92 at a normal operating level. That is, the power management
controller 100 will configure the ultrasound device 10 to operate in a normal or
an “image acquisition” mode, as the motion of the transducer 12 is below a
threshold level of motion and thus the ultrasound device 10 may obtain
ultrasound images of a desired guality.

On the other hand, if the signal received from the motion sensor
102 indicates a motion {e.g., an acceleration or velocity) of the transducer 12
that equals or exceeds the predetermined threshold motion, then the power
managemeant controller 100 may determine that acquiring an ultrasound image
of a desired guality is not possible. Accordingly, the power management
controlier 100 may configure the ultrasound device 10 o operate in a reduced
or “low power” maode. That is, the power managemaent controller 100 may
adjust one or more operational parameters of the driving circuiiry 88, the
transducer elements 80, the display 98, the user interface 96, the processing
circuitry 86 or any other electrical power consuming component of the

ultrasound device 10, in order to reduce the power consumed by the ultrasound
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device 10 when the transducer 12 is moving too quickly or too fast to obtain
ultrasound images of a desired quality. Alternatively, or in addition, the power
managemeant controller 100 may adjust the coupling of power to any of the
electrical power consuming componenis to reduce the power consumption in
the low power mode.

For exampie, in the low power mode, the power management
controlier 100 may reduce the power consumed by the ultrasound device 10 by
reducing the frame rate of the display 98 (i.e., the rate at which the display 98
displays consecutive images acquired by the ulirasound device 10). Because
ultrasound images of a desired quality cannot be obtained when the transducer
12 is moving at an acceleration or velocity that exceeds a predetermined
threshold level of motion {e.g., acceleration or velocity), displaying the images
acquired by the ultrasound device 10 at a normal frame rate while moving at
such a rate may be of lesser importance than the amount of power consumed
by the ultrasound device in such a scenario. Accordingly, the power
management controller 100 may reduce the power consumption of the
ultrasound device 10 by reducing the frame rate of the display 98.

Further, in the low power mode, the power management controller
100 may reduce the power consumed by the ultrasound device 10 by adjusting
various parameters associated with the transducer elements 80 (a.g., transmit
elements 82 and receive elements 84) and with beamforming or processing
information received by the receive slements 84. For example, the power
management controller 100 (or the driving circuitry 88 or processing circuitry
86, based on a control signal received from the power management controlier
100) may dynamically reduce the receive aperture, or the number of transducer
elements 80 usead for image generation and display. By reducing the number of
transducer elements 80 (e.g., the receive elements 84) used for display
generation, the power required for low noise ampilification and analog-to-digital

conversion for forming the image is reduced.
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Additionally, in the low power mode, the power management
controlier 100 may reduce the power used for transmission of an ultrasound
signal {e.g., a transmit beam) by the transmit elements 82, For example, an
amplitude of the fransmit beam may be reduced, thereby reducing the power
used by the ultrasound device 10 in the low power mode.

Any other operational parameters of the ultrasound device 10 may
be adjusted in order to reduce the power consumed by the ultrasound device
10 whean the power management controller 100 determines, based on the
motion sensed by the motion sensor 102, that the transducer 12 is moving at a
rate such that ultrasound images of a desired quality cannot be obtained.

A high rate of motion of the transducer 12 may indicate that the
operator of the ultrasound device 10 is holding the transducer 12, but is moving
the transducer 12, for example, to apply ultrasound gel to a patient or to
position the transducer 12 in order to obtain a desired view. Since the operator
is likely holding the transducer 12 in such a scenario, it may be preferable to
decrease power consumption by entering a low power mode, as opposed to
decoupling power {0 one or more components in the ultrasound device.
However, in one or more embodiments, the power management controlier 102
may electricaily decouple one or more components of the ultrasound device 10
{e.g., the transducer elements 80, the driving circuitry 88, the display 98, etc.)
from the power supply 92 based on motion sensed by the motion sensor 102.
For example, the power management controller 100 may include one or more
switches or transistors through which power from the power supply 92 is
provided to the various components of the ultrasound device 10, and these
switches or transistors may be opened if the motion of the transducer 12
exceeds a predetermined threshold, thereby decoupling power from the power
supply 92 to those components.

In addition to the motion sensor 102, the power management
controlier 100 may reduce the power consumption of the ultrasound device 10

by adjusting one or more operational parameters of the ultrasound device 10
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based on signals received from the capacitive sensor 104 and/or the patient
contact sensor 106. For example, if the power management controller 100
receives a signal from the capacitive sensor 104 indicating that the transducer
12 is not being held, then the power management controller 100 may reduce
the power consumed by one or more components of the ultrasound device 10,
such as by reducing the frame rate, the receive aperture or the transmit
amplitude.

Moreover, the power management controller 100 may decouple
power from one or more components of the ulirasound device 10 based on a
signal received from the capacitive sensor 104 indicating that the transducer 12
is not actively being held, e.g., by an operator. In such a case, for example, the
power management controlier 100 may decouple power from the power supply
92 to the driving circuitry 88, the transducer elements 80, the procassing
circuitry 86 or the display 98. Since the transducer 12 is not being held, it may
be assumed that the operator is not actively trying to acquire ultrasound
images, and as such, the power management controlier 100 may effectively
reduce power consumption by decoupling power from components while those
componernts are not being used to obtain ultrasound images.

Similarly, if the power management controller 100 receives a
signal from the patient contact sensor 106 indicating that the transducer 12 is
not contacting a physical structure (e.g., a patient or gel applied to a patient),
then the power management controller 100 may reduce the power consumed
by one or more components of the ultrasound device 10, such as by reducing
the frame rate, the receive aperture or the transmit amplitude. Additionally, or
alternatively, the power management controlier 100 may decouple power from
one or more components of the ultrasound device 10 based on a signal
received from the patient contact sensor 106 indicating that the transducer 12 is
not positioned {o obtain an ultrasound image (i.e., the transducer 12 is not
contacting a structure or a subject containing the structure for imaging). in such

a case, for example, the power management controller 100 may decouple or
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substantially reduce power from the power supply 92 to the driving circuitry 88,
the transducer elements 80, the processing circuitry 86 or the display 98. Since
the transducer 12 is not contacting a physical structure, it may be assumed that
the operator is not actively trying to acquire ultrasound images, and thus the
power management controlier 100 may effectively reduce power consumption
by decoupling power from components while those components are not being
used to obtain ultrasound images.

Figure 3 is a flow diagram illustrating a method for adaptively
managing power consumption in an ulirasound device 10 having a transducer
12, in accordance with one or more embodiments of the present disclosure. In
at least one embodiment, the method 300 includes generating, by a motion
sensor 102 coupled to the transducer 12, a motion sense signal indicating a
motion of the transducer 12, as indicated at block 302, The motion sensor 102
may be, for example, one or more accelerometers or gyroscopes.

At block 304, the method 300 includes fransmitting the motion
sense signal to a power management controller 100, The power management
controlier 100 is coupled to a power supply 92 for supplying power to the
ultrasound device 10, and 1s configured to adjust one or more operational
parameters of one or more components in the ulirasound device 10,

At block 306, the method 300 includes determining by the power
management controller 100, based on the motion sense signal, whether the
motion of the transducer 12 exceeds a predetermined threshold level of motion.
The predetermined thrashold level of motion may be, for example, a
predetermined threshoid acceleration or velocity of the transducer 12 at or
above which a desirable ultrascund image cannot be obtained by the
transducer 12 or at least is not expected 1o be obtainable by the transducer 12.

At block 308, the method 300 includes reducing a level of power
consumption by the ultrasound device 10 if the motion of the transducer 12
exceeds the predetermined threshold level of motion. The level of power

consumption may be reduced by adjusting one or maore operating parameters of
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the ultrasound transducer, inciuding for example, reducing aframe rate of a
display 98 of the ultrasound device 10, reducing a receive aperiure of the
transducer 12 and reducing an amplitude of the ultrasound signals transmitted
by the transducer 12.

The ultrasound device 10 may further include one or more of a
patient contact sensor 106 and a capacitive sensor 104. Thus, a method for
adaptively managing power consumption in the ultrasound device 10 may
further include generating, by the patient contact sensor 102, a contact sense
signal indicating whether an imaging surface of the transducer 12 is contacting
a physical structure; transmitting the contact sense signal {o the power
management controller 100, and reducing the level of power consumption by
the ultrasound device 10 if the contact sense signal indicaies that the imaging
surface of the transducer 12 is not contaclting a physical structure.

A method for adaptively managing power consumption in the
ultrasound device 10 may further include generating, by the capacitive sensor
104, a capacitive sense signal indicating whether the transducer 12 is being
held by an operator of the ulirasound device 10; transmitting the capacitive
sense signal to the power management controller 100; and reducing the level of
power consumption by the ultrasound device 10 if the capacitive sense signal
indicates that the transducer 12 is not being held by the operator.

Reducing the level of power consumption by the ultrasound
device may include electrically decoupling power to one or moreg of the
transducer elements 80, the display 98, the driving circuitry 88 and the
processing circuitry 86.

As may be appreciated by persons having ordinary skill in the art,
aspects of the various embodiments dascribed above can be combined to
provide further embodiments. Aspects of the embodiments can also be
modified, if necessary, to employ concepts of various patents, applications and

publications in the relevant art to provide vet further embodiments.
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These and other changes can be made {0 the embodiments in
light of the above-detailed description. For example, in one or more
embodiments a method, transducer and ultrasound device may be provided in
which the power management coniroller 100 dynamically adjusts power
consumption based on a signal received from a patient contact sensor 106,
without a motion sensor 102, As such, the power management controller 100
may reduce power consumption based only on receiving a signal from the
patient contact sensor 106 indicating that the transducer 12 is not contacting a
physical structure {e.g., a patient or gel applied {0 a patient), such as by
reducing the frame rate, the receive aperture or the transmit amplitude and/or
by decoupling power 1o one or more components of the ultrasound device 10.

in yet another embodiment, a method, transducer and ultrasound
device may be provided in which the power management controller 100
dynamically adjusts power consumption based on a signal received from a
sensor configured o sense contact of a hand of an operator of the ulirasound
device 10 with the transducer 12, e.g., capacitive sensor 104, without a motion
sensor 102. As such, the power management controlier 100 may reduce power
consumption based only on receiving a signal from the capacitive sensor 104
indicating that the transducer 12 is not being held, such as by reducing the
frame rate, the receive aperture or the transmit amplitude and/or by decoupling
power 1o oneg or maore components of the ultrasound device 10.

In still another embodiment, a method, transducer and ultrasound
device may be provided in which the power management controller 100
dynamically adjusts power consumption based on signails received from any
combination of the motion sensor 102, capacitive sensor 104 and/or patient
contact sensor 106.

Additionally, in one or embodiments, a method, transducer and
ultrasound device may be provided that include an “override” feature, which
may be activated by a user, and which, when activated, prevents the system

from entering a low power mode {(i.e., in the override mode, the ultrasound
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device will continue to operate in a normal operational mode regardiess of the
parameters sensed by the motion sensor 102, capacitive sensor 104 and/or
patient contact sensor 108). A user may activate the override feature, for
example, via actuation of a physical buiton or switch, by adjusting a software
setiing (g.g., via a user interface provided through a display of the ultrasound
device), or the like.

Further, in one or more embodiments, power may be conserved
by turning off or otherwise reducing the power consumed by various features or
elements of the ulirasound device once a certain level of battery power is
detected. For example, the power management controller 100 may monitor a
level of charge {e.g., a percentage of available battery power) of the baiteries,
and if the level of charge reaches or drops below a predetermined threshold
{e.g., 10% of power, 20% of power, elc.), then the power management
controlier 100 may decouple power to and/or adjust one or more operational
parameters associated with any feature or element of the ultrasound device as
described herein in order {0 reduce power consumption. One such feature may
include, for example, automatically uploading andfor downloading “deep
learning” information from the cloud (e.g., downloading ulirasound image
knowledge generated through a cloud-based artificial intelligence network
and/or uploading acquired images to the cloud-based artificial intelligence
networl for further training). This feature is described, for example, in U.S.
Provisional Patent Application No. 62/313,601 filed March 25, 2016. The power
management controller 100 may disable this feature (i e, the ultrasound device
will not download or upload information to the cloud-based artificial intelligence
network) when the batteries are below a predetermined level of charge, and
may cause the feature to remain disabled until the batteries are recharged to a
level above the predetiermined threshold level of charge. Any other features or
elements of the ultrasound device may be disconnected from batiery power
and/or may have operational parameters that are adjusted in order {0 reduce

power consumption when a level of charge of the batteries drops to or below
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the predetermined threshold. This may prevent, for example, a condition in
which the ultrasound device loses power during an ultrasound imaging session.

in yet another embodiment, the ultrasound device may include a
“sleep” mode feature that places the ultrasound device into a low or reduced
power mode when the ultrasound transducer has not moved (g8.g., as sensed
by the motion sensors 102) for a period of time that exceeds a predetermined
threshold (e.g., 10 seconds, 20 seconds, efc.). Additionally, or alternatively, the
sleep modea may be initiated when the ultrasound fransducer has not been held
{e.g., as sensed by the capacitive sensor 104) for a period of time that exceeds
a predetermined threshold. The ultrasound device may be returned to a normal
{i.e., non-sleep mode) mode of operation upon detecting motion of the
ultrasound transducer and/or upon detecting that the ulirasound transducer is
being held.

in another embodiment, the power consumption of the uitrasound
device may be reduced in a stepped manner based on an amount of time that
the ultrasound transducer is motionless and/or is not being held (e.g., as
sensed by the motion sensor 102 and/or the capacitive sensor 104). For
example, the power management controlier 100 may monitor an amount of time
that the transducer is motioniess and/or is not being held and may iniliate a first
low or reduced power mode after g first predetermined period of time {(e.g., 10
seconds) has elapsed. The power management controller 100 may continue
monitoring the amount of time that the transducer is motioniess and/or is not
being held and may initiate a second low or reduced power maode {e.g., by
reducing power consumption of the ultrasound device even further than in the
first low power mode) after a second predetermined period of time (g.g., 20
seconds) has elapsed. In the first low or reduced power mode, the power
management controller 100 may, for example, adjust one or more operational
parameters of the ultrasound device {e.g., by reducing the frame rate, the
receive aperture, the transmit amplitude, the display brightness, efc.), while in

the second low or reduced power mode, the power management controller 100
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may further reduce power consumption by decoupling power o one or more
components of the ultrasound device (e.g., the transducer elements 80, the
display 98, the driving circuitry 88 and the processing circuitry 86).

in still another embodiment, the power management controller
100 may monitor a level of charge of the batteries, and may be configured {o
prevent the ultrasound device 10 from operating or otherwise being used to
begin an ultrasound imaging session if the level of charge of the batteries is at
or below a predeterminad threshold level of charge. If the batteries are at or
below the predetermined threshoid level of charge, the ulirasound device may
provide a message (e.g., a visual message provided via the display 22, an
audible message or the like) informing the user 1o charge the uitrasound device
10 before beginning an ultrasound imaging session.

in general, in the following claims, the terms used should not be
construed o limit the claims to the specific embodiments disclosed in the
specification and the claims, but should be construed o include all possible
embodiments along with the full scope of eguivalents to which such claims are

entitied. Accordingly, the claims are not imited by the disclosure.
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CLAIMS

1. A method for dynamically managing power consumption in
an ultrasound device having a transducer, the transducer including transmit and
receive elements for respectively transmitting and receiving ultrasound signals,
the method comprising:

sensing a motion of the transducer by a motion sensor coupled to
the transducer,; and

automatically reducing an amount of power consumption by the

ultrasound device based on the sensed motion of the transducer.

2. The method of claim 1, wherein automatically reducing an
amount of power consumplion includes adjusting one or more operational

parameters of the ultrasound device.

3. The method of claim 2, wherein the ultrasound device
includes a display for displaying ultrasound images acguired by the ulirasound
device, and wherein adjusting one or more operational parameters includes

reducing a frame rate of the display.

4. The method of claim 2, wherein adjusting one or more

operational parameters includes reducing a receive aperture of the transducer.
5. The method of claim 2, wherein adjusting one or more

operational parameters includes reducing an amplitude of the ultrasound

signals transmitted by the transducer.
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6. A method for adaptively managing power consumptiion in
an ultrasound device having a transducer, the method comprising:

generating, by a motion sensor coupled {o the transducer, a
motion sense signal indicating a motion of the transducer;

transmitting the motion sense signal to a power management
controller:

determining by the power management controller, based on the
motion sense signal, wheather the motion of the transducer exceeds a
predetermined threshold level of motion, and

automatically reducing a level of power consumption by the
ultrasound device if the motion of the transducer exceeds the predetermined

threshold level of motion.

7. The method of claim 8, wherein the predstermined
thrashoid level of motion comprises at least one of a predeterminegd threshold

acceleration and a predetermined threshold velocity of the transducer.

8. The method of claim 6, wherein the motion sensor includes

at least one of an accelerometer and a gyroscope.

9. The method of claim 8, further comprising:

generating, by a patient contact sensor, a contact sense signal
indicating whethear an imaging surface of the transducer is contacting a physical
structure;

transmitting the contact sense signal {o the power management
controller; and

automatically reducing the level of power consumption by the
ultrasound device If the contact sense signal indicates that the imaging surface

of the transducer is not contacting a physical structure.
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10.  The method of claim 9, wherein the patient contact sensor
includes at least one of. a factile sensor, a capacitive sensor, a force sensor

and a pregsure sensor.

11.  The method of claim 9, wherein automatically reducing the
level of power consumption by the ultrasound device if the contact sense signal
indicates that the transducer is not contacting a physical structure includes
electrically decoupling power to at least one of. a transducer element, a display,

a driving circuit and a processing circuit.

12.  The method of claim 6, further comprising:

generating, by a capacitive sensor, a capacitive sense signal
indicating whether the transducer is being held by an operator of the ultrasound
device;

transmitting the capacitive sense signal to the power management
controller; and

automatically reducing the level of power consumption by the
ultrasound device if the capacitive sense signal indicates that the transducer is

not being held by an operator.

13. The method of claim 12, whersin automatically reducing
the level of power consumption by the ultrasound device if the capacitive sense
signal indicates that the transducer is not being held by an operator includas
electrically decoupling power to at least one of. a transducer element, a display,

a driving circuit and a processing circuit.
14. A handheld ultrasound transducer, comprising:

one or more first transducer elements configured o transmit an

ultrasound signal toward a target structure in a region of interest;

26



WO 2017/189756 PCT/US2017/029686

one or more second transducer elements configured {o receive
echo signals returning from the target structure in response to transmission of
the ultrasound signal;

a motion sensor configured to sense a motion of the ultrasound
transducer; and

a power management controller configured to automatically
reduce an amount of power consumption by the handheld ultrasound

transducer based on a sensed motion of the ultrasound transducer.

15, The handheld ultrasound transducer of claim 14, further
comprising:

a patient contact sensor arranged along an imaging surface of the
ultrasound transducer, the patient contact sensor being configured to generate
a contact sense signal indicating whether the imaging surface of the ultrasound

transducer is contacting a physical structure.

16. The handheld ultrasound transducer of claim 14, further
comprising:
a capacitive sensor configured to sense whether the fransducer is

being held by an operator of the ultrascund device.

17. An ultrasound device, comprising:
a handheld ultrasound transducer including:
one or more first transducer elements arranged along an
imaging surface of the ulfrasound transducer and configured to transmit an
ultrasound signal toward a target structure in a region of interest,
one or more second transducer elements arranged along
the imaging surface of the ultrasound transducer and configured {o receive
echo signals returning from the target structure in response o fransmission of

the ultrasound signal, and
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a motion sensor configured to sense a motion of the

ultrasound transducer;

processing circuitry that controls transmission of the ultrasound
signal from the one or more first transducer elements;

driving circuitry operatively coupled to the one or more first
fransducer elements and the processing circuitry, wherein the driving circuitry
drives the transmission of the ulirasound signal by the one or more first
transducer elements in response o a control signal receaived from the
Drocessing circuitry,

a display configured to display ultrasound images acquired by the
ultrasound device; and

a power management controller coupled to the motion sensor, the
power management controller being configured to automatically reduce an
amount of power consumption by the ultrasound device based on the sensed

motion of the ultrasound transducer.

18. The ultrasound device of claim 17, wherein the handheld
ultrasound transducer further includes a patient contact sensor arranged along
an imaging surface of the ultrasound transducer, the patient contact sensor
being configured to generate a contact sense signal indicating whether the
imaging surface of the ultrasound transducer is contacting a physical structure,

wherein the power management controiler is coupled to the
patient contact sensor and configured to automatically reduce an amount of
power consumption by the ultrasound device based on the contact sense

signal.
189. The ultrasound device of claim 17, wherein the handheld

ultrasound transducer further includes a capacitive sensor configured to sense

whether the fransducer is being held by an operator of the ultrasound device,
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wherein the power management controller is coupled to the
capacitive sensor and configured to automatically reduce an amount of power
consumption by the ultrasound device based on an ouiput of the capacitive

SENSOr.

20.  The ultrasound device of claim 17, wherein the power
management controller is configured to automatically reduce an amount of
power consumption by adjusting one or more operational parameters of the

ultrasound device.
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