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COOLING UNIT FOR AN ULTRASOUND
IMAGING APPARATUS, AND RELATED
ULTRASOUND SYSTEMS

FIELD

[0001] The present disclosure relates generally to ultra-
sound imaging apparatus, and in particular, a cooling unit for
an ultrasound imaging apparatus.

BACKGROUND

[0002] Ultrasound imaging systems may generate heat
during operation. For example, heat may be generated from
the transducer elements in a transducer array when they are
activated to transmit ultrasound signals. Also, heat may be
generated by integrated circuits (ICs) that drive the trans-
ducer array and process imaging data.

[0003] When imaging tissue, ultrasound probes (also
called ultrasound transducers) are typically placed against
the skin of a patient. To prevent patient injury or discomfort
due to the probe head having overly high temperatures, there
exist regulations that require surfaces of an ultrasound probe
to not exceed certain predetermined temperatures while
scanning a patient (e.g. International Electrotechnical Com-
mission (IEC) standard 60601 requires external surfaces of
an ultrasound probe to not exceed 48° C. in certain condi-
tions).

[0004] There are traditional methods of dissipating heat
from an ultrasound imaging apparatus. For example, in a
traditional wired ultrasound system, heat may be channeled
into and through the cable so that it can be dissipated from
the cable and/or through the processing body. Heat may also
traditionally be dissipated through conduction to the opera-
tor and to the patient, and/or through convection to the air.
However, during lengthy periods of continuous scanning,
these traditional heat mechanisms may not be sufficient.

[0005] In addition to adequate heat management, several
other considerations may influence the design and operation
of an ultrasound imaging apparatus; including ergonomics,
battery life, and cleaning.

[0006] For example, in a wireless ultrasound imaging
apparatus, it may be desirable to minimize the size and
weight of the device; maximize operating time; and/or
enable simple, quick, effective cleaning. A sealed and/or
waterproof enclosure may, for example, enable easier clean-
ing and sterilization, and/or operation in wet environments.
Some traditional wireless ultrasound systems include inter-
nal fans or other active cooling elements to increase heat
dissipation. However, such traditional systems also typically
include slits or vents in the housing to allow airflow caused
by the fan. Such slits or vents may make it difficult to clean
the ultrasound system without exposing the internal fan or
electronics to cleaning fluid that may cause damage to those
components.

[0007] There is thus a need for improved cooling mecha-
nisms for ultrasound imaging apparatuses. The embodi-
ments discussed herein may address and/or ameliorate at
least some of the aforementioned design considerations
identified above. The foregoing examples of the related art
and limitations related thereto are intended to be illustrative
and not exclusive. Other limitations of the related art will
become apparent to those of skill in the art upon a reading
of the specification and a study of the drawings herein.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Non-limiting examples of various embodiments of
the present disclosure will next be described in relation to
the drawings, in which:

[0009] FIG. 1 shows a schematic representation of an
ultrasound system, in accordance with at least one embodi-
ment of the present invention;

[0010] FIG. 2A-2B shows a perspective view of an ultra-
sound imaging system with an active cooling unit in a
detached state and an attached state, respectively, in accor-
dance with at least one embodiment of the present invention;
[0011] FIG. 3 shows a rear perspective view of the active
cooling unit of F1IG. 2A-2B, in accordance with at least one
embodiment of the present invention;

[0012] FIG. 4 shows a partial break-out section view of the
ultrasound imaging system when the cooling unit is
attached, in accordance with at least one embodiment of the
present invention;

[0013] FIG. 5 shows an electrical schematic of some of the
components of the ultrasound imaging system of FIG.
2A-2B, in accordance with at least one embodiment of the
present invention;

[0014] FIG. 6 is a flowchart diagram showing steps of a
method for determining whether an active cooling unit is
attached to and compatible with an ultrasound imaging
apparatus, in accordance with at least one embodiment of the
present invention;

[0015] FIG. 7A shows a front view of the ultrasound
imaging system of FIGS. 2A-2B, in accordance with at least
one embodiment of the present invention;

[0016] FIG. 7B shows an enlarged partial perspective
view of the connector of the ultrasound imaging apparatus of
FIGS. 2A-2B, in accordance with at least one embodiment
of the present invention;

[0017] FIG. 7C shows a cross-sectional view of the ultra-
sound imaging system of FIG. 2A-2B along line C-C shown
in FIG. 7A, in accordance with at least one embodiment of
the present invention;

[0018] FIG. 7D shows a detail view drawn from FIG. 7C
of the ultrasound imaging system of FIG. 2A-2B, in accor-
dance with at least one embodiment of the present invention;
and

[0019] FIGS. 8-11 show perspective views of various
alternative configurations of an ultrasound imaging system,
in accordance with various embodiments of the present
invention.

DETAILED DESCRIPTION

[0020] In a first broad aspect of the present disclosure,
there is provided an ultrasound imaging system, including:
an ultrasound imaging apparatus operable to acquire ultra-
sound image data; and a cooling unit configured to be
detachably coupled to the ultrasound imaging apparatus;
wherein the cooling unit includes an active cooling element
for removing heat from the ultrasound imaging apparatus,
and wherein the cooling unit is cordless.

[0021] In some embodiments, the ultrasound imaging
apparatus includes a sensor for detecting when the cooling
unit is attached. In some embodiments, the sensor includes
at least a portion of a resistor network. In some embodi-
ments, the resistor network includes a resistor voltage
divider network.
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[0022] In some embodiments, the ultrasound imaging
apparatus includes an external surface and the active cooling
element includes a fan, and said fan is configured to direct
air onto and/or from said external surface.

[0023] In some embodiments, the cooling unit includes at
least one fastener to perform the detachable coupling. In
some embodiments, the fastener is formed with a housing of
the cooling unit. In some embodiments, the housing includes
at least one clip portion to provide the detachable coupling.
[0024] In some embodiments, the cooling unit is coupled
to the ultrasound imaging apparatus using magnetic force. In
some embodiments, the cooling unit includes a housing and
said housing includes at least one magnet for performing the
detachable coupling and wherein a body of the ultrasound
imaging apparatus includes a magnetic material for mating
with said at least one magnet.

[0025] In some embodiments, the ultrasound imaging
apparatus provides power to the cooling unit. In some
embodiments, the ultrasound imaging apparatus and the
cooling unit include connectors configured to mate with one
another. In some embodiments, the cooling unit receives
power from the ultrasound imaging apparatus.

[0026] In some embodiments, the cooling unit is powered
independently. In some embodiments, the cooling unit
includes a battery for powering the active cooling element.
[0027] In some embodiments, the ultrasound imaging
apparatus includes a shell, and wherein said shell protects
from ingress into an interior of the ultrasound imaging
apparatus. In some embodiments, the shell protects of the
interior of the ultrasound imaging apparatus from ingress of
fluids and dust.

[0028] In another broad aspect of the present disclosure,
there is provided a method of detecting presence of a
compatible cooling unit for attaching to an ultrasound imag-
ing apparatus, the method including: providing a sensor on
one of: the ultrasound imaging apparatus, and the cooling
unit; providing an identity interface on the other of: the
ultrasound imaging apparatus, and the cooling unit; when
the cooling unit is attached, the identity interface is read
through the sensor; and the attached cooling unit is detected
to be compatible if the reading of the identity interface
matches an expected reading.

[0029] In some embodiments, the method may be consid-
ered a method of determining whether a cooling unit is
attached to an ultrasound imaging apparatus and/or whether
or not it is compatible with said ultrasound imaging appa-
ratus.

[0030] In some embodiments, the sensor is provided on
the ultrasound imaging apparatus and the identity interface
is provided on the cooling unit.

[0031] In some embodiments, the ultrasound imaging
apparatus includes a first electrical connector capable of
supplying current and the cooling unit includes a second
electrical connector that interfaces with the first electrical
connector. When the cooling unit is attached and determined
to be compatible, the ultrasound imaging apparatus activates
the first electrical connector to supply electric current to the
second connector so that the cooling unit is powered.
[0032] Insome embodiments, the first electrical connector
is prevented from supplying current if the cooling unit is
determined to be not compatible. In some embodiments, the
ultrasound imaging apparatus is prevented from imaging if
the cooling unit is determined to be not compatible.

Dec. 6, 2018

[0033] In some embodiments, the sensor is provided on
the cooling unit and the identity interface is provided on the
ultrasound imaging apparatus. In some embodiments, the
cooling unit is prevented from activating if the cooling unit
is determined to be not compatible with the ultrasound
imaging apparatus.

[0034] In another broad aspect of the present disclosure,
there is provided a cooling unit for an ultrasound imaging
apparatus, the cooling unit including: a housing, the housing
including a fastener for detachably coupling to the ultra-
sound imaging apparatus; and an active cooling element,
wherein the active cooling element is enclosed in the hous-
ing, and the active cooling element is configured to remove
heat from the ultrasound imaging apparatus; wherein the
cooling unit is cordless.

[0035] In some embodiments, the active cooling element
includes a fan configured to direct air onto or away from an
external surface of the ultrasound imaging apparatus.
[0036] In some embodiments, the cooling unit housing
includes at least one air inlet and at least one air outlet. In
some embodiments, a size of the air inlet is different (e.g,,
larger) from the size of the air outlet to induce a pressure
differential.

[0037] Insome embodiments, the cooling unit includes an
electrical connector for receiving power from the ultrasound
imaging apparatus to power the active cooling element.
[0038] Insome embodiments, the cooling unit includes an
internal battery for providing power to the active cooling
element.

[0039] In some embodiments, the fastener is formed with
the housing, and the housing includes at least one clip for
performing the detachable coupling.

[0040] Insome embodiments, the housing includes at least
one magnet for performing the detachable coupling and the
ultrasound imaging apparatus includes a portion of the body
for mating with the at least one magnet.

[0041] In some embodiments, the cooling unit is water-
proof allowing for, for example, cleaning with liquids.
[0042] Insomeembodiments, the cooling unit is dustproof
allowing for operation in environments with small particles
which may negatively affect the performance of the cooling
unit.

[0043] For simplicity and clarity of illustration, where
considered appropriate, reference numerals may be repeated
among the figures to indicate corresponding or analogous
elements or steps. In addition, numerous specific details are
set forth in order to provide a thorough understanding of the
exemplary embodiments described herein. However, it will
be understood by those of ordinary skill in the art that the
embodiments described herein may be practiced without
these specific details. In other instances, certain steps, sig-
nals, protocols, software, hardware, networking infrastruc-
ture, circuits, structures, techniques, well-known methods,
procedures and components have not been described or
shown in detail in order not to obscure the embodiments
generally described herein.

[0044] Furthermore, this description is not to be consid-
ered as limiting the scope of the embodiments described
herein in any way. It should be understood that the detailed
description, while indicating specific embodiments, are
given by way of illustration only, since various changes and
modifications within the scope of the disclosure will become
apparent to those skilled in the art from this detailed descrip-
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tion. Accordingly, the specification and drawings are to be
regarded in an illustrative, rather than a restrictive, sense.
[0045] Referring to FIG. 1, shown there generally as 100
is a schematic representation of an ultrasound imaging
system, in accordance with at least one embodiment of the
present invention. As shown, the ultrasound imaging system
includes an ultrasound imaging apparatus 110 and an active
cooling unit 130 that can detachably couple to the ultrasound
imaging apparatus 110.

[0046] The ultrasound imaging apparatus 110 may contain
a transducer 114 which may be configured to emit ultra-
sound energy signals towards an object and receive echoes
of the ultrasound energy signals that reflect off the object.
Transducer 114 may be electrically connected to electronics
116 which can control the transducer 114 and process the
received echoes into ultrasound image data. Ultrasound
imaging apparatus 110 may have a battery 118 for providing
power to the electronics 116. Ultrasound imaging apparatus
110 may have a heat dissipater 120 that receives heat from
the electronics 116 and/or transducer 114 and/or battery 118
during operation. Active cooling unit 130 may include a
fastener 136 for facilitating the detachable physical coupling
of the active cooling unit 130 to the ultrasound imaging
apparatus 110. When it is attached, active cooling unit 130
can be configured to remove heat from the ultrasound
imaging apparatus’ heat dissipater 120 using active cooling
element 140. Active cooling unit 130 may include a con-
nector 132 that electrically connects to the corresponding
connector 122 on the ultrasound imaging apparatus 110
when the active cooling unit 130 is coupled to ultrasound
imaging apparatus 110. In various embodiments, connector
132 may serve different purposes. For example, the electri-
cal connection between connector 132 and connector 122
may enable ultrasound imaging apparatus 110 to provide
power to active cooling element 140, and/or enable ultra-
sound imaging apparatus 110 to determine when a compat-
ible active cooling unit 130 is attached.

[0047] During operation, ultrasound imaging apparatus
110 may transmit ultrasound image or other data to a tertiary
device for display or storage. For example, ultrasound
imaging apparatus 110 may transmit data via a wired or
wireless connection to a multi-use electronic display device
to display an ultrasound image.

[0048] In various embodiments, the cooling unit 130 may
generally be provided in a cordless form that can operate
without attached wires or cords (e.g., either for supplying
power or for transferring heat away from the cooling unit
130). Corded devices may generally be cumbersome to use,
and the cooling unit 130 being cordless may provide
enhanced ease of use.

[0049] Referring to FIG. 2A and FIG. 2B, shown there
generally as 200A and 200B, respectively, are perspective
views of an example embodiment of an ultrasound imaging
system, in accordance with at least one example embodi-
ment of the present invention. FIG. 2A shows ultrasound
imaging system 200A with ultrasound imaging apparatus
110 and active cooling unit 130 in a detached state. FIG. 2B
shows the same ultrasound imaging system 200B, with
ultrasound imaging apparatus 110 and active cooling unit
130 in an attached state.

[0050] The ultrasound imaging apparatus 110 generally
has a shell 211 which may be connected to a transducer array
114 and, internal to the shell, the processing componerts. As
the ultrasound imaging apparatus 110 is used to perform
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imaging, heat may be generated by the transducer array 114
and/or the processing components (e.g., the electronics 116
shown in FIG. 1) and/or the battery 118. As shown in FIG.
2A, a heat dissipater 120 shown in FIG. 1 is provided as fins
220 on the shell 211 of the ultrasound imaging apparatus
110. The fins 220 help to passively dissipate heat from the
ultrasound imaging apparatus 110 using natural convection.
While fins 220 may generally provide a sufficient level of
heat dissipation, it may be desirable to further enhance the
heat dissipation in certain circumstances. For example,
further enhancing the heat dissipation may allow for con-
tinuous scanning by the ultrasound imaging apparatus 110
over a lengthy period.

[0051] To increase the heat dissipated from ultrasound
imaging apparatus 110, active cooling unit 130 may be
attached (as shown in FIG. 2B). Active cooling unit 130
generally has a main body 231, and may also include a
fastener for detachably coupling the active cooling unit 130
to the ultrasound imaging apparatus 110. In the example
embodiment of FIGS. 2A-2B, the fastener is formed with the
main body 231 as a clip portion 236 that facilitates attach-
ment of the cooling unit 130 to the ultrasound imaging
apparatus 110. The main body 231 may also include air
inlets 242 and air outlets 244 to allow air to flow past and/or
through the active cooling element (not shown in FIGS. 2A
and 2B).

[0052] In this illustrated embodiment, cooling unit 130
attaches to ultrasound imaging apparatus 110 using a fas-
tener provided in the form of clip portion 236. Clip portion
236 can be made of a suitably flexible material to allow the
clip portion 236 to flex around/over the shell 211 and snap
on/off of the ultrasound imaging apparatus 110. In various
embodiments, the material of clip portion 236 and/or the
main body 231 of the cooling unit 130 may be selected to
provide additional heat conduction from shell 211 to active
cooling unit 130. The coupling mechanism may be releas-
able without the use of tools, as is the case with the example
flexible clip portion 236. However, in some embodiments,
the use of tools for releasing the cooling unit 130 may be
possible.

[0053] In some embodiments, the coupling mechanism
(e.g., the fastener) may be configured to maintain a specific
relative position between the active cooling unit 130 and the
ultrasound imaging apparatus 110. This may facilitate
improved heat transfer over embodiments without such
relative positioning. For example, as illustrated, the clip
portion 236 may be shaped to match the profile of a portion
(e.g., shell 211) of the ultrasound imaging apparatus 110.
The matching of the clip portion 236 to one or more of the
profile, shape, and/or curvature of the shell 211 may allow
the cooling unit 130 to be positioned substantially over the
fins 220 so that the active cooling element can operate
primarily thereon. This, in turn, may enhance the heat
dissipated from the fins 220.

[0054] Referring to FIG. 3, shown there generally as 230
is a rear perspective view of an active cooling unit 130, in
accordance with at least one embodiment of the present
invention. As noted with respect to FIG. 1, the active cooling
unit 130 may include an active cooling element 140. In the
example embodiment shown in FIG. 3, the active cooling
element 140 is provided in the form of a fan 340 mounted
to the main body 231.

[0055] Connector 132 can also be mounted to main body
231, and may form an electrical connection to the fan 340.
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As discussed below, connector 132 may include several pins
334, 335, and 336 that can provide power to the fan and/or
provide access to an identity interface when attached to the
ultrasound imaging apparatus 110. The at least one air inlet
242 and at least one air outlet 244 formed as holes in the
housing 231 of the cooling unit 130 are also viewable in
FIG. 3.

[0056] Referring to FIG. 4, shown there generally as 400
is a partial perspective view of the ultrasound imaging
system of FIG. 2 with a broken-out section to show example
airflow. During operation, cool air can be drawn into active
cooling unit 130 through air inlets 242 along air inlet path
420 by fan 340. Once through fan 340, air can be directed
into and along the fins 220 of the ultrasound imaging
apparatus 110. Heat can then be transferred from the fins 220
to the cool air through convection. The warm air may then
continue to travel along air outlet path 430 through the air
outlet 244 in housing 231 and into the surrounding envi-
ronment. In this embodiment, the cool air can be directed
onto the surface of the heat dissipater 120 (e.g., fins 220) to
generate more turbulence and enhance heat transfer. It can
be appreciated that those skilled in the art may choose to use
a different air pathway. For example, the fan may be
configured to operate so that airflow is in the reverse
direction so as to draw air away from an external surface of
the ultrasound imaging apparatus 110.

[0057] In some embodiments, the size and shape of air
inlets 242 and air outlets 244 can be configured so that the
air inlets 242 are different from the air outlets 244 (e.g., as
shown, the air inlets 242 are larger than the air outlets 244).
Such a configuration may create a pressure differential
across the fan 340, so as to increase the pressure (and thus
velocity) of the airflow downstream from the fan 340
directed at the fins 220. This, in turn, may improve heat
dissipation performance. In various embodiments, the loca-
tion of air inlets 242 and air outlets 244 may be chosen to
direct the warm air away from the operator of the ultrasound
imaging apparatus 110 and/or away from the patient during
scanning.

[0058] Referring to FIG. 5, shown there generally as 500
is an electrical schematic for active cooling unit 130 of the
ultrasound imaging system of FIGS. 2A-2B. The electrical
schematic includes an ultrasound imaging apparatus portion
510 and an active cooling unit portion 530. The apparatus
portion 510 and the active cooling unit portion 530 can be
connected via pins 333, 334, 335 on the active cooling unit
portion 530 and corresponding pins 523, 524, 525 on the
apparatus portion 510. Each of the apparatus pins 523, 524,
525 may be connected to a processor 517 (e.g., microcon-
troller unit (MCU)). As discussed below, when the cooling
unit portion 530 is attached to the apparatus portion 510,
processor 517 may control the flow of electricity to the fan
340 and/or detect whether a cooling unit 130 encompassing
the attached fan portion 530 circuit is compatible.

[0059] The electrical schematic of FIG. 5 may operate in
a detached state and an attached state, and processor 517 can
be configured to determine in which state the circuit is
operating. In the detached state, pins 333, 334, and 335 are
not electrically connected to target pins 523, 524, and 525,
respectively. In the attached state, pins 333, 334, and 335 are
electrically connected to target pins 523, 524, and 525,
respectively.

[0060] Processor 517 may be configured to control power
to fan 340 and therefore control when the fan 340 operates.
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Processor 517 may be connected to target pin 523 on
apparatus portion 510, and fan 340 may be connected to pin
333 on cooling unit portion 530. In the attached state, pin
333 and target pin 523 are electrically connected. Processor
517 can then activate power to target pin 523 so that current
flows through pin 333 to energize fan 340. In this mode of
operation, pin 523 may be a live or hot pin that supplies
current to the fan 340 through pin 333, and pin 525 may be
the neutral pin that returns current to the processor 517
through pin 335 connected to fan 340. In the detached state,
processor 517 may deactivate power to target pin 523 and
prevent electric current from flowing thereto. In some
embodiments, processor 517 activates the fan 340 whenever
the active cooling unit 130 is determined to be attached.

[0061] A processor 517 may determine whether a com-
patible cooling unit 130 is attached in various ways. For
example, as illustrated, the compatible cooling unit 130 may
include the cooling unit portion 530 of the circuit shown in
FIG. 5. Detector pin 524 may be provided on the apparatus
portion 510 that, in the attached state, mates with a corre-
sponding identity pin 334 on the cooling unit portion 530 to
form an electrical connection. The electronics between
detector pin 524 and neutral pin 525 connected within the
apparatus portion 510 (e.g., including processor 517 and
voltage source 550 (labeled as “+Vece’)) may be considered
circuitry for detecting the presence of a cooling unit 130. In
the illustrated embodiment, this detection circuitry includes
a first portion of a voltage divider circuit, having resistor
519A (labeled as ‘R2’), resistor 519B (labeled as ‘R3’), and
resistor 519C (labeled as ‘R4).

[0062] In operation, the processor 517 may be configured
to measure voltage in the detection circuitry at regular
intervals to determine whether a compatible cooling umit
portion 530 is attached. For example, in the detached state,
there is typically no electrical connection between detector
pin 524 and neutral pin 525 on the apparatus portion 510.
This would result in significant resistance across those two
pins, such that current is unlikely to flow through resistor
519B from the voltage source 550. As a result, current will
generally flow from the voltage source 550 through resistor
519A towards resistor 519C so as to produce a first prede-
termined voltage measurement between the connection
point 560 and connection point 565 (This first predetermined
voltage measurement would depend on the resistance of the
resistors 519A, 519C). If a measured voltage that is taken
periodically matches this first predetermined voltage mea-
surement, the processor 517 may determine that a compat-
ible cooling unit 530 is not attached. For example, the
processor 517 may then substantially limit the flow of
current towards the pin 523 from voltage source 550.

[0063] As illustrated, active cooling unit portion 530 may
include a second portion of a voltage divider circuit having
resistor 545. When the active cooling portion 530 is
attached, an electrical connection may be formed between
detector pin 524 and neutral pin 525 on the apparatus portion
510 (e.g., through identity pin 334, resistor 545, and pin 335
on the cooling unit portion 530). This electrical connection
may complete the voltage divider circuit, and draw current
towards resistor 519B at the connection point between
resistor 519A and resistor 519C. Current may then flow
through resistor 545, and back towards connection point 565
at processor 517. Since some current has been divided away
from the circuit having resistors 519A and 519C, a voltage
measurement taken across connection points 560 and 565
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will be different from the first predetermined voltage mea-
surement when there was no cooling unit portion 530
attached and there was substantial resistance across target
pins 524 and 525. The resistance of the resistor 545 on the
cooling unit portion 530 may be selected so that when the
cooling unit portion 530 is attached, a predetermined voltage
at connection point 560 is experienced. In various embodi-
ments, if the periodically measured voltage matches a sec-
ond predetermined voltage across the connection point 560
and connection point 565 (e.g., the amount of voltage
divided away from the first predetermined voltage measure-
ment is consistent with that which is expected based on the
expected resistance provided by resistor 545), then the
processor 517 may determine that a compatible cooling unit
545 is attached.

[0064] However, if the electrical circuit between detection
pin 524 and neutral pin 525 is complete, but the measured
voltage does not match the second predetermined voltage
(e.g., the amount of voltage divided away from the first
determined voltage measurement above is inconsistent with
an expected resistance of resistor 545 based on the design of
a compatible cooling unit portion 530), the processor 517
may determine that an incompatible cooling unit 130 is
attached. To facilitate ease of manufacturing and/or ease of
sourcing of components, the second predetermined voltage
may include different resistance values corresponding to
different resistors, so that if the measured voltage matches
any one of these different resistance values, the attached
cooling unit portion 530 may be determined to be compat-
ible.

[0065] In another scenario, it may be possible that target
pin 524 and target pin 525 on the apparatus portion 510 are
shorted such that there is little to no resistance experienced
between the two pins. For example, this may happen if the
ultrasound imaging apparatus 110 is submerged in water or
other conductive liquid during cleaning. This may result in
another predetermined voltage experienced across: either
voltage source 550 and connection point 560, or between
connection points 560 and 565. If any voltage measurement
matches such predetermined voltage, then the processor 517
may also determine that a compatible cooling unit 130 has
not been attached, so as to also substantially limit the flow
of current towards pin 523 from voltage source 550.
[0066] In wvarious embodiments, when determining
whether a measured voltage matches a predetermined volt-
age, the processor 517 may not necessarily identify a precise
voltage. Instead, if a measured voltage is within a known
variance of the predetermined voltage (e.g., within an
expected range based on component specifications), the
measured voltage may still be considered as matching. For
example, when selecting the lower and upper bounds of an
expected voltage range, the next lower and next higher
standard values of resistors may be taken into account. For
an example target resistance of 2K ohms, the adjacent
standard values in the IEC 60063 E96 series are 1.96K ohms
and 2.05K ohms. Thus, these values may be selected to be
the lower and upper bounds of an expected voltage range if
the 2K ohm resistor is selected as resistor 545 to be placed
into a compatible cooling unit 130.

[0067] In the manner discussed, the resistance of resistor
545 may serve as an identity interface that allows the
apparatus portion 510 to determine whether an attached
cooling unit portion 530 is compatible. For example, the
reading of the identity interface by the apparatus portion 510

Dec. 6, 2018

may facilitate detection of counterfeit and/or malfunctioning
cooling units 130. Since such non-compatible cooling units
130 may not be configured to safely handle the electrical
current supplied via live pin 523 when pin 523 is activated,
the processor 517 may be configured to only activate current
flow to pin 523 if an attached cooling unit 130 is determined
to be compatible. This may provide enhanced safety and
reduce the possibility of electric shock. As discussed below,
this may also allow the pins 523, 524, 525 to be exposed to
liquids such as water when cleaning the ultrasound imaging
apparatus.

[0068] As discussed above, the processor may use the
identify interface on the cooling unit portion 530 to deter-
mine when to supply power to pin 523 for activating the fan
340. However, in some embodiments, processor 517 may
use additional or alternative information to determine when
to supply power to pin 523. For example, the processor 517
may activate or deactivate current flow to pin 523 based on
a current imaging mode of the ultrasound imaging apparatus
110; a temperature measured within the ultrasound imaging
apparatus 110; and/or based on input from the operator.
[0069] In some embodiments, the circuit may include
protective circuitry. For example, as shown in the example
circuit of FIG. 5, a snubber diode 543 is connected in reverse
parallel with fan 340 to prevent inductive kickback. As
shown in FIG. 5, a diode 521 is also connected to detector
pin 524 to prevent current flow towards connection point
560 in a manner that may potentially result in an erroneous
determination that a compatible cooling unit 130 has been
attached. Various other embodiments may also include com-
ponents to prevent damage to the ultrasound imaging appa-
ratus 110 from electrostatic discharge or unexpected con-
nections.

[0070] As discussed herein, the detection circuitry pro-
vided on the apparatus portion 510 may be considered a
sensor that reads the identity interface provided on the
cooling unit 130. In various embodiments, other types of
sensors may be used to determine whether a compatible
active cooling unit 130 is attached to the ultrasound imaging
apparatus 110. For example, the sensor may include a
mechanical switch, a magnet and reed switch, and/or a radio
frequency identification (RFID) tag. Other known or later
developed sensors capable of detecting the attachment of the
active cooling unit can be used.

[0071] Referring to FIG. 6, shown there generally as 600
is a flow chart depicting a method for determining whether
an attached active cooling unit is compatible with an ultra-
sound imaging apparatus, according to at least one embodi-
ment of the present invention. The method may be per-
formed by the ultrasound imaging apparatus 110.
Alternatively, the method may be performed by the active
cooling unit 130.

[0072] At 610, a sensor may be provided on an ultrasound
imaging apparatus 110 or an active cooling unit 130. The
sensor may be any suitable component or combination of
components that allows for reading an identity interface. For
example, as noted, the portion of the detection circuit like
that which is provided on the apparatus portion 510 (e.g,,
including a portion of a voltage divider circuit and processor
517) may be considered a sensor.

[0073] At 620, an identity interface may be provided on
the other of the active cooling unit 130 and the ultrasound
imaging apparatus 110. The identity interface may be any
component (or combination of components) that allows a
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corresponding sensor to determine whether a cooling unit
130 is compatible. For example, in the detection circuitry of
FIG. 5, the identity interface includes a resistor 545 with a
predetermined resistance that completes the voltage divider
circuit in the sensor when the cooling unit 130 having the
cooling unit portion 530 is attached to the apparatus portion
510.

[0074] At 630, the sensor may read the identity interface
when the active cooling unit 130 is attached to the ultra-
sound imaging apparatus 110. The reading of the identity
interface may be performed in various ways. For example,
in the example embodiment of FIG. 5 where the sensor is a
portion of a voltage divider circuit, the reading may be
performed by a processor 517 taking periodic voltage mea-
surements as discussed above. When the cooling unit 130 is
attached, a voltage at connection point 560 can be read and
compared with a predetermined value.

[0075] At 640, the compatibility of the active cooling unit
130 is determined. Compatibility may be determined in
various ways. For example, determining compatibility may
involve comparing a value read at act 630 with one or more
predetermined values. As discussed above, in example
embodiment where the identity interface includes a resistor
545, these predetermined values may be an expected range
of resistance values for resistors that have been selected for
inclusion in compatible cooling units 130. In the manner
discussed, the identity interface may serve to “identify” the
cooling unit 130 to the imaging apparatus 110. This may
help ensure any attached cooling unit 130 used with the
imaging apparatus 110 is not counterfeit and/or has met
sufficient quality and safety standards.

[0076] If the active cooling unit 130 is determined to be
incompatible, one or more different actions may be taken.
For example, the operator may be alerted. Additionally or
alternatively, if the active cooling unit 130 would normally
receive power from the ultrasound imaging apparatus 110
through an electrical connection, the power may be disabled.
Additionally or alternatively, the ultrasound imaging appa-
ratus 110 may be prevented from imaging.

[0077] If the active cooling unit is determined to be
compatible, one or more other actions may be taken. For
example, as noted, the ultrasound imaging apparatus 110
may provide electrical power through an electrical connec-
tion to power and activate the active cooling unit 130. If the
active cooling unit 130 is independently powered, the ultra-
sound imaging apparatus may instruct the active cooling unit
130 to begin cooling.

[0078] While the illustrated embodiment provides an iden-
tity interface in the form of a resistor 545 being part of a
voltage divider circuit (with the corresponding sensor being
the remaining portion of the voltage divider circuit), differ-
ent embodiments may provide an identity interface and
corresponding sensor in various ways. For example, any
combination of electrical, mechanical, digital, optical, wire-
less, or software-based components can be provided as an
identity interface, and a suitable sensor may be used for
identifying the identity interface and determining compat-
ibility. Also, as illustrated herein, the sensor is provided on
the ultrasound imaging apparatus 110 and the identity inter-
face is provided on the cooling unit 130. However, in
various embodiments, the positioning of these elements may
be reversed: e.g., the sensor may be provided on the cooling
unit 130, and the identity interface may be provided on the
imaging apparatus 110.

Dec. 6, 2018

[0079] Although the cooling units discussed herein have
generally referred to active cooling units, the methods of
FIG. 6 may also be performed on passive cooling units in
various embodiments. A passive cooling unit may dissipate
heat without the need for electrical energy. For example,
cooling unit 130 may include a heat sink thermally con-
nected to a heat transfer surface. The heat transfer surface
may be configured to thermally mate with the heat dissipat-
ing portion 120 of the imaging apparatus 110, so that heat
from the imaging apparatus 110 is transferred to the heat
sink and dissipated. In another example, cooling unit 130
may include a heat storage device to temporarily store heat
from the imaging apparatus 110. As discussed herein, detect-
ing the compatibility of a passive cooling unit may allow the
ultrasound imaging apparatus to modify its operation (e.g.,
allow/disallow imaging, and/or modifying imaging param-
eters).

[0080] Referring to FIG. 7A, shown there generally as
700A is a front view of the ultrasound imaging system of
FIGS. 2A-2B. The connector 122 on ultrasound imaging
apparatus 110 may have target pins 523, 524, 525 (as
discussed above in relation to FIG. 5). In various embodi-
ments, these target pins 523, 524, 525 may be provided in
the form of exposed electrical pads that can be powered
when a cooling unit 130 is attached. Having such exposed
electrical connection points may potentially result in risk of
electric shock if the pins become powered unexpectedly. As
noted above, configuring the pins to detect that a cooling
unit 130 is compatible prior to powering the pins may
enhance safety and reduce the risk of electric shock.
[0081] Additionally, having exposed electrical connection
points may traditionally make it more difficult to clean or
sterilize the ultrasound imaging apparatus 110. This is
because having exposed electrical connections may require
openings to be provided on the external shell 211. In turn,
these openings may potentially allow a cleaning agent (e.g,,
water or other disinfectant liquid) to ingress into the interior
of the ultrasound imaging apparatus 110 to damage the
electronics contained therein. Notwithstanding these chal-
lenges, in some embodiments of the present invention, the
construction of the exposed electrical connections through
shell 211 may protect from ingress of fluid and dust into the
interior of ultrasound imaging apparatus 110. For example,
in various embodiments, the shell 211 may satisfy an Inter-
national Electrotechnical Commission (IEC) rating of at
least IPX7.

[0082] Referring to FIG. 7B, shown there generally as
7008 is an enlarged partial perspective view of the connec-
tor 122 of the ultrasound imaging apparatus 110 of FIGS.
2A-2B. As shown in FIG. 7B, the openings 780 in the shell
211 providing access to the electrical pads 523, 524, 525 of
connector 122 may be sealed from the interior of the
ultrasound imaging apparatus 110 via waterproof tape 752.
In an example embodiment, one or more hole(s) may be cut
in the waterproof tape 752 so that the hole(s) expose
corresponding electrical pads 523, 524, 525. One side of the
tape may be adhered to a printed circuit board (PCB) having
the electrical pads 523, 524, 525 that can mate to pins 333,
334, 335 of the active cooling unit 130; and the other side
of the tape 752 may be adhered to the interior surface of the
shell 211 (either directly or indirectly through another
medium that provides sealing and still exposes the electrical
pads). This may allow the electrical pads 523, 524, 525 to be
exposed through the waterproof tape 752 and the shell 211
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while maintaining ingress protection of liquids and other
materials into the interior of the ultrasound imaging appa-
ratus 110.

[0083] Referring to FIG. 7C, shown there generally as
700C is a cross-sectional view of the ultrasound imaging
system of FIG. 2A-2B along line C-C show in FIG. 7A, in
accordance with at least one embodiment of the present
invention. In the cross-sectional view of FIG. 7C, the
cooling unit 130 is attached to the ultrasound imaging
apparatus 110, with the clip portion of the cooling unit 130°s
main body 231 fitting around the outer shell 211 of the
ultrasound imaging apparatus 110.

[0084] Referring to FIG. 7D, shown there generally as
700D is a detail view of the area highlighted by ‘D’ in FIG.
7C, in accordance with at least one embodiment of the
present invention. In this view, the waterproof tape 752 is
viewable. The lower side of the waterproof tape 752 is
adhered to the PCB 754 having the electrical pads 523, 524,
525 and the upper side of the waterproof tape 752 is adhered
to the interior of the interior surface of the shell 211. The
pins 333, 334, 335 may penetrate the holes in the waterproof
tape 752 to mate with the exposed electrical pads 523, 524,
525, and form an electrical connection therewith. In various
embodiments, one or more pins 333, 334, 335 may be
provided as spring-loaded pins. For example, this may allow
for a solid electrical connection by providing secure contact
between the pin and the exposed electrical pads. For
example, one option for spring-loaded pins is POGO™ pins
from Everett Charles Technologies. In various embodi-
ments, the spring-loaded pins and the target exposed pads
should be chosen of a material that is suitable for immersion
in a cleaning or disinfection solution.

[0085] Various embodiments discussed herein may con-
figure the ultrasound imaging apparatus 110 to be protected
from ingress. As discussed, this may facilitate ease of
cleaning (e.g., allow for wiping with disinfection solution
and/or allow for the ultrasound imaging apparatus 110 to be
submersed in liquid). The embodiments may be configured
to maintain this ingress protection even with exposed elec-
trical connectors that mate with electrical connectors from
the cooling unit 130.

[0086] In the example embodiment shown in FIG. 7A-7C,
waterproof tape 752 is discussed as providing the sealing
mechanism that provides ingress protection. However, it
will be understood that other suitable methods (e.g., other
types of mechanical fasteners, sealants, gaskets, O-rings) for
providing ingress protection while still providing exposed
electrical connectors may be possible.

[0087] Referring to FIG. 8, shown there generally as 800
is a perspective view of an embodiment of the present
invention, with an alternative means of coupling the active
cooling unit to the ultrasound imaging apparatus. Ultrasound
imaging system 800 may include an ultrasound imaging
apparatus 810 and a detachable active cooling unit 830.
Active cooling unit 830 may have a housing 831 configured
with at least one magnet 836. The at least one magnet 836
may couple to shell 811, and thereby allow fastening of the
detachable active cooling unit 830 to the ultrasound imaging
apparatus 810. In various embodiments, different arrange-
ments of magnets could be used. For example, permanent
magnets could be attached onto both the cooling unit hous-
ing 831 and ultrasound imaging apparatus shell 811. Alter-
natively, permanent magnets could be attached to one of the
cooling unit 830 or the ultrasound imaging apparatus 810;
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with the other component being formed with a magnetically
responsive material, so as to allow a magnetic connection to
be formed therebetween (e.g., mating between the cooling
unit 830 and the ultrasound imaging apparatus 810). In some
embodiments, the orientation of the magnets coupled with
different polarities provide the ability to align the cooling
unit 830 to the ultrasound imaging apparatus 810.

[0088] Referring to FIG. 9, shown there generally as 900
is a perspective view of another alternative embodiment of
the present invention, where the active cooling unit is
powered independently. Ultrasound imaging system 900
may include an ultrasound imaging apparatus 910 and a
detachable active cooling unit 930 Like the example cooling
units 130 discussed above, the active cooling unit 930 may
have a body portion 931 that is formed with a clip portion
936 for securing around the shell 911 of the ultrasound
imaging apparatus 910.

[0089] However, unlike the ultrasound imaging apparatus
110 discussed above, the ultrasound imaging apparatus 910
may be configured to not have a connector 122 for supplying
power to the cooling unit 930. For example, this may
simplify design or manufacturing of the ultrasound imaging
apparatus 910. Additionally or alternatively, this may allow
cooling units 930 to be interoperable with configurations of
the ultrasound imaging apparatus without connector 122.
Since the imaging apparatus may be configured without
connector 122, the cooling unit 930 may similarly be con-
figured to not have a corresponding connector 132 (as shown
earlier in FIG. 3).

[0090] Instead, in the embodiment of FIG. 9, the active
cooling unit 930 may include an internal power source such
as a battery. The battery may provide power to the active
cooling element 140 (as shown in FIG. 1) to help remove
heat from ultrasound imaging apparatus 910. In various
embodiments, the internal battery may be rechargeable or
single-use. In various embodiments, the internal battery may
be removable or non-removable. In various embodiments,
the cooling unit 930 may be provided with a switch that
allows for the activation and/or deactivation of the active
cooling element.

[0091] Referring to FIG. 10, shown there generally as
1000 is a perspective view of another alternative embodi-
ment of the present invention, with both the magnetic
coupling mechanism discussed above in relation to FIG. 8
and an internally powered active cooling element discussed
above in relation to FIG. 9. An ultrasound imaging system
1000 may include an ultrasound imaging apparatus 1010 and
a detachable active cooling unit 1030. The active cooling
unit 1030 may include a housing 1031 which has at least one
magnetic fastener 1036. Various configurations of coupling
can be used as described in FIG. 8 above. The active cooling
unit 1030 may also be self-powered, in a manner like how
the active cooling unit 930 discussed above was internally
powered. Accordingly, the ultrasound imaging apparatus
1010 and the active cooling unit 1030 may not be provided
with respective connectors 122/132 (as shown in FIG. 1)
[0092] Referring to FIG. 11, shown there generally as
1100 is a perspective view of another alternative embodi-
ment of the present invention that has a different configu-
ration of a heat dissipater. In various embodiments discussed
above, the cooling unit 130 has been shown as being coupled
to ultrasound imaging apparatus with finned heat dissipaters
220 (as shown in F1G. 2A). However, such fins 220 may not
be present in various embodiments. For example, as shown
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in FIG. 11, the heat dissipating portion 1120 of ultrasound
imaging apparatus 1110 may be a surface that is substan-
tially smooth (e.g., without fins). Even without fins, the
operation of the active cooling unit 1130 to project air
towards and/or away from the relatively smooth surface
1120 may still provide a cooling effect on the ultrasound
imaging apparatus 1110.

[0093] The embodiment illustrated in FIG. 11 is shown as
having a housing 1131 that incorporates a clip portion 1136.
Also, the ultrasound imaging apparatus 1110 in FIG. 11 is
shown as having a connector portion 1122. However, the
various potential modifications discussed herein (e.g., mag-
netic coupling, self-powered without connectors 1122) may
also be made to the embodiment of FIG. 11.

[0094] Referring again to FIGS. 3, 5, and 6, the example
illustrated embodiments are shown as having three (3) pins
333, 334, 335 on the connector 132 of the cooling unit 130,
with three (3) corresponding target pins provided on the
ultrasound imaging apparatus 110. In various embodiments,
there are a different number of pins provided on the con-
nectors 122, 132 connecting the active cooling unit 130 to
the ultrasound imaging apparatus 110. For example, in some
embodiments, there may be only two (2) pins provided on
the connectors 122, 132. This may be the case if the only two
pins are provided (e.g., when activated, a live pin and a
neutral pin), but the detector pin 524 (as shown in FIG. 5)
is not provided. In these embodiments, the activation/deac-
tivation of the active cooling element may be based on a
suitable switch that is not contingent on the identification of
a compatible cooling unit 130.

[0095] In other embodiments, there may be only a single
pin provided on the connectors 122, 132 connecting the
active cooling unit 130 to the ultrasound imaging apparatus
110. For example, this may be the case if the active cooling
unit 130 is self-powered, and only the detector pin 524 and
corresponding identity interface pin is provided to determine
of an attached cooling unit 130 is compatible. In these
embodiments, the ultrasound imaging apparatus 110 may be
configured to not allow imaging to proceed if a non-
compatible cooling unit 130 is determined to be attached.
[0096] Insome embodiments, active cooling unit 130 may
receive power from ultrasound imaging apparatus 110 with-
out the use of a conductor-based (e.g., wired) electrical
connection. For example, various conventionally known or
future-developed wireless power transfer techniques may be
used provide power to active cooling unit 130. For example,
inductive coupling, capacitive coupling, and/or magnetody-
namic coupling may be used to transfer power from ultra-
sound imaging apparatus 110 to active cooling unit 130 to
power active cooling element 140.

[0097] Although the active cooling element 140 has gen-
erally been described herein as being provided in the form
of fan 340, other types of active cooling element are
possible. Various conventionally known or future developed
active cooling elements may be used to remove heat from
the ultrasound imaging apparatus 110. For example, a ther-
moelectric cooler or a refrigeration cycle-based heat pump
may be used alone or in combination to provide active
cooling.

[0098] As illustrated herein, the ultrasound imaging appa-
ratus 110 is shown as being in the form of a wireless
ultrasound scanner that may connect via wireless commu-
nication protocols to a suitable display for displaying the
ultrasound image data generated from the scanner. However,

Dec. 6, 2018

the present embodiments can be practiced with ultrasound
imaging apparatus of any types, whether wired or wireless.
By providing a cooling unit 130 that either draws power
from the ultrasound imaging apparatus 110 or is self-
powered (as discussed above), the cooling unit 130 can
provide the advantages of active cooling while still being
cordless. This may facilitate ease of attachment and porta-
bility for the cooling unit 130 for either wired or wireless
ultrasound imaging apparatus 110. This may also allow for
scanning of longer duration for ultrasound imaging appara-
tus 110 that is either wired or wireless.

[0099] In various embodiments, the ultrasound imaging
apparatus 110 may be configured to control activation of a
cooling unit 130 based on temperature sensors provided
within the ultrasound imaging apparatus 110. For example,
an ultrasound operator may wish to perform an ultrasound
examination in a location with a high ambient temperature.
The ultrasound operator may attach the active cooling umt
130 to the ultrasound imaging apparatus 110 and begin
scanning. When the active cooling unit 130 is attached, an
electrical connection may be formed, which may allow a
processor within the ultrasound imaging apparatus 110 to
detect the cooling unit’s 130 presence and control power to
it. The ultrasound imaging apparatus 110 may be provided
with temperature sensor(s) that the processor may monitor.
If the temperature exceeds a predetermined value, the pro-
cessor may turn on the active cooling unit 130. When
powered on, the active cooling element (e.g., a fan) may
force air past a heat dissipating portion of the ultrasound
imaging apparatus 110, and enhance the cooling beyond
natural convection. This may allow the ultrasound operator
to continue scanning in a situation where the temperature
sensor may otherwise need to stop the ultrasound imaging
apparatus 110 from scanning due to high temperatures.
[0100] In various embodiments, the ultrasound imaging
apparatus 110 may adjust imaging parameters based on the
status of attachment of cooling unit 130. Since an attached
cooling unit 130 may allow the ultrasound imaging appa-
ratus 110 to operate with a higher processing load that
generates more heat, these adjustments may increase image
quality or imaging performance when the cooling unit 130
is attached. Correspondingly, the ultrasound imaging appa-
ratus 110 may decrease image quality or imaging perfor-
mance when the cooling unit 130 is detached (e.g., to lower
processing load and thus, heat generation). For example, a
frame acquisition rate, a line density, or other imaging
parameter may be increased to provide better image quality
when the cooling unit 130 is attached.

[0101] In various embodiments, the identity interface may
provide additional information to the imaging apparatus 110.
For example, the identity interface may be configured to
provide information about the heat dissipating capacity of
the cooling unit 130. The heat dissipation information may
be used by the imaging apparatus 110 to change imaging
parameters to achieve a desired run time. In another
example, the heat dissipating capacity information may be
used by the imaging apparatus 110 to provide an estimated
run time to the user.

[0102] In various embodiments, the active cooling unit
130 may be provided in different configurations or forms
having varying types of active cooling elements 140. For
example, these different configurations may be recognized
and/or differentiated by the ultrasound imaging apparatus
110 using the identity interface. In example embodiment,
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one configuration of the active cooling unit 130 may have a
small, lightweight fan configured to remove a relatively
small amount of heat (while consuming relatively small
amount of power); and a second configuration of the cooling
unit 130 may have a larger, heavier (and potentially bulkier)
fan capable of removing more heat but drawing more power.
The ultrasound imaging apparatus 110 may distinguish
between the two active cooling units and provide different
estimates of allowable run-time, and/or activate different
imaging modes as described above.

[0103] In some cases, the ultrasound imaging apparatus
110 may continue to increase in temperature even after the
cooling unit 130 is running. If a second predetermined
temperature threshold is detected, the ultrasound imaging
apparatus 110 may be configured to alert the ultrasound
operator (e.g., via a light-emitting diode (LED), audio, or
through a suitable display device) that the ultrasound imag-
ing apparatus 110 may stop scanning. In various embodi-
ments, the active cooling unit 130 may continue running
after scanning has been stopped to cool the ultrasound
imaging apparatus 110. The ultrasound operator may be
alerted when the imaging apparatus is cool enough to
resume scanning.

[0104] When the ultrasound operator wishes to perform an
exam that is relatively short in duration, they may simply
remove the detachable cooling unit 130 and scan normally.
[0105] While a number of exemplary aspects and embodi-
ments have been discussed above, those of skill in the art
will recognize that may be certain modifications, permuta-
tions, additions and sub-combinations thereof. While the
above description contains many details of example embodi-
ments, these should not be construed as essential limitations
on the scope of any embodiment. Many other ramifications
and variations are possible within the teachings of the
various embodiments.

Interpretation of Terms

[0106] Unless the context clearly requires otherwise,
throughout the description and the claims:

[0107] “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”;

[0108] “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;

[0109] “herein”, “above”, “below”, and words of simi-
lar import, when used to describe this specification,
shall refer to this specification as a whole, and not to
any particular portions of this specification;

[0110] “‘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;

[0111] the singular forms “a”, “an”, and “the” also
include the meaning of any appropriate plural forms.

[0112] Unless the context clearly requires otherwise,
throughout the description and the claims:

[0113] Words that indicate directions such as “vertical”,
“transverse”, “horizontal”, “upward”, “downward”, “for-
ward”, “backward”, “inward”, “outward”, “vertical”, “trans-
verse”, “left”, “right”, “front”, “back”, “top”, “bottom”,
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“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.

[0114] Embodiments of the invention may be imple-
mented using specifically designed hardware, configurable
hardware, programmable data processors configured by the
provision of software (which may optionally comprise
“firmware”) capable of executing on the data processors,
special purpose computers or data processors that are spe-
cifically programmed, configured, or constructed to perform
one or more steps in a method as explained in detail herein
and/or combinations of two or more of these. Examples of
specifically designed hardware are: logic circuits, applica-
tion-specific integrated circuits (“ASICs”), large scale inte-
grated circuits (“LSIs”), very large scale integrated circuits
(“VLSIs”), and the like. Examples of configurable hardware
are: one or more programmable logic devices such as
programmable array logic (“PALs”), programmable logic
arrays (“PLAs”), and field programmable gate arrays (“FP-
GAs”). Examples of programmable data processors are:
microprocessors, digital signal processors (“DSPs”), embed-
ded processors, graphics processors, math co-processors,
general purpose computers, server computers, cloud com-
puters, mainframe computers, computer workstations, and
the like. For example, one or more data processors in a
control circuit for a device may implement methods as
described herein by executing software instructions in a
program memory accessible to the processors.

[0115] For example, while processes or blocks are pre-
sented in a given order herein, alternative examples may
perform routines having steps, or employ systems having
blocks, in a different order, and some processes or blocks
may be deleted, moved, added, subdivided, combined, and/
or modified to provide alternative or subcombinations. Each
of these processes or blocks may be implemented in a
variety of different ways. Also, while processes or blocks are
at times shown as being performed in series, these processes
or blocks may instead be performed in parallel, or may be
performed at different times.

[0116] The invention may also be provided in the form of
a program product. The program product may comprise any
non-transitory medium which carries a set of computer-
readable instructions which, when executed by a data pro-
cessor (e.g., in a controller and/or ultrasound processor in an
ultrasound machine), 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 ROMSs, DVDs, electronic data storage media
including ROMs, flash RAM, EPROMs, hardwired or pre-
programmed chips (e.g., EEPROM semiconductor chips),
nanotechnology memory, or the like. The computer-readable
signals on the program product may optionally be com-
pressed or encrypted.

[0117] Where a component (e.g. a software module, pro-
cessor, assembly, device, circuit, etc.) is referred to above,
unless otherwise indicated, reference to that component
(including a reference to a “means™) should be interpreted as
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including as equivalents of that component any component
which performs the function of the described component
(i.e., that is functionally equivalent), including components
which are not structurally equivalent to the disclosed struc-
ture which performs the function in the illustrated exemplary
embodiments of the invention.

[0118] Specific examples of systems, methods and appa-
ratus have been described herein for purposes of illustration.
These are only examples. The technology provided herein
can be applied to systems other than the example systems
described above. Many alterations, modifications, additions,
omissions, and permutations are possible within the practice
of this invention. This invention includes variations on
described embodiments that would be apparent to the skilled
addressee, including variations obtained by: replacing fea-
tures, elements and/or acts with equivalent features, ele-
ments and/or acts; mixing and matching of features, ele-
ments and/or acts from different 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.

[0119] 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 should not be limited by
the preferred embodiments set forth in the examples, but
should be given the broadest interpretation consistent with
the description as a whole.

What is claimed is:

1. An ultrasound imaging system, comprising:

an ultrasound imaging apparatus operable to acquire

ultrasound image data; and

a cooling unit configured to detachably couple to the

ultrasound imaging apparatus;

wherein the cooling unit comprises an active cooling

element for removing heat from the ultrasound imaging
apparatus, and

wherein the cooling unit is cordless.

2. The ultrasound imaging system of claim 1, wherein the
ultrasound imaging apparatus further comprises at least one
sensor for detecting when the cooling unit is attached.

3. The ultrasound imaging system of claim 2, wherein the
sensor comprises at least a portion of a resistor voltage
divider network.

4. The ultrasound imaging system of claim 1, wherein the
ultrasound imaging apparatus comprises an external surface
and the active cooling element comprises a fan, and wherein
said fan is configured to direct air onto or from said external
surface.

5. The ultrasound imaging system of claim 1, wherein the
cooling unit comprises at least one fastener to perform the
detachable coupling.

6. The ultrasound imaging system of claim 1, wherein the
cooling unit receives power from the ultrasound imaging
apparatus.

7. The ultrasound imaging system of claim 1, wherein the
cooling unit further comprises a battery for powering the
active cooling element.

8. The ultrasound imaging system of claim 1, wherein the
ultrasound imaging apparatus comprises a shell and wherein
said shell protects from ingress into an interior of the
ultrasound imaging apparatus.
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9. A method of detecting presence of a compatible cooling
unit for attaching to an ultrasound imaging apparatus, the
method comprising:

providing a sensor on one of: the ultrasound imaging

apparatus, and the cooling unit;

providing an identity interface on the other of: the ultra-

sound imaging apparatus, and the cooling unit;

when the active cooling unit is attached, the identity

interface is read through the sensor; and

the attached cooling unit is detected to be compatible if

the reading of the identity interface matches an
expected reading.
10. The method of claim 9, wherein the sensor is provided
on the ultrasound imaging apparatus and the identify inter-
face is provided on the cooling unit.
11. The method of claim 10, wherein the ultrasound
imaging apparatus comprises a first electrical connector
capable of supplying electric current, and the cooling umit
comprises a second electrical connector that interfaces with
the first electrical connector when the cooling unit is
attached to the ultrasound imaging apparatus, and wherein
upon detecting the attached cooling unit is compatible, the
ultrasound imaging apparatus activates the first electrical
connector to supply electric current to the second electrical
connector, so that the cooling unit is powered.
12. The method of claim 10, wherein the ultrasound
imaging apparatus comprises an electrical connector capable
of supplying electric current, and the electrical connector is
configured to limit current supply if the active cooling unit
is detected to be not compatible.
13. The method of claim 10, wherein the ultrasound
imaging apparatus is prevented from imaging if the cooling
unit is detected to be not compatible.
14. The method of claim 9, wherein the sensor is provided
on the cooling unit and the identify interface is provided on
the ultrasound imaging apparatus.
15. The method of claim 14, wherein the cooling unit is
prevented from activating if the cooling unit 1s detected to be
not compatible with the ultrasound imaging apparatus.
16. A cooling unit for an ultrasound imaging apparatus,
the cooling unit comprising:
a housing, the housing comprising a fastener for detach-
ably coupling to the ultrasound imaging apparatus; and

an active cooling element, wherein the active cooling
element is enclosed in the housing, and the active
cooling element is configured to remove heat from the
ultrasound imaging apparatus;

wherein the cooling unit is cordless.

17. The cooling unit of claim 16, wherein the active
cooling element comprises a fan configured to direct air onto
or away from an external surface on the ultrasound imaging
apparatus.

18. The cooling unit of claim 16, wherein the cooling unit
comprises an electrical connector for receiving power from
the ultrasound imaging apparatus to power the active cool-
ing element.

19. The cooling unit of claim 16, wherein the cooling unit
further comprises an internal battery for powering the active
cooling element.

20. The cooling unit of claim 16, wherein the fastener is
formed with the housing, and the housing comprises at least
one clip for performing the detachable coupling.
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