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MODULAR AND PORTABLE ULTRASOUND
SYSTEMS AND METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/022,603, filed Jul. 9, 2014, which s
hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] Thepresentinventionrelates generally to the field of
portable ultrasound devices. Ultrasound devices image a
patient by producing and emitting ultrasonic waves with a
transducer. The transducer measures returning echoes of
these waves to provide data regarding the patient. The data
may be analyzed and assembled into an image of the patient
using a computing device. Typically, portable ultrasound
devices are large systems transported on a cart with limited
battery life. Alternatively, some portable ultrasound systems
are hand held but still relatively large. The present invention
includes features which enhance the portability, usability, and
configurability or portable ultrasound system.

SUMMARY OF THE INVENTION

[0003] One embodiment relates to a portable ultrasound
system which includes a user interface system including at
least one display screen and at least one user input device, a
processing circuit configured to perform general computing
operations and configured to receive ultrasound imaging data
from a removable ultrasound module, a housing containing
the user interface system and the processing circuit and hav-
ing an opening configured to removably receive the remov-
able ultrasound module, and a connector configured to form
anelectrical connection with a corresponding second connec-
tor of the removable ultrasound module when the removable
ultrasound module is fully inserted into the portable ultra-
sound system through the opening of the housing, and
wherein the connector includes at least one guiding feature
configured to align the connector and the second connector as
the removable ultrasound module is inserted into the portable
ultrasound system.

[0004] Another embodiment relates to a removable ultra-
sound module for a portable ultrasound system. The remov-
able ultrasound module includes a housing, a processing sys-
tem configured to produce image data using ultrasound
imaging techniques coupled to the interior of the housing, an
ultrasound probe interface configured to connect to an ultra-
sound probe, and a connector configured to form an electrical
connection with a corresponding second connector of the
portable ultrasound system when the removable ultrasound
module is fully inserted into the portable ultrasound system,
wherein the connector includes at least one guiding feature
configured to align the connector and the second connector as
the removable ultrasound module is inserted into the portable
ultrasound system.

[0005] Another embodiment relates to a system including a
portable ultrasound system and an ultrasound module. The
portable ultrasound system includes a user interface system
including at least one display screen and at least one user
input device, a processing circuit configured to perform gen-
eral computing operations, to receive ultrasound imaging
data, and to display ultrasound imaging data using the at least
one display screen, and a housing containing the user inter-
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face system and the processing circuit. The ultrasound mod-
ule includes a housing, a processing system configured to
produce image data using ultrasound imaging techniques
coupled to the interior of the housing, and an ultrasound probe
interface configured to connect to an ultrasound probe. The
portable ultrasound system is configured to removably accept
the ultrasound module, provide electrical power to the ultra-
sound module, and receive the ultrasound imaging data from
the ultrasound module. The ultrasound module is configured
to be inserted into and removably coupled to the portable
ultrasound system, provide ultrasound imaging data to the
portableultrasound system, and receive electrical power from
the portable ultrasound system.

[0006] Another embodiment relates to a portable ultra-
sound system which includes a user interface system includ-
ing at least one display screen and at least one user input
device, a processing circuit configured to perform general
computing operations and configured to receive ultrasound
imaging data from a removable ultrasound module when
electrically coupled to the removable ultrasound module, a
housing containing the user interface system and the process-
ing circuit and having an opening configured to removably
receive the removable ultrasound module, and a first fan
positioned within the housing and configured to direct airflow
towards the removable ultrasound module when the remov-
able ultrasound module is inserted within the portable ultra-
sound system.

[0007] Another embodiment relates to a removable ultra-
sound module for a portable ultrasound system including a
housing, a processing system configured to produce image
data using ultrasound imaging techniques coupled to the inte-
rior of the housing, an ultrasound probe interface configured
to connect to an ultrasound probe, and a first heat sink coupled
to the exterior of the housing an configured to conduct heat
away from the processing system to the exterior of the remov-
able ultrasound module. The removable ultrasound module is
configured to be inserted into and coupled to the portable
ultrasound system and to provide ultrasound imaging data to
the portable ultrasound system.

[0008] Another embodiment relates to a system including a
portable ultrasound system and an ultrasound module. The
portable ultrasound system includes a user interface system
including at least one display screen and at least one user
input device, a processing circuit configured to perform gen-
eral computing operations, to receive ultrasound imaging
data, and to display ultrasound imaging data using the at least
one display screen, a housing containing the user interface
system and the processing circuit, and a first fan positioned
within the housing. The ultrasound module includes a hous-
ing, a processing system configured to produce image data
using ultrasound imaging techniques coupled to the interior
of the housing, an ultrasound probe interface configured to
connect to an ultrasound probe, and a first heat sink coupled
to the exterior of the housing an configured to conduct heat
away from the processing system to the exterior of the ultra-
sound module. The portable ultrasound system is configured
to removably accept the ultrasound module, provide electri-
cal power to the ultrasound module, and receive the ultra-
sound imaging data from the ultrasound module. The first fan
is configured to direct airflow towards the ultrasound module
and across at least the first heat sink when the ultrasound
module is inserted within the portable ultrasound system.
[0009] The foregoing summary is illustrative only and is
not intended to be in any way limiting. In addition to the
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illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will
become apparent by reference to the drawings and the fol-
lowing detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG.1illustrates an embodiment of a portable ultra-
sound system incorporating aspects of the invention.

[0011] FIG. 2illustrates a front view of one embodiment of
a portable ultrasound system.

[0012] FIG. 3illustrates a block diagram of components of
one embodiment of a portable ultrasound system.

[0013] FIG. 4 is an illustration of an exemplary embodi-
ment of an ultrasound module.

[0014] FIG. 5 is an illustration of an exemplary embodi-
ment of a power supply module.

[0015] FIG. 6 is an illustration of an exemplary embodi-
ment of a main circuit board module.

[0016] FIG. 7A is an illustration of an exemplary layout of
an ultrasound module, power supply module, and main circuit
board module when connected.

[0017] FIG. 7B is an illustration of modules of a portable
ultrasound system in relation to a housing and frame of the
system according to an exemplary embodiment.

[0018] FIG. 8 illustrates an exemplary embodiment of a
portable ultrasound system with an ultrasound module
removed or not connected.

[0019] FIG. 9 illustrates an exemplary embodiment of an
access door housing arelease lever for disconnecting an ultra-
sound module.

[0020] FIG. 10A illustrates a release lever access door
according to an exemplary embodiment.

[0021] FIG. 10B illustrates a release lever access door
being opened to provide access to a release lever according to
an exemplary embodiment.

[0022] FIG. 10C illustrates an exposed release lever
according to an exemplary embodiment.

[0023] FIG. 10D illustrates a release lever being actuated
according to an exemplary embodiment.

[0024] FIG. 10E illustrates an actuated release lever and a
disconnected ultrasound module according to an exemplary
embodiment.

[0025] FIG. 11 is an illustration of a lower portion of a
release lever in relation to a main housing and an ultrasound
module according to an exemplary embodiment.

[0026] FIG. 12 is an illustration of an exemplary embodi-
ment of a release lever and some of the components thereof.
[0027] FIG. 13 illustrates an exemplary embodiment of a
frame, main housing, and release lever.

[0028] FIG. 14 illustrates an exemplary embodiment of a
frame of a portable ultrasound system.

[0029] FIG. 15 illustrates an exemplary embodiment of a
frame of a portable ultrasound system supporting and/or
guiding an ultrasound module.

[0030] FIG. 16 illustrates an exemplary embodiment of a
frame in relation to an inserted ultrasound module.

[0031] FIG. 17 illustrates an exemplary embodiment of an
ultrasound module and connectors for connecting to other
components of portable ultrasound system.

[0032] FIG. 18 illustrates an exemplary embodiment of a
female fixed connector of an ultrasound module.

[0033] FIG. 19 illustrates an exemplary embodiment of a
male fixed connector of a main circuit board module.
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[0034] FIG. 20 illustrates an exemplary embodiment of
male floating connector of an ultrasound module.

[0035] FIG. 21 illustrates an exemplary embodiment of a
female floating connector of a power supply module.

[0036] FIG. 22 is an illustration of an ultrasound module
including heat sinks according to an exemplary embodiment.
[0037] FIG. 23 is an illustration of a heat shield in relation
to a touchscreen and touchpad of a portable ultrasound sys-
tem according to an exemplary embodiment.

[0038] FIG. 24 illustrates an exemplary embodiment of a
heat shield in relationship to a frame of a portable ultrasound
system.

[0039] FIG. 25 illustrates an exemplary embodiment of a
heat shield of portable ultrasound system.

[0040] FIG. 26 illustrates an exemplary embodiment of a
heat shield in relationship to an ultrasound module.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0041] Generally, the invention relates to features for a
portable ultrasound system. The features enhance the port-
ability, configurability, and functionality of the portable ultra-
sound system. A portable ultrasound system is typically bat-
tery powered. The system may also be powered by mains
power when available. The portable ultrasound system may
be used for obstetrical and gynecological imaging (e.g., mea-
suring the size of a fetus, checking the position of a fetus,
etc.), cardiac imaging (e.g., identifying abnormal heart struc-
tures, measuring blood flow, etc.), urological imaging, etc. As
portable ultrasound systems may be used in less than ideal
conditions (e.g., no ready access to power, no formal work
station, etc.), the features described herein help to address the
problems associated with such use.

[0042] Referring to FIG. 1, one embodiment of portable
ultrasound system 100 is illustrated. Portable ultrasound sys-
tem 100 may include display support system 200 for increas-
ing the durability of the display system. Portable ultrasound
system 100 may further include locking lever system 500 for
securing ultrasound probes and/or transducers. Some
embodiments of portable ultrasound system 100 include
ergonomic handle system 400 for increasing portability and
usability. Further embodiments include status indicator sys-
tem 600 which displays, to a user, information relevant to
portable ultrasound system 100. Portable ultrasound system
100 may further include features such as an easy to operate
and customizable user interface, adjustable feet, a backup
battery, modular construction, cooling systems, etc.

[0043] Referring to F1G. 2, a front view of one embodiment
of portable ultrasound system 100 is illustrated. Main housing
150 houses components of portable ultrasound system 100. In
some embodiments, the components housed within main
housing 150 include locking lever system 500, ergonomic
handle system 400, and status indicator system 600. Main
housing 150 may also be configured to support electronics
modules which may be replaced and/or upgraded due to the
modular construction of portable ultrasound system 100. In
some embodiments, portable ultrasound system 100 includes
display housing 140. Display housing 140 may include dis-
play support system 200. In some embodiments, portable
ultrasound system 100 includes touchpad 110 for receiving
user inputs and displaying information, touchscreen 120 for
receiving user inputs and displaying information, and main
screen 130 for displaying information.
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[0044] Referring to FIG. 3, a block diagram shows internal
components of one embodiment of portable ultrasound sys-
tem 100. Portable ultrasound system 100 includes main cir-
cuit board 161. Main circuit board 161 carries out computing
tasks to support the functions of portable ultrasound system
100 and provides connection and communication between
various components of portable ultrasound system 100. In
some embodiments, main circuit board 161 is configured so
as to be a replaceable and/or upgradable module.

[0045] To perform computational, control, and/or commu-
nication tasks, main circuit board 161 includes processing
circuit 163. Processing circuit 163 is configured to perform
general processing and to perform processing and computa-
tional tasks associated with specific functions of portable
ultrasound system 100. For example, processing circuit 163
may perform calculations and/or operations related to pro-
ducing an image from signals and or data provided by ultra-
sound equipment, running an operating system for portable
ultrasound system 100, receiving user inputs, etc. Processing
circuit 163 may include memory 165 and processor 167 for
use in processing tasks. For example, processing circuit may
perform calculations and/or operations.

[0046] Processor 167 may be, or may include, one or more
microprocessors, application specific integrated circuits
(ASICs), circuits containing one or more processing compo-
nents, a group of distributed processing components, cir-
cuitry for supporting a microprocessor, or other hardware
configured for processing. Processor 167 is configured to
execute computer code. The computer code may be stored in
memory 165 to complete and facilitate the activities
described herein with respect to portable ultrasound system
100. In other embodiments, the computer code may be
retrieved and provided to processor 167 from hard disk stor-
age 169 or communications interface 175 (e.g., the computer
code may be provided from a source external to main circuit
board 161).

[0047] Memory 165 can be any volatile or non-volatile
computer-readable storage medium capable of storing data or
computer code relating to the activities described herein. For
example, memory 165 may include modules which are com-
puter code modules (e.g., executable code, object code,
source code, script code, machine code, ete.) configured for
execution by processor 167. Memory 165 may include com-
puter executable code related to functions including ultra-
sound imagining, battery management, handling user inputs,
displaying data, transmitting and receiving data using a wire-
less communication device, etc. In some embodiments, pro-
cessing circuit 163 may represent a collection of multiple
processing devices (e.g., multiple processors, etc.). In such
cases, processor 167 represents the collective processors of
the devices and memory 165 represents the collective storage
devices of the devices. When executed by processor 167,
processing circuit 163 is configured to complete the activities
described herein as associated with portable ultrasound sys-
tem 100.

[0048] Hard disk storage 169 may be a part of memory 165
and/or used for non-volatile long term storage in portable
ultrasound system 100. Hard disk storage 169 may store local
files, temporary files, ultrasound images, patient data, an
operating system, executable code, and any other data for
supporting the activities of portable ultrasound device 100
described herein. In some embodiments, hard disk storage is
embedded on main circuit board 161. In other embodiments,
hard disk storage 169 is located remote from main circuit
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board 161 and coupled thereto to allow for the transfer of data,
electrical power, and/or control signals. Hard disk 169 may be
an optical drive, magnetic drive, a solid state hard drive, flash
memory, etc.

[0049] In some embodiments, main circuit board 161
includes communications interface 175. Communications
interface 175 may include connections which enable commu-
nication between components of main circuit board 161 and
communications hardware. For example, communications
interface 175 may provide a connection between main circuit
board 161 and a network device (e.g., a network card, a
wireless transmitter/receiver, etc.). In further embodiments,
communications interface 175 may include additional cir-
cuitry to support the functionality of attached communica-
tions hardware or to facilitate the transfer of data between
communications hardware and main circuit board 161. In
other embodiments, communications interface 175 may be a
system on a chip (SOC) or other integrated system which
allows for transmission of data and reception of data. In such
a case, communications interface 175 may be coupled
directly to main circuit board 161 as either a removable pack-
age or embedded package.

[0050] Some embodiments of portable ultrasound system
100 include power supply board 179. Power supply board 179
includes components and circuitry for delivering power to
components and devices within and/or attached to portable
ultrasound system 100. In some embodiments, power supply
board 179 includes components for alternating current and
direct current conversion, for transforming voltage, for deliv-
ering a steady power supply, etc. These components may
include transformers, capacitors, modulators, etc. to perform
the above functions. In further embodiments, power supply
board 179 includes circuitry for determining the available
power of a battery power source. In other embodiments,
power supply board 179 may receive information regarding
the available power of a battery power source from circuitry
located remote from power supply board 179. For example,
this circuitry may be included within a battery. In some
embodiments, power supply board 179 includes circuitry for
switching between power sources. For example, power sup-
ply board 179 may draw power from a backup battery while
a main battery is switched. In further embodiments, power
supply board 179 includes circuitry to operate as an uninter-
ruptable power supply in conjunction with a backup battery.
Power supply board 179 also includes a connection to main
circuit board 161. This connection may allow power supply
board 179 to send and receive information from main circuit
board 161. For example, power supply board 179 may send
information to main circuit board 161 allowing for the deter-
mination of remaining battery power. The connection to main
circuit board 161 may also allow main circuit board 161 to
send commands to power supply board 179. For example,
main circuit board 161 may send a command to power supply
board 179 to switch from source of power to another (e.g., to
switch to a backup battery while a main battery is switched).
In some embodiments, power supply board 179 is configured
to be amodule. In such cases, power supply board 179 may be
configured so as to be a replaceable and/or upgradable mod-
ule. In some embodiments, power supply board 179 is or
includes a power supply unit. The power supply unit may
convert AC power to DC power for use in portable ultrasound
system 100. The power supply may perform additional func-
tions such as short circuit protection, overload protection,
undervoltage protection, etc. The power supply may conform
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to ATX specification. In other embodiments, one or more of
the above described functions may be carried out by main
circuit board 161.

[0051] Main circuit board 161 may also include power
supply interface 177 which facilitates the above described
communication between power supply board 179 and main
circuit board 161. Power supply interface 177 may include
connections which enable communication between compo-
nents of main circuit board 161 and power supply board 179.
In further embodiments, power supply interface 177 includes
additional circuitry to support the functionality of power sup-
ply board 179. For example, power supply interface 177 may
include circuitry to facilitate the calculation of remaining
battery power, manage switching between available power
sources, etc. In other embodiments, the above described func-
tions of power supply board 179 may be carried out by power
supply interface 177. For example, power supply interface
177 may be a SOC or other integrated system. In such a case,
power supply interface 177 may be coupled directly to main
circuit board 161 as either a removable package or embedded
package.

[0052] With continued reference to FIG. 3, some embodi-
ments of main circuit board 161 include user input interface
173. User input interface 173 may include connections which
enable communication between components of main circuit
board 161 and user input device hardware. For example, user
input interface 173 may provide a connection between main
circuit board 161 and a capacitive touchscreen, resistive
touchscreen, mouse, keyboard, buttons, and/or a controller
for the proceeding. In one embodiment, user input interface
173 couples controllers for touchpad 110, touchscreen 120,
and main screen 130 to main circuit board 161. In other
embodiments, user input interface 173 includes controller
circuitry for touchpad 110, touchscreen 120, and main screen
130. In some embodiments, main circuit board 161 includes a
plurality of user input interfaces 173. For example, each user
input interface 173 may be associated with a single input
device (e.g., touchpad 110, touchscreen 120, a keyboard,
buttons, etc.).

[0053] In further embodiments, user input interface 173
may include additional circuitry to support the functionality
of attached user input hardware or to facilitate the transfer of
data between user input hardware and main circuit board 161.
For example, user input interface 173 may include controller
circuitry so as to function as a touchscreen controller. User
input interface 173 may also include circuitry for controlling
haptic feedback devices associated with user input hardware.
In other embodiments, user inputinterface 173 may be a SOC
or other integrated system which allows for receiving user
inputs or otherwise controlling user input hardware. In such a
case, user input interface 173 may be coupled directly to main
circuit board 161 as either a removable package or embedded
package.

[0054] Main circuit board 161 may also include ultrasound
board interface 189 which facilitates communication
between ultrasound board 179 and main circuit board 161.
Ultrasound board interface 189 may include connections
which enable communication between components of main
circuit board 161 and ultrasound board 191. In further
embodiments, ultrasound board interface 189 includes addi-
tional circuitry to support the functionality of ultrasound
board 191. For example, ultrasound board interface 189 may
include circuitry to facilitate the calculation of parameters
used in generating an image from ultrasound data provided by
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ultrasound board 191. In some embodiments, ultrasound
board interface 189 is a SOC or other integrated system. In
such a case, ultrasound board interface 189 may be coupled
directly to main circuit board 161 as either a removable pack-
age or embedded package.

[0055] In other embodiments, ultrasound board interface
189 includes connections which facilitate use of a modular
ultrasound board 191. Ultrasound board 191 may be a module
(e.g., ultrasound module) capable of performing functions
related to ultrasound imaging (e.g., multiplexing sensor sig-
nals from an ultrasound probe/transducer, controlling the fre-
quency of ultrasonic waves produced by an ultrasound probe/
transducer, etc.). The connections of ultrasound board
interface 189 may facilitate replacement of ultrasound board
191 (e.g., to replace ultrasound board 191 with an upgraded
board or a board for a different application). For example,
ultrasound board interface 189 may include connections
which assist in accurately aligning ultrasound board 191 and/
or reducing the likelihood of damage to ultrasound board 191
during removal and or attachment (e.g., by reducing the force
required to connect and/or remove the board, by assisting,
with a mechanical advantage, the connection and/or removal
of the board, etc.).

[0056] In embodiments of portable ultrasound system 100
including ultrasound board 191, ultrasound board 191
includes components and circuitry for supporting ultrasound
imaging functions of portable ultrasound system 100. In some
embodiments, ultrasound board 191 includes integrated cir-
cuits, processors, and memory. Ultrasound board 191 may
also include one or more transducer/probe socket interfaces
185. Transducer/probe socket interface 185 enables ultra-
sound transducer/probe 187 (e.g., a probe with a socket type
connector) to interface with ultrasound board 191. For
example, transducer/probe socket interface 185 may include
circuitry and/or hardware connecting ultrasound transducer/
probe 187 to ultrasound board 191 for the transfer of electrical
power and/or data. Transducer/probe socket interface 185
may include hardware which locks ultrasound transducer/
probe 187 into place (e.g., a slot which accepts a pin on
ultrasound transducer/probe 187 when ultrasound trans-
ducer/probe 187 is rotated). In some embodiments, ultra-
sound board 191 includes two transducer/probe socket inter-
faces 185 to allow the connection of two socket type
ultrasound transducers/probes 187.

[0057] In some embodiments, ultrasound board 191 also
includes one or more transducer/probe pin interfaces 181.
Transducet/probe pin interface 181 enables an ultrasound
transducer/probe 187 with a pin type connector to interface
with ultrasound board 191. Transducer/probe pin interface
181 may include circuitry and/or hardware connecting ultra-
sound transducer/probe 187 to ultrasound board 191 for the
transfer of electrical power and/or data. Transducer/probe pin
interface 181 may include hardware which locks ultrasound
transducer/probe 187 into place. In some embodiments, ultra-
sound transducer/probe 187 is locked into place with locking
lever system 500. In some embodiments, ultrasound board
191 includes more than one transducer/probe pin interfaces
181 to allow the connection of two or more pin type ultra-
sound transducers/probes 187. In such cases, portable ultra-
sound system 100 may include one or more locking lever
systems 500. In further embodiments, ultrasound board 191
may include interfaces for additional types of transducer/
probe connections.
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[0058] With continued reference to FIG. 3, some embodi-
ments of main circuit board 161 include display interface 171.
Display interface 171 may include connections which enable
communication between components of main circuit board
161 and display device hardware. For example, display inter-
face 171 may provide a connection between main circuit
board 161 and a liquid crystal display, a plasma display, a
cathode ray tube display, a light emitting diode display, and/or
a display controller or graphics processing unit for the pro-
ceeding or other types of display hardware. In some embodi-
ments, the connection of display hardware to main circuit
board 161 by display interface 171 allows a processor or
dedicated graphics processing unit on main circuit board 161
to control and/or send data to display hardware. Display inter-
face 171 may be configured to send display data to display
device hardware in order to produce an image. In some
embodiments, main circuit board 161 includes multiple dis-
play interfaces 171 for multiple display devices (e.g., three
display interfaces 171 connect three displays to main circuit
board 161). In other embodiments, one display interface 171
may connect and/or support multiple displays. In one
embodiment, three display interfaces 171 couple touchpad
110, touchscreen 120, and main screen 130 to main circuit
board 161.

[0059] In further embodiments, display interface 171 may
include additional circuitry to support the functionality of
attached display hardware or to facilitate the transfer of data
between display hardware and main circuit board 161. For
example, display interface 171 may include controller cit-
cuitry, a graphics processing unit, video display controller,
etc. In some embodiments, display interface 171 may be a
SOC or other integrated system which allows for displaying
images with display hardware or otherwise controlling dis-
play hardware. Display interface 171 may be coupled directly
to main circuit board 161 as either a removable package or
embedded package. Processing circuit 163 in conjunction
with one or more display interfaces 171 may display images
on one or more of touchpad 110, touchscreen, 120, and main
screen 130.

[0060] Referringto FIG. 4, an exemplary embodiment ofan
ultrasound module 201 according to the present invention is
illustrated. In some embodiments, ultrasound module 201
houses the ultrasound components of portable ultrasound
system 100. The ultrasound components of portable ultra-
sound system 100 may be housed entirely or partially within
ultrasound module 201.

[0061] Advantageously, ultrasound module 201 may be
configured to be removable from portable ultrasound system
100 as discussed later and in more detail with reference to
FIGS. 8-16 herein. This function may be supported by con-
nectors facilitating the connection and disconnection of ultra-
sound module 201 as in more detail with reference to FIGS.
17-21. This allows portable ultrasound system 100 to accept
different ultrasound modules 201. Ultrasound modules 201
with varying specifications may be inserted into portable
ultrasound system 100. For example, an ultrasound module
201 with hardware targeted at specific clinical applications
may be substituted or upgraded for an ultrasound module 201
dedicated to an expanded range of application. Advanta-
geously, swapping in and out specialized ultrasound modules
201 allows the overall package of portable ultrasound system
100 to be smaller and lighter without sacrificing performance
for various tasks. Additionally, the reconfigurable and mod-
ule nature of portable ultrasound system 100 allows a user to
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customize portable ultrasound system 100 (e.g., through
swapping ultrasound modules 201). Additionally, the module
nature of portable ultrasound system 100 provides an advan-
tage of allowing a user to upgrade the ultrasound performance
of the system by replacing an ultrasound module 201 with a
different (e.g., more powerful, accurate, sophisticated, etc.)
ultrasound module. A damaged ultrasound module (e.g.,
damaged by harsh operating conditions encountered by por-
table ultrasound system 100) may be replaced easily due to
the module nature of the ultrasound module 201.

[0062] Ultrasound module 201 may include input inter-
faces for ultrasound equipment. In some embodiments, ultra-
sound module 201 includes one or more pin type ultrasound
probe interfaces 203. Pin type ultrasound interface 203 may
allow an ultrasound probe to connect to an ultrasound board
191 included in ultrasound module 201. For example, an
ultrasound probe connected to pin type ultrasound interface
203 may be connected to ultrasound board 191 via trans-
ducer/probe pin interface 181. In some embodiments, pin
type ultrasound interface 203 allows communication between
components of portable ultrasound system 100 (e.g., ultra-
sound module 201, power supply module 301, main circuit
board module 401, or other components included in or con-
nected with portable ultrasound system 100) and an ultra-
sound probe. For example, control signals may be provided to
an ultrasound probe (e.g., controlling the ultrasound emis-
sions of the probe) and data may be received by ultrasound
module 201 from the probe (e.g., imaging data).

[0063] Insome embodiments, ultrasound module 201 may
include locking lever system 500 for securing an ultrasound
probe. For example, an ultrasound probe may be secured in
pin type ultrasound probe interface 203 by locking lever
system 500.

[0064] In further embodiments, ultrasound module 201
includes one or more socket type ultrasound probe interfaces
205. Socket type ultrasound probe interfaces 205 may allow a
socket type ultrasound probe to connect to an ultrasound
board 191 included in ultrasound module 201. For example,
an ultrasound probe connected to socket type ultrasound
probe interface 205 may be connected to ultrasound board
191 via transducer/probe socket interface 185. In some
embodiments, socket type ultrasound probe interface 205
allows communication between components of portable
ultrasound system 100 (e.g., ultrasound module 201, power
supply module 301, main circuit board module 401, or other
components included in or connected with portable ultra-
sound system 100). For example, control signals may be
provided to an ultrasound probe (e.g., controlling the ultra-
sound emissions of the probe) and data may be received by
ultrasound module 201 from the probe (e.g., imaging data).

[0065] In further embodiments, ultrasound module 201
includes computation, control, or other support hardware.
The support hardware may facilitate the ultrasound functions
performed by ultrasound module 201. For example, ultra-
sound module 201 may include processors, memory, inte-
grated circuits, graphics processing units (GPU), central pro-
cessing units (CPU), controllers, application specific
integrated circuits (ASICs), or other computational hardware.
Ultrasound module 201 may perform tasks such as control-
ling ultrasound probe output (e.g., controlling active trans-
ducer elements, beam steering, controlling ultrasound pulses,
etc.), receiving ultrasound probe input, performing post-pro-
cessing, generating images from input provided by an ultra-
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sound probe, storing input data, storing images, or otherwise
manipulating data and/or hardware related to ultrasound
imaging.

[0066] Insome embodiments, main circuit board 161 and/
or power supply board 179 are configured to support ultra-
sound modules 201 using typically 128 channels or 64 chan-
nels for imaging but not limited to either 128 or 64 channel
configurations. Advantageously, this allows for a user of the
system to perform imaging tasks with a less expensive chan-
nel count ultrasound module 201 but switch to a higher chan-
nel count ultrasound module 201 when desired (e.g.. to
achieve greater resolution) easily and quickly due to the
modular nature of portable ultrasound system 100. In some
embodiments, the connections between ultrasound module
201 and other components is configured to facilitate this
operation. For example, connectors may designed to accept
multiple configurations of connectors on ultrasound module
201 (e.g., a 64 channel ultrasound module 201 may have
fewer pins or other connection features than a 128 channel
ultrasound module 201). In other embodiments, the compo-
nents of portable ultrasound system 100 and/or ultrasound
module 201 may determine the number of channels used by a
connected ultrasound module 201 and adjust parameters
accordingly. For example, power provided to ultrasound
module 201 may be increased or decreased, cooling fan speed
may be increased or decreased, more or less memory may be
allocated to systems of ultrasound module 201, a user inter-
face may be adjusted to display more, less, or different infor-
mation, and/or other parameters of components or functions
of portable ultrasound system 100 may be adjusted.

[0067] Ultrasound module 201 can connect to one or more
of the other components of portable ultrasound system 100
(e.g., power supply module 301 and main circuit board mod-
ule 401) by connectors configured to support the modularity
of the ultrasound module 201. For example, the connectors
may be configured to ensure accurate and complete connec-
tion between ultrasound module 201 and other components
while still allowing for the removal of ultrasound module 201.
The connectors are discussed with greater detail later and
with reference to FIGS. 17-21 herein. When connected to
other components of portable ultrasound system 100, ultra-
sound module 201 may be housed within main housing 150 of
portable ultrasound system 100 as depicted in FIGS. 1 and 2.

[0068] Referring now to FIG. 5, power supply module 301
is illustrated according to an exemplary embodiment. In some
embodiments, power supply module 301 houses power sup-
ply board 179. Power supply module 301 may perform and/or
support the functions of power supply board 179 discussed
with reference to FIG. 3 herein. These functions may include
converting alternating current (e.g., from a mains power
source) to direct current for use by components of portable
ultrasound system 100, voltage transformations, and/or other
power supply functions. Power supply module 301 may also
provide short circuit protection, overpower protection, over-
voltage protections, undervoltage protection, overcurrent
protection, over temperature protection, and/or other types of
electrical protection to portable ultrasound system 100 and
the components thereof. Power supply module 301 alone or in
conjunction with main circuit board module 401 and/or ultra-
sound module 201 may switch between power sources (e.g.,
a main battery, backup battery, and mains power). For
example, mains power may be used when available to power
imaging functions carried out by ultrasound module 201.
‘When mains power is unavailable, power may be drawn from
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a battery power source. When the battery power source is
depleted, a backup battery may provide an orderly shutdown
of portable ultrasound system 100. Power supply module 301
alone or in conjunction with main circuit board module 401
and/or ultrasound module 201 may switch between power
sources and manage power functions such as an orderly shut-
down of portable ultrasound system 100.

[0069] In some embodiments, power supply module 301
includes components which facilitate the modularity of por-
table ultrasound system 100. In one embodiment, power sup-
ply module 301 includes a floating connector 303. Floating
connector 303 allows ultrasound module 201 to connect to
power supply module 301. This connection may allow for
power and/or data transfer between power supply module 301
and ultrasound module 201. Floating connector 303 is con-
figured to move three dimensionally relative to power supply
module 301 while still being electrically connected to the
components of power supply module 301. This is described in
more detail with reference to FIGS. 20-21.

[0070] Advantageously, the movement of floating connec-
tor 303 helps to align and connect ultrasound module 201 to
power supply module 301 and thus allows for easier insertion
of ultrasound module 201 into portable ultrasound system
100. Floating connector 303 may allow for connection
between ultrasound module 201 and power supply module
301 to occur within a greater range of alignment tolerances as
floating connector 303 is allowed to move relative to power
supply module 301. Thus, less precision in the alignment of
ultrasound module 201 and power supply module 301 may be
required when inserting an ultrasound module 201 into por-
table ultrasound system 100. This may make it easier for a
user to inset ultrasound modules 201 (e.g., with less attention
to accuracy, greater speed, etc.). Advantageously, floating
connector 303 may also reduce the stress experienced by
connectors on the ultrasound module 201 by helping to guide
the connectors into place with floating connector 303 while
moving relative to power supply module 301. The floating
nature of floating connector 303 may increase the alignment
tolerances of the two sets of connectors (e.g., on ultrasound
module 201 and power supply module 301) easing the con-
nection process and helping to reduce stress. Advantageously,
the reduced stress experienced by the connectors due to float-
ing connector 303 may increase the life cycle of connectors
on one or more of the ultrasound module 201 and the power
supply module 301. This may reduce the amount of repair
and/or maintenance performed on ultrasound module 201
and/or power supply module 301 and increase the amount of
uptime for portable ultrasound system 100.

[0071] In some embodiments, power supply module 301
includes additional connectors and/or connections. For
example, power supply module 301 may be connected to both
ultrasound module 201 and main circuit board module 401.
Power supply module 301 may be connected to ultrasound
module 201 with floating connector 303. In some embodi-
ments, power supply module 301 is also connected to main
circuit board module 401 with a second floating connector
303. In other embodiments, power supply module 301 is
connected to main circuit board module 401 with a fixed
connector. In still further embodiments, power supply mod-
ule 301 may be connected to main circuit board 401 with fixed
connections and/or wiring. For example, power supply mod-
ule 301 and main circuit board 401 may be configured so as to
not be separable during normal operation. During repair and/
or replacement of components, power supply module 301 and
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main circuit board 401 may be separated. For example, con-
nectors and/or wiring could be de-soldered from one or both
of the modules.

[0072] In some embodiments, power supply module 301
may be configured so as to be areplaceable and/or upgradable
module. Power supply module 301 may be a contained mod-
ule containing power supply components. This may allow for
the removal of a power supply module 301 and for power
supply module 301 to be replaced. Advantageously, the con-
tained nature of power supply module 301 may allow for easy
replacement of a power supply module 301 in order to repair
or upgrade the power supply components of portable ultra-
sound system 100. This may allow for quick repairs to be
made and for upgrades to be made in order to support other
components of portable ultrasound system 100. For example,
if an ultrasound module 201 is replaced with an ultrasound
module 201 requiring different power specifications (e.g., a
different operating voltage), then power supply module 301
may also be replaced to support the new ultrasound module
201. The modular nature of power supply module 301 may
facilitate the repair or replacement of power components of
portable ultrasound system 100. In some embodiments,
power supply module 301 may be removed from portable
ultrasound system 100 using a release lever. In other embodi-
ments, power supply module 301 is attached to portable ultra-
sound system 100 (e.g., a frame and/or cover of the system)
using screws, nuts and bolts, adhesive, and/or other fasteners.

[0073] Referring now to FIG. 6, main circuit board module
401 is illustrated according to an exemplary embodiment. In
some embodiments, main circuit board module 401 houses
main circuit board 161. Main circuit board module 401 may
perform and/or support the functions of main circuit board
161 discussed with reference to FIG. 3 herein. These func-
tions may include performing general computations such as
running an operating system for portable ultrasound system
100, handling inputs and generating outputs, displaying
images, running applications, managing resources and/or
other tasks performed by general computing hardware. Main
circuit board module 401 may also perform communication
functions. For example, main circuit board module 401 may
send or receive data using a wireless communication device
such as a radio transceiver. Main circuit board module 401
may also control components of portable ultrasound system
100. For example, main circuit board module 401 may use
power supply module 301 to switch between power sources in
some embodiments.

[0074] In some embodiments, main circuit board module
401 includes components which facilitate the modularity of
portable ultrasound system 100. In one embodiment, main
circuit board module 401 includes a fixed connector 403.
Fixed connector 403 may allow main circuit board module
401 to connect to ultrasound module 201. This connection
may allow for power and/or data transfer between main cir-
cuit board module 401 and ultrasound module 201. For
example, main circuit board module 401 may send control
instructions received through user input devices of portable
ultrasound system 100 to ultrasound module 201. Continuing
the example, ultrasound module 201 may send image data
(e.g., bitmaps, frame buffers, sensor data, or other informa-
tion related to imaging with ultrasound) to main circuit board
module 401 for further processing and/or display on displays
of portable ultrasound system 100. Fixed connector 403 may
include features which allow for ultrasound modules 201 to
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be easily connected to or removed from main circuit board
module 401. This is described in more detail with reference to
FIGS. 18-19.

[0075] In some embodiments, main circuit board module
401 includes additional connectors and/or connections. For
example, main circuit board module 401 may be connected to
both ultrasound module 201 and power supply module 301.
Main circuit board module 401 may be connected to ultra-
sound module 201 with fixed connector 403. In some embodi-
ments, main circuit board module 401 is also connected to
power supply module 301 with a second fixed connector 403.
In other embodiments, main circuit board module 401 is
connected to power supply module 301 with a floating con-
nector. In still further embodiments, main circuit board 401
may be connected to power supply module 301 with fixed
connections and/or wiring. For example, main circuit board
401 and power supply module 301 may be configured so as to
not be separable during normal operation. During repair and/
or replacement of components, main circuit board 401 and
power supply module 301 may be separated. For example,
connectors and/or wiring could be de-soldered or uncon-
nected from one or both of the modules.

[0076] In some embodiments, main circuit board module
401 is configured so as to be a replaceable and/or upgradable
module. Main circuit board module 401 may be a contained
module containing computing components (e.g., such as the
components discussed above with reference to main circuit
board 161 and FIG. 3). This may allow for the removal of a
main circuit board module 401 and for main circuit board
module 401 to be replaced. Advantageously, the contained
nature of main circuit board module 401 may allow for easy
replacement of a main circuit board module 401 in order to
repair or upgrade the computing components of portable
ultrasound system 100. This may allow for quick repairs to be
made and for upgrades to be made in order to support other
components of portable ultrasound system 100. In some
embodiments, main circuit board module 401 may be
removed from portable ultrasound system 100 using a release
lever. In other embodiments, main circuit board module 401
is attached to portable ultrasound system 100 (e.g., a frame
and/or cover of the systen1) using screws, nuts and bolts,
adhesive, and/or other fasteners.

[0077] FIG. 7A illustrates an ultrasound module 201 con-
nected to main circuit board module 401 and power supply
module 301 according to an exemplary embodiment. In some
embodiments, power and/or information is transferred
between two or more of ultrasound module 201, power sup-
ply module 301, and main circuit board module 401. In one
embodiment, ultrasound module 201, power supply module
301, and main circuit board module 401 are configured such
thata portable ultrasound module 201 may be removed and/or
connected to power supply module 301 and main circuit
board module 401 simultaneously. For example, power sup-
ply module 301 and main circuit board module 401 may be
arranged such that their respective connectors are parallel and
aligned with corresponding connectors on an ultrasound
module 201. As depicted in FIG. 7A, ultrasound module 201
may connect simultaneously to power supply module 301 and
main circuit board module 401 through connectors on the rear
of ultrasound module 201.

[0078] Now referring to FIG. 7B, ultrasound module 201,
power supply module 301, and main circuit board module
401 may be supported by a single frame 801. In some embodi-
ments, power supply module 301 and/or main circuit board
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module 401 are attached to frame 801. For example, power
supply module 301 and/or main circuit board module 401
may be attached to frame 801 with screws, nuts and bolts,
adhesive, and/or other fasteners. Frame 801 may position the
connectors on power supply module 301 and main circuit
board module 401 such that an ultrasound module 201 may
simultaneously connect or disconnect from both power sup-
ply module 301 and main circuit board module 401. Frame
801 may also hold power supply module 301 and main circuit
board module 401 in place while ultrasound module 201 is
either connected or disconnected.

[0079] Other components of portable ultrasound system
100 may also be attached to frame 801. In some embodiments
main housing 150 connects to frame 8§01. Other components
such as the display (e.g., display swivel mechanism) may be
attached to frame 801. In some embodiments, frame 801
secures ultrasound module 201 while it is inserted in portable
ultrasound system 100. This is discussed in greater detail with
reference to FIGS. 13-16.

[0080] Referring now to FIG. 8, an exemplary embodiment
of portable ultrasound system 100 is illustrated showing an
opening 803 to receive an ultrasound module 201. In some
embodiments, opening 803 is defined by frame 801 and/or
main housing 150. Opening 803 may be configured to allow
an ultrasound module 201 to be inserted into portable ultra-
sound system 100. In one embodiment, opening 803 is
located on a side of portable ultrasound system 100. For
example, opening 803 may be located on the right side of
portable ultrasound system 100. In other embodiments, open-
ing 803 is located on a different side of portable ultrasound
system 100. For example, opening 803 may be located on the
left face of main housing 150, the front face of main housing
150, the rear face of main housing 150, or the bottom face of
main housing 150. In some embodiments, the geometry of
ultrasound module 201, power supply module 301, and/or the
geometry of main circuit board housing 401 may be config-
ured to fit within main housing 150 and work as described
herein with respect to an opening 803 located on one of the
faces of main housing 150.

[0081] Insomeembodiments, opening 803 is configured to
prevent contaminates and/or particles from entering opening
803 when an ultrasound module 201 has been inserted. For
example, opening 803 may be sized such that ultrasound
module 201 overhangs opening 803 when inserted into por-
table ultrasound system 100. In other embodiments, opening
803 may include features such as a sealing material, gasket,
door, flap, or other feature configured to prevent containments
and/or particles from entering opening 803 when an ultra-
sound module 201 is inserted.

[0082] With reference to FIGS. 9-16, portable ultrasound
system 100 may include features which support the modular-
ity of the system by assisting in the insertion and removal of
an ultrasound module 201. In some embodiments, portable
ultrasound system 100 includes release lever 701. Advanta-
geously, release lever 701 may assist a user in removing
ultrasound module 201 by disconnecting ultrasound module
201 from other components of portable ultrasound system
100. Release lever 701 may be configured to apply a force
perpendicular to a face of ultrasound module 201 and parallel
to the axis on which ultrasound module 201 is connected to
other components of portable ultrasound system 100. This
may reduce the sheering force experienced by the connectors
during removal of an ultrasound module 201. The connectors
may experience a lower amount of sheering force when dis-
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connected using release lever 701 than would be experienced
if ultrasound module 201 was pulled out of portable ultra-
sound system 100. This may advantageously reduce the
chance of damaging a connector during removal of an ultra-
sound module 201 and/or increase the life of an ultrasound
module and/or power supply module 301 and main circuit
board module 401.

[0083] In some embodiments, frame §01 may include ele-
ments or features which support the modular nature of por-
table ultrasound system 100. For example, frame 801 may
include features which align or otherwise position ultrasound
module 201 for connection to other components such as
power supply module 301 and/or main circuit board module
401. Advantageously, frame 801 may assist a user in more
accurately positioning ultrasound module 201 relative to
power supply module 301 and/or main circuit board module
401 and thus ease the connection between these components
when inserting ultrasound module 201 into portable ultra-
sound system 100. Frame 801 may also include elements or
features which assist in securely connecting ultrasound mod-
ule 201 to power supply module 301 and/or main circuit
board module 401. Advantageously, this may prevent unin-
tended disconnection of ultrasound module 201.

[0084] Referring now to FIG. 9, an exemplary embodiment
of portable ultrasound system 100 is illustrated including
release lever access door 703. In some embodiments, release
lever access door 703 is located on the bottom of main hous-
ing 150. In other embodiments, release lever access door 703
is located on other faces of main housing 150. Release lever
access door 703 covers release lever 701. Advantageously,
this prevents unintentional actuation of release lever 701
which may cause disconnection of ultrasound module 201. As
unintentional disconnection of ultrasound module 201 may
disrupt imaging with portable ultrasound system 100 and/or
cause other il effects (e.g., loss of data) release lever access
door 703 prevents unintentional disconnection of ultrasound
module 201.

[0085] Referring now to FIGS. 10A-10E, the process of
disconnecting an ultrasound module 201 from portable ultra-
sound system 100 is illustrated according to an exemplary
embodiment. As illustrated in FIG. 10A, release lever access
door 703 may be normally closed while an ultrasound module
201 is connected to portable ultrasound system 100. In some
embodiments, release lever access door 703 includes a cutout
705. Cutout 705 may allow a user to grab, apply leverage, or
otherwise open release leveraccess door 703. Cutout 705 may
define an opening with main housing 150 which allows a user
to apply force to the underside of release lever access door
703.

[0086] FIG. 10B illustrates an exemplary embodiment of
portable ultrasound system 100 with release lever access door
703 open. Opening release lever access door 703, reveals
release lever 701. In some embodiments, release lever access
door 703 rotates about an axis defined by hinge 707 and/or an
axel. The axle may provide an axial link between main hous-
ing 150 and release lever access door 703. The axle may
define an axis about which release lever access door 703
rotates between an open position and a closed position. In
some embodiments, the axle may be a rod or bar offset from
an upper edge of main housing 150. The axle may extend
longitudinally between a first end and a second end, each of
which may be attached to main housing 150. In other embodi-
ments, the axle may be a hinge, pivot joint, or other type of
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bearing providing a rotatable linkage between main housing
150 and release lever access door 703.

[0087] Hinges 707 are shown extending from an edge of
main housing 150. Hinges 707 may be used to couple release
lever access door 703 (e.g., releasably or permanently) to an
axel and/or to main housing 150. The coupling between
hinges 707 and an axle may define an axis about which release
lever access door 703 may rotate between an open position
and a closed position. In some embodiments, hinges 707 may
be configured to allow for release lever access door 703 to be
removed or decoupled from main housing 150 when in the
open position. For example, hinges 707 may only partially
enclose an axel of main housing 150 and when rotated to the
open position provide an opening which allows release lever
access door 703 to be removed (e.g., allow the axel to pass
through the opening in hinges 707). In other embodiments,
release lever access door 703 is configured such that release
lever access door 703 is not removable from main housing
150. For example, hinges 707 may enclose an axel of main
housing 150 such that the axel may not pass through hinges
707.

[0088] FIG. 10C illustrates an exemplary embodiment of
portable ultrasound system 100 with release lever access door
703 removed. When opened and removed, release lever
access door 703 reveals release lever 701. With release lever
access door 703 removed and release lever 701 visible but not
actuated, ultrasound module 201 remains inserted in portable
ultrasound system 100. Ultrasound module 201 also remains
connected to other systems (e.g., power supply module 301
and/or main circuit board module 401).

[0089] Referring now to FIG. 10D, a user may actuate
release lever 701 by rotating release lever 701 away from
main housing 150. In some embodiments, release lever 701
may extend above main housing 150 such that a user can grab,
apply leverage, or otherwise actuate release lever 701.
Release lever 701 may be positioned relative to main housing
150 such that a user may apply force to the underside of
release lever 701. In some embodiments, a portion of release
lever 701 extending inside main housing 150 applies force to
ultrasound module 201 as release lever 701 is actuated by a
user. This force may cause ultrasound module 201 to discon-
nect from other components of portable ultrasound system
100 and/or beejected from portable ultrasound system 100. In
some embodiments, release lever 701 applies force to ultra-
sound module 201 throughout its full range of motion. For
example, if lease lever 701 has a range of motion between
zero degrees and ninety degrees relative to main housing 150,
force may be applied during rotation of release lever 701 from
any angle greater than zero degrees to the maximum rotation
of ninety degrees.

[0090] In other embodiments, release lever 701 only
applies force to ultrasound module 201 during a portion of
full range of motion of release lever 701. Release lever 701
may have one or more ranges during which no force is applied
to ultrasound module 201 while release lever 701 is rotated
through the ranges. For example, release lever 701 may rotate
through zero degrees to twenty degrees without an internal
(e.g., within main housing 150) portion of release lever 701
contacting or otherwise applying force to ultrasound module
201. Advantageously, this may prevent unintended removal
of ultrasound module 201. A user may have to rotate release
lever 701 beyond a certain threshold angle in order to start
applying force to ultrasound module 201 and thereby ensure
that the user intends to disconnect ultrasound module 201. In
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some embodiments, release lever 701 may be configured such
that no force is applied to ultrasound module 201 as release
lever 701 is rotated from a partially actuated to a fully actu-
ated position. For example, release lever 701 may be config-
ured such that the portion of release lever 701 internal to main
housing 150 does not contact or otherwise apply force to
ultrasound module 201 as release lever 701 is rotated between
seventy and ninety degrees relative to main housing 150.
Advantageously, this may ensure that ultrasound module 201
is still held in place and prevents ultrasound module 201 from
unintentionally slipping or falling out of portable ultrasound
system 100. Release lever 701 may be configured to prevent
ultrasound module 201 from falling out of portable ultra-
sound system 100 as described above while still ensuring that
enough force is applied to ultrasound module 201 for a suf-
ficient range of rotation to allow a user to grab a partially
extended ultrasound module 201.

[0091] Referring now to FIG. 10E, a partially extended
ultrasound module 201 is shown according to an exemplary
embodiment. After release lever 701 has been actuated, ultra-
sound module 201 is disconnected from other components of
portable ultrasound system 100 and ultrasound module 201
extends from portable ultrasound system 100 such that a user
may grab ultrasound module 201 and remove it. In some
embodiments, ultrasound module 201 is disconnected from
other components of portable ultrasound system 100 and/or is
partially extended only after release lever 701 is fully actu-
ated. In other embodiments, ultrasound module 201 may be
disconnected from other components of portable ultrasound
system 100 and/or partially extended from main housing 150
without release lever 701 being fully actuated. In one embodi-
ment, release lever 701 has a range of motion between zero
and ninety degrees of rotation relative to main housing 150. In
other embodiments, the range of motion of release lever 701
is greater or lesser relative to main housing 150. For example,
release lever 701 may have a range of motion of zero to 140
degrees relative to main housing 150. Continuing the
example, release lever 701 may have arange of motion of zero
to sixty degrees relative to main housing 150. In some
embodiments, fully actuating release lever 701 disconnects
ultrasound module 201 and extends ultrasound module
approximately 2.5 centimeters away from opening 803 and/or
main housing 150. In other embodiments, fully actuating
release lever 701 causes ultrasound module 201 to be
extended a greater or lesser amount.

[0092] FIG. 11 illustrates a portion of release lever 701
extending within main housing 150 according to an exem-
plary embodiment. Release lever 701 may extend within main
housing 150 such that rotation of a portion of release lever 701
accessible to the user (e.g., exterior to main housing 150)
causes a corresponding rotation of a portion of release lever
701 internal to main housing 150. In some embodiments,
release lever 701 is a single component extending both inter-
nally and externally to main housing 150. In other embodi-
ments, release lever 701 may include multiple components
configured to function as described herein.

[0093] Positioning of the lower portion (e.g., portion within
main housing 150) relative to the upper portion (e.g., portion
extending from main housing 150 and/or covered by release
lever access door 703) may determine at what angle of rota-
tion of release lever 701 force is applied to ultrasound module
201. For example, if the lower portion of release lever 701 is
configured to be in contact with ultrasound module 201 while
release lever 701 has rotated zero degrees relative to main



US 2016/0007957 A1l

housing 150, then any rotation of release lever 701 will begin
to apply force to ultrasound module 201. The lower portion of
release lever 701 may alternatively be positioned such that it
is not in contact with an inserted ultrasound module 201 while
release lever 701 has not been rotated. Depending on the
angle formed by the lower portion of release lever 701 relative
to the upper portion, the angle of rotation at which release
lever 701 begins to apply force to ultrasound module 201 may
be adjusted. By altering this angle, the above described func-
tions of release lever 701 may be achieved.

[0094] In some embodiments, main housing 150 may
include one or more shoulders 151. Shoulder 151 may guide,
locate, prevent over insertion, and/or otherwise position ultra-
sound module 201. As illustrated in F1G. 11, release lever 701
may be positioned relative to an inserted ultrasound module.
The ultrasound module’s position may in turn be defined by
one or more shoulders 151. The positioning of release lever
701 relative to shoulders 151 may define the characteristics of
release lever 701 described above (e.g., at what rotation angle
does release lever 701 begin to apply disconnecting force to
ultrasound module 201). For example, release lever 701 as
depicted in FIG. 11 does not begin applying disconnecting
force to ultrasound module 201 until it has rotated approxi-
mately thirty degrees due to a user input on the upper portion
of release lever 701.

[0095] FIG. 12 illustrates one embodiment of release lever
701 and main housing 150 without an ultrasound module 201
inserted into portable ultrasound system 100. In one embodi-
ment, release lever 701 is coupled to main housing 150 by
axel 709 and opening 711. In some embodiments, axel 709 is
coupled to flange 715 of main housing 150 such that axel 709
is held stationary. For example, axel 709 may be formed as
part of main housing 150 through molding techniques, milled
from main housing 150, inserted into opening 711 of flange
715 such that axel 709 has an interference fit with flange 715,
coupled with an adhesive, or otherwise coupled to flange 715.
Release lever 701 may include a sleeve which rotates about
axel 709. Release lever 701 may rotate freely about axel 709.
The upper and/or lower portions of release lever 701 may be
attached to the sleeve. In some embodiments, the sleeve is an
integral part of release lever 701. The sleeve and/or flange 715
may contain additional elements such as bearings.

[0096] Inotherembodiments, axel 709 is fixedly coupled to
release lever 701. Axel 709 may be one or more protrusions
from release lever 701. For example, axel 709 may be formed
as an integral part of release lever 701 (e.g., by injection
molding, milling, or another manufacturing technique). Axel
709 may be attached to release lever 701 using screws, nuts
and bolts, adhesive, and/or other fasteners. Axel 709 may
alternatively or in addition to the above techniques be inserted
into a sleeve of release lever 701 such that the sleeve and axel
709 from an interference fit. Axel 709 may rotate freely within
opening 711 of flange 715. For example, opening 711 and
axel 709 may have a running fit. In some embodiments, open-
ing 711 of flange 715, and/or axel 709 may be configured to
support the rotation of axel 709 within opening 711. For
example, a bearing assembly may be used to support axel 709
with flange 711.

[0097] In some embodiments, release lever 701 includes a
cam portion 713. Cam portion 713 may function as acam and
facilitate the transformation of the rotational movement of
release lever 701 into linear motion for pushing (e.g., discon-
necting and ejecting) ultrasound module 201. The contact
between cam portion 713 and ultrasound module 201 may be
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used to create linear motion of ultrasound module 201.
Advantageously, this linear motion of ultrasound module 201
may reduce stress on the connectors of ultrasound module
201, power supply module 301, and/or main circuit board
module 401 during disconnection of ultrasound module 201.
In some embodiments, cam portion 713 has a cam profile to
create uniform linear motion of ultrasound module 201 dur-
ing the rotation of release lever 701 while disconnection
ultrasound module 201. In additional embodiments, cam por-
tion 713 has a cam profile which is configured to reduce stress
and/or wear on release lever 701 and/or ultrasound module
201 due to the contact between release lever 701 and ultra-
sound module 201. Advantageously, this may increase the life
span of release lever 701 and/or ultrasound module 201. Cam
portion 713 may also provide an advantage to a user of por-
table ultrasound system 100 by creating uniform linear
motion throughout the rotation of release lever 701. This may
provide a user with predictable and repeatable disconnection
of ultrasound module 201. In further embodiments, cam por-
tion 713 may have a different cam profile. For example, cam
portion 713 may have a cam profile which produces more
linear motion for each degree of rotation of release lever 701.
In other embodiments, cam portion 713 may have a cam
profile which produces less linear motion per degree of
release lever 701 rotation. This may allow for a release lever
701 with a greater range of rotation (e.g., 170 degrees).
[0098] Insomeembodiments, cam portion 713 extends for
the entire length and/or width of the lower portion of release
lever 701. In other embodiments, cam portion 713 is a portion
of the lower portion of release lever 701.

[0099] In some embodiments, cam portion 713 has a cam
profile which is configured to effect the range of motion of
release lever 701 during which force is applied to ultrasound
module 201. Cam portion 713 may have a profile which
creates or helps to create the functions described above with
reference to FIG. 11. For example, cam portion 713 may have
a cam profile which results in no or little linear motion during
a first range of rotation of release lever 701, linear motion
during a second range of rotation of release lever 701, and no
or little linear motion during a third range of rotation of
release lever 701. Alternative profiles may be used to generate
other functions described with reference to FIG. 11.

[0100] Advantageously, the configuration of cam portion
713 and/or the configuration of the upper and/or lower por-
tions of the release lever 701 may provide a mechanical
advantage to a user such that reduced force is required to
disconnect an ultrasound module. This may make it easier for
auserto disconnect and/or eject ultrasound module 201 from
portable ultrasound system 100. This may also enhance the
portability and modularity of portable ultrasound system 100
by making it easier to swap ultrasound modules 201 depend-
ing on the application and/or other needs of the user.

[0101] With reference to FIGS. 9-11, ultrasound module
201 may be disconnected from components of portable ultra-
sound system 100 using mechanisms other than release lever
701 as depicted. In some embodiments, release lever 701 is
driven by electromechanical components rather than directly
by a user. For example, the lower portion of release lever 701
may be driven by an actuator, solenoid, electric motor, or
other electromechanical system. An electromechanical
device may be used to drive a cam which provides linear
motion to ultrasound module 201. In other embodiments, an
electromechanical system may replace release lever 701. For
example, an actuator, solenoid, motor and cam, or other elec-
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tromechanical system may directly apply force to ultrasound
module 201 to cause linear motion, disconnection, and/or
ejection of ultrasound module 201.

[0102] In some embodiments, ultrasound module 201 is
disconnected and/or ejected by the above described tech-
niques in response to a user input received through a dedi-
cated input mechanism. For example, the dedicated input
mechanism may be a button, capacitive sensor, switch, knob,
and/or other input device. The dedicated input mechanism
may be accessed through a release lever access door 703 or
like component. In other embodiments, the dedicated input
mechanism is located elsewhere on portable ultrasound sys-
tem 100. For example, the dedicated input mechanism may be
located on a side of portable ultrasound system 100, included
in a keyboard, located within main housing 150, be located
adjacent to a display and/or input screen, be included in a
cover or housing of main screen 130, or otherwise positioned
in or on portable ultrasound system 100.

[0103] In other embodiments, ultrasound module 201 is
disconnected and/or ejected by the above described tech-
niques in response to a user input received through a user
interface of portable ultrasound system 100. For example, the
user interface of portable ultrasound system 100 may include
an input element (e.g., a button, slider, radio button, field, or
other graphical user interface element) which allows a user to
disconnect and/or eject ultrasound module 201. Continuing
the example, a user may provide an input using a button of the
user interface and touchscreen 120 which causes portable
ultrasound system 100 to activate an electromechanical sys-
tem and thereby disconnect and/or eject ultrasound module
201.

[0104] In some embodiments, release lever 701 may
include an interlock system. The interlock system may pre-
vent disconnection and/or removal of ultrasound module 201.
For example, the interlock system may prevent removal of
ultrasound module 201 during inappropriate times (e.g.,
while imaging is in process, while data is being exchanged
between ultrasound module 201 and main circuit board mod-
ule 401, etc.) to prevent damage to components and/or loss of
data. The interlock system may allow for removal of ultra-
sound module 201 when doing so will not cause harm. In one
embodiment, the interlock system is controlled by main cir-
cuit board module 401. When main circuit board module 401
detects that it is not safe to disconnect ultrasound module 201
main circuit board module 401 may engage a normally open
interlock mechanism. In other embodiments, the interlock
mechanism, is normally closed (e.g., engaged to prevent
removal of ultrasound module 201) and main circuit board
module 401 disengages the interlock mechanism when it
determines that it is safe to remove ultrasound module 201.
[0105] In some embodiments, the interlock mechanism
may not be a physical mechanism but may be expressed in
programming of portable ultrasound system 100. For
example, a portable ultrasound system 100 may be pro-
grammed such that an electromechanical system which dis-
connects and/or ejects ultrasound module 201 may not be
activated unless main circuit board module 401 determines
that it is safe to disconnect and/or eject ultrasound module
201.

[0106] In other embodiments, the interlock mechanism is
or includes physical components. For example, the interlock
mechanism may be a lock or other physical component which
impedes or prevents movement of release lever 701 when
engaged. In further embodiments, the interlock mechanism
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may be a lock or other components which prevents a user
from opening release lever access door 703 when engaged. In
other embodiments, components other than main circuit
board module 401 may perform the above described func-
tions. For example, components of ultrasound module 201
(e.g., processors, memory, integrated circuits, etc.) may per-
form the tasks described above with reference to main circuit
board module 401. In some embodiments, release lever
access door 703 acts as an interlock mechanism.

[0107] Referring now to FIG. 13, release lever 701 is
depicted attached to main housing 150 and with frame 801
also attached to main housing 150 according to an exemplary
embodiment. In some embodiments, release lever 701 is
attached to main housing 150 which is in turn attached to
frame 801. In other embodiments, release lever 701 is
attached to frame 801. Frame 801 and/or main housing 150
may position an inserted ultrasound module 201 relative to
other components of portable ultrasound system 100. For
example, features of main housing 150 and/or frame 801 may
position ultrasound module 201 relative to release lever 701
such that release lever 701 functions as described above.
Features of frame 801 and/or main housing 150 may position
ultrasound module 201 such that ultrasound module 201 may
be connected to power supply module 301 and/or main circuit
board module 401.

[0108] In some embodiments, main housing 150 includes
one or more shoulders 151. As previously discussed shoulder
151 may guide, locate, prevent over insertion, and/or other-
wise position ultrasound module 201. Shoulders 151 may
position ultrasound module 201 laterally and/or along the
axis of insertion of ultrasound module 201. When ultrasound
module 201 comes into contact with one or more shoulders
151, it is prevented from moving further in that direction.
Advantageously, this may prevent excessive force, due to
over insertion, on connectors of portable ultrasound system
100. This may also provide an advantage by aligning connec-
tors on ultrasound module 201 with those on power supply
module 301 and/or main circuit board module 401.

[0109] Referring now to FIG. 14, a section of frame 801 is
illustrated according to an exemplary embodiment. In some
embodiments, frame 801 includes one or more sides 805.
Sides 805 may position ultrasound module 201 laterally
within opening 803 and in relation to other components of
portableultrasound system 100. In some embodiments, frame
801 includes one or more floor portions 807. Floor portions
807 may position an ultrasound module vertically in relation
to other components of portable ultrasound system 100. In
some embodiments, floor portions 807 and/or sides 805 are
positioned and/or configured such that ultrasound module
201 may be easily inserted and/or removed from portable
ultrasound system 100. For example, floor portions 807 and/
or sides 805 may be positioned and/or configured to create a
free running fit with an inserted or partially inserted ultra-
sound module 201. In other embodiments, floor portions 807
and/or sides 805 are positioned and/or configured to create a
fit with an inserted or partially inserted ultrasound module
201 such that ultrasound module 201 is held in place. For
example, a close sliding fit may be used. Advantageously, this
may hold ultrasound module 201 in place until sufficient
force is applied by a user to remove ultrasound module 201
from portable ultrasound system 100, thereby preventing
ultrasound module 201 from slipping out of the system. In
additional embodiments, other fits may be formed by frame
801 and ultrasound module 201. In one embodiment, ultra-
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sound module 201 is held in place by friction forces created
by the connectors between ultrasound module 201 and power
supply module 301 and/or main circuit board module 401.
This is described in greater detail with reference to FIGS.
17-21.

[0110] In other embodiments, ultrasound module 201 is
held in place by additional components rather than by a fit
with frame 801. In one embodiment, frame 801 and/or ultra-
sound module 201 may include a friction material. The fric-
tion material may prevent ultrasound module 201 from slid-
ing relative to frame 801 unless sufficient force is applied to
overcome the static friction force created by the friction mate-
rial. In other embodiments, ultrasound module 201 may be
prevented from sliding due to plastically deformable protru-
sions included on frame 801 and/or ultrasound module 201.
The protrusions may keep ultrasound module 201 from mov-
ing relative to frame 801 until a sufficient force is applied to
plastically deform the protrusion. In additional embodiments,
release lever 701 may include a component which latches to
or otherwise connects to ultrasound module 201. Ultrasound
module 201 may be releasably connected to release lever 701
which prevents movement of ultrasound module 201 relative
to frame 801. When release lever 701 is actuated, release lever
701 may unlatch from ultrasound module 201. In some
embodiments, a combination of the above described compo-
nents and/or additional components may be used to prevent
ultrasound module 201 from unintentionally sliding out of
portable ultrasound system 100.

[0111] Still referring to FIG. 14, frame 801 may include
one or more guides 809. Guides 809 may assist in inserting
ultrasound module 201 into portable ultrasound system 100.
Guides 809 may be a sloped segment of floor portions §07.
Guides 809 may force an inserted ultrasound module 201
onto floor portion 807. Guides 809 may also allow an ultra-
sound module 201 to be inserted which is not already verti-
cally aligned with floor portions 807. The slopping nature of
guides 809 may cause insertion of ultrasound module 201 to
align ultrasound module 201 vertically with floor portions
807. Advantageously, this may make it easier for a user to
insert ultrasound module 201 as a user does not need to
precisely align ultrasound module 201 with features of frame
801 and/or connectors of other components of portable ultra-
sound system 100. Guides 809 may more precisely align
ultrasound module 201 with frame 801 and in turn more
precisely align ultrasound module 201 with connectors asso-
ciated with other components of portable ultrasound system
100. Frame 801 may both support and assist in aligning
ultrasound module 201. In further embodiments, guides 809
are also included in sides 805 and assist in aligning ultrasound
module 201 laterally.

[0112] Referring now to FIG. 15, one embodiment of frame
801 is illustrated with ultrasound module 201 inserted. Sides
803 may align ultrasound module 201 laterally as described
above. As illustrated, guides 809 extend below ultrasound
module 201 when it is inserted in some embodiments. This
allows ultrasound module 201 to be inserted without being
vertically aligned with the surface of frame 801 on which is
supported (e.g., floor portions 807). This is further illustrated
in FIG. 16 according to an exemplary embodiment. Guides
809 may be located on left and right side of ultrasound mod-
ule 201.

[0113] Referring now to FIG. 17, ultrasound module 201
includes two connectors according to some embodiments.
Ultrasound module 201 may include female fixed connector
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215. Female fixed connector 215 may be a connector which
receives a male fixed connector on another component of
portable ultrasound system 100. When female fixed connec-
tor 215 and a corresponding male fixed connector are in
contact (e.g., when the male fixed connector is inserted into
female fixed connector 215), an electrical connection may be
exist between the two connectors. The electrical connection
may allow for transmission of data and/or electrical power
between the two components which are connected using the
fixed connector pair.

[0114] In one embodiment, ultrasound module 201
includes female fixed connector 215 for connecting to main
circuit board module 401. Main circuit board module 401
may include a male fixed connector for connecting to ultra-
sound module 201 via female fixed connector 215.

[0115] Ultrasound module 201 may also include male
floating connector 217. In one embodiment, male floating
connector 217 connects ultrasound module 201 to a female
floating connector included in power supply module 301. In
some embodiments, male floating connector 217 does not
float (e.g., does not move relative to ultrasound module 201 to
facilitate the connection of misaligned connectors), but is
instead configured to connect to a female floating connector
included in power supply module 301. The female floating
connector may float as described herein with reference to
FIGS. 20-21. In other embodiments, the male floating con-
nector included in ultrasound module 201 floats and the
female floating connector of power supply module 301 is
fixed. In still further embodiments, both connectors of the
floating connector pair float.

[0116] Advantageously, the features described herein with
respect to FIGS. 17-21 may allow for ultrasound module 201
to easily connect with other components of portable ultra-
sound system 100 (e.g., power supply module 301 and/or
main circuit board module 401). The connectors may be
configured to aid in alignment of the modules and/or connec-
tor components such as the contacts which allow data and/or
power transfer between modules via electrical communica-
tion through the contacts. The connectors may be configured
to self-align or to otherwise tolerate some misalignment
between ultrasound module 201 and power supply module
301 and/or main circuit board module 401. Advantageously
this may make it easier for a user to insert and connect an
ultrasound module 201 to portable ultrasound system 100.
Furthermore, wear and/or stress on components of the con-
nectors (e.g., the contacts) may be reduced by handling mis-
alignment and therefore increase the life cycle of the connec-
tors.

[0117] Insome embodiments, ultrasound module 201 and/
or other components of portable ultrasound system 100 may
have different connections, a greater number of connections,
a lesser number of connections, and/or other configurations
than are described herein with reference to FIGS. 17-21. For
example, ultrasound module 201 may have a male fixed con-
nector 407 and/or a female floating connector 307 rather than
the counterparts described above. In further embodiments,
ultrasound module 201 may include additional and/or differ-
ent connectors.

[0118] Referring now to FIGS. 18 and 19, a female fixed
connector 215 of ultrasound module 201 and a male fixed
connector 407 of main circuit board module 401 are illus-
trated according to an exemplary embodiment. The pair of
fixed connectors (e.g., female fixed connector 215 and male
fixed connector 407) may allow for ultrasound module 201 to
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be in communication with main circuit board module 401.
This connection may allow for the transfer of data, instruc-
tions, control signals, information, electrical power, and/or
other signals or information between ultrasound module 201
and main circuit board module 401. Communication between
ultrasound module 201 and main circuit board module 401
may take place via an electrical connection formed between
contacts 213 on female fixed connector 215 of ultrasound
module 201 and contacts 423 of male fixed connector 407 of
main circuit board module 401. When the connector pair is
connected (e.g., male fixed connector 407 is inserted into
female fixed connector 215), contacts 223 and contacts 423
may be in physical communication thereby allowing electri-
cal communication (e.g., contacts 223 and contacts 423 are
made of one or more conducting materials).

[0119] In some embodiments, the fixed connector pair
include elements to facilitate connection between female
fixed connector 215 and male fixed connector 407. These
elements may align the two connectors and/or otherwise cor-
rect misalignment of the two connectors as ultrasound mod-
ule 201 is inserted and/or connected to portable ultrasound
system 100. In some embodiments, female fixed connector
215 includes one or more guide slots 219. Guide slots 219
may correspond to one or more guide shafts 421 of male fixed
connector 407. Guide slot 219 may be configured to receive a
guide shaft 421 such that guide slot 219 may receive guide
shaft 421 when female fixed connector 215 and male fixed
connector 407 are misaligned. For example, guide slot 219
may have an outer radius greater than the radius of guide shaft
421. As guide shaft 421 is inserted into guide slot 219, the
female fixed connector 215 and male fixed connector 407
may be aligned. In some embodiments, the radius of guide
slot 219 decreases along the depth of guide slot 219. As guide
shaft 421 travels deeper into guide slot 219 the decreasing
radius of guide slot 219 may center guide shaft 421 within
guide slot 219. As guide shaft 421 is centered in guide slot
219, female fixed connector 215 and male fixed connector
407 may be aligned. Advantageously, this allows misaligned
connectors to be aligned as ultrasound module 201 is inserted.
In some embodiments, guide shaft 421 has a decreasing
radius extending outward from male fixed connector 407.
This may allow for easier alignment of guide shaft 421 and
guide slot 219. Contacts 223 of female fixed connector 215
may be brought into alignment with contacts 423 of male
fixed connected 407 by one or more of these features.

[0120] In some embodiments, female fixed connector 215
includes guide shafts 221 which correspond to guide slots 419
on male fixed connector 407. As explained above, guide
shafts 221 and the corresponding guide slots 419 may align
female fixed connector 215 and male fixed connector 407 as
guide shafts 221 are inserted into guide slots 419. Guide
shafts may be inserted into guide slots as ultrasound module
201 is inserted into portable ultrasound system 100.

[0121] In some embodiments, contacts 423 of male fixed
connector 407 and contacts 223 of female fixed connector 215
are configured to tolerate some misalignment between male
fixed connector 407 and female fixed connector 215. For
example, contacts 223 of female fixed connector 215 may
include chamfered features which align the contacts 423 of
male fixed connector 407 as they are inserted. Contacts 423 of
male fixed connector 407 may also be configured to align with
contacts 223 of female fixed connector 215. For example,
connectors 423 of male fixed connector 407 may be sized to
fit within female fixed connector 215.
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[0122] In some embodiments, male fixed connector 407
and/or female fixed connector 215 are configured to provide
friction force to secure ultrasound module 201 within por-
table ultrasound system 100 when inserted. The friction force
may prevent or assist in preventing ultrasound module 201
from disconnecting from the other components of portable
ultrasound system 100 except by the function of release lever
701. For example, the guide shaft and guide slot features
described above may be sized such that an inserted ultrasound
module 201 is held in place by the friction between a guide
shaft and the guide slot into which the guide shaft has been
inserted. Once a guide shaft has been aligned by and inserted
fully into a guide slot, the inner radius ofthe guide slot and the
guide shaft may form an interference fit or other type of fit to
provide friction force. The fit may still allow removal of the
guide shaft from the guide slot in response to force provided
by release lever 701.

[0123] Female fixed connector 215 and the associated fea-
tures have been described as corresponding to ultrasound
module 201 and male fixed connector 407 and the associated
features have been described as corresponding to main circuit
board module 401. However, this is illustrative only. In other
embodiments, fixed connectors (male and/or female) may be
used on other or additional components. For example, male
fixed connector 407 may be located on ultrasound module
201 and female fixed connector 215 may be located on main
circuit board module 401. In further embodiments, fixed con-
nectors may be used to couple ultrasound module 201 and
other components of portable ultrasound system 100 (e.g.,
power supply module 301).

[0124] Referring now to FIGS. 20 and 21 a pair of floating
connectors are illustrated according to an exemplary embodi-
ment. In one embodiment, ultrasound module 201 includes
one or more male floating connectors 217. Male floating
connector 217 is configured to connect to female floating
connector 307. In one embodiment, female floating connector
307 is coupled to power supply module 301. In some embodi-
ments, male floating connector 217 on ultrasound module 201
is fixed while female floating connector 307 is floating as
described below. In other embodiments, either floating con-
nector or both floating connectors may be floating. In further
embodiments, both floating connectors may be fixed.

[0125] Insome embodiments, male floating connector 217
includes one or more types of contacts to establish electrical
communication with the contacts of female floating connec-
tor 307. For example, male floating connector 217 may
include pin contacts 227. Pin contacts 227 may be configured
to come into electrical contact with pin slot contacts 327 of
female floating connector 307 when male floating connector
217 is connected to female floating connector 307. Pin slot
contacts 327 and pin contacts 227 may be made of a conduc-
tive material to allow electrical communication between both
sets of contacts. In some embodiments, pin slot contacts 327
include chamfered openings to the slots which assist in the
alignment of pin contacts 227 and pin slot contacts 327. The
reducing openings of pin slot contacts 327 may allow pin
contacts 227 to be inserted and then centered with pin slot
contacts 327 as the size of the opening decreases along the
depth of slot contacts 327.

[0126] Male floating connector 217 may include one or
more plate contacts 225. In some embodiments, plate con-
tacts 225 are configured to push outward so as to be in contact
with plate slot contacts 325 of female floating connector 307
when male floating connector 217 is inserted. For example,
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plate contacts 225 may be spring loaded so as to push outward
against plate slot contacts 325, positioned such that they
plastically deform and push against plate slot contacts 325
when inserted, or otherwise configured to form an electrical
connection with plate slot contacts 325. In some embodi-
ments, plate slot contacts 325 are chamfered to aid in the
alignment of plate contacts 225 with plate slot contacts 325.
The electrical communication formed by contacts on male
floating connector 217 and female floating connector 307
may allow for the transfer of electrical power, control signals,
data, and/or other information between ultrasound module
201 and power supply module 301. In one embodiment, elec-
trical power is provided from power supply module 301 to
ultrasound module 201 using plate contacts 225 and plate slot
contacts 325. In further embodiments, data, control signals,
and/or other information is transferred between ultrasound
module 201 and power supply module 301 using pin contacts
227 and pin slot contacts 327.

[0127] In some embodiments, the pair of floating connec-
tors includes guiding features which assist in aligning female
floating connector 307 with male floating connector 217. For
example, female floating connector 307 may include one or
more guide protrusions 331. Guide protrusions may extend
from female floating connector 307 and be chamfered. Dur-
ing connection of female floating connector 307 and male
floating connector 217, guide protrusions 331 may be
received by guide sections 231 of male floating connector
217. Guide sections 231 may also be chamfered. As the size of
the above features is reduced along the depth of the guide
feature, guide protrusions 331 may be inserted into guide
sections 231 while misaligned. As guide protrusions 331 are
inserted along the depth of guide section 231 the reducing size
(e.g., due to the chamfer) of guide section 231 aligns male
floating connector 217 with female floating connector 307. In
some embodiments, the edge of housing 229 of male floating
connector 217 is also chamfered. This may allow the cham-
fered main body 329 of female floating connector 307 to align
with housing 229 of male floating connector 217 as described
with reference to guide protrusions 331 and guide section
231.

[0128] Insome embodiments, male floating connector 217
and/or female floating connector 307 are configured to pro-
vide friction force to secure ultrasound module 201 within
portable ultrasound system 100 when inserted. The friction
force may prevent or assist in preventing ultrasound module
201 from disconnecting from the other components of por-
table ultrasound system 100 except by the function of release
lever 701. For example, the guide protrusion, guide section,
housing, and/or main body features described above may be
sized such that an inserted ultrasound module 201 is held in
place by the friction between the features on male floating
connection 217 and the features on female floating connector
307. For example, the fit between guide protrusion 331 and
guide section 231 may form an interference fit or other type of
fit to provide friction force. The fit may still allow removal of
the guide shaft from the guide slot in response to force pro-
vided by release lever 701.

[0129] In further embodiments, female floating connector
307 floats in relation to its corresponding component (e.g.,
power supply module 301). Female floating connector 307
may have six degrees of freedom in relation to power supply
module 301. This may allow female floating connector 307 to
translate vertically, horizontally, and/or along the depth of
power supply module 301. Female floating connector 307
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may also pitch, roll, and/or yaw in relation to power supply
module 301. Advantageously, this movement may allow
female floating connector 307 to align itself with a male
floating connector 217 that is initially misaligned. The float-
ing nature of female floating connector 307 may augment the
alignment features previously discussed such that a connec-
tion may be made between connectors which are misaligned
to a greater degree. In some embodiments, female floating
connector 307 is constrained in its six degrees of freedom by
the features which allow it to float and/or the features con-
necting it to power supply module 301.

[0130] In some embodiments, female floating connector
307 is attached to power supply module 301 with one or
springs which provide female floating connector 307 with six
degrees of freedom. For example, a spring at each corner of
female floating connector 307 may connect female floating
connector 307 to power supply module 301. In some embodi-
ments, the springs may run within guiding features which
constrain the movement of female floating connector307. For
example, each spring may be positioned within a hollow shaft
which runs within a slot connected to power supply module
301. The slot may be sized larger than the shaft to allow the
shaft to move relative to the slot thereby giving female float-
ing connector 307 six degrees of freedom. The springs may
cause female floating connector 307 to return to an initial
position and/or provide a force which assists in the alignment
process (e.g., by brining female floating connector 307 into
alignment with male floating connector 217 as the two con-
nectors are aligned and/or connected). In other embodiments,
plastically deformable features connect female floating con-
nector 307 with power supply module 301. For example,
female floating connector 307 may be attached to power
supply module 301 by a flexible gasket. The gasket may
position female floating connector 307 relative to the housing
of power supply module 301 (e.g., the gasket may be posi-
tioned around female floating connector 307 and between
female floating connector 307 and an opening in the housing
of power supply module 301). Other techniques may be used
to give female floating connector 307 six or fewer degrees of
freedom relative power supply module 301.

[0131] In some embodiments, female floating connector
307 may include flexible features which connect pin slot
contacts 327 and/or plate slot contacts 325 to fixed compo-
nents of power supply module 301. Advantageously, this may
allow for female floating connector 307 to move relative
power supply module 301 without causing damage to the
contacts or disconnecting the contacts from other compo-
nents of power supply module 301. For example, pin slot
contacts 327 and/or plate slot contacts 325 may be connected
to other components of power supply module 301 with flex-
ible wire long enough to allow movement of female floating
connector 307 and the contacts therein. When connected, the
contacts of female floating connector 307 and male floating
connector 217 may allow for the communication of electrical
power and/or data between ultrasound module 201 and power
supply module 301. For example, data may be electrically
communicated between ultrasound module 201 and power
supply module 301 using the connection formed by pin con-
tacts 227 and pin slot contacts 327. Continuing the example,
electrical power may be electrically communicated between
ultrasound module 201 and power supply module 301 using
the connection formed by plate contacts 225 and plate slot
contacts 325.
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[0132] Female floating connector 307 and the associated
features have been described as corresponding to power sup-
ply module 301 and male floating connector 217 and the
associated features have been described as corresponding to
ultrasound module 201. Additionally, female floating connec-
tor 307 has been described as floating and male floating
connector 217 as fixed. However, this description is illustra-
tive only. In other embodiments, floating connectors (male
and/or female) may be used on other or additional compo-
nents. For example, female floating connector 307 may be
located on ultrasound module 201 and male floating connec-
tor 217 may be located on power supply module 301. In
further embodiments, fixed connectors may be used to couple
ultrasound module 201 and other components of portable
ultrasound system 100 (e.g., power supply module 301).
Additionally, both floating connectors float (e.g., have six
degrees of freedom) in some embodiments. In other embodi-
ments, male floating connector 217 floats and female floating
connector 307 is fixed.

[0133] Referring now to FIGS. 22-26. portable ultrasound
system 100 and/or ultrasound module 201 may include heat
management features. Ultrasound components may give off
heat which may increase the temperature of components
within ultrasound module 201 and/or other components of
portable ultrasound system 100. Components (e.g., proces-
sors, ASIC, memory, etc.) may perform better at lower tem-
peratures. Additionally, a user may prefer that external com-
ponents of portable ultrasound system 100 (e.g., input devices
such as touchscreen 120, housing 150, or other components
which a user may touch or come into contact with) remain
cool to the touch. This may allow a user to more comfortably
interact with portable ultrasound system 100. In turn, a user
may be able to work longer with portable ultrasound system
100 because it is cool to the touch thereby increasing the
efficiency of the user and the amount of work which may be
done in a single sitting with portable ultrasound device 100.
Advantageously, the heat management features of portable
ultrasound system 100 may maintain internal and/or external
components of portable ultrasound system 100 at a lower
temperature. Thus, external components may be cool to a
user’s touch and internal components may function within
appropriate temperature tolerances.

[0134] Referring now to FIG. 22, the heat management
features of portable ultrasound system 100 may include heat
sinks 207. In some embodiments, ultrasound module 201 two
heat sinks 207. One heat sink 207 may be located on the upper
surface of ultrasound module 201 with a second heat sink 207
located on the lower surface of ultrasound module 201. In
other embodiments, other numbers of heat sinks may be used
(e.g., one, three, four, etc.) and/or heat sinks 207 may be
located in other locations on ultrasound module 201 (e.g.,
front, left side, right side, back, or other face of ultrasound
module 201). In further embodiments, ultrasound module
201 may include cutouts 211. Cutouts 211 may create an air
path internal to ultrasound module 201. The internal air path
of ultrasound module 201 may allow for components within
ultrasound module 201 to be cooled directly by convection
(e.g., air is drawn through cutouts 211 via the air path using a
fan). Combined with cooling from an air path above ultra-
sound module 201 and the associated heat sink 207 and com-
bined with an air path below ultrasound module 201 and the
associated heat sink 207, the internal air path may cool com-
ponents of ultrasound module 201 and/or other components
of portable ultrasound system 100.
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[0135] In some embodiments, additional components of
portable ultrasound system 100 may facilitate cooling of
ultrasound module 201. For example, other components may
create an air path for cooling ultrasound module 201. Refer-
ring now to FIGS. 15-16, frame 801 may include air path
cutouts 811. Air path cutouts 811 in frame 801 may allow air
to reach ultrasound module 201 when ultrasound module is
connector to components of portable ultrasound system 100
and/or inserted into portable ultrasound system 100. This air
may be used for cooling components of ultrasound module
201.

[0136] Referring now to FIGS. 23-26, the heat manage-
ment features of portable ultrasound system 100 may include
one or nore heat shields 813 in some embodiments. In some
embodiments, heat shield 813 is used to protect one compo-
nent or a series of components in portable ultrasound system
100 from heat generated by other components or a series of
components. In other embodiments, heat shields 813 may be
used to protect a user from heat generated by components of
portable ultrasound system 100. In further embodiments, heat
shield 813 may be used to protect components of portable
ultrasound system 100 from external sources of heat (e.g.,
ambient heat in an operating environment).

[0137] Heat shield 813 may be a substance, material or
materials, and/or layer included in portable ultrasound sys-
tem 100 which absorbs, dissipates, and/or reflects heat.
Absorbed heat may be directed away from protected compo-
nents by the heat shield 813. Heat shield 813 may operate on
the principles of convection, conduction, reflection, absorp-
tion, or other thermodynamic or heat transfer principles for
preventing heat from reaching a shielded component or com-
ponents. In some embodiments, heat shield 813 includes or is
an insulating material. Materials making up heat shield 813
may include heat conductive materials (e.g., copper, alumi-
num, etc.), heat reflective materials (e.g., foils, radiant barri-
ers, metalized fabrics, laminate films, or other materials suit-
able for reflecting heat and/or radiation), insulating materials
(e.g., ceramics, fiberglass, foams, polymers, fiber based mate-
rials, or other materials suitable for impeding heat transfer),
backing materials (cloth, fabric, paper, metals, ceramics, of
other materials suitable for providing mechanical support to
the materials described herein), and/or other materials for
shielding components from a source of heat. In some embodi-
ments, heat shield 813 may include an air space (e.g., as a
layer between layers of other materials) and/or be positioned
relative to other components of portable ultrasound system
100 such that an air space is created between heat shield 813
and the component to be shielded and/or the heat source. In
additional embodiments, heat shield 813 is or includes an
ablative heat shield and/or a thermal soak heat shield.

[0138] With reference to FIG. 23, heat shield 813 may be
positioned and/or otherwise configured to shield components
of portable ultrasound system 100 from heat generated by
ultrasound module 201. In one embodiment, heat shield 813
is a layer attached to frame 801 and positioned between
touchscreen 120 and ultrasound module 201 and/or opening
803 for ultrasound module 201. For example, heat shield 813
may be a Mylar (e.g., biaxially-oriented polyethylene tereph-
thalate) sheet, panel, rigid layer, flexible layer, and/or include
additional materials such as heat reflecting materials, insulat-
ing materials, backing materials, or other materials related to
heat management. In some embodiments, heat shield 813 is
attached to frame 801 with one or more of screws, nuts and
bolts, clips, adhesive, and/or other fasteners.
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[0139] Advantageously, this positioning of heat shield 813
may shield one or more of touchscreen 120, touchpad 110,
and a keyboard from heat generated by components of por-
table ultrasound system 100. This may protect these or other
components from damage caused by exposure to heat and/or
improve the user expetience by providing user inputs which
are not hot or warm to the touch. Particularly, heat shield 813
may provide an advantage by preventing heat generated by
ultrasound module 201 from increasing the temperature of
user input device touchscreen 201. This may provide a par-
ticular advantage as components of ultrasound module 201
may produce a larger amount of heat or a larger amount of
heat than other components of portable ultrasound system
100. Additionally, heat shield 813 may allow for portable
ultrasound system 100 to be packaged in such a way as to
support the modularity of the system. For example, heat
shield 813 may allow for ultrasound module 201 to be located
below components such as touchscreen 120 without the heat
from ultrasound module 201 creating adverse effects in other
components. Heat shield 813 may also allow the overall size
of portable ultrasound system 100 to be reduced (e.g., the
system may be thinner by allowing ultrasound module 813 to
be closer to touchscreen 120) thus increasing the portability
of the system.

[0140] In other embodiments, heat shield 813 extends to
shield touchpad 110 and/or a keyboard. This may provide an
advantage of decreasing the temperature of these components
felt by a user and/or increasing the performance or durability
of these components. In further embodiments, a plurality of
heat shields 813 are used to protect components of portable
ultrasound system 100.

[0141] Referring now to FIG. 24, heat shield 813 may be
attached to the underside of frame 801 in one embodiment.
Touchscreen 120 may be positioned on top of frame 801. In
some embodiments, frame 801 is configured to shield touch-
screen 120 from heat in conjunction with heat shield 813. For
example, frame 801 may include a solid portion beneath
touchscreen 120 which acts as an insulating layer, conducts
heat away from touchscreen 120, functions as a heat sink,
and/or otherwise reduces the amount of heat reaching touch-
screen 120. In other embodiments, heat shield 813 is located
on top of frame 801. In still further embodiments, heat shield
813 extends to cover all or a portion of power supply module
301 and/or main circuit board 401.

[0142] Referring now to FIG. 25, heat shield 813 primarily
covers the space which may be occupied by ultrasound mod-
ule 201 according to one embodiment. Heat shield 813 may
shield components from heat generated only by ultrasound
module 201. In other embodiments, heat shield 813 or a
plurality of heat shields protect components from heat
sources other than or in addition to ultrasound module 201.
[0143] Referring now to FIG. 26, heat shield 813 may cover
only a portion of ultrasound module 201 in some embodi-
ments. For example, heat shield 813 may be configured to
cover portions of ultrasound module 201 which contain major
or primary sources of heat from within ultrasound module
201 (e.g., heat shield 813 may cover processors, integrated
circuits, memory etc. but not cover portions of ultrasound
module 201 in which connectors, buses, etc. are located). In
other embodiments, heat shield 813 may cover all of ultra-
sound module 201.

[0144] Insome embodiments, heat shield 813 is integrated
into ultrasound module 201. For example, ultrasound mod-
ules 201 may include one or more heat shields 813 to prevent
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or mitigate heat transfer from ultrasound module 201 to other
components of portable ultrasound system 100. In one
embodiment, heat shield 813 is attached to an outer surface of
ultrasound module 201. For example, heat shield 813 may be
attached to or otherwise coupled to heat sink 207 of ultra-
sound module 201. Heat shield 813 may be attached using
screws, nuts and bolts, adhesive, and/or other fasteners. In
other embodiments, heat shield 813 is integral or internal to
ultrasound module 201. For example, heat shield 813 may be
included in or take the place of a heat sink 207. Alternatively
and/or additionally, heat shield 813 may be included within
ultrasound module 813. For example, heat shield 813 may be
located within a housing of ultrasound module 201. In some
embodiments, the housing of ultrasound module 201 may
include heat shield 813 orbe replaced by heat shield 813 or be
made of a material with properties which allow it to function
as a heat shield.

[0145] Insomeembodiments, theheat management system
of portable ultrasound device includes one or more fans. Fans
may provide a source of convection cooling for components
of portable ultrasound device 100. The fans may provide the
same or similar advantages described above with respect to
the heat management system of portable ultrasound device
100. For example, fans may improve the effectiveness of air
paths as relates to keeping components of portable ultrasound
system 100 cool. Fans may facilitate or allow potable ultra-
sound system 100 to be packaged more compactly, allow
ultrasound module 201 and other components to be located to
facilitate removal and/or insertion of ultrasound module 201,
keep other components cool, or otherwise provide an advan-
tage to portable ultrasound system 100.

[0146] Referring now to FIG. 26, portable ultrasound sys-
tem 100 includes three fans or three groups of fans in one
embodiment. The fans may correspond to three air paths used
for cooling components of portable ultrasound system 100. In
some embodiments, each fan or group of fans corresponds to
one module of portable ultrasound system 100. For example,
ultrasound module fan 213 may provide cooling to ultrasound
module 201. In some embodiments, ultrasound module fan
213 is configured to cool ultrasound module 201 in conjunc-
tion with an air path of ultrasound module 201 (e.g., by
drawing air through the air path and/or over components of
ultrasound module 201). Main circuit board module fan 401
may provide cooling to main circuit board module 401. Power
supply fan 305 may provide cooling to power supply module
301. In one embodiment, power supply fan 305 includes two
motor and fan assemblies. In further embodiments, portable
ultrasound system 100 includes additional fans or groups of
fans. Fans and/or groups of fans may be used to cool one or
more components of portable ultrasound system 100. In some
embodiments, one fan may cool components in multiple
modules and/or other components of portable ultrasound sys-
tem 100.

[0147] The present disclosure contemplates methods, sys-
tems, and program products on any machine-readable media
for accomplishing various operations. The embodiments of
the present disclosure may be implemented using existing
computer processors, or by a special purpose computer pro-
cessor for an appropriate system, incorporated for this or
another purpose, or by a hardwired system. Embodiments
within the scope of the present disclosure include program
products comprising machine-readable media for carrying or
having machine-executable instructions or data structures
stored thereon. Such machine-readable media can be any
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available media that can be accessed by a general purpose or
special purpose computer or other machine with a processor.
By way of example, such machine-readable media can com-
prise RAM, ROM, EPROM, EEPROM, CD-ROM or other
optical disk storage, magnetic disk storage or other magnetic
storage devices, or any other medium which can be used to
carry or store desired program code in the form of machine-
executable instructions or data structures and which can be
accessed by a general purpose or special purpose computer or
other machine with a processor. When information is trans-
ferred or provided over a network or another communications
connection (either hardwired, wireless, or a combination of
hardwired or wireless) to a machine, the machine properly
views the connection as a machine-readable medium. Thus,
any such connection is properly termed a machine-readable
medium. Combinations of the above are also included within
the scope of machine-readable media. Machine-executable
instructions include, for example, instructions and data which
cause a general purpose computer, special purpose computer,
or special purpose processing machines to perform a certain
function or group of functions.

[0148] Although the figures may show a specific order of
method steps, the order of the steps may differ from what is
depicted. Also two or more steps may be performed concur-
rently or with partial concurrence. Such variation will depend
onthesoftware and hardware systems chosen and on designer
choice. All such variations are within the scope of the disclo-
sure. Likewise, software implementations could be accom-
plished with standard programming techniques with rule
based logic and other logic to accomplish the various connec-
tion steps, processing steps, comparison steps and decision
steps.

[0149] While various aspects and embodiments have been
disclosed herein, other aspects and embodiments will be
apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustration
and are not intended to be limiting, with the true scope and
spirit being indicated by the following claims.

What is claimed is:
1. A portable ultrasound system, comprising:

auserinterface system including at least one display screen
and at least one user input device;

aprocessing circuit configured to perform general comput-
ing operations and configured to receive ultrasound
imaging data from a removable ultrasound module;

a housing containing the user interface system and the
processing circuit and having an opening configured to
removably receive the removable ultrasound module;
and

a connector configured to form an electrical connection
with a corresponding second connector of the removable
ultrasound module when the removable ultrasound
module is fully inserted into the portable ultrasound
system through the opening of the housing, and wherein
the connector includes at least one guiding feature con-
figured to align the connector and the second connector
as the removable ultrasound module is inserted into the
portable ultrasound system.

2. The portable ultrasound system of claim 1, wherein the
portable ultrasound module includes hardware configured to
generate ultrasound images and data and further includes at
least one ultrasound probe interface configured to connect to
an ultrasound probe.
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3. The portable ultrasound system of claim 1, wherein the
connector is a fixed male connector including:

contacts configured to establish an electrical connection
with second contacts included in the second connector;

guide slots configured to receive guide shafts of the second
connector such that the contacts and second contacts are
aligned; and

a guide shaft configured to be received by a guide slotof the
second connector such that the contacts and second con-
tacts are aligned.

4. The portable ultrasound system of claim 1, further com-
prising, a frame configured to couple the user interface sys-
tem and the processing circuit to the housing and configured
to support the removable ultrasound module.

5. The portable ultrasound system of claim 4, wherein the
frame includes:

a floor portion configured to support the removable ultra-
sound module when inserted into the portable ultra-
sound system and further configured to vertically align
the removable ultrasound module relative to the portable
ultrasound systen;

a side portion configured to laterally align the removable
ultrasound module relative to the portable ultrasound
system; and

a guide flange coupled to the floor portion and sloped
upward towards the floor portion.

6. The portable ultrasound system of claim 1, further com-

prising:

a power supply system including at least one battery; and

a female floating connector configured to form an electrical
connection with a corresponding fixed male connector
of the removable ultrasound module,

wherein the female floating connector is configured to have
at least one degree of constrained freedom relative to the
portable ultrasound system as a whole.

7. The portable ultrasound system of claim 1, further com-
prising a release lever coupled to the housing and configured
to provide a lateral force against the removable ultrasound
module directed outward towards the opening in response to
being rotated about an axel by a user.

8. A removable ultrasound module for a portable ultra-
sound system, comprising:

a housing;

a processing system configured to produce image data
using ultrasound imaging techniques coupled to the inte-
rior of the housing;

an ultrasound probe interface configured to connect to an
ultrasound probe; and

a connector configured to form an electrical connection
with a corresponding second connector of the portable
ultrasound system when the removable ultrasound mod-
ule is fully inserted into the portable ultrasound system,
wherein the connector includes at least one guiding fea-
ture configured to align the connector and the second
connector as the removable ultrasound module is
inserted into the portable ultrasound system.

9. The removable ultrasound module of claim 8, wherein

the connector is a floating female connector including;
contacts configured to establish an electrical connection
with second contacts included in the second connector;

a guide slot configured to receive a guide shaft of the
second connector such that the contacts and second con-
tacts are aligned; and



US 2016/0007957 A1l

guide shafts configured to be received by guide slots of the

second connector such that the contacts and second con-

tacts are aligned.

10. The removable ultrasound module of claim 9, wherein
the female floating connector is configured to have at least
one degree of constrained freedom relative to the removable
ultrasound module as a whole.

11. The removable ultrasound module of claim 9, wherein
the female floating connector is configured to have six
degrees of constrained freedom relative to the removable
ultrasound module as a whole.

12. The removable ultrasound module of claim 8, further
comprising a third connector configured to form an electrical
connection with a corresponding fourth connector of the por-
table ultrasound system when the removable ultrasound mod-
ule is fully inserted into the portable ultrasound system,
wherein the third connector includes at least one guiding
feature configured to align the third connector and the fourth
connector as the removable ultrasound module is inserted into
the portable ultrasound system.

13. The removable ultrasound module of claim 12, wherein
the connector and the second connector are configured for
data transmission between the removable ultrasound module
and the portable ultrasound system, and wherein the third
connector and the fourth connector are configured for power
transmission from the portable ultrasound system to the
removable ultrasound module.

14. The removable ultrasound module of claim 12, wherein
the third connector is a fixed male connector including:

contacts configured to establish an electrical connection

with fourth contacts included in the fourth connector,
wherein the contacts are tapered to align the contacts
with the corresponding contacts of the fourth connector
during insertion; and

a tapered guide section configured to receive a portion of

the fourth connector and to align the third connector and

the fourth connector.

15. A system, comprising:

a portable ultrasound system, including:

a user interface system including at least one display
screen and at least one user input device;

a processing circuit configured to perform general com-
puting operations, to receive ultrasound imaging data,
and to display ultrasound imaging data using the at
least one display screen; and

a housing containing the user interface system and the
processing circuit, and an ultrasound module, includ-
ing:
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a housing;

a processing system configured to produce image data
using ultrasound imaging techniques coupled to the
interior of the housing; and

an ultrasound probe interface configured to connect to
an ultrasound probe,

wherein the portable ultrasound system is configured to

removably accept the ultrasound module, provide elec-

trical power to the ultrasound module, and receive the
ultrasound imaging data from the ultrasound module;
and

wherein the ultrasound module is configured to be inserted

into and removably coupled to the portable ultrasound

system, provide ultrasound imaging data to the portable
ultrasound system, and receive electrical power from the
portable ultrasound system.

16. The system of claim 15, wherein the portable ultra-
sound system and the ultrasound module are coupled using at
least one pairofa female connector and a male connector, and
wherein at least one of the female connector and the male
connector is a floating connector with at least one degree of
constrained freedom.

17. The system of claim 15, wherein the portable ultra-
sound system and the ultrasound module are coupled using
two pairs of a female connector and a male connector, and
wherein a first pair is configured for electrical power trans-
mission, and wherein a second pair is configured for ultra-
sound imaging data transmission.

18. The system of claim 17, wherein, for each pair, at least
one of the female connector and the male connector is a
floating connector with at least one degree of constrained
freedom.

19. The system of claim 15, wherein the portable ultra-
sound system further includes a frame configured to couple
the user interface system and the processing circuit to the
housing of the portable ultrasound system and configured to
support the ultrasound module.

20. The system of claim 19, wherein the frame includes:

a floor portion configured to support the ultrasound module

when inserted into the portable ultrasound system and

further configured to vertically align the ultrasound
module relative to the portable ultrasound system;

a side portion configured to laterally align the ultrasound

module relative to the portable ultrasound system; and

a guide flange coupled to the floor portion and sloped

upward towards the floor portion.
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