wo 2018/000889 A1 | I0K 0000 D 0T O

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2018/000889 A1l

04 January 2018 (04.01.2018) WIPO|PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61B 8/00 (2006.01) kind of national protection available): AE, AG, AL, AM,
(21) Imternational Application Number: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
PCT/CN2017/030085 CA,CH,CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(22) International Filing Date: HR,HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
11 April 2017 (11.04.2017) KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA,MD, ME, MG,
- . MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:
15/199,019 30 June 2016 (30.06.2016) US (84) Designated States (unless otherwise indicated, for every
. kind of regional protection available): ARIPO (BW, GH,
71) Appllcapt: .EDAN. INSTRUMENTS, INC. [CN/CN]; GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
No.lS JlnhL}l Rd., Jinsha Community, Kengzi Subdistrict, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
Pingshan District, Shenzhen, Guangdong 518122 (CN). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(72) Inventors: HENDERSON, Richard; No.15 Jinhui Rd., EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Jinsha Community, Kengzi Subdistrict, Pingshan District, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
Shenzhen, Guangdong 518122 (CN). MURPHY, Sean; TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
No.15 Jinhui Rd., Jinsha Community, Kengzi Subdistrict, KM, ML, MR, NE, SN, TD, TG).
Pingshan District, Shenzhen, Guangdong 518122 (CN).
Published:
(74) Agent: SHENZHEN ZHONGYI PATENT AND

TRADEMARK OFFICE; 4th Fl. (PO Box No.5)0Old
Shenzhen Special Zone Newspaper Building, No. 1014
Shennan Middle Road, Futian District, Shenzhen, Guang-
dong 518028 (CN).

with international search report (Art. 21(3))

(54) Title: APPARATUS AND METHOD FOR SEMI-AUTOMATIC ULTRASOUND TRANSDUCER CONNECTOR

100
v

(57) Abstract: An apparatus for locking a transducer connector (402)
to a transducer interface (302) of an ultrasound system (100) includes a
sensor (320) configured to acquire data regarding a position of the trans-
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APPARATUS AND METHOD FOR SEMEI-AUTOMATIC ULTRASOUND
TRANSDUCER CONNKECTOR

CROSS-REFERENCE TO RELATED APPLICATIONS

{0001] This application claims the benefit of and priority to U.S. Provisional Patent
Application No. 62/187,499, titled “APPARATUS AND METHOD FOR SEMI-AUTOMATIC
ULTRASOUND TRANSDUCER CONNECTOR,” filed July 1, 2013, the entire disclosure of

which is incorporated herein by reference in its entirety.

BACKGROUND

{8062} The present inventive concept relates to ultrasound transducer connectors and, more
spectfically, to an apparatus and a method that semi-automatically locks an ulirasound transducer

connector to a terminal of an ultrasound system.

{0003] An ultrasound system tmages a patient by producing an emitted uitrasonic wave with a
ransducer. The transducer measures return echoes of these waves to provide data and images
regarding the patient. Typically, an ultrasound system consists of a transducer, a processor that
processes echoes received by the transducer, a display device that displays data and ultrasound
images recetved and a user interface that allows the user to operate the ultrasound device. The
ultrasound transducer has on one end a probe, and on the other end an ultrasound transducer
connector that can be phigged mto a terminal of an ultrasound system. The ultrasound

transducer and the ultrasound system are thus connected via the ultrasound transducer connector.
SUMMARY

{0004] One embodiment relates to an apparatus for locking a transducer connector to a
transducer interface of an ultrasound system. The apparatus includes a sensor configured to
acquire data regarding a position of the transducer connector relative to the transducer interface,
a locking system configured to facilitate locking of the transducer connector to the transducer
mterface, and a processing circuit communicably coupled to the sensor and the locking system.
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The processing circuit is configured to interpret the data acquire by the sensor and provide a lock
command to the locking system to lock the transducer connector to the transducer interface based

on the data indicating the transducer connector is engaged with the transducer interface.

{8005]  Another embodiment relates to a method for locking a transducer connector to a
transducer interface of an vltrasound system. The method includes acquiring, by a sensor, data
regarding a position of the transducer connector relative to the transducer interface; interpreting,
by a processing circuit, the data; and providing, by the processing circuit, a lock command to a
locking systemn to lock the transducer connector to the transducer interface based on the data

indicating the transducer connector is engaged with the transducer interface.

{0606] Still another embodiment relates to an apparatus for locking an ultrasound transducer
connector to a transducer interface of an ultrasound system. The apparatus includes a locking
systemn configured to facilitate automatic locking of the ultrasound transducer connector to the
transducer interface responsive to the vltrasound transducer connector interfacing with the
transducer interface, and a processing circuit commmunicably coupled the locking system and
configured to provide a lock command to the locking system to lock the ultrasound transducer
connector to the transducer interface responsive to the ultrasound transducer connector

mnterfacing with the transducer interface.

{0007] The foregoing summary is illustrative only and is not intended to be in any way
limiting. In addition to the illustrative aspects, embodiments, and features described above,
further aspects, embodiments, and features will become apparent by reference to the drawings

and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

{0608] FIG. 1 illustrates a perspective view of an ultrasound system, according to one

embodiment.

{0009] FIG. 2 illustrates a front view of an ultrasound system, according to one embodiment.

Lol
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[0810] FIG. 3 illustrates a block diagram of components of an ultrasound system, according to

one embodiment.

{8011} FIG. 4 is a schematic block diagram of an ultrasound transdocer connector lock

apparatus, according to one embodirnent.

{80121 FIG. S is a perspective view of an ultrasound transducer connector lock apparatus,

according to one embodiment.

{B013] FIG. 6 is a perspective view of an ultrasound transducer connector lock apparatus

employing a gear arrangement, according to one embodiment,

[0014] FIG. 7 1s a perspective view of an ulirasound transducer connector lock apparatus

employing a direct connection arrangement, according to one embodiment.

[0015] FIG. 8 is a perspective view of an ulirasound transducer connector lock apparatus

employing a linkage mechanism arrangement, according to one embodiment,
{0016] FIGS. 9A-9B illustrate various release mechanisms, according to one embodiment.

{0017} FIG. 10 is a flow diagram of a method for locking an ultrasound transducer to an

ultrasound system, according to one embodiment.

{0018} FIG. I is a flow diagram of a method for unlocking an ultrasound transducer from an

ultrasound system, according to one embodiment.,

DETAILED DESCRIPTION
{0019] In the following detailed description, reference is made to the accompanying drawings,
drawings, which form a part thereof. In the drawings, similar symbols typically identify similar

components, unless context dictates otherwise. The illustrative embodiments described in the

detailed description, drawings, and claims are not meant to be limiting. Other embodiments may
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may be utilized, and other changes may be made, without departing from the spirit or scope of

the subject matter presented here.

{0820] Referring to the Figures generally, a semi-antomatic locking mechanism for a
transducer connector facilitates automatic locking of the transducer connector (e.g., an
ultrasound transducer connector, etc.) to a transducer mterface of an ultrasound system. The
locking device also facilitates the disengagement ot the transducer connector from the transducer
interface responsive to a release command. Traditionally, a user manually activates a lever to
latch and unlatch a ultrasound transducer connector to and from a transducer interface of an
ultrasound system. Typically, the levers are either rotational or a “flip paddle” and require a
force that may aggravate the user’s hand to lock the ultrasound transducer connector to the
ultrasound system. Over time, the latch and unlatch operation may become tedious, annoying,
and uncomfortable to perform routinely. Additionally, the manual nature of the connection may
allow for human error which results in damage to the ultrasound transducer connector and/or to
the ultrasound system (e.g., attempting to force a connection between incompatible components,
applying excessive force, and/or otherwise causing damage to components) and/or causes the
system to not function as intended {e.g., an incomplete connection between components from a

user not fully actuating a lever or other device).

{0021} Referring to FIG. 1, one embodiment of ultrasound system 100 is illustrated. As shown
in FIG. 1, vltrasound system 100 is stroctured as a portable nltrasound system. In one
embodiment, nitrasound system 100 is a laptop. In other embodiments, ultrasound system 100 is
another type of portable device (e.g., a tablet, a smartphone, a form factor device, etc.). Inan

alternative embodiment, ultrasound system 100 is structured as a stationary ultrasound device.

[0022] Refernng to FIG. 2, a front view of one embodiment of ultrasound system 100 18
illustrated. Main housing 150 houses components of ultrasound system 100, In some
embodiments, the components housed within main housing 150 include ergonomic handle
systern 220, status mdicator systern 230, and locking system 300 as shown in FIG. 1. Main

housing 150 may also be configured to support electronics modules which may be replaced
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and/or upgraded due to the modular construction of ultrasound system 100, In some
embodiments, ultrasound system 100 includes display housing 140. Display housing 140 may
inclade display support systemn 200 as shown in FIG. |, In some embodiments, ultrasound
system 100 includes touchpad or touchscreen [ 10 for receiving user inputs and displaying
information, touchscreen 120 for receiving user inputs and displaying information, and main

screen 130 for displaying information,

10023} Referring to FIG. 3, a block diagram shows internal components of one embodiment of
wltrasound system 100. Ultrasound systern 100 includes main circuit board 161, Main circuit
board 161 carries out computing tasks to support the functions of ultrasound system 100 and
provides connection and communication between various components of ultrasound system 100,
In some embodiments, main circuit board 161 is configured so as to be a replaceable and/or

upgradable module.

{0024} To performm computational, control, and/or communication tasks, main circuit board 161
includes processing circuit 163, Processing circuit 163 is configured to perforim general
processing and to perform processing and computational tasks associated with specific functions
of ultrasound system 100. For example, processing circuit 163 may perform calculations and/or
operations related to producing an image from signals and or data provided by ultrasound
equipment, running an operating system for ultrasound systermn 100, receiving user inputs, ete.
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.

{0025] Processor 167 may be, or may include, one or more microprocessors, application
specific integrated circuits (ASICs), circuits containing one or more processing components, a
group of distributed processing components, circuitry for supporting a microprocessor, or other
hardware configured for processing. Processor 167 is configured to execute computer code. The
The computer code may be stored in memory 165 to complete and facilitate the activities
described herein with respect to ultrasound systern 100, Tn other embodiments, the computer

code may be retrieved and provided fo processor 167 from hard disk storage 169 or

6
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conurinnications interface 175 (e.g., the computer code may be provided from a source external

to main circuit board 161).

[0826] Memory 165 can be any volatile or non-volatile computer-readable storage mediom
capable of storing data or computer code relating to the activities described herein. For example,
memory 165 may include modules which are computer code modules (e.g., executable code,
object code, source code, script code, machine code, etc.) configured for execution by processor
167. Memory 165 may include computer executable code related to functions including
wltrasound imaging, battery management, handling user inputs, displaying data, transmitting and
receiving data using a wireless communication device, etc. In some embodiments, processing
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 |65 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 ultrasound system 100,

{0027] Hard disk storage 169 may be a part of memory 165 and/or used for non-volatile long
term storage in 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 ultrasound system [00 described herein. In some embodiments,
hard disk storage is embedded on main ¢ircuit board 161, In other embodiments, hard disk
storage 169 1s located remote from main circutt board 161 and coupled thereto to allow for the
iransfer 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.

[8028] In some embodiments, main circuit board 161 includes conmunications interface 175,
175, Communications interface 175 may inchude connections which enable commmumnication
between components of main circuit board 161 and commumications 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
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embodiments, communications interface 175 may inchude additional circuitry to support the
functionality of attached communications hardware or to facilitate the transfer of data between
commumications hardware and mam civcuit board 161, In other embodiments, communications
mterface 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
be coupled directly to main circuit board 161 as either a removable package or embedded

package.

{0029] Some embodiments of ultrasound system 100 include power supply board 179. Power
Power supply board 179 includes components and circuitry for delivering power to components
and devices within and/or attached to ultrasound system [00. In some embodiments, power
supply board 179 includes components for alternating current and divect current conversion, for
transforming voltage, for delivering a steady power supply, etc. These components may include
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 includes circuitry for
witching between power sources. For example, power supply board 179 may draw power from
from a backup battery while a main battery 1s switched. In further embodiments, power supply
board 179 includes circuitry to operate as an uninterropiable power supply in conjunction with a
backup battery. Power supply board 179 also includes a conmection 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 determination of remaining battery power. The connection to main
circuit board 161 may also allow main circuit board 161 to send commands to power sapply
board 179. For example, main circuit board 161 may send a command to power supply board
179 to switch from one 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 s configured tobe a
module. In such cases, power supply board 179 may be configured so as to be a replaceable

and/or upgradable module.
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{0830] Maim circuit board 161 may also inchide 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 components of main circuit board 161 and power supply board 179. In further

g g
i
i

embodiments, power supply interface 177 includes additional circuitry to support the
functionality of power supply board 179. For example, power supply interface 177 may include
circuitry to facilitate the calculation of remaining battery power, manage switching between
avatlable power sources, etc. In other embodiments, the above described functions of power
supply board 179 may be carried out by power supply interface 177. For example, power supply
mterface 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.

[0031] With continued reference to FIG. 3, some embodiments of main circuit board 161
mclude 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. Tn one embodiment, user imput interface 173 couples controllers for touchpad
or touchscreen 110, touchscreen 120, and main screen 130 to main circuit board 161, In other
embodiments, user input interface 173 includes controller circuitry for touchpad or touchscreen
110, touchscreen 120, and main screen 130, In some embodiments, main circnit board 161
inchades a plurality of user input mterfaces 173. For examiple, each user input interface 173 may
be associated with a single input device {e.g., touchpad or touchscreen 110, touchscreen 120, 2

kevboard, buttons, etc.}.

{0032] In further embodiments, user input interface 173 may include additional circuitry to
support the functionality of attached user input hardware or to facilitate the transter of data
between user input hardware and main circuit board 161, For example, user input interface 173

may include controlier circuitry so as to function as a touchscreen controller. User input

9
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interface 173 may also include cirenitry for controlling haptic feedback devices associated with

oy
I
i

user input hardware. In other embodiments, user input interface 173 may be a SOC or other

integrated system which allows for receiving user inputs or otherwise controlling user input

oy
I
i

hardware. In such a case, user input interface 173 may be coupled directly to main circuit board

board 161 as either a removable package or embedded package.

{6033} Main circuit board 161 may also include ultrasound board interface 189 which
facilitates communication between ultrasound board 191 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
mterface 189 inclhudes additional 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 ultrasound board 191.
In some embodiments, ultrasound board interface 189 is a SOC or other integrated system. In
such a case, ultrasound board mterface 189 may be coupled directly to main circuit board 161 as

either a removable package or embedded package.

{0034} In other embodiments, ultrasound board interface 189 inchades 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 signals from an ultrasound probe/transducer, controlling the frequency of
ultrasonic waves produced by an ultrasound probe/transduocer, ete.). 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 inchude connections which assist in accurately
aligning ultrasound board 191 and/or reducing the hikelihood of damage to ultrasound board 191
during removal and or attachment {¢.g., by reducing the force required to connect and/or remove
the board, by assisting, with a mechanical advantage, the connection and/or remowval of the

board, etc.).

10
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[B035]  In embodiments of ultrasound device 100 including ultrasound module 191, ultrasound
module 191 includes components and circuitry for supporting uitrasound imaging functions of
uitrasound device 100. In some embodiments, ultrasound module 191 includes integrated
circuits, processors, and memory. Ultrasound module 191 may also include one or more
transducer/probe interfaces 302. Transducer/probe interface 302 enables a connector {e.g.,
transducer connector 402 of FIGS. 4-8, etc.) of an ultrasound transducer/probe {(e.g., a probe with
a socket type connector, a probe with a pin type connector, etc.), shown as transducer 400, to
mterface with ultrasound module 191. For example, transducer/probe interface 302 may inchude
circuitry and/or hardware connecting transducer 400 to ultrasound module 191 for the transfer of
electrical power and/or data. Transducer/probe interface 302 may include hardware which locks
transducer 400 into place (e.g., a slot which accepts a pin on the ultrasound transducer/probe
when the ultrasound transducer/probe is rotated, a locking lever system, etc.). In some
embodiments, ultrasound module 191 includes two or more transducer/probe interfaces 302 to

allow the conmection of a plorality of transducers 400,

[0036] With continued reference to FIG. 3, some embodiments of main circuit board 161
mclude 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 interface 171 may provide a connection between main circuit board 161
and a liguid crystal display, a plasma display, a cathode ray tube display, a light enmutiing diode
display, and/or a display controller or graphics processing unit for the proceeding or other types
of display hardware. In some embodiments, the connection of display hardware to main circut
board 161 by display interface 171 allows a processor or dedicated graphics processing unit on
main cirenit board 161 to control and/or send data to display hardware. Display interface 171
may be configured to send display data to display device hardware in order to produce an image.
In some emnbodiments, main circuit board 161 includes munltiple display mterfaces 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

i1
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multiple displays. In one embodiment, three display interfaces 171 couple touchpad or

touchscreen 110, touchscreen 120, and main screen 130 to main circuit board 161,

{08371  In further embodiments, display interface 171 may inchude 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 circuitry, 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 display 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 or touchscreen 110, touchscreen, 120, and

main screen {30,

{0038} Generally, a logic circuit or logic circuitry handles user inputs through the user interface
of ultrasound system 100. The logic circuit processes user inputs and responds to user inputs.
This may include controlling hardware components such as displays, networking devices,
ultrasound transducers, etc. Additionally, the logic circuit may respond to user inputs by taking
an action through a software component of ultrasound system 100. For example, the logic circuit
may alter the priority of a hardware device for purposes of allocating physical resources such as

processing resourses, memory, input devices, output devices, etc.

{0039] With reference to FIG. 3, the logic circuit controls ultrasound system 100. The logic
logic circuit may control ultrasound system 100 through a combination of programming, defauk
states, user inputs, event response, outputs, ete. In some embodiments, the logic circuit is
incorporated into main circuit board 161, For example, the logic circuit may be implemented as
processing circuit 163, Alternatively, processing circuit 163 may perform the functions of the
logic circuit set above including acquiring user mputs, processing user mputs, and controlling
hardware. In some embodiments, processing circnit 163 makes use of other resources included

within main board 161 in controlling ultrasound system 100, For example, processing circuit

i2
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163 may receive user inputs through user input interface 173 and control hardware through
display interface 171, communications interface 175, nltrasound board interface 189, ultrasound

oy
I
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board 191, and/or user input interface 173, In some embodiments, user inputs and display
outputs oceur through an operating system and/or graphical user interface (GUI). Computer
code and/or nstructions for implementing the operating system and/or GUI through event

handling

pad

input handling, hardware control, etc. may be stored in memory 165, In further
embodiments, computer code and/or instructions regarding the above may be stored in hard disk
storage 169 and/or acquired or received by processing circuit 163 using communications
interface 175 and a communications device. The operating systemn and/or GUI may be
mplemented across one or more of main screen 130, touchscreen 120, and touchpad or

touchscreen 110 shown m FIG. 2.

{0040} Referring now to FIG. 4, the function and structure of controller 350 are shown
according to one embodiment. Controller 350 is shown to include processing circuit 351
mchuding processor 352 and memory 354. Processor 352 may be implemented as a general-
purpose processor, an application specific integrated circuit (ASIC), one or more field
programmable gate arrays (FPGAs), a digital signal processor (DSP), a group of processing
components, or other suttable electronic processing components. One or more memory devices
354 (e.g., RAM, ROM, Flash Memory, hard disk storage, etc.) may store data and/or computer

code for facilitating the various processes described herein. Thus, one or more memory devices

instructions to processor 352 for executing the processes described in regard to controlier 350
herein. Moreover, one or more memory devices 354 may be ot include tangible, non-transient
volatile memory or non-volatile memory. In some embodiments, one or more memory devices
354 may include database compouents, object code components, script components, or any other
type of information structure for supporting the various activities and information structies

described herein.

{8041} Memory 354 is shown to inchade various modules for completing processes described

described herein. More particularly, memory 354 inchudes modules configured to semi-
i3
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automatically couple transducer connector 402 of a transducer {e.g., transducer 400 shown in
FIG. 3} to locking system 300. While various modules with particular functionality are shown in
in FIG. 4, it will be understood that controller 350 and memory 354 may include any number of
modules for completing the functions described herein. For example, the activities of multiple
modules may be combined as a single module and additional modules with additional
functionality may be included. Further, it will be understood that controller 350 may further

control other processes beyond the scope of the present disclosure.

{0642] Communication between and among the components of controlier 350, locking system
300, and transducer 400 may be via any number of wired or wireless connections. For example,
a wired connection may include a serial cable, a fiber optic cable, a CATS cable, or any other
form of wired connection. [n comparison, a wireless connection may include the Internet, Wi-Fi,
celiular, radio, Bluetooth, etc. In one embodiment, a controller area network (CAN) bus
provides the exchange of signals, information, and/or data. The CAN bus includes any number
of wired and wireless connections. Because controller 350 is communicably coupled to the
systems and components of ultrasound system 100 of FIGS., 1-3, controller 350 may receive data
from one or more of the components shown in FIGS. 1-3. For example, the data may include
imaging data acquired via one or more transducers 400. As another example, the data may
melude an input from a sensor 320 and/or a release mechanism 900, As described more fully
herein, controller 350 may automatically lock to locking systermn 300 responsive to the data or

uniock transducer connector 402 responsive to the input.

[8043] As shown in FIG. 4, controller 350 includes an interface module 355, a sensor module
module 356, and a locking module 357, The interface module 355 may be communicably
coupled to a variety of components, including locking system 300 and release mechanism 900,
Locking system 300 includes sensor 320 and actuator 502. Sensor 320 is configured to
automatically detect when transducer connector 402 of transducer 400 is in posttion {e.g.,
interfacing with transducer interface 302 shown in FIG. 3, via any suitable wireless
communication protocol such as Bluetooth, RFID, infrared, radio frequency, etc.) such that

actuator 502 may be engaged, securing transducer connector 402 to vltrasound system 100,
14
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Interface module 355 is configured to receive data from sensor 320 indicating the presence of
transducer connector 402 {(e.g., in direct contact with sensor 320, in proximity of sensor 320,
etc.). Interface module 355 is communicably coupled to sensor module 356 such that the data
may be communicated to sensor module 356. Interface module 355 is further configured to
receive a release command (e.g., an unlock command, a disengagement command, etc.) from
release mechanism 900. The release comimand is configured to provide a signal to controlier 350
350 that an operator desires to release (e.g., decouple, disengage, unlock, etc.) transducer
connector 402 from locking system 300 {e.g., after use, to switch transducers 400, etc.).

Interface module 355 is commumicably coupled to locking module 357 such that the release

~
/
i

command may be communicated to locking module 35

{0044] Sensor module 356 is configured to receive and interpret the data from interface module
355 regarding transducer connector 402, Sensor module 356 may verify that the respective
transducer connector 402 atterapting to be coupled to locking system 300 of ultrasound system
100 is appropriate (e.g., transducer connector 402 is compatible with locking system 300, both
mechanically and software compatible, etc.) and/or transducer connector 402 is properly
mterfaced with transducer interface 302 {(e.g., aligned properly, fully inserted/engaged, etc.). For
example, transducer conmector 402 may include an identification tag (e.g., an RFID tag, etc.), or
another type of identification method may be used, such that sensor moduole 356 may determine
whether transducer connector 402 is compatible with locking system 300. The verification may
substantially prevent any excessive damage to transducer connector 402 and/or locking system
300. In another example, transducer connector 402 may only be partially inserted mto transducer
interface 302 such that locking mechanism is unable to lock transducer connector 402 to

ultrasound system 100,

{0045]  In some embodiments, locking system 300 may include an mdicator lamp/light (e.g., an
an LED, etc.) that is configured to flash a designated color {e.g., red, etc.} if sensor modde 356
determines that transducer connector 402 is not compatible with ultrasound system 100 / locking
system 300 and/or transducer connector 402 is not properly mterfaced with transducer interface
302. In other embodunents, locking system 300 may include an indicator lamp/light (e.g., an
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LED, etc.} that is contfigured to flash a different designated color {e.g., green, etc.) if sensor
module 356 determines that transducer connector 402 is compatible with ultrasound system 100/
locking system 300 and/or transducer connector 402 is properly interfaced with transducer
imterface 302, In an alternative embodiment, the indication regarding the compatibility or
engagement of transducer connector 402 with ultrasound system 100 is or includes a different
type of indication {e.g., a visual message/notification provided by a display of ultrasound system
100, an andible indication provided by a speaker of nltrasound system 100, haptic feedback
provided by a vibratory element of ultrasound system 100, etc.). In some embodiments, a
combination of indications may be provided to indicate compatibility, incompatibility, that the
transducer connector is or is not properly mterfaced with transducer interface 302, and/or other
mformation. For example, if transducer connector 402 is incompatible, an indicator may be
ilhmninated (e.g., red) and an audio tone {(e.g., an alarin tone) may be played by a speaker
mncluded in locking systein 300 or elsewhere in ultrasound system 100. As an additional
example, if transducer connector 402 is compatible and/or is properly interfaced with transducer
interface 302, an indicator may be illuminated (e.g., yellow) and an audio tone (e.g., a chime)

may be played. Further indicator type combinations are used in various embodiments,

[8046] In some embodiments, the indicator is located on transducer connector 402 or
elsewhere on the transducer assembly (e.g., on transducer 400). The indicator may receive an
mnput {e.g., signal, mstruction, command, etc.) from controller 350 via interface module 335
and/or locking system 300 which causes the indicator to provide an indication (e.g., according to
a determination based on mput from sensor 320 that transducer connector 402 1s or is not
compatible and/or transducer connector 402 is or is not properly interfaced with transducer
mterface 302). Tn some embodiments, the indicator is located on the transducer assembly {e.g.,
connector 402, transducer 400, etc.} and uitrasound system 100 does not include an indicator. In
one alternative embodiment, the mdicator is focated on ultrasound system 100 and the transducer
assembly does not include an indicator. 1n still another alternative embodiment, both ultrasound

system 100 and the transducer assembly include an indicator.
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{80471  Locking module 357 1s configured to send commands {e.g., a locking command, etc.) to
actuator 502 to facilitate automatic locking of transducer connector 402 to transducer interface
302 responsive to sensor 320 sensing the presence of transducer connector 402 (e.g., upon
determination by sensor module 356 that transducer connector 402 is compatible and/or fully
engaged, etc.). Transducer connector 402 is thereby releasably secured to nltrasound device such
that imaging data may be transmitted from transducer 400 to ultrasound module 191 of
ultrasound system 100. Locking module 357 is further configured to receive an input from
release mechanism 900 via interface module 355, Locking module 357 is configured to send a
release command to actuator 502 responsive to the input to facilitate the selective release {e.g.,

disengagement, unlocking, etc.) of transducer connector 402 from transducer interface 302,

{0048] According to the exemplary embodiments shown in FIGS. 5-8, locking system 300
facilitates the locking and unlocking of transducer 400 to ultrasound system 100 via the
mteraction between transducer connector 402 and transducer interface 302. As shown in FIGS.
5-8, transducer connector 402 includes a housing, shown as connector housing 404, Connector
housing 404 is structured to receive a cable, shown as cable 401. As shown in FIG. 5, cable 401
couples transducer 400 to transducer connector 402. Cable 401 facilitates the transfer of imaging
data from transducer 400 through transducer counector 402 to ultrasound system 100, In an
alternative embodiment, transducer 400 wirelessly connects and transmits data through
transducer comnector 402 (e.g., via Bluetooth, Wi-Fi, radio frequency, etc.) to ultrasound system

160.

[0049] As shown in FIGS. 5-8, connector housing 404 includes an engagement feature, shown
shown as male engagement feature 406, According to the exemplary embodiment, male
engagement featore 406 is rectangular. In other embodiments, male engagement feature 406 is
another shape (e.g., square, ovular, circular, triangular, etc.). Iu an alternative embodiment, the
engagement feature is structured as a female engagement featire. As shown tn FIGS. 6-8, male
engagement feature 406 inchudes adapter 408, Adapter 408 is configured to transmit the imaging
imaging data from a transducer (e.g., transducer 400 shown in FIG. 3) to sltrasound module 191

of ultrasound device 100. In some embodiments, adapter 408 is a pi type adapter. In some
17
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embodiments, adapter 408 is a socket type adapter. In other embodiments, adapter 408 is

v

another type of adapter.

[0850] As shown in FIGS. 53-8, locking system 300 mclodes transducer interface 302 and lock
engagement mechanisim 500. As shown in FIGS. 6-8, transducer interface 302 includes an
engagement feature, shown as female engagement feature 312, As shown i FIG. §, female
engagement feature 312 is positioned within an aperture, shown as aperture 306, defined by
housing wall 304 of ultrasound system 100. Female engagement feature 312 includes an adapter,
shown as adapter 308. In one embodiment, adapter 308 is communicably coupled to ultrasound
module 191 of ultrasound device 100. Female engagement feature 312 is structured to receive
male engagement feature 406 such that adapter 308 of transducer interface 302 engages with
adapter 408 of transducer connector 402, thereby facilitating the transfer of the imaging data
from transducer 400 to ultrasound device 100. According to the exemplary embodiment,
aperture 306 and female engagement feature 312 are rectangular such that each corresponds with
male engagement feature 406, In other embodiments, aperture 306 and female engagement
feature 312 are another shape (e.g., square, ovular, circular, triangular, etc.) to correspond with a
different shaped male engagement feature 406. In some embodiments, female engagement
feature 312 13 structured to be a universal engagement feature such that fomale engagement
feature 312 may receive a plurality of different shaped male engagement features 406, In this
case, aperture 306 may have a shape that does not specifically correspond with the shape of a
single male engagement feature 406, but corresponds with a plurality of different shaped male
engagement featores 406, In an alternative embodiment, the engagement feature of locking
system 300 is structured as a male engagement feature configured to engage with a female

transducer connector 402,

[0051] According to an exemplary embodiment, sensor 320 is configured to antomatically

detect when male engagement feature 406 of ransducer connector 402 1s engaged with ferale

engagement feature 312 of locking system 300. Sensor 320 may be any device capable of

detecting transducer connector 402, In some embodiments, sensor 320 is or includes a proximity

proximity sensor that is able to detect the presence of transducer connector 402 (e.g., without any
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physical contact, etc.). For example, a proximity sensor may emit an electromagnetic field or a
beam of electromagnetic radiation {e.g., infrared, etc.), and look for changes in the field or a
return signal. In other embodiments, sensor 320 is or includes a touch sensor that detects
physical contact from transducer connector 402, Sensor 320 may be disposed along housing
wall 304, positioned within female engagement feature 312, or any other suitable location on or
within ultrasound system [00. Sensor 320 is configured to notify controller 350 when male
engagement feature 406 of transducer connector 402 is properly engaged (e.g., fully inserted,
ete.) with female engagement feature 312 of locking system 300. For example, proper
engagement may include adapter 308 and adapter 408 mterfacing, male engagement feature 406
being fully inserted into female engagement feature 312, ultrasound module 191 of ultrasound
system |00 being compatible with transducer 400 {(e.g., software compatibility, etc.), and/or
other engagement characteristics. When proper engagement is achieved, controller 350 provides
provides a locking command to lock engagement mechanism 500 to secure transducer connector

402 to transducer interface 302,

[0052] Referring still to FIGS. 5-8, lock engagement mechanism 500 includes an actuator
device, shown as actuator 502, with an output, shown as output shaft 504. In one embodiment,
actuator 502 is a rotational actuator such as a rotational motor. In another ernbodiment, actuator
actuator 502 is a linear actuator such as a solenoid or linear motor. In other embodiments,
actuator 502 is another type of actuator device. Actuator 502 1s configured to engage/disengage
lock engagement mechanism 500 responsive fo receiving a lock command or a release command
from a controller {e.g., controller 350 shown in FIG. 4). Output shaft 504 is configured to
transfer an output {e.g., a rotational output, a linear output, etc.) from actuator 502 to a connector
shaft, shown as conmector shatt S06. The output of actuator 502 drives connector shatt 506 to
gither engage or disengage a hook, shown as engagement hook 310. Lock engagement
mechanism 500 may be configured to facilitate rotational movement of engagement hook 310
about an axis {e.g., a vertical axis, a Jongitudinal axis, a lateral axis, etc.) or linear movement in a
designed direction {e.g., a vertical direction, a longitudinal divection, a Iateral direction, etc.).

Engagement hook 310 moves accordingly and iocks in a position such that transducer connector
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402 is substantially prevented from retracting from transducer interface 302, As shown in FIG.
5, engagement hook 310 is positionad within female engagement feature 312 facilitating the
locking of transducer connector 402 to transducer interface 302 when the two are engaged.
Engagement hook 310 further facilitates the unlocking of transducer connector 402 from
transducer interface 302 responsive to controller 350 providing a release command to actuator
502. In other embodiments, lock engagement mechanism 500 locks transducer connector 402 to

to transducer interface 302 in a different manner (e.g., magnetically, via a clamping device, etc.).

{0653] Referring to FIGS. 5-6, lock engagement mechanism 500 is configured in a gear
arrangement, shown as gear arrangement 600, according to one embodiment. Gear arrangement
600 is configured to couple output shaft 504 to connector shaft 506 to facilitate the transfer of the
output from actuator 502 to engagement hook 310. As shown in FIGS. 5-6, gear arrangement
600 includes a first gear, shown as gear 602, and a second gear, shown as gear 604. Gear 602 is
coupled to an end of output shaft 504 (e.g., the end opposite actuator 502, etc.) and gear 604 is
coupled to an end of connector shaft 506 (e.g., the end opposite engagement hook 310, etc.).
Gear 602 and gear 604 are positioned to interface such that the output of actuator 502 is
transferred from gear 602 to gear 604. In one embodiment, gear arrangement 600 is structured to
receive a linear output from actuator 502, For example gear arrangement 600 may be structured
as a rack and pinon arrangement, among other possibilities, and actuator 502 may be a solenoid,
a linear motor, or another type of hinear actuator. In another embodiment, gear arrangement 600
is structured to recetve a rotational output from actuator 502, For example, gear arrangement
600 may be structured as a spur gear arrangement, 8 worm gear arrangement, or a helical gear
arrangement, among other possibilities, and actuator 502 may be a rotational motor or another

type of rotational actuator.

{0054] Referring now to FIG. 7, lock engagement mechanism 500 is configured in a linear
arrangement, shown as direct connection arrangement 700, according to another embodiment.
Direct connection arrangement 700 is configured to couple output shaft 504 to connector shaft
506 to facilitate the transter of the output from actuator 502 to engagement hook 310, As shown

shown in FIG. 7, direct commection arrangerent 700 includes a coupling miechani 814, shown as
b
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coupling 702. Coupling 702 1s positioned such that a first end of coupling 702 receives output
shaft 504 and an opposing second end receives connector shaft 506, thereby coupling output
shaft 504 to connector shaft 506 in a linear arrangement. In one embodiment, direct connection
arrangement 700 is structured to receive a linear output fromn actuator 502. For example,
coupling 702 may be structured to receive a linear output fromm actuator 502 {e.g., a solenoid, a
linear motor, etc.} such that the linear output is transferred from actuator 502 to engagement
hook 310, In another embodiment, direct connection arrangement 700 is structured to receive a
rotational output from actuator 502. For example, coupling 702 may be structured to receive a
rotational output from actuator 502 (e.g., a rotational motor, etc.) such that the rotational output

is transferred from actuator 502 to engagement hook 310,

{0055] Referring now to FIG. 8, lock engagement mechanism 500 is configured in a linkage
arrangement, shown as linkage mechanism arrangement 800, according to yet another
embodiment. Linkage mechanism arrangement 800 is configured to couple output shaft 504 to
connector shaft 506 to facilitate the transfer of the output from actuator 502 to engagement hook
310. According to the exemplary embodiment shown in FIG. &, linkage mechanism arrangement
800 15 a 3-bar linkage system and includes a first linkage, shown as crank 802, a second linkage,
shown as coupler 804, and a third linkage, shown as lever R06. In other embodiments, linkage
mechanism arrangement 800 includes a different number of bars/linkages (e.g., a 4-bar linkage
system, etc.). As shown in FIG. 8, crank R02 is positioned to rotate about a longitudinal axis
defined by output shaft 504 and lever 806 is positioned to rotate about a longitudinal axis defined
by connector shatt 506. Coupler 804 is positioned to rotatably couple crank 802 to lever 806
such that a rotation of output shaft 504 is transterred to connector shaft 506, facilitating the

transfer of the output from actuator 502 to engagement hook 310 shown wn FIG. §.

{0056] According to the exemplary embodiment shown in FIGS. 9A-9B, ultrasound system
100 and transducer connector 402 may inchide various release mechanisms (e.g., release
mechanism 900, etc.). The release mechanisms are configured to allow a user of nltrasound

system 100 to release {e.g., unlock, disengage, decouple, etc.) transducer connector 402 from
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transducer interface 302. As shown in FIG. 94, a user mnterface of ultrasound system 100
includes a first button, shown as interface release button 908, configured to provide a release
cominand responsive to being pressed by a user of uitrasound system 100, according to one
embodiment. In other embodiments, the user interface may provide the release command
responsive to at least one of a touch input to a touch screen, a keyboard input, a voice command,

a mouse click, and a mouse motions.

10057} As shown in FIG. 9B, ultrasound systemn 100 includes a second button, shown as
housing release button 902, disposed on housing wall 304, according to another embodiment. In
another embodiment, housing release button 902 is configured as a touch sensor. In some
embodiments, transducer connector 402 includes a third button, shown a connector releass
button 904, positioned on connector housing 404. In an alternate embodiment, transducer
connector 402 includes a touch sensor, shown as connector touch sensor 906. By way of
example, a user may provide an input {(e.g., touch, press, etc.) one of housing release button 902,
connector release button 904, connector touch sensor 906, and interface release button 908 to
disengage transducer connector 402 from transducer interface 302 when he/she wishes to
disconnect transducer 400 from ultrasound system 100. By providing an input to one of the
aforementioned release mechanisms (e.g., housing release button 902, connector release button

904, connector touch sensor 906, interface release button 908, etc.), a release command is sent by
b b A o

shown in FIG. 4, actuator 502 and lock engagement mechanism 500 shown in FIGS. 5-8), such
that engagement hook 310 is disengaged from transducer connector 402, facilitating the removal
of transducer connector 402 from locking system 300. It should be noted that the above
mentioned locations of the release mechanisms are exemplary. Therefore, the release
mwechanisms may be positioned in any suitable location op ultrasound system 100 and/or

transducer 400.

[B058]  In some embodiments, the ultrasound systern 100 includes a manual override release
mechanism for unlocking the transduicer comnector 402 from the locking system 300. For

example, the manual override release mechanism may be configured to disengage the transducer
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connector 402 from the transducer interface 302 when there is no power provided to the
wltrasound system {00, and/or when there is insufficient power provided to the ultrasound system
100 for using the release mechanisms discussed with references to FIGS.9A-9B. In some
embodiments, the manual override release mechanism inchides a multi-stage release mechanism,
such that multiple actuations of the release mechanism/components thereof are required in order

to perform a manual release, thus limiting and/or preventing an accidental manual override.

{0059} Referring now to FIG. 10, a method 1000 for locking an ultrasound transducer to an
wltrasound system is shown according to an example embodiment. Method 1000 corresponds
with a controller interpreting sensor data to antomatically lock a transducer connector to a
transducer interface. In one example embodiment, method 000 may be implemented with
controller 350 of FIG. 4 and locking system 300 of FIGS. 5-8. Accordingly, method 1060 may
be described in regard to FIGS. 4-8,

{0060] At step 1002, a sensor {e.g., sensor 320, etc.} detects the presence of a transducer
connector {e.g., transducer connector 402, etc.). In one embodiment, the sensor is or includes a
proximity sensor that is configured to detect the presence of the transducer (e.g., wirelessly, etc.)
m the proximity of a transducer interface (e.g., transducer interface 302, etc.). In another
embodiment, the sensor is or includes a touch sensor that is configured to detect physical contact
of the transducer connector at the transducer interface. At step 1004, controller 350 receives
sensor data from the sensor regarding the transducer connector engaging with the transduocer
mterface. For example, a user of an ultrasound system may try to plug a transducer into a
transducer interface of the ultrasound systerm., At step 1006, controller 350 determines whether
the transducer connector is fully engaged with the transducer interface (e.g., the compounents of
the interface and the connector are interfacing, connector is fully inserted into the interface, etc.).
At step 1008, coutroller 350 provides a lock command to a locking system (e.g., locking system
300, etc.) responsive to the transducer connector fully engaging the transducer mterface. At step
1010, the locking system actoates an engagement hook (e.g., engagement hook 310, etc.} to lock
the transducer connector to the transducer interface. The locking system may inchude a lock
engagement mechanism (e.g., lock engagemwent mechanism 500, etc.) driven by an actuator {(e.g.,
23
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actuator 502, ete.). The lock engagement mechanism may be configured in a gear arrangement,

a direct connection arrangeinent, of a linkage mechanism arrangement,

{0861} Referring now to FIG. 11, a method 1100 for unlocking an ultrasound transducer from
an ultrasound system is shown according to an example ewbodiment. Method 1100 corresponds
with controller 350 receiving a release command to unlock a transducer connector from a
transducer interface. In one example embodiment, method [ 100 may be implemented with
controller 350 of FIG. 4, locking system 300 of FIGS. 5-8, and release mechanisms 900 of FIG.

9. Accordingly, method | 100 may be described in regard to FIGS. 4-9.

10062] Atstep [102, a user issues a release command via a release mechanism (e.g., release
mechanisin 900, housing release button 902, connector release button 904, connector touch
sensor 906, interface release button 90€, etc.). As described above, the release command may be
be issued via a mouse click, a button, a touch screen, etc. At step 1104, controller 350 recetves
the release command. At step 1106, controlier 350 provides the release command to a locking
system (e.g., locking system 300, etc.) to actuate an engagement hook {e.g., engagement hook
310, etc.) to unlock the transducer connector from a transduocer interface, The release command
may be commumnicated to the locking system via a direct mechanical manipulation, a wireless or
wired network whereby a processor recetves the command and notifies the locking system to
release the lock. By way of example, a user may press a button {e.g.. housing release button 902,
902, etc.) adjacent to the transducer interface where the button (e.g., mechanically,
electronically, ete.) triggers locking system fo retract the engagement hook. By way of another
example, a user may press a button (e.g., conuector release button 904, ete.) or touch a touch
sensor {e.g., connector touch sensor 906, etc.) on the transducer connector such that a release
command s sent via a wireless network and received by a processor which in turn notifies the
locking system to disengage the engagement hook. By way of yet another example, a user may
isstie a release command through a user interface of the ultrasound system such that the release
command is received by a processor through a wired network. The processor then notifies the
locking system to disengage the engagement hook retract, facilitating the decoupling of the
transducer connector form the wltrasound system. At step 1108, the transducer connector is
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disengaged from the transducer interface facilitating the removal of the transducer from the

wltrasound system.

{0863] It should be noted that the term “example” or “exemplary” as used herein to describe
various embodiments is intended to indicate that such embodiments are possible examples,
representations, and/or tllustrations of possible embodiments (and such term is not intended to

connote that such embodiments are necessarily extraordimary or superlative examples).

{80364] The terms “coupled,” “connected,” and the like, as used herein, mean the joining of two
members divectly or indirectly to one another. Such joining may be stationary {e.g., permanent)
or moveable (e.g., removable, releasable, etc.). Such joining may be achieved with the two
members or the two members and any additional intermediate members being integrally formed
as a single unitary body with one another or with the two members or the two memnbers and any

additional interinediate members being attached to one another.

99 <6,

{0065] Retferences herein to the positions of elements (e.g., “top,” “bottom,” “above,” “below,”
etc.) are merely used to describe the orientation of various elements in the figures. 1t should be
noted that the orientation of various elements may differ according to other exemplary

embodiments, and that such variations are intended to be encompassed by the present disclosure.,

{0066] The present disclosure contemplates methods, systems, and program products on any
machine-readable media for accomplishing various operations. The embodiments of the present
present disclosure may be implemented using existing computer processors, or by a special
purpose computer processor 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 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 comprise
comprise 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
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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 transferred 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 terined a machine-readable medivm.
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.

10067} It is important to note that the construction and arrangement of the elements of the
systerns and methods as shown in the exemplary embodiments are illustrative only. Although
only a few embodiments of the present disclosure have been described in detail, those skilled in
the art who review this disclosure will readily appreciate that many modifications are possible
(e.g., variations in sizes, dimensions, structures, shapes and proportions of the various elements,
values of parameters, mounting arrangements, use of materials, colors, orientations, etc.) without
materially departing from the novel teachings and advantages of the subject matter recited. For
example, elements shown as integrally formed may be constructed of multiple parts or elements.
It should be noted that the elements and/or assemblies of the components described herein may
be consiructed from any of a wide variety of materials that provide sufficient strength or
durability, in any of a wide variety of colors, textures, and combinations. Accordingly, all such
modifications are intended to be included within the scope of the present inventions. Other
substitutions, modifications, changes, and omissions may be made in the design, operating
conditions, and arrangement of the preferred and other exemplary embodiments without

departing from scope of the present disclosure or from the spirit of the appended claims.
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WHAT IS CLAIMED I5:

i. An apparatus for locking a transducer connector to a transducer interface of an
ultrasound system, comprising:

a sensor configured to acquire data regarding a position of the transducer conmector
relative to the transducer interface;

a locking system configured to facilitate locking of the transducer connector to the
transducer interface; and

a processing circuit communicably coupled to the sensor and the locking system, the
processing circuit configured to:

iterpret the data acquire by the sensor; and

provide a lock command to the locking system to lock the transducer connector to the
transducer interface based on the data indicating the transducer connector is engaged with the

transducer interface.

2. The apparatus of claim I, wherein the sensor includes a proximity senor configured to

detect a presence of the transducer connector in proximity of the transducer interface.

3. The apparatus of claim 1, wherein the sensor inchudes a touch sensor configured to detect

physical contact from the transducer connector.

4. The apparatus of claim 1, wherein the locking system inchides an actnator and a lock
engagement mechanism, wherein the actuator is configured to provide an output that actuates the
lock engagement mechanism such that the lock engagement mechanism engages or disengages

the transducer connector.

5. The apparatus of claim 4, wherein the output actuates the lock engagement mechanism
such that the lock engagement mechanism engages the transducer connector responsive to the

fock conumand.
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6. The apparatus of claim 4, wherein the lock engagement mechanism is configured as at
least one a gear arrangement, a direct connection arrangement, or a linkage mechanism

arrangenmen t.

7. The apparatos of claim 4, wherein the lock engagement mechanism includes an
engagement hook configured to directly couple the transducer connector responsive to the lock

command.

3. The apparatus of claim 4, further comprising a release mechanism configured to provide a

release command to the processing circuit.

9. The apparatus of claim 8, wherein the processing circuit is further configured to:
recetve the release command from the release mechanism; and
provide the release commmand to the locking system to unlock the transducer connector

fromt the transducer interface.

10.  The apparatus of claim 9, wherein the output actuates the lock engagement miechanism
such that the lock engagement mechanism disengages the transducer connector responsive to the

release command.

1. A method for locking a transducer comnector to a transducer interface of an ultrasound
system, comprising:

acquiring, by a sensor, data regarding a position of the transducer connector relative to
the transducer interface;

interpreting, by a processing circuit, the data; and

providing, by the processing circuit, a lock command to a locking system to lock the
transducer connector to the transducer interface based on the data indicating the transducer

connector is engaged with the transducer interface.

12, The method of clain 11, wherein the sensor includes a proximity senor configured to

detect a presence of the transducer connector in proximity of the transducer interface.
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13, The method of claim 11, wherein the sensor includes a touch sensor configured to detect

physical contact from the transducer connector.

14.  The method of claim 11, further comprising actoating, by an actuator of the locking
system, a lock engagement mechanism such that the lock engagement mechanism engages the

transducer connector responsive to receiving the lock command.

15. The method of claim 14, wherein the lock engagement mechanism is configured as at
ieast one a gear arrangemient, a direct connection arrangement, or a linkage mechanism

arrangem ent.

16.  The method of claim 14, wherein the lock engagement mechanism includes an
engagement hook configured to directly couple the transducer connector responsive to the lock

command.

17.  The method of claim 11, further comprising:
receiving, by a release mechanism, an input from a user; and
providing, by the processing circuit, a release command to the locking system responsive

the input.

18 The method of claim 17, further comprising actuating, by an actuator of the locking
system, a lock engagemient mechanism such that the lock engagement mechanism disengages

from the transducer connector responsive to receiving the release command.
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19 An apparatus for locking an ultrasound transducer connector to a transducer interface of
an ultrasound system, comprising:

a locking system contigured to facilitate automatic locking of the ultrasound
transducer connector to the transducer interface responsive to the ultrasound transducer
connector interfacing with the transducer interface; and

a processing circuit communicably coupled the locking system and configured to
provide a lock command to the locking system to lock the nltrasound transducer
conmector to the transducer interface responsive to the ultrasound transducer connector

interfacing with the transducer interface.

20.  The apparatus of claim 19, further composing a release mechanism configured to receive
an input indicating a desire to unlock the locking systein, wherein the processing circuit is further
configured to provide a release command to the locking system responsive to the input, wherein
the locking system disengages from the ultrasound transducer connector responsive to the release
command facilitating removal of the ultrasound transducer connector from the transducer

interface,
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