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(57) Abstract: A system and method for testing an acoustic probe is provided. The system includes an electric signal generator con-
nected to transmit an electric generator signal into selected transducer elements of the acoustic probe. The selected of transducer ele -
ments of the acoustic probe convert the electrical signal into an acoustic signal that reflects off the lens of the acoustic probe and is
then converted by the selected transducer elements of the acoustic probe into a reflected electrical signal. An analysis engine is con-
nected to receive the reflected electrical signal and determine the operability of lens and each selected transducer element for acous -
tic and electrical conversion. A display provides an illustration indicative of the operative ability of the lens and the selected trans-
ducer element of the acoustic probe for acoustic and electrical conversion.
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A SYSTEM AND METHOD FOR TESTING OPERABILITY OF A LENS AND
SELECTED TRANSDUCER ELEMENTS OF AN ACOUSTIC PROBE

TECHNICAL FIELD

[0001] The subject herein generally relates to a system and method to test an acoustic
probe, and more specifically to a system and method to test operability of selected transducer
elements and the lens of the acoustic probe to perform between acoustic and electrical
conversion.

BACKGROUND
[0002] The statements in this section merely provide background information related to
the disclosure and may not constitute prior art.
[0003] Acoustic imaging techniques have been found to be valuable in a variety of
applications. A certain acoustic imaging technique referred to as ultrasound imaging is perhaps
the most well-known, but acoustic techniques are more generally used at a variety of different
acoustic frequencies for imaging a variety of different phenomena. Certain acoustic imaging
techniques use transmission and detection of acoustic radiation in identification of structural
defects, detection of impurities, as well as detection of tissue abnormalities in living bodies. All
such acoustic imaging techniques rely generally on the fact that different structures, whether they
are abnormal bodily tissues or defects in an airplane wing, have different impedances to acoustic
radiation. Certain known acoustic imaging systems include an acoustic probe having multiple
transducer elements that may have linear, curved-linear, phased-array, or similar characteristics
to control the transmission and detection of acoustic radiation. Degradation in performance of
such transducer elements is known to occur with extended transducer use and/or through user

abuse. Certain known techniques to test the degradation of the transducer elements require the
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use of a reflective target and a tank of water as a conductive medium in order to analyze the
performance of such transducer elements. A drawback of such acoustic testing techniques
includes the difficulty in alignment of the acoustic probe with respect to the water tank and
target, such difficulty encumbering the speed and repeatability of the acoustic test.

[0004] There is, therefore, a general need in the art for a system and method of testing
acoustic probes that does not require certain cumbersome infrastructure (i.e., target and water

tank) and yet improves speed and repeatability of the test of the operability of the acoustic probe.

BRIEF SUMMARY

[0005] In view of the above concerns associated with use of acoustic testing techniques,
there is a need for systems, methods and computer program products that provides for a quick
and repeatable test of the operative ability of the acoustic probe that does not require use of
certain cumbersome infrastructure such as an acoustic target or a water tank as a conductive
medium. The above-described needs are addressed by the embodiments of the subject matter
described herein.

[0006] The subject matter described herein includes a system for testing an acoustic
probe having a lens in combination with a plurality of transducing elements adapted to convert
between acoustic and electrical signals, the system comprising: an electric signal generator
connected to transmit an electric generator signal into the plurality of transducer elements of the
acoustic probe, wherein the plurality of transducer elements of the acoustic probe converts the
electrical signal into an acoustic signal that reflects off the lens of the acoustic probe and is then
converted by the transducer elements of the acoustic probe into a reflected electrical signal; an

analysis engine connected to receive the reflected electrical signal and determine operability of
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lens and each selected transducer element for acoustic and electrical conversion; a display
configured to provide an illustration indicative of the operative ability of the lens and the
selected transducer element of the acoustic probe for acoustic and electrical conversion.

[0007] According to another aspect, a method of testing an acoustic probe having a
plurality of transducing elements adapted for conversion between acoustic and electrical signals
is provided. The method comprises the steps of: sending an electrical generator signal from an
electric signal generator into at least one of the selected transducer elements of the acoustic
probe; detecting a reflected electrical signal from the selected transducer elements of the acoustic
probe generated in converting an acoustic signal transmitted from the transducer elements of the
acoustic probe and reflected off the lens of the acoustic probe back toward the transducer
elements of the acoustic probe; and displaying an indication of the operative ability of the lens
and the selected transducer element of the acoustic probe for acoustic and electrical conversion.
[0008] This summary briefly describes aspects of the subject matter described below in
the Detailed Description, and is not intended to be used to limit the scope of the subject matter

described in the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The features and technical aspects of the system and method disclosed herein will
become apparent in the following Detailed Description in conjunction with the drawings in
which reference numerals indicate identical or functionally similar elements.

[0010] FIG. 1 shows a schematic block diagram of an example of a system in accordance

to the subject matter described herein.
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[0011] FIG. 2 shows a flow diagram illustrative of an example of a method of operating
the system of FIG. 1 in accordance with the subject matter described herein.

[0012] FIG. 3 shows schematic diagram illustrative of an example of a display generated
by the system of FIG. 1 in accordance to the subject matter described herein.

[0013] FIG. 4 shows schematic diagram illustrative of an example of a computer
program product of the system shown in FIG. 1 in accordance to the subject matter described

herein.

DETAILED DESCRIPTION

[0014] In the following detailed description, reference is made to the accompanying
drawings that form a part hereof, and in which is shown by way of illustration specific examples
that may be practiced. These examples are described in sufficient detail to enable one skilled in
the art to practice the subject matter, and it is to be understood that other examples may be
utilized and that logical, mechanical, electrical and other changes may be made without
departing from the scope of the subject matter of this disclosure. The following detailed
description is, therefore, provided to describe an exemplary implementation and not to be taken
as limiting on the scope of the subject matter described in this disclosure. Certain features from
different aspects of the following description may be combined to form yet new aspects of the
subject matter discussed below.

[0015] When introducing elements of various embodiments of the present disclosure, the

(13 29 <
a

articles an,” “the,” and “‘said” are intended to mean that there are one or more of the
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elements. The terms “comprising,” “including,” and “having” are intended to be inclusive and

mean that there may be additional elements other than the listed elements. The term user and/or
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the plural form of this term is used to generally refer to those persons capable of accessing,
using, or benefiting from the present disclosure. As used herein, when the phrase "at least" is
used, it is open-ended in the same manner as the term "comprising" is open-ended.

[0016] In the following detailed description, reference is made to the accompanying
drawings that form a part hereof, and in which is shown by way of illustration specific
embodiments, which may be practiced. These embodiments are described in sufficient detail to
enable those skilled in the art to practice the embodiments, and it is to be understood that other
embodiments may be utilized and that logical, mechanical, electrical and other changes may be
made without departing from the scope of the embodiments. The following detailed description
is, therefore, not to be taken in a limiting sense.

[0017] FIG. 1 illustrates one embodiment of a system 100 for testing an operability of an
acoustic probe 105 having a lens 108 and a series of transducer elements (shown schematically
by lines) 110 adapted to convert between acoustic and electrical signals. In general, the system
100 comprises a controller 120 connected to communicate with a transceiver 130 in testing of the
operability of the acoustic probe 105. Each transducer element 110 of the acoustic probe 105
generally includes a piezoelectric crystal (not shown) constructed to convert between acoustic
and electrical signals, backing material (not shown), matching layers (not shown), and a lens 108
to focus the generated acoustic energy in measurement of an impedance of structures (e.g.,
bodily tissue, etc.). In particular, the piezoelectric crystals are known in the art to convert
received electric signals to acoustic radiation or signals for emission, as well as to convert
incident acoustic radiation back to electrical signals for translation into images indicative of the

material of the incident structure.
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[0018] The controller 120 of the system 100 is generally operative to receive, process,
and convey information to and from the electrical signal generator and the transceiver 130. The
example of the controller 120 can generally include a memory 140 having a series of computer
readable program instructions for execution by a computer or hardware processor (herein
“computer processor”) 145. The example memory 140 can include or be a non-transitory,
tangible, computer program product 150 of varying type generally operable to store electronic
formatted data or information and program instructions accessible and readable by the computer
processor 145. In certain examples, the memory 140 can be accessible by a remote computing
device 155 via a network connection 160.

[0019] The computer-readable instructions can comprise a programming code for
execution by the computer processor 145. The programming code can be embodied in software
stored on the memory 140 independent of or in combination with software embodied in firmware
or dedicated hardware. The computer program product 150 can include a computer-readable
storage medium that is tangible, non-transitory, and having volatile and non-volatile, and
removable and non-removable media for storage of electronic-formatted information such as the
computer readable program instructions or modules of instructions, data, etc. that may be stand-
alone or as part of the controller 120. As used herein, the term tangible, non-transitory computer
readable storage medium can be expressly defined to include any type of computer readable
storage device and/or storage disk and to exclude propagating signal media and to exclude
transmission media. As used herein, "non-transitory computer readable storage medium" and
"non-transitory machine readable storage medium" can be used interchangeably.

[0020] Examples of the memory 140 can include, but are not limited to, random access

memory (RAM), read only memory (ROM), Synchronous Dynamic Random Access Memory
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(SDRAM), Dynamic Random Access Memory (DRAM), EEPROM, flash memory, a cache,
compact disc (CD), digital versatile disc (DVD) or other optical storage, magnetic cassettes,
magnetic tape, magnetic disk storage or other magnetic storage devices, a hard drive, a flash
memory, or any other medium which can be used to store the desired electronic format of
information or program instructions for a duration and which can be accessed by the computer
processor 145 or at least a portion of the controller 120.

[0021] The example computer processor 145 can include hardware to execute one or
more tasks as defined by the computer readable program instructions. The computer processor
145 can be, for example, part of a computer server, a laptop or desktop, a mobile device (e.g., a
cell phone, a smart phone, a tablet such as an IPAD™), a personal digital assistant (PDA), an
Internet appliance, or any other type of known computing device. For example, the computer
processor 145 can be implemented by one or more integrated circuits, logic circuits,
microprocessors or controllers from any desired family or manufacturer.

[0022] The memory 140 and computer processor 145 as referred to herein can be stand-
alone or integrally constructed as part of various programmable computing devices of various
types, including for example a cache, a desktop computer or laptop computer hard-drive, field-
programmable gate arrays (FPGAs), application-specific integrated circuits (ASICs), application-
specific standard products (ASSPs), system-on-a-chip systems (SOCs), programmable logic
devices (PLDs), etc. or the like and any combination thereof operable to execute the instructions
associated with implementing the method (discussed later) of the subject matter described herein.
[0023] The transceiver 130 connects to the acoustic probe 105 for testing. An example
of the transceiver 130 can include a transducer element selector or element switch 170, a transmit

selector switch 175, and an electrical signal generator 180. The transducer element selector
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switch 170 can direct signal transmissions or communications to and from the one or more
selected transducer elements 110 of the series of transducer elements 110 in the acoustic probe
105 being tested. An example of the transducer element selector switch 170 can be a relay
matrix configured to establish connections in a desired sequential manner with the plurality of
transducer elements 110 of the acoustic probe 105, either individually or in groups, that permits
selective evaluation of individual or multiple transducer elements 110 of the acoustic probe 105.
The relay matrix can comprise a bidirectional switching array capable of establishing the desired
connections. The electrical characteristics of the relay matrix can be configured not to impact the
evaluation of the transducer elements 110 of the acoustic probe 105. For example, the transducer
element selector switch 170 can include an array of miniature relays, or a semiconductor-based
switching integrated circuitry. In regard to the array of relays, the array of relays may be
arranged in groups and in various circuit topologies to enhance transmission of the electrical
generator signals and/or reflected electrical signal.

[0024] The transmit switch 175 in a first position can direct an electrical generator signal
185 from the electrical signal generator 180 to the selected transducer elements 110 of the
acoustic probe 105, and in a second position can direct receipt of transmission of a reflected
electrical signal (described below) 190 from the acoustic probe 105. The electrical signal
generator 180 generates and transmits the electrical generator signal 185 to the selected
transducer elements 110 of the acoustic probe 105 for testing. The electrical signal generator
180 can be at a predefined or input instructed frequency or amplitude so as to trigger the selected
transducer element 110 to convert the electrical generator signal to an acoustic signal at a desired
frequency. An example of the electrical signal generator 180 can be an alternating voltage

source operable to generate an analog or digital signal in a radio frequency (RF) range.
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[0025] In response to receipt of the transmitted electrical generator signal 185, properly
operative or functioning selected transducer elements 110 respond with conversion of the
electrical generator signal 185 to an acoustic signal for transmission through the lens 108. In
particular with respect to transducer elements 110 that comprise piezoelectric elements,
transducer elements 110 impacted by receipt of the electrical generator signal 185 (e.g., variable
voltage signal) in accordance to the piezoelectric effect. Due to the open air interface, the lens
can reflect at least a certain portion of the converted acoustic energy or radiation back toward the
selected transducer elements 110. In accordance to the piezoelectric effect, the selected
transducer elements can re-convert the acoustic energy back into the reflected electrical signal
190. The transmit switch 175 of the transceiver 130 is connected to route or direct this reflected
electrical signal 190 from the selected transducer elements 110 to the analysis engine 210 for
analysis to determine the operability or functionality of the lens and selected transducer elements
110.

[0026] The transceiver 130 can include an analysis engine 210 configured to detect
receipt of and analyze the reflected electrical signal from the selected transducer element. In one
example, the analysis engine 210 can be configured to communicate raw data from the reflected
electrical signal for visualization to the user. In another example, the analysis engine 210 can
include a computational circuitry configured to compare predefined parameters of the received
electrical transducer signal from the selected transducer element relative to a threshold.
Examples of the parameters can include amplitude, frequency, etc. of the signal. Examples of
the threshold can be predefined or based on benchmark values from measurements from other
transducer elements 110 of the acoustic probe 105 being tested. The analysis engine 210 can

further include an amplifier, an analog-to-digital converter, etc. to filter and process the electrical
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transducer signal for analysis. In one example, the analysis engine 210 can be provided by a
personal computer, smartphone, tablet, a mainframe, or a laptop, whose mobility makes it
especially convenient. Although FIG. 1 shows the analysis engine 210 as integrated with
transceiver 130, the analysis engine 210 can include computer program instructions or circuitry
or combination thereof as part of the controller 120 or transceiver 130 or remote computing

device or combination thereof.

[0027] The controller 120 of the system 100 can also be configured to communicate
instructions to and from the remote computer devices 155. Examples of remote computer
devices 155 as referenced herein can include: a mobile telephone; a computer such as a desktop
or laptop type; a Personal Digital Assistant (PDA) or mobile phone; a notebook, tablet or other
mobile computing device; or the like and any combination thereof. The subject matter of this
description may be implemented as a stand-alone computer program product or as an application
configured for execution by one or more of the remote computing devices 155. The application
(e.g., webpage, downloadable applet or other mobile executable) can generate the various
displays or graphic/visual representations described herein as graphic user interfaces (GUIs) or
other visual illustrations, which may be generated as webpages or the like, in a manner to
facilitate interfacing (receiving input/instructions, generating graphic illustrations) with users via
the remote computing device(s) 155.

[0028] The network 160 can facilitate transmission of electronic or digital data to and
from the system 100 with respect to the remote computer devices 155. The example network
160 can be a wired interface (e.g., a data bus, a Universal Serial Bus (USB 2.0 or 3.0)
connection, etc.) and/or a wireless interface (e.g., radio frequency, infrared, optical, near field

communication (NFC), etc.), a wide area network (WAN); a local area network (LAN); the

10



WO 2016/073044 PCT/US2015/042671

Internet; a cloud-based computing infrastructure of computers, routers, servers, gateways, etc.; or
any combination thereof associated therewith that allows the system 100 or portion thereof to
communicate with various computing devices 155 described above. With respect to the example
of the network 160 as including a cloud-based infrastructure, the system 100 can share
information via web-based applications, cloud storage and cloud services. For example, a Web-
based portal may be used to facilitate access to information, etc. The system 100 can illustrate
the Web-based portal as a central interface to access information and applications, and data may
be viewed through the Web-based portal or viewer, for example. Additionally, data may be
manipulated and propagated using the Web-based portal, for example. The Web-based portal
can be accessible locally (e.g., in an office) and/or remotely (e.g., via the Internet and/or other
network or connection 160), for example.

[0029] The controller 120 can also be in communication with an input or input device
220 and an output or output device 230. Examples of the input device 220 include a keyboard,
joystick, mouse device, touch-screen, pedal assemblies, track ball, light wand, voice control, or
similar known input device known in the art. Examples of the output device 230 include a
liquid-crystal monitor, a plasma screen, a cathode ray tube monitor, a touch-screen, a printer,
audible devices, etc. The input device 220 and output device 230 can be independent of one

another, or combination as an interface 240 to the system 100.

[0030] Having provided an example of one construction of the system 100 as shown in
FIG. 1 in accordance with above-description, the following is a description of an example of a
method 300 (See FIG. 2) to operate the system 100 in accordance with the subject matter
described herein. It should also be understood that the sequence of the acts or steps of the

method 300 as discussed in the foregoing description can vary. Also, it should be understood
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that the method 300 may not require each act or step in the foregoing description, or may include
additional acts or steps not disclosed herein. It should also be understood that one or more of the
steps of the method 300 can be represented by one or more computer program modules of
computer-readable program instructions stored in the memory 140 of the system 100. As
mentioned above, the method 300 can be implemented using coded instructions (e.g., computer
and/or machine readable instructions). The terms module and component as referenced herein
can generally represent program code or instructions that causes specified tasks when executed
on the computer processor 145. The program code can be stored in one or more computer

readable mediums that comprise the memory 140 and computer program product 150.

[0031] For sake of example referring to FIG. 1, assume during testing, the acoustic probe
105 can be secured by the holder 215 for testing. Referring to FIG. 2, step 310 can include
routing or switching the operative connection of the transceiver 130 to communicate with the
selected transducer element(s) 110 of the acoustic probe 105 for testing. Step 315 can include
instructing the electrical signal generator 180 to generate the electrical generator signal at the
predefined frequency and amplitude. For example, the electrical generator signal 185 can be a
voltage pulse. Step 320 can include routing or switching communication or transmission of the
electrical generator signal to trigger the selected transducer elements 110 of the acoustic probe
105 being tested. In response and if operative or functional, the triggered selected transducer
elements 110 can convert the electrical generator signal to an acoustic energy or radiation
directed at the lens 108 of the acoustic probe 105. At least a portion of the acoustic energy or
radiation will be deflected back toward the selected transducer element and re-converted back

into a reflected electrical signal.
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[0032] Step 325 can include routing or switching connection of the transceiver 130 so as
to receive the reflected electrical signal from the selected transducer element of the acoustic
probe. Step 330 can include analyzing or processing receipt of the reflected electrical signal
from the selected transducer element. Step 340 can include determining an operability or
functionality of the lens 108 and selected transducer element of the acoustic probe to convert
between electrical and acoustic energy. If no reflected electrical signal is received at the
transceiver 130, step 340 can include recording not to detect receipt of the electrical transducer
signal 190 from the selected electrical transducer(s) elements 110 in response to the interrogation
with the electrical generator signal in step 320. If the reflected electrical signal is detected and
determined from analysis that the selected transducer element is operational or functional, step

340 can include recording that the selected transducer elements 110 is operative.

[0033] In cases where the transducer signal 190 is routed simultaneously from a subset
group of the transducer elements 110, the subset group may correspond to a group of
neighboring transducer elements 110. For example, absence or significant deviation of the
amplitude of the electrical transducer signal in comparison to other electrical transducer signals
190 from other interrogated transducer elements 110 can be indicative of the inoperability or
non-functionality (e.g., associated with cracking or other damage to the piezoelectric crystal) of

the respective transducer element 110.

[0034] Step 350 can include determining or performing a check if an interrogation of all
the transducer elements 110 of the acoustic probe 105 has been completed. If completed, step
355 can include providing a display (described below) including illustrations indicative of the
recorded operability or functionality (e.g., pass versus fail, quantitative data) of the transducer

elements 110 of the acoustic probe 105. If interrogation of certain transducer elements 110 has
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not been completed, step 350 can further include prompting the user to select another of the
series of transducer elements 110 of the acoustic probe 105 for interrogation or testing or
proceeding automatically, and returning to step 310 until all of the transducer elements 110 of

the acoustic probe 105 are interrogated.

[0035] FIG. 3 shows a schematic diagram of an example of a graphic display 400 in
accordance to the subject matter described herein. The display 400 can provide illustrations
indicative of an identifier 405 of the acoustic probe 105, a status of interrogation 410 of the
transducer elements of the acoustic probe, a resultant responsive detection 415 of the reflected
electrical signal from the selected transducer element, and an indication or status of operative
ability or functionality 420 associated with the lens 108 and the identifiers 425 of each of the
selected transducer element 110 of the acoustic probe 105 to convert between acoustic radiation

and electrical signals in a required manner to perform imaging or other desired function.

[0036] FIG. 4 illustrates an example of the computer program product 150 for execution
by the processor 145 to operate the system 100 in executing the method 300 described above.
The computer program product 150 can include a first module 510 of program instructions for
execution in operating the transducer element switch 170 to enable communication of the
transceiver 130 with selected transducer elements 110 of the acoustic probe 105. A second
module 515 can include program instructions for execution to in operating the transmit switch
175 between a first position to transmit the electrical generator signal 185 to the selected
transducer elements 110 of the acoustic probe 105, and a second position to transmit the reflected
electrical signal 190 from the selected transducer element 110 to the transceiver 130 for analysis.
A third module 520 can include program instructions for execution in detecting and analyzing

the reflected electrical signal 190 received from the selected transducer elements 110 of the
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acoustic probe 105. A fourth module 525 can include program instruction for execution in
determining the operability or functionality of the selected transducer element 110, which can
include comparing the reflected electrical signal 190 received from the selected transducer
element 110 to another reflected electrical signal 190 received from another interrogated
transducer element 110 of the acoustic probe 105. A fifth module 530 can include program
instructions for creating the display 400 (See FIG. 3) illustrative of the operability or
functionality (e.g., pass versus fail) of the selected transducer element 110 of the acoustic probe

105 for viewing by the user.

[0037] A technical effects of the subject matter described above can include, but is not
limited to, providing the system 100 and method to test an operability of the acoustic probe 105
in a fast and yet repeatable manner. Another technical effect of the system 100 and method 300
is to provide for testing of the operability or functionality of the selected transducer elements 110
of the acoustic probe 105 without a need of certain cumbersome infrastructure (e.g., water tank,
target, holder (optional)) that thereby reduces cost, provides increased mobility, and simplifies

testing by the user.

[0038] This written description uses examples to disclose the invention, including the
best mode, and also to enable any person skilled in the art to make and use the invention. The
patentable scope of the invention is defined by the claims, and may include other examples that
occur to those skilled in the art. Such other examples are intended to be within the scope of the
claims if they have structural elements that do not differ from the literal language of the claims,
or if they include equivalent structural elements with insubstantial differences from the literal

languages of the claims.
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CLAIMS

We claim:

1. System for testing an acoustic probe having a lens in combination with a plurality of
transducing elements adapted to convert between acoustic and electrical signals, the system

comprising:

an electric signal generator connected to transmit an electric generator signal into the plurality of
transducer elements of the acoustic probe, wherein the plurality of transducer elements of the
acoustic probe converts the electrical signal into an acoustic signal that reflects off the lens of the
acoustic probe and is then converted by the transducer elements of the acoustic probe into a

reflected electrical signal;

an analysis engine connected to receive the reflected electrical signal and determine operability

of lens and each selected transducer element for acoustic and electrical conversion;

a display configured to provide an illustration indicative of the operative ability of the lens and

the selected transducer element of the acoustic probe for acoustic and electrical conversion.

2. The system of claim 1, further comprising:

an element switch that selectively transmits the reflective electrical signal received from a
selected transducer element of the plurality of transducer elements of the acoustic probe to the

analysis engine for processing.

3. The system of claim 1, wherein the element switch includes a series of integrated circuit
boards to selectively route the reflected electrical signal from the selected transducer element of
the acoustic probe to the analysis engine.

4. The system of claim 1, further comprising:
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a transmit switch selectable between a first position and a second position, the first position to
transmit the electrical signal from the electrical signal generator to the transducer elements of the
acoustic probe, the second position to transmit the reflected electrical signal received from the

transducer elements of the acoustic probe to the analysis engine.

5. The system of claim 1, wherein the electrical signal generator is an alternating voltage source.

6. The system of claim 1, wherein the analysis engine compares the reflective electrical signal to

at least one threshold to determine the operability of the lens and the selected transducer element.

7. The system of claim 6, wherein the at least one threshold is an amplitude of the reflective
electrical signal received from one of another of the transducer elements of the acoustic probe

and transducer elements of another acoustic probe.

8. The system of claim 1, wherein in response to not detecting the reflected electrical signal from
the selected transducer element in response to transmission of the electrical generator signal to
the transducer elements of the acoustic probe, the system generates an illustration indicative of

an inoperability of the lens and the selected transducer element of the acoustic probe.

9. The system of claim 1, wherein in response to detecting the reflected electrical signal from the
selected transducer element in response to communicating the electrical generator signal to the
acoustic probe, the system generates an illustration indicative of an operability of the lens and the

selected transducer element of the acoustic probe.

10. The system of claim 1, wherein the system does not include a target to reflect the acoustic

signal from the acoustic probe.

17



PCT/US2015/042671

WO 2016/073044

1/3

| "OId

m&?_

HOLVHINIO
- TVNOIS
08l SN ILERE
_ ovl 0z2
g8l
= W Houms | osL ¢ S i —
SOl m te B ININTTE w _ _
801 — N o/l | ¥'9l4 T LNdN|
061 HOLIMS 33S-10NdO¥d | |
oLl ¢ | | LIWSNvL NY¥O0Hd | |
| |
AHOWaN —LNd1NO| |
|| aniena | S |
0 SISATYNY YOSSIN0Nd _ JOV4H3LNI _
L 1
YIAIFOSNVHL | ¥ATIOHINOD : 3
) ovz
{ Gl . N 0€e
0cl 09 oz1
\ 30I1A3d
0ol g5l | ONILNAWOD
310NN




WO 2016/073044 PCT/US2015/042671

2/3
300

L

SWITCH TO TRANSMIT FROM SELECTED 310

TRANSDUCER ELEMENTS

\
GENERATE ELECTRICAL GENERATOR SIGNAL |-_-315

'

TRANSMIT ELECTRICAL GENERATOR SIGNAL | 320
TO TRIGGER TRANSDUCER ELEMENTS

'

SWITCH TO TRANSMIT REFLECTED SIGNAL | 325
TO ANALYSIS ENGINE

l

ANALYZE REFLECTED SIGNAL 330

Y

DETERMINE OPERABILITY OF SELECTED | 335
TRANSDUCER ELEMENTS AND LENS

340
No
CHECK INTERROGATION
COMPLETION ?
CREATE DISPLAY 345

FIG. 2



WO 2016/073044

3/3

PCT/US2015/042671

150

/

4020
410 415 420
INTERROGATE
ACOUSTIC PROBE ID : 405 DETECTED | OPERABILITY
TRANSDUCER YES/NO YES/NO YES/NO
ELEMENT NO. 1
425
[ ] ® [ ] [ ]
o o [ [ ]
o o [ J [ ]
TRANSDUCER YES/NO YES/NO YES/NO
ELEMENT NO. X
FIG. 3

SWITCH TO TRANSMIT FROM SELECTED TRANSDUCER

ELEMENTS

1510

SWITCH TO TRANSMIT REFLECTED SIGNAL

-]-515

ANALYZE REFLECTED SIGNAL

1520

DETERMINE OPERABILITY OF SELECTED TRANSDUCER | .| 525
ELEMENTS AND LENS

CREATE DISPLAY

1630

FIG. 4




INTERNATIONAL SEARCH REPORT International app]ica[ion No.
PCT/US15/42671

A. CLASSIFICATION OF SUBJECT MATTER

IPC(8) - GO1N 29/30; GO1R 27/26 (2015.01)

CPC - GO1N 29/30; GO1R 27/2623 .

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC(8) Classification(s): GO1N 29/30, GO1R 27/26 (2015.01)
CPC Classification(s): GO1N 29/30, GO1R 27/2623

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the interational search (name of data base and, where practicable, search terms used)

PatSeer (US, EP, WO, JP, DE, GB, CN, FR, KR, ES, AU, IN, CA, INPADOC Data); ProQuest; Google Scholar
KEYWORDS: Acoustic, ultrasound, transducer, generator, sonic, transceiver, Ethernet, radiofrequency, RF transceiver, Imaging, testing,
target, surface, System, method, analysis

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 7155957 B2 (GESSERT, JM et al.) January 02, 2007; column 2, lines 9-67; column 3, lines |[1-10
1-6; column 4, lines 24-50; column 5, lines 11-67; column 7, lines 10-20; column 9, lines 20-23;
column 12, lines 19-22; figures 1, 2, 3 4, 7, 10; claims 1, 3, 8-12
P,X US 8893541 B2 (GESSERT, JM et al.) November 25, 2007; entire document 1-10
l:] Further documents are listed in the continuation of Box C. D See patent family annex.
*  Special categories of cited documents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international  “X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone

§"egia‘|°,§:;2ﬁh(§2 ;hecyi)fl_:lg(ljl)cauon date of another citation or other “Y” document of particular relevance; the claimed invention cannot be

" pe 'S Spe . L considered to involve an inventive step when the document is

“O” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P” document published prior to the international filing date but later than

the priority date claimed &” document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
21 September 2015 (21.09.2015) 2 9 O C T 20-,5
Name and mailing address of the ISA/ Authorized officer
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Shane Thomas
P.O. Box 1450, Alexandria, Virginia 22313-1450
. PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-8300 : PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report

