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METHOD AND SYSTEM FOR FAILURE
DETECTION OF A MECHANICAL
ULTRASOUND TRANSDUCER ASSEMBLY

FIELD

[0001] Certain embodiments relate to mechanical ultra-
sound transducer assemblies. More specifically, certain
embodiments relate to a method and system for detecting a
failure of a mechanical ultrasound transducer assembly by
analyzing artifacts in ultrasound images of a probe cap
having a defined structure.

BACKGROUND

[0002] Ultrasound imaging is a medical imaging tech-
nique for imaging organs and soft tissues in a human body.
Ultrasound imaging uses real time, non-invasive high fre-
quency sound waves to produce a two-dimensional (2D)
image and/or a three-dimensional (3D) image.

[0003] Mechanical ultrasound transducer assemblies
include a movable transducer within a probe housing. The
movable transducer emits ultrasound waves through a probe
cap of the probe housing. For certain applications, it may be
desirable to known the precise position of the movable
transducer. For example, knowledge of the position of the
movable transducer with respect to a biopsy guide attached
to the ultrasound probe is crucial to perform a mechanically
guided biopsy. For such applications, the movable trans-
ducer is typically desired at a center position and the biopsy
guide is fixed to the probe housing so that the biopsy needle
resides in the center ultrasound B-plane given by the ultra-
sound transducer.

[0004] FIG. 1 illustrates a front perspective view of an
exemplary ultrasound probe 10 having a biopsy guide 20 as
known in the art. Referring to FIG. 1, the ultrasound probe
10 may include a probe housing 14 having a probe cap 12.
A biopsy guide 20 may be attached to the probe housing 14
such that a needle 22 may be guided for insertion in a target
30 at a fixed orientation defined by the biopsy guide 20.
[0005] FIG. 2 illustrates a side cross-sectional view of an
exemplary ultrasound probe 10 having a mechanical ultra-
sound transducer 11 as known in the art. Referring to FIG.
2, the ultrasound probe 10, shown perpendicular to the
ultrasound probe 10 of FIG. 1, includes a probe housing 14
having a probe cap 12. A mechanical transducer 11 disposed
within the probe housing 14 and/or probe cap 12 is rotatable
in directions 15 by a motor driving gears, belts, or rope, for
example, to rotate hub or axis 13. For example, the mechani-
cal transducer 11 is typically movable approximately 120 to
150 degrees in a single plane. Referring to FIGS. 1 and 2, it
may be desirable to position the mechanical ultrasound
transducer 11 at a center position to capture ultrasound
image data of the needle 22 as guided by the biopsy guide
20. The mechanical transducer 11 may not acquire ultra-
sound image data of the needle 22 if the transducer 11 is
positioned off-center as shown in FIG. 2.

[0006] Conventional mechanical ultrasound transducer
assemblies are unable to determine the rotational position of
the ultrasound transducer directly at the transducer elements.
Instead, the ultrasound transducer rotational position is
typically determined indirectly by a sensor located on the
drive-motor or on the gear-drive. In the event of a mechani-
cal or electrical failure, the rotational position of the ultra-
sound transducer elements is unknown. For example, the
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gears, drive belts, and/or rope for pivoting the hub or axis
may break and/or sensors may malfunction in some cases.
Consequently, an ultrasound operator may unknowingly use
a defective ultrasound probe while performing a guided
biopsy or other examination calling for a known ultrasound
transducer position.

[0007] Further limitations and disadvantages of conven-
tional and traditional approaches will become apparent to
one of skill in the art, through comparison of such systems
with some aspects of the present disclosure as set forth in the
remainder of the present application with reference to the
drawings.

BRIEF SUMMARY

[0008] A system and/or method is provided for detecting
a failure of a mechanical ultrasound transducer assembly by
analyzing artifacts in ultrasound images of a probe cap
having a defined structure, substantially as shown in and/or
described in connection with at least one of the figures, as set
forth more completely in the claims.

[0009] These and other advantages, aspects and novel
features of the present disclosure, as well as details of an
illustrated embodiment thereof, will be more fully under-
stood from the following description and drawings.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

[0010] FIG. 1 illustrates a front perspective view of an
exemplary ultrasound probe having a biopsy guide as known
in the art.

[0011] FIG. 2 illustrates a side cross-sectional view of an
exemplary ultrasound probe having a mechanical ultrasound
transducer as known in the art.

[0012] FIG. 3 is a block diagram of an exemplary ultra-
sound system that is operable to detect a failure of a
mechanical ultrasound transducer assembly by analyzing
artifacts in ultrasound images of a probe cap having a
defined structure, in accordance with various embodiments.
[0013] FIG. 4 illustrates a side cross-sectional view of an
exemplary ultrasound probe having a probe cap with a
defined structure, in accordance with a first embodiment.
[0014] FIG. 5 illustrates a side cross-sectional view of an
exemplary ultrasound probe having a probe cap with a
defined structure, in accordance with a second embodiment.
[0015] FIG. 6 illustrates a top elevation view of an exem-
plary ultrasound probe having a probe cap with a defined
structure, in accordance with a third embodiment.

[0016] FIG. 7 illustrates a top elevation view of an exem-
plary ultrasound probe having a probe cap with a defined
structure, in accordance with a fourth embodiment.

[0017] FIG. 8 illustrates a side cross-sectional view of an
exemplary ultrasound probe having a probe cap with a
defined structure, in accordance with a fifth embodiment.
[0018] FIG. 9 illustrates a top elevation view of an exem-
plary ultrasound probe having a probe cap with a defined
structure, in accordance with the fifth embodiment.

[0019] FIG. 10 illustrates a front cross-sectional view of
an exemplary ultrasound probe having a probe cap with a
defined structure, in accordance with various embodiments.
[0020] FIG. 11 illustrates an exemplary ultrasound image
having artifacts showing a defined structure of a probe cap,
in accordance with various embodiments.
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[0021] FIG. 12 illustrates an exemplary ultrasound image
having artifacts showing a defined structure of a probe cap,
in accordance with various embodiments.

[0022] FIG. 13 is a flow chart illustrating exemplary steps
that may be utilized for the detection of a failure of a
mechanical ultrasound transducer assembly by analyzing
artifacts in ultrasound images of a probe cap having a
defined structure, in accordance with various embodiments.

DETAILED DESCRIPTION

[0023] Certain embodiments may be found in a method
and system for detecting a failure of a mechanical ultrasound
transducer assembly by analyzing artifacts in ultrasound
images of a probe cap having a defined structure. For
example, various aspects have the technical effect of detect-
ing a transition between different probe cap thicknesses in
ultrasound image artifacts. The presence, lack of presence,
and/or position of the ultrasound image artifacts in the
ultrasound image data may be analyzed to determine the
position of the mechanical ultrasound transducer and/or
whether the mechanical ultrasound transducer assembly has
failed and/or malfunctioned. Various embodiments have the
technical effect of automatically disabling a mechanical
ultrasound transducer assembly that has malfunctioned and/
or failed. Certain embodiments have the technical effect of
alerting an ultrasound operator of a malfunction and/or
failure of a mechanical ultrasound transducer assembly.

[0024] The foregoing summary, as well as the following
detailed description of certain embodiments will be better
understood when read in conjunction with the appended
drawings. To the extent that the figures illustrate diagrams of
the functional blocks of various embodiments, the functional
blocks are not necessarily indicative of the division between
hardware circuitry. Thus, for example, one or more of the
functional blocks (e.g., processors or memories) may be
implemented in a single piece of hardware (e.g., a general
purpose signal processor or a block of random access
memory, hard disk, or the like) or multiple pieces of hard-
ware. Similarly, the programs may be stand-alone programs,
may be incorporated as subroutines in an operating system,
may be functions in an installed software package, and the
like. It should be understood that the various embodiments
are not limited to the arrangements and instrumentality
shown in the drawings. It should also be understood that the
embodiments may be combined, or that other embodiments
may be utilized and that structural, logical and electrical
changes may be made without departing from the scope of
the various embodiments of the present disclosure. The
following detailed description is, therefore, not to be taken
in a limiting sense, and the scope of the present disclosure
is defined by the appended claims and their equivalents.

[0025] As used herein, an element or step recited in the
singular and proceeded with the word “a” or “an” should be
understood as not excluding plural of said elements or steps,
unless such exclusion is explicitly stated. Furthermore,
references to “an embodiment,” “one embodiment,” “a
representative embodiment,” “an exemplary embodiment,”
“various embodiments,” “certain embodiments,” and the
like are not intended to be interpreted as excluding the
existence of additional embodiments that also incorporate
the recited features. Moreover, unless explicitly stated to the
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contrary, embodiments “comprising,” “including,” or “hav-
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ing” an element or a plurality of elements having a particular
property may include additional elements not having that
property.

[0026] Also as used herein, the term “image” broadly
refers to both viewable images and data representing a
viewable image. However, many embodiments generate (or
are configured to generate) at least one viewable image. In
addition, as used herein, the phrase “image” is used to refer
to an ultrasound mode such as B-mode, CF-mode and/or
sub-modes of CF such as TVI, Angio, B-flow, BMI, BMI_
Angio, and in some cases also MM, CM, PW, TVD, CW
where the “image” and/or “plane” includes a single beam or
multiple beams.

[0027] Furthermore, the term processor or processing unit,
as used herein, refers to any type of processing unit that can
carry out the required calculations needed for the disclosure,
such as single or multi-core: CPU, Graphics Board, DSP,
FPGA, ASIC or a combination thereof.

[0028] It should be noted that various embodiments
described herein that generate or form images may include
processing for forming images that in some embodiments
includes beamforming and in other embodiments does not
include beamforming. For example, an image can be formed
without beamforming, such as by multiplying the matrix of
demodulated data by a matrix of coeflicients so that the
product is the image, and wherein the process does not form
any “beams”. Also, forming of images may be performed
using channel combinations that may originate from more
than one transmit event (e.g., synthetic aperture techniques).
[0029] In various embodiments, ultrasound processing to
form images is performed, for example, including ultra-
sound beamforming, such as receive beamforming, in soft-
ware, firmware, hardware, or a combination thereof. One
implementation of an ultrasound system having a software
beamformer architecture formed in accordance with various
embodiments is illustrated in FIG. 3.

[0030] FIG. 3 is a block diagram of an exemplary ultra-
sound system 100 that is operable to detect a failure of a
mechanical ultrasound transducer assembly 104 by analyz-
ing artifacts in ultrasound images of a probe cap having a
defined structure, in accordance with various embodiments.
Referring to FIG. 3, there is shown an ultrasound system
100. The ultrasound system 100 comprises a transmitter 102,
an ultrasound probe 104, a transmit beamformer 110, a
receiver 118, a ADC 122, a receive beamformer 120, a RF
processor 124, a RF/IQ buffer 126, a user input module 130,
a signal processor 132, an image buffer 136, and a display
system 134.

[0031] The transmitter 102 may comprise suitable logic,
circuitry, interfaces and/or code that may be operable to
drive an ultrasound probe 104. The ultrasound probe 104
may comprise a two dimensional (2D) array of piezoelectric
elements mounted on a transducer assenibly movable in a
single plane. For example, the mechanical transducer assem-
bly may be movable approximately 120 to 150 degrees by a
motor driving gears, belts, and/or rope to pivot an axis or
hub of the movable transducer assembly. The ultrasound
probe 104 may comprise a group of transmit transducer
elements 106 and a group of receive transducer elements
108, that normally constitute the same elements mounted on
the mechanical transducer assembly. The mechanical trans-
ducer assembly may be disposed in oil within a probe body
having a probe cap. As described below with reference to
FIGS. 4-10, the probe cap includes a defined structure
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having a thickness different from the thickness of other
portions of the probe cap. The group of transmit transducer
elements 106 may emit ultrasonic signals through the oil and
probe cap and into a target. The defined structure may be
positioned on an inside surface of the probe cap such that a
distance between the group of transmit transducer elements
106 and the inside surface of the probe cap at the defined
structure is different than a distance between the group of
transmit transducer elements 106 and the inside surface of
the remainder of the probe cap. The defined structure in the
probe cap may cause a defined reflection signal of the
ultrasound waves that may be evaluated by the ultrasound
system 100 to determine the rotational position of the
mechanical transducer assembly as described in more detail
below. Additionally and/or alternatively, the defined reflec-
tion signal may be presented in an ultrasound image at the
display system 134 such that an ultrasound operator may
visually confirm the rotational position of the mechanical
transducer assembly.

[0032] The transmit beamformer 110 may comprise suit-
able logic, circuitry, interfaces and/or code that may be
operable to control the transmitter 102 which, through a
transmit sub-aperture beamformer 114, drives the group of
transmit transducer elements 106 to emit ultrasonic transmit
signals into a region of interest (e.g., human, animal, under-
ground cavity, physical structure and the like). The trans-
mitted ultrasonic signals may be back-scattered from struc-
tures in the object of interest, like blood cells or tissue, to
produce echoes. The echoes are received by the receive
transducer elements 108.

[0033] The group of receive transducer elements 108 in
the ultrasound probe 104 may be operable to convert the
received echoes into analog signals, undergo sub-aperture
beamforming by a receive sub-aperture beamformer 116 and
are then communicated to a receiver 118. The receiver 118
may comprise suitable logic, circuitry, interfaces and/or
code that may be operable to receive and demodulate the
signals from the receive sub-aperture beamformer 116. The
demodulated analog signals may be communicated to one or
more of the plurality of A/D converters 122.

[0034] The plurality of A/D converters 122 may comprise
suitable logic, circuitry, interfaces and/or code that may be
operable to convert the demodulated analog signals from the
receiver 118 to corresponding digital signals. The plurality
of A/D converters 122 are disposed between the receiver 118
and the receive beamformer 120. Notwithstanding, the dis-
closure is not limited in this regard. Accordingly, in some
embodiments, the plurality of A/D converters 122 may be
integrated within the receiver 118.

[0035] The receive beamformer 120 may comprise suit-
able logic, circuitry, interfaces and/or code that may be
operable to perform digital beamforming processing to, for
example, sum the delayed channel signals received from the
plurality of A/D converters 122 and output a beam summed
signal. The resulting processed information may be con-
verted back to corresponding RF signals. The corresponding
output RF signals that are output from the receive beam-
former 120 may be communicated to the RF processor 124.
In accordance with some embodiments, the receiver 118, the
plurality of A/D converters 122, and the beamformer 120
may be integrated into a single beamformer, which may be
digital.

[0036] The RF processor 124 may comprise suitable logic,
circuitry, interfaces and/or code that may be operable to
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demodulate the RF signals. In accordance with an embodi-
ment, the RF processor 124 may comprise a complex
demodulator (not shown) that is operable to demodulate the
RF signals to form 1/Q data pairs that are representative of
the corresponding echo signals. The RF or 1/Q signal data
may then be communicated to an RF/IQ buffer 126. The
RF/IQ buffer 126 may comprise suitable logic, circuitry,
interfaces and/or code that may be operable to provide
temporary storage of the RF or I/Q signal data, which is
generated by the RF processor 124.

[0037] The user input module 130 may be utilized to input
patient data, surgical instrument data, scan parameters, set-
tings, configuration parameters, change scan mode, and the
like. In an exemplary embodiment, the user input module
130 may be operable to configure, manage and/or control
operation of one or more components and/or modules in the
ultrasound system 100. In this regard, the user input module
130 may be operable to configure, manage and/or control
operation of transmitter 102, the ultrasound probe 104, the
transmit beamformer 110, the receiver 118, the receive
beamformer 120, the RF processor 124, the RF/IQ buffer
126, the user input module 130, the signal processor 132, the
image buffer 136, and/or the display system 134.

[0038] The signal processor 132 may comprise suitable
logic, circuitry, interfaces and/or code that may be operable
to process ultrasound scan data (i.e., RF signal data or 1Q
data pairs) for generating an ultrasound image for presen-
tation on a display system 134. In various embodiments, the
ultrasound image presented at the display system 134 may
include artifacts in the close range (e.g., ata top of a B-mode
image) corresponding with reflections from the probe cap of
the ultrasound probe 104. For example, the defined structure
in the probe cap of the ultrasound probe 104 causes a defined
reflection signal from a portion of the ultrasound waves
directed at the defined structure of the probe cap. The
portions of the probe cap not having the defined structure
provide a different reflection signal than the defined reflec-
tion signal. The different reflection signals may create dis-
tinguishable artifacts in the close range of an ultrasound
image as described with respect to FIGS. 11 and 12 below.
In an exemplary embodiment, an ultrasound operator may
visually confirm the rotational position of the mechanical
transducer assembly based on the artifacts shown in the
close range of the ultrasound image presented at the display
system 134.

[0039] The signal processor 132 is operable to perform
one or more processing operations according to a plurality of
selectable ultrasound modalities on the acquired ultrasound
scan data. In an exemplary embodiment, the signal processor
132 may be operable to perform compounding, motion
tracking, and/or speckle tracking. Acquired ultrasound scan
data may be processed in real-time during a scanning session
as the echo signals are received. Additionally or alterna-
tively, the ultrasound scan data may be stored temporarily in
the RF/IQ buffer 126 during a scanning session and pro-
cessed in less than real-time in a live or off-line operation.
[0040] The ultrasound system 100 may be operable to
continuously acquire ultrasound scan data at a frame rate
that is suitable for the imaging situation in question. Typical
frame rates range from 20-70 but may be lower or higher.
The acquired ultrasound scan data may be displayed on the
display system 134 at a display-rate that can be the same as
the frame rate, or slower or faster. An image buffer 136 is
included for storing processed frames of acquired ultrasound
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scan data that are not scheduled to be displayed immediately.
Preferably, the image buffer 136 is of sufficient capacity to
store at least several seconds’ worth of frames of ultrasound
scan data. The frames of ultrasound scan data are stored in
a manner to facilitate retrieval thereof according to its order
or time of acquisition. The image buffer 136 may be embod-
ied as any known data storage medium.

[0041] The signal processor 132 may include a mechanical
transducer failure detection module 140 that comprises
suitable logic, circuitry, interfaces and/or code that may be
operable to process ultrasound image data to determine a
rotational position of the mechanical ultrasound transducer
within the probe 104. For example, the defined structure of
the probe cap of the ultrasound probe 104 produces a defined
reflection signal of ultrasonic signals transmitted from the
mechanical transducer. As described below with respect to
FIGS. 4-10, the defined structure may include grooves,
protrusions, and/or portions of the probe cap having a
thickness different from the thickness of the remainder of the
probe cap. As described below with respect to FIGS. 11 and
12, the defined reflections of the defined structure in the
probe cap produce artifacts distinguishable from the artifacts
produced by the remainder of the probe cap. Accordingly,
the mechanical transducer failure detection module 140 may
detect the different artifacts and/or the transitions between
different sets of artifacts. As an example, the mechanical
transducer failure detection module 140 may apply image
detection techniques and/or machine learning techniques to
detect whether artifacts corresponding to defined structure of
the probe cap are present in the ultrasound image data and
the position of any detected artifacts.

[0042] In various embodiments, the mechanical trans-
ducer failure detection module 140 may include one or more
deep neural networks and/or utilize any suitable form of
machine learning processing functionality to detect the
presence and position of artifacts associated with the defined
structure in the probe cap of the ultrasound probe 104. For
example, the mechanical transducer failure detection mod-
ule 140 may be made up of an input layer, an output layer,
and one or more hidden layers in between the input and
output layers. Each of the layers may be made up of a
plurality of processing nodes that may be referred to as
neurons. For example, the input layer may have a neuron for
each pixel or a group of pixels from an ultrasound image or
at least the close range (e.g., at a top of a B-mode image) of
the ultrasound image. The output layer may have a neuron
corresponding to a correct position of detected defined
structure artifacts and one or more neurons corresponding
with incorrect position(s) and/or no detected defined struc-
ture artifacts. Each neuron of each layer may perform a
processing function and pass the processed ultrasound image
information to one of a plurality of neurons of a downstream
layer for further processing. As an example, neurons of a
first layer may learn to recognize edges of artifact in the
ultrasound image data. The neurons of a second layer may
learn to recognize artifact types based on the detected edges
from the first layer. The neurons of a third layer may learn
the appropriate position of the recognized artifact types in
the ultrasound image data. The processing performed by the
mechanical transducer failure detection module 140 deep
neural network may provide a determination of whether the
mechanical transducer is appropriately positioned with a
high degree of probability.
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[0043] The mechanical transducer failure detection mod-
ule 140 may comprise suitable logic, circuitry, interfaces
and/or code that may be operable to disable the ultrasound
probe 104 and/or to provide a transducer failure notification
in response to a determination that the mechanical trans-
ducer is in an incorrect rotational position. For example, the
mechanical transducer failure detection module 140 may
shut off power provided to the ultrasound probe 104. As
another example, the mechanical transducer failure detec-
tion module 140 may control the operation of the transmitter
102, the ultrasound probe 104, the transmit beamformer 110,
the receiver 118, and/or the receive beamformer 120 to
prevent the transmission of ultrasonic signals and/or the
processing of any received echoes. In various embodiments,
the mechanical transducer failure detection module 140 may
provide a visual and/or audible notification to alert an
ultrasound operator of the malfunctioning mechanical trans-
ducer of the ultrasound probe 104. By providing alerts
and/or disabling the probe 104, the mechanical transducer
failure detection module 140 may allow an ultrasound
operator to replace the ultrasound probe 104 prior to or early
on in a procedure if a mechanical and/or electrical failure of
the mechanical ultrasound transducer is detected.

[0044] FIG. 4 illustrates a side cross-sectional view of an
exemplary ultrasound probe 200 having a probe cap 202
with a defined structure 210, in accordance with a first
embodiment. Referring to FIG. 4, the ultrasound probe 200
comprises a mechanical transducer 201 disposed in oil
within a probe cap 202. The mechanical transducer 201 is
rotatable approximately 120 to 150 degrees in a single plane
by a motor driving gears, belts, or rope, for example, to
rotate hub or axis 203. The probe cap 202 comprises a
defined structure 210 that may be positioned at a center of
the inside surface of the probe cap 202. The probe cap 202
may have a uniform thickness with the exception of the
thickness at the defined structure 210. For example, as
shown in FIG. 4, the defined structure 210 may be a groove
having a smaller thickness than the remainder of the probe
cap 202. The groove 210 may extend through at least a
portion of the probe cap at a position corresponding with a
center ultrasound image acquisition plane of the mechanical
transducer 201. The different thickness of the defined struc-
ture 210 and the remainder of the probe cap 202 causes
distinguishable artifacts to be provided in a close range of
acquired ultrasound image data if the mechanical transducer
201 is pointed in the direction of the defined structure 210.
For example, if the mechanical transducer 201 is at a center
rotational position, the acquired ultrasound data would
include artifacts representative of the defined structure 210
in the center close range position of a corresponding ultra-
sound image.

[0045] FIG. 11 illustrates an exemplary ultrasound image
300 having artifacts 310 showing a defined structure 210 of
a probe cap 202, in accordance with various embodiments.
Referring to FIG. 11, a transition 315 between two generally
uniform sets of artifacts 310, 320 are shown. The artifacts
310 at the central portion may correspond with the defined
structure 210 having a first thickness. The generally uniform
artifacts 320 at the outer portions of the ultrasound image
300 may correspond with the remainder of the probe cap 202
having a second thickness different from the first thickness.
The ultrasound image 300 may be presented at a display
system 134 for analysis by an ultrasound operator and/or
processed by a mechanical transducer failure detection mod-
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ule 140 to determine whether the mechanical transducer 201
is correctly oriented at a central rotational position. The
mechanical transducer failure detection module 140 and/or
ultrasound operator may determine that the mechanical
transducer 201 has malfunctioned if the artifacts 310 are not
shown in the ultrasound image 300 and/or if the artifacts 310
are not shown at the appropriate position in the ultrasound
image 300. Referring again to FIG. 4, for example, the
mechanical transducer 201 positioned as shown may not
acquire image data having the artifacts 310 corresponding
with the defined structure 210 because the mechanical
transducer 201 is not positioned at a center rotational
position.

[0046] The ultrasound probe 200 illustrated in FIG. 4
shares various characteristics with the ultrasound probe 104
illustrated in FIG. 3 as described above.

[0047] FIG. 5 illustrates a side cross-sectional view of an
exemplary ultrasound probe 200 having a probe cap 202
with a defined structure 210, in accordance with a second
embodiment. Referring to FIG. 5, the ultrasound probe 200
comprises a mechanical transducer 201 disposed in oil
within a probe cap 202 and rotatable about a hub or axis 203.
The probe cap 202 comprises a defined structure 210, such
as the protrusion illustrated in FIG. 5, that may extend across
at least a portion of the inside surface of the probe cap 202
at a position corresponding with a center ultrasound image
acquisition plane of the mechanical transducer 201. The
defined structure 210 may have a first thickness and the
remainder of the probe cap 202 may have a second, uniform
thickness smaller than the first thickness of the defined
structure 210 that causes distinguishable artifacts to be
provided in a close range of acquired ultrasound image data
if the mechanical transducer 201 is pointed in the direction
of the defined structure 210. Referring again to FIG. 11, the
artifacts 310 at the central portion may correspond with the
protrusion 210 having a larger thickness and the generally
uniform artifacts 320 at the outer portions of the ultrasound
image 300 may correspond with the remainder of the probe
cap 202 having a smaller thickness. The mechanical trans-
ducer failure detection module 140 and/or ultrasound opera-
tor may determine that the mechanical transducer 201 has
malfunctioned if the artifacts 310 are not shown in the
ultrasound image 300 and/or if the artifacts 310 are not
shown at the appropriate position in the ultrasound image
300.

[0048] The ultrasound probe 200 illustrated in FIG. 5
shares various characteristics with the ultrasound probe 104
illustrated in FIG. 3 as described above.

[0049] FIG. 6 illustrates a top elevation view of an exem-
plary ultrasound probe 200 having a probe cap 202 with a
defined structure 210, in accordance with a third embodi-
ment. Referring to FIG. 6, the ultrasound probe 200, shown
perpendicular to the ultrasound probes 200 of FIGS. 4 and
5, comprises a probe housing 204 including a probe cap 202
having a defined structure 210. A mechanical transducer (not
shown) may be disposed in oil within the probe cap 202 and
rotatable about a hub or axis (not shown) in up and down
directions with reference to the orientation of FIG. 6. The
probe cap 202 comprises a defined structure 210, such as a
groove or protrusion, extending diagonally across at least a
portion of the probe cap 202 in the ultrasound image
acquisition plane of the mechanical transducer 201. The
defined structure 210 may have a first thickness and the
remainder of the probe cap 202 may have a second, uniform
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thickness different from the first thickness of the defined
structure 210 that causes distinguishable artifacts to be
provided in a close range of acquired ultrasound image data.
In the embodiment of FIG. 6, the diagonal orientation of the
defined structure 210 ensures that the mechanical transducer
captures ultrasound image data having artifacts 310 corre-
sponding to the defined structure 210. For example, if the
mechanical transducer has a center rotational position, the
artifacts 310 created by the defined structure 210 may appear
at the center, close range position in an ultrasound image 300
as shown in FIG. 11. As another example, if the mechanical
transducer is rotated up or down from the center rotational
position, the artifacts 310 created by the defined structure
210 may appear at left or right close range positions in the
ultrasound image 300. The mechanical transducer failure
detection module 140 and/or ultrasound operator may deter-
mine the rotational position of the mechanical transducer
201 based on the detected position of the artifacts 310 in the
ultrasound image 300.

[0050] The ultrasound probe 200 illustrated in FIG. 6
shares various characteristics with the ultrasound probe 104
illustrated in FIG. 3 as described above.

[0051] FIG. 7 illustrates a top elevation view of an exem-
plary ultrasound probe 200 having a probe cap 202 with a
defined structure 210, in accordance with a fourth embodi-
ment. Referring to FIG. 7, the ultrasound probe 200, shown
perpendicular to the ultrasound probes 200 of FIGS. 4 and
5, comprises a probe housing 204 including a probe cap 202
having a defined structure 210. A mechanical transducer (not
shown) may be disposed in oil within the probe cap 202 and
rotatable about a hub or axis (not shown) in up and down
directions with reference to the orientation of FIG. 7. The
probe cap 202 comprises defined structures 210, such as
grooves or protrusions, positioned at outer edges of a center
ultrasound image acquisition plane of the mechanical trans-
ducer 201. The defined structures 210 may have a first
thickness and the remainder of the probe cap 202 may have
a second, uniform thickness different from the first thickness
of the defined structures 210 that causes distinguishable
artifacts to be provided in a close range of acquired ultra-
sound image data if the mechanical transducer 201 is
pointed in the direction of the defined structure 210.

[0052] FIG. 12 illustrates an exemplary ultrasound image
300 having artifacts 310 showing a defined structure 210 of
a probe cap 202, in accordance with various embodiments.
Referring to FIG. 12, artifacts 310 are shown in a close range
at outer edges of an ultrasound image 300. The artifacts 310
at the outer edges of the ultrasound image 300 may corre-
spond with the defined structure 210 having a first thickness.
In various embodiments, the image area between the arti-
facts 310 may include generally uniform artifacts corre-
sponding with the remainder of the probe cap 202 having a
second thickness different from the first thickness. The
ultrasound image 300 may be presented at a display system
134 for analysis by an ultrasound operator and/or processed
by a mechanical transducer failure detection module 140 to
determine whether the mechanical transducer 201 is cor-
rectly oriented at a central rotational position. The mechani-
cal transducer failure detection module 140 and/or ultra-
sound operator may determine that the mechanical
transducer 201 has malfunctioned if the artifacts 310 created
by the defined structures 210 of FIG. 7, for example, are not
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shown in the ultrasound image 300 and/or if the artifacts 310
are not shown at the appropriate position in the ultrasound
image 300.

[0053] The ultrasound probe 200 illustrated in FIG. 7
shares various characteristics with the ultrasound probe 104
illustrated in FIG. 3 as described above.

[0054] FIG. 8 illustrates a side cross-sectional view of an
exemplary ultrasound probe 200 having a probe cap 202
with a defined structure 210, in accordance with a fifth
embodiment. FIG. 9 illustrates a top elevation view of an
exemplary ultrasound probe 200 having a probe cap 202
with a defined structure 210, in accordance with the fifth
embodiment. The ultrasound probe 200 in FIG. 8 is shown
perpendicular to the ultrasound probe 200 of FIG. 9. Refer-
ring to FIGS. 8 and 9, the ultrasound probe 200 comprises
a mechanical transducer 201 disposed in oil within a probe
cap 202 and rotatable about a hub or axis 203. The probe cap
202 comprises defined structures 210, such as protrusions or
grooves, extending across outer edges of approximately one
half of the probe cap 202. The defined structures 210 of the
probe cap 202 may be a first thickness and the remainder of
the probe cap 202 may be a second, generally uniform
thickness different from the thickness of the defined struc-
tures 210. The defined structures 210 may be at outer edges
of approximately half of the ultrasound image acquisition
planes of the mechanical transducer 201 extending from a
position corresponding with a center ultrasound image
acquisition plane of the mechanical transducer 201 toward
one end of the probe cap 202 along the rotational direction
of the mechanical transducer 201 as shown in FIG. 9. The
defined structures 210 cause distinguishable artifacts to be
provided in a close range of acquired ultrasound image data
if the mechanical transducer 201 is directed at the transition
point at the center ultrasound image acquisition plane
between the defined structures 210 at the edges on a first
approximately half of the probe cap 202 and the edges not
having the defined structures on a second approximately half
of the probe cap 202.

[0055] Referring again to FIG. 12, the artifacts 310 at the
outer edges of the ultrasound image 300 may correspond
with a transition from the defined structure 210 having a first
thickness to the approximately half of the ultrasound image
acquisition planes of the mechanical transducer 201 at the
outer edges having the second thickness different from the
first thickness. The mechanical transducer failure detection
module 140 and/or ultrasound operator may determine that
the mechanical transducer 201 has malfunctioned if the
artifacts 310 are not shown in the ultrasound image 300
and/or if the artifacts 310 are not shown at the appropriate
position in the ultrasound image 300.

[0056] The ultrasound probe 200 illustrated in FIGS. 8 and
9 share various characteristics with the ultrasound probe 104
illustrated in FIG. 3 as described above.

[0057] FIG. 10 illustrates a front cross-sectional view of
an exemplary ultrasound probe 200 having a probe cap 202
with defined structures 210, in accordance with various
embodiments. The front view of the ultrasound probe 200 in
FIG. 10 is perpendicular to both the side views of ultrasound
probes 200 in FIGS. 4, 5, and 8 and the top views of
ultrasound probes 200 in FIGS. 6, 7, and 9. Referring to FIG.
10, the ultrasound probe 200 comprises a mechanical trans-
ducer 201 having transducer elements 206. The mechanical
transducer 201 may be surrounded by and/or submerged in
oil within a probe housing 204 and/or a probe cap 202. The

Apr. 11,2019

mechanical transducer 201 is rotatable in a single plane in
directions into and out of FIG. 10. The probe cap 202
comprises defined structures 210 at outer edges in at least a
center acquisition plane of the mechanical transducer 201.
The defined structures 210 may extend over to overlap
laterally with at least a portion of the transducer elements
206 at the outer edges of the mechanical transducer 201 at
least when the mechanical transducer 201 is at a center
rotational position corresponding with the center acquisition
plane of the mechanical transducer 201. The defined struc-
tures 210 may have first thickness and the remainder of the
probe cap 202 may have a second, uniform thickness that is
smaller than the first thickness. For example, the defined
structures 210 may be protrusions, as shown in FIG. 3,
having a larger thickness than the remainder of the probe cap
202. The protrusions 210 at the outer edges of the probe cap
202 may be various sizes and/or lengths as shown, for
example, in FIGS. 7-9.

[0058] The different thickness of the defined structure 210
and the remainder of the probe cap 202 causes distinguish-
able artifacts to be provided in a close range of acquired
ultrasound image data if the mechanical transducer 201 is
provided at a rotational position such that the transducer
elements 206 overlap with the defined structure 210. For
example, if the mechanical transducer 201 is at a center
rotational position, the acquired ultrasound data would
include artifacts representative of the defined structure 210
at outer edges in the close range of a corresponding ultra-
sound image. Referring again to FIG. 12, the artifacts 310 at
the outer edges of the ultrasound image 300 may correspond
with the defined structure 210 having a first thickness and/or
a transition from the defined structure 210 to a non-defined
structure portion of the probe cap 202 at the outer edges
having a second thickness different from the first thickness.
The mechanical transducer failure detection module 140
and/or ultrasound operator may determine that the mechani-
cal transducer 201 has malfunctioned if the artifacts 310 are
not shown in the ultrasound image 300 and/or if the artifacts
310 are not shown at the appropriate position in the ultra-
sound image 300.

[0059] The ultrasound probe 200 illustrated in FIG. 10
may share various characteristics with the ultrasound probes
104, 200 illustrated in FIGS. 3, 5 and 7-9 as described above.

[0060] Referring again to FIGS. 4-10, the oil-filled dis-
tance between the inside of the probe cap 202 and the
mechanical transducer 201 may be in a range from 0.2 mm
to 1 mm. In various embodiments, the oil-filled distance
between the inside of the probe cap 202 and the mechanical
transducer may be greater than 1 mm. In a representative
embodiment, the thickness of the probe cap 202 may be
approximately 1 millimeter (defined as 0.5 mm to 2.5 mm).
In an exemplary embodiment, the thickness of the defined
structure 210 in the probe cap 202 may be approximately 0.3
mm (defined as 0.05 mm to 0.5 mm). In certain embodi-
ments, the size of the step between the inside surface of the
probe cap 202 and the inside surface of the defined structure
210 may pre-defined based on an anticipated quarter-wave-
length (A/4) of ultrasonic signals transmitted from the ultra-
sound probe 104. For example, depending on the mechanical
details and type of ultrasound probe 104, 200, and assuming
an ultrasound frequency of 3 MHz and a speed of sound
through the oil of 1534 m/s, the size of the step in the probe
cap 202 may be 0.1278 mm. The quarter-wavelength step
between the defined structure 210 and the remainder of the
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probe cap 202 causes a destructive interference when half of
the transmitted ultrasound wave hits the upper surface
structure and the other half of the ultrasound wave hits the
lower surface structure. The destructive interference is cre-
ated by a 180 degree phase shift that extinguishes the
reflective halves of the waves to provide strong distinguish-
able artifacts. Accordingly, the destructive interference may
increase the precision of the determination of the rotational
position of the mechanical transducer 201 by increasing the
ability of the mechanical transducer failure detection module
140 and/or ultrasound operator to identify the artifacts 310
in the ultrasound image 300. As used herein, a defined
structure 210 having a quarter-wavelength step distance is
referred to as “a A/4 structure.”

[0061] FIG. 13 is a flow chart 400 illustrating exemplary
steps 402-408 that may be utilized for detection of a failure
of a mechanical ultrasound transducer assembly 104, 201,
203 by analyzing artifacts 310 in ultrasound images 300 of
a probe cap 202 having a defined structure 210, in accor-
dance with various embodiments. Referring to FIG. 13,
there is shown a flow chart 400 comprising exemplary steps
402 through 408. Certain embodiments may omit one or
more of the steps, and/or perform the steps in a different
order than the order listed, and/or combine certain of the
steps discussed below. For example, some steps may not be
performed in certain embodiments. As a further example,
certain steps may be performed in a different temporal order,
including simultaneously, than listed below.

[0062] At step 402, a probe 104 of an ultrasound system
100 may acquire ultrasound image data with an ultrasound
probe 104, 200 having a mechanical transducer 201 covered
by a probe cap 202 having a defined structure 210. The
ultrasound system 100 may acquire ultrasound data, for
example, as described above with regard to FIG. 3 using a
probe cap 202 described above with regard to one or more
of FIGS. 4-10.

[0063] At step 404, a signal processor 132 of the ultra-
sound system 100 may process and display the acquired
ultrasound image data. For example, the signal processor
may process the ultrasound image data acquired at step 402
to generate ultrasound images 300 for presentation at a
display system 134. In various embodiments, the ultrasound
images 300 may include artifacts 310, 320 in a close range
of the images 300 corresponding with the probe cap 202
and/or defined structure(s) 210 of the probe cap 202.
[0064] At step 406, the acquired ultrasound image data
may be analyzed to detect whether the defined structure 210
of the probe cap 202 is positioned in the acquired ultrasound
image data at an appropriate location. For example, a
mechanical transducer failure detection module 140 of the
signal processor 132 may apply image detection techniques
and/or machine learning techniques to detect whether arti-
facts 310 corresponding to defined structure(s) 210 of the
probe cap 202 are present in the ultrasound image 300 and
the position of any detected artifacts 310. The mechanical
transducer failure detection module 140 may compare the
position(s) of detected artifacts 310 to stored reference
location(s) to detect whether the defined structure 210 of the
probe cap 202 is positioned in the ultrasound image 300 at
the appropriate location corresponding with an appropriately
positioned mechanical transducer 201. As another example,
an ultrasound operator may visually detect whether the
defined structure 210 of the probe cap 202 is positioned in
an ultrasound image 300 presented at a display system 134
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at the appropriate location. The ultrasound image 300 may
allow the ultrasound operator to visually confirm the rota-
tional position of the mechanical transducer 201 based on
the artifacts 310 shown in the close range of the ultrasound
image 300 presented at the display system 134.

[0065] At step 408, the ultrasound probe 104, 200 may be
shut down and/or changed out if the defined structure 210 of
the probe cap 202 is not detected in the appropriate location
within the acquired ultrasound image data. The mechanical
transducer 201 of the ultrasound probe 104, 200 may have
experienced a mechanical and/or electrical failure if the
mechanical transducer 201 is in an incorrect rotational
position. The determination that the mechanical transducer
201 is incorrectly positioned may be based on whether
artifacts 310 representative of the defined structure 210 of
the probe cap 202 are detected in the correct position in the
ultrasound image 300 at step 406. The mechanical trans-
ducer failure detection module 140 of the signal processor
132 may provide a transducer failure notification, shut off
power provided to the ultrasound probe 104, 200, and/or
otherwise disable the ultrasound probe 104, 200 in response
to a determination that the mechanical transducer 201 is in
an incorrect rotational position. Additionally and/or alterna-
tively, the ultrasound operator may change out the ultra-
sound probe 104, 200 in response to the alerts, the disabling
of the probe 104, 200, and/or the visual determination that
the defined structure 210 of the probe cap is not in the
appropriate location at step 406.

[0066] Aspects of the present disclosure provide an ultra-
sound probe 104, 200 comprising a mechanical transducer
201 rotatable about an axis 203. The mechanical transducer
201 may be operable to acquire ultrasound image data at one
or more rotational positions of a plurality of rotational
positions. The ultrasound probe 104, 200 may comprise a
probe housing 204 having a probe cap 202 covering the
mechanical transducer 201. The mechanical transducer 201
may be directed toward the probe cap 202 at each of the
plurality of rotational positions. The probe cap 202 may
comprise a defined structure 210 having a first thickness and
a remainder portion having a second thickness different than
the first thickness. At least a portion of the defined structure
210 may be at a center section of the probe cap 202
corresponding with a center rotational position of the
mechanical transducer 201.

[0067] In a representative embodiment, the ultrasound
image data 300 acquired by the mechanical transducer at the
center rotational position may comprise first artifacts 310
created by defined reflections corresponding with the
defined structure 210 at the center section of the probe cap
202, and second artifacts 320 created by remainder reflec-
tions corresponding with the remainder portion at the center
section of the probe cap 202. In an exemplary embodiment,
acquisition of the ultrasound image data 300 by the
mechanical transducer 201 is prevented if the mechanical
transducer 201 is not located at the center rotational position
as determined by one or both of the first artifacts 310 being
not present in the acquired ultrasound image data 300 or the
first artifacts 310 being located in an incorrect location in the
acquired ultrasound image data 300. In various embodi-
ments, the defined structure 210 is a A/4 structure.

[0068] In certain embodiments, the defined structure 210
is a groove having the first thickness that is smaller than the
second thickness of the remainder portion. The groove 210
may be one or both of positioned to extend across at least a
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central portion of the center section of the probe cap 202, or
positioned at one or both outer edges of the center section of
the probe cap 202. In a representative embodiment, the
defined structure 210 is a protrusion having the first thick-
ness that is larger than the second thickness of the remainder
portion. The protrusion 210 may be one or both of positioned
to extend across at least a central portion of the center
section of the probe cap 202, or positioned at one or both
outer edges of the center section of the probe cap 202.

[0069] In an exemplary embodiment, the defined structure
210 is positioned to extend across both outer edges of one
half of the probe cap 202. The defined structure 210 at each
of the outer edges may transition to the remainder portion to
define a step at the outer edges of the center section of the
probe cap 202. Each of the steps may be in a mechanical
transducer image acquisition plane if the mechanical trans-
ducer 201 is located at the center rotational position. In
various embodiments, the defined structure 210 extends
diagonally across the probe cap 202 such that at least a
portion of the defined structure 210 is in a mechanical
transducer image acquisition plane in any of the plurality of
rotational positions. In certain embodiments, the defined
structure 210 is positioned at an inside surface of the probe
cap 202. In a representative embodiment, one or more of a
distance between an inside of the probe cap 202 and the
mechanical transducer 201 is in a range from 0.2 mm to 1
mm, the thickness of the remainder portion of the probe cap
202 is approximately 1 mm, and the thickness of the defined
structure 210 in the probe cap 202 is approximately 0.3 mm.

[0070] Various embodiments provide a system 100 for
detecting a failure of a mechanical ultrasound transducer
assembly 201 by analyzing artifacts 310, 320 in ultrasound
images 300 of a probe cap 202 having a defined structure
210. The system 100 comprises an ultrasound probe 104,
200 comprising a mechanical transducer 201 rotatable about
an axis 203. The mechanical transducer 201 may be operable
to acquire ultrasound image data at one or more rotational
positions of a plurality of rotational positions. The ultra-
sound probe 104, 200 may comprise a probe housing 204
having a probe cap 202 covering the mechanical transducer
201. The mechanical transducer 201 may be directed toward
the probe cap 202 at each of the plurality of rotational
positions. The probe cap 202 may comprise a defined
structure 210 having a first thickness and a remainder
portion having a second thickness different than the first
thickness. At least a portion of the defined structure 210 may
be at a center section of the probe cap 202 corresponding
with a center rotational position of the mechanical trans-
ducer 201. The system 100 comprises a processor 132, 140
that may be configured to process the ultrasound image data
acquired by the mechanical transducer 201 to generate an
ultrasound image 300. The processor 132, 140 may be
configured to detect whether artifacts 310 corresponding to
the defined structure 210 of the probe cap 202 are present at
an appropriate location in the ultrasound image 300.

[0071] In a representative embodiment, the system 100
may comprise a display system 134 configured to present the
ultrasound image 300 generated by the processor 132, 140.
In certain embodiments, the artifacts 310 are located in a
close range of the ultrasound image 300. In an exemplary
embodiment, the processor 132, 140 may be configured to
disable the ultrasound probe 104, 200 if the artifacts 310
corresponding to the defined structure 210 are not present at
the appropriate location in the ultrasound image 300. In
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various embodiments, the defined structure 210 is a A/4
structure. In certain embodiments, the defined structure 210
is a groove having the first thickness that is smaller than the
second thickness of the remainder portion. The groove 210
may be one or both of positioned to extend across at least a
central portion of the center section of the probe cap 202, or
positioned at one or both outer edges of the center section of
the probe cap 202. In a representative embodiment, the
defined structure 210 is a protrusion having the first thick-
ness that is larger than the second thickness of the remainder
portion. The protrusion 210 may be one or both of positioned
to extend across at least a central portion of the center
section of the probe cap 202, or positioned at one or both
outer edges of the center section of the probe cap 202.

[0072] In an exemplary embodiment, the defined structure
210 is positioned to extend across both outer edges of one
half of the probe cap 202. The defined structure 210 at each
of the outer edges may transition to the remainder portion to
define a step at the outer edges of the center section of the
probe cap 202. Fach of the steps may be in a mechanical
transducer image acquisition plane if the mechanical trans-
ducer 201 is located at the center rotational position. In
various embodiments, the defined structure 210 extends
diagonally across the probe cap 202 such that at least a
portion of the defined structure 210 is in a mechanical
transducer image acquisition plane in any of the plurality of
rotational positions. In certain embodiments, one or more of
a distance between an inside of the probe cap 202 and the
mechanical transducer 201 is in a range from 0.2 mm to 1
mm, the thickness of the remainder portion of the probe cap
202 is approximately 1 mm, and the thickness of the defined
structure 210 in the probe cap 202 is approximately 0.3 mm.

[0073] As utilized herein the term “circuitry” refers to
physical electronic components (i.e. hardware) and any
software and/or firmware (“code”) which may configure the
hardware, be executed by the hardware, and or otherwise be
associated with the hardware. As used herein, for example,
a particular processor and memory may comprise a first
“circuit” when executing a first one or more lines of code
and may comprise a second “circuit” when executing a
second one or more lines of code. As utilized herein,
“and/or” means any one or more of the items in the list
joined by “and/or”. As an example, “x and/or y” means any
element of the three-element set {(x), (¥), (%, y)}. As another
example, “x, y, and/or z” means any element of the seven-
element set {(x), (y), (), (%, ¥), (% 2), (¥, 2), (X, ¥, 2)}. As
utilized herein, the term “exemplary” means serving as a
non-limiting example, instance, or illustration. As utilized
herein, the terms “e.g.,” and “for example” set off lists of one
or more non-limiting examples, instances, or illustrations.
As utilized herein, circuitry is “operable” to perform a
function whenever the circuitry comprises the necessary
hardware and code (if any is necessary) to perform the
function, regardless of whether performance of the function
is disabled, or not enabled, by some user-configurable set-
ting.

[0074] Other embodiments of the disclosure may provide
a computer readable device and/or a non-transitory com-
puter readable medium, and/or a machine readable device
and/or a non-transitory machine readable medium, having
stored thereon, a machine code and/or a computer program
having at least one code section executable by a machine
and/or a computer, thereby causing the machine and/or
computer to perform the steps as described herein for
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detecting a failure of a mechanical ultrasound transducer
assembly by analyzing artifacts in ultrasound images of a
probe cap having a defined structure.
[0075] Accordingly, the present disclosure may be real-
ized in hardware, software, or a combination of hardware
and software. The present disclosure may be realized in a
centralized fashion in at least one computer system, or in a
distributed fashion where different elements are spread
across several interconnected computer systems. Any kind
of computer system or other apparatus adapted for carrying
out the methods described herein is suited.
[0076] The present disclosure may also be embedded in a
computer program product, which comprises all the features
enabling the implementation of the methods described
herein, and which when loaded in a computer system is able
to carry out these methods. Computer program in the present
context means any expression, in any language, code or
notation, of a set of instructions intended to cause a system
having an information processing capability to perform a
particular function either directly or after either or both of
the following: a) conversion to another language, code or
notation; b) reproduction in a different material form.
[0077] While the present disclosure has been described
with reference to certain embodiments, it will be understood
by those skilled in the art that various changes may be made
and equivalents may be substituted without departing from
the scope of the present disclosure. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the present disclosure without
departing from its scope. Therefore, it is intended that the
present disclosure not be limited to the particular embodi-
ment disclosed, but that the present disclosure will include
all embodiments falling within the scope of the appended
claims.
What is claimed is:
1. An ultrasound probe comprising:
a mechanical transducer rotatable about an axis, the
mechanical transducer operable to acquire ultrasound
image data at one or more rotational positions of a
plurality of rotational positions; and
aprobe housing having a probe cap covering the mechani-
cal transducer, wherein:
the mechanical transducer is directed toward the probe
cap at each of the plurality of rotational positions,

the probe cap comprises a defined structure having a
first thickness and a remainder portion having a
second thickness different than the first thickness,
and

at least a portion of the defined structure is at a center
section of the probe cap corresponding with a center
rotational position of the mechanical transducer.

2. The ultrasound probe of claim 1, wherein the ultra-
sound image data acquired by the mechanical transducer at
the center rotational position comprises:

first artifacts created by defined reflections corresponding
with the defined structure at the center section of the
probe cap, and

second artifacts created by remainder reflections corre-
sponding with the remainder portion at the center
section of the probe cap.

3. The ultrasound probe of claim 2, wherein acquisition of
the ultrasound image data by the mechanical transducer is
prevented if the mechanical transducer is not located at the
center rotational position as determined by one or both of the
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first artifacts being not present in the acquired ultrasound
image data or the first artifacts being located in an incorrect
location in the acquired ultrasound image data.
4. The ultrasound probe of claim 1, wherein the defined
structure is a A/4 structure.
5. The ultrasound probe of claim 1, wherein the defined
structure is a groove having the first thickness that is smaller
than the second thickness of the remainder portion, and
wherein the groove is one or both of:
positioned to extend across at least a central portion of the
center section of the probe cap, or
positioned at one or both outer edges of the center section
of the probe cap.
6. The ultrasound probe of claim 1, wherein the defined
structure is a protrusion having the first thickness that is
larger than the second thickness of the remainder portion,
and wherein the protrusion is one or both of:
positioned to extend across at least a central portion of the
center section of the probe cap, or
positioned at one or both outer edges of the center section
of the probe cap.
7. The ultrasound probe of claim 1, wherein the defined
structure is positioned to extend across both outer edges of
one half of the probe cap, the defined structure at each of the
outer edges transitioning to the remainder portion to define
a step at the outer edges of the center section of the probe
cap, and wherein each of the steps are in a mechanical
transducer image acquisition plane if the mechanical trans-
ducer is located at the center rotational position.
8. The ultrasound probe of claim 1, wherein the defined
structure extends diagonally across the probe cap such that
at least a portion of the defined structure is in a mechanical
transducer image acquisition plane in any of the plurality of
rotational positions.
9. The ultrasound probe of claim 1, wherein the defined
structure is positioned at an inside surface of the probe cap.
10. The ultrasound probe of claim 1, wherein one or more
of:
a distance between an inside of the probe cap and the
mechanical transducer is in a range from 0.2 mm to 1
mm}
the thickness of the remainder portion of the probe cap is
approximately 1 mm, and
the thickness of the defined structure in the probe cap is
approximately 0.3 mm.
11. A system comprising:
an ultrasound probe comprising:
a mechanical transducer rotatable about an axis, the
mechanical transducer operable to acquire ultra-
sound image data at one or more rotational positions
of a plurality of rotational positions; and
a probe housing having a probe cap covering the
mechanical transducer, wherein:
the mechanical transducer is directed toward the
probe cap at each of the plurality of rotational
positions,

the probe cap comprises a defined structure having a
first thickness and a remainder portion having a
second thickness different than the first thickness,
and

at least a portion of the defined structure is at a center
section of the probe cap corresponding with a
center rotational position of the mechanical trans-
ducer; and
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a processor configured to:
process the ultrasound image data acquired by the
mechanical transducer to generate an ultrasound
image; and
detect whether artifacts corresponding to the defined
structure of the probe cap are present at an appro-
priate location in the ultrasound image.

12. The system of claim 11, comprising a display system
configured to present the ultrasound image generated by the
processor.

13. The system of claim 11, wherein the artifacts are
located in a close range of the ultrasound image.

14. The system of claim 11, wherein the processor is
configured to disable the ultrasound probe if the artifacts
corresponding to the defined structure are not present at the
appropriate location in the ultrasound image.

15. The system of claim 11, wherein the defined structure
is a A/4 structure.

16. The system of claim 11, wherein the defined structure
is a groove having the first thickness that is smaller than the
second thickness of the remainder portion, and wherein the
groove is one or both of’

positioned to extend across at least a central portion of the

center section of the probe cap, or

positioned at one or both outer edges of the center section

of the probe cap.

17. The system of claim 11, wherein the defined structure
is a protrusion having the first thickness that is larger than
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the second thickness of the remainder portion, and wherein
the protrusion is one or both of:

positioned to extend across at least a central portion of the
center section of the probe cap, or

positioned at one or both outer edges of the center section
of the probe cap.

18. The system of claim 11, wherein the defined structure
is positioned to extend across both outer edges of one half
of the probe cap, the defined structure at each of the outer
edges transitioning to the remainder portion to define a step
at the outer edges of the center section of the probe cap, and
wherein each of the steps are in a mechanical transducer
image acquisition plane if the mechanical transducer is
located at the center rotational position.

19. The system of claim 11, wherein the defined structure
extends diagonally across the probe cap such that at least a
portion of the defined structure is in a mechanical transducer
image acquisition plane in any of the plurality of rotational
positions.

20. The system of claim 11, wherein one or more of:

a distance between an inside of the probe cap and the
mechanical transducer is in a range from 0.2 mm to 1
mm,

the thickness of the remainder portion of the probe cap is
approximately 1 mm, and

the thickness of the defined structure in the probe cap is
approximately 0.3 mm.
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