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tached to a portion of an ultrasound probe. Such a cap is employed
in one embodiment to act as a spacer component to provide a stan-
doff for the probe head. Detection of probe cap attachment to the ul-
trasound probe enables the resultant ultrasound image to be adjusted
automatically by the ultrasound imaging system. In one embodiment,
an ultrasound imaging system comprises an ultrasound probe, a cap
or other component that is attachable to the probe, and a component
attachment detection system for detecting attachment of the compon-
ent to the probe. Once the cap is detected, an aspect of an ultrasound
image produced by the imaging system is modified, such as cropping
the image to remove undesired portions of the cap, such as the
spacer component.
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APPARATUS AND METHODS FOR DETECTION OF A REMOVABLE CAP ON
AN ULTRASOUND PROBE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application No.
61/660,201, filed June 15, 2012, and titled “Apparatus and Methods for Detection of a
Removable Cap on an Ultrasound Probe,” which is incorporated herein by reference in its

entirety.

BRIEF SUMMARY

[0002] Briefly summarized, embodiments of the present invention are directed to an
ultrasound imaging device that includes the ability to determine when a component, such as a
removable probe cap, is attached to a portion of an ultrasound probe thereof. Such a cap can
include a spacer component to provide a standoff for the probe head, which enables relatively
shallow subcutaneous structures of the patient’s body to be suitably imaged. The spacer
component of the probe cap is implemented in one embodiment as an acoustically transparent
hydrogel insert that enables the cap to slide easily over the skin of a patient during ultrasound
imaging procedures. The probe cap is configured to be removably attachable to the head

portion of the probe so as to be disposed of after use, in one embodiment.

[0003] Detection of probe cap attachment to the ultrasound probe enables the resultant
ultrasound image to be adjusted automatically by the ultrasound imaging system. In one
embodiment, adjustment of the image includes removing from the image the portion thereof
corresponding to the hydrogel probe cap. By so doing, the top of the ultrasound image
displayed by the imaging device will correspond with the surface of the patient’s skin, thus
facilitating relatively easy interpretation of the image by the clinician performing the imaging

procedure.

[0004] In one embodiment, an ultrasound imaging system comprises an ultrasound probe,
a cap or other component attachable to the probe, and a component attachment detection
system for detecting attachment of the component to the probe. Once the cap is detected, an
aspect of an ultrasound image produced by the imaging system is modified, including

cropping of the image to remove undesired portions of the cap, such as the spacer component.
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[0005] These and other features of embodiments of the present invention will become
more fully apparent from the following description and appended claims, or may be learned

by the practice of embodiments of the invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] A more particular description of the present disclosure will be rendered by
reference to specific embodiments thereof that are illustrated in the appended drawings. It is
appreciated that these drawings depict only typical embodiments of the invention and are
therefore not to be considered limiting of its scope. Example embodiments of the invention
will be described and explained with additional specificity and detail through the use of the

accompanying drawings in which:

[0007] FIG. 1 is a perspective view of an ultrasound imaging system according to one

embodiment;

[0008] FIG. 2 is a block diagram depicting elements of the ultrasound imaging system of
FIG. 1;

[0009] FIG. 3 is partial cross sectional side view showing use of the ultrasound probe of

FIG. 1 in accessing a vessel with a needle;

[0010] FIGS. 4A and 4B show exploded views of the ultrasound probe of FIG. I, including
an attachable cap and hydrogel insert;

[0011] FIG. 5 is a cross sectional side view of a portion of the ultrasound probe and

attachable cap of FIG. 1;

[0012] FIGS. 6A and 6B show ultrasound images taken by the ultrasound imaging system

of FIG. 1 according to one embodiment;

[0013] FIG. 7 is a screenshot from the ultrasound imaging system of FIG. 1 according to

one embodiment;

[0014] FIG. 8 is a screenshot from the ultrasound imaging system of FIG. 1 according to

one embodiment;
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[0015] FIG. 9 is an ultrasound image showing sampling zones according to one

embodiment;

[0016] FIG. 10 is a table showing aspects of a method for detecting the attachable cap of

the ultrasound imaging system of FIG. 1 according to one embodiment;

[0017] FIGS. 11A and 11B are various views of an ultrasound probe and hydrogel insert

according to one embodiment;

[0018] FIG. 12 is a simplified side view of an ultrasound probe and imaged portion of

body tissue in accordance with one embodiment;

[0019] FIG. 13 is a simplified side view of an ultrasound probe and attachable cap

according to one embodiment;

[0020] FIG. 14 is a simplified side view of an ultrasound probe and attachable cap

according to one embodiment;

[0021] FIG. 15 is a simplified side view of an ultrasound probe and attachable cap

according to one embodiment;

[0022] FIG. 16 is a simplified side view of an ultrasound probe and attachable cap

according to one embodiment;

[0023] FIG. 17 is an ultrasound image showing sampling zones according to one

embodiment;

[0024] FIG. 18 shows various stages of a method for detecting attachment of a spacer

component to an ultrasound probe according to one embodiment;

[0025] FIG. 19 is a perspective view of an ultrasound probe according to one
embodiment;

[0026] FIG. 20 shows elements of a cap detection system according to one embodiment;
[0027] FIG. 21 shows elements of a cap detection system according to one embodiment;
and

[0028] FIG. 22 shows elements of a cap detection system according to one embodiment.
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DETAILED DESCRIPTION OF SELECTED EMBODIMENTS

[0029] Reference will now be made to figures wherein like structures will be provided
with like reference designations. It is understood that the drawings are diagrammatic and
schematic representations of exemplary embodiments of the present invention, and are

neither limiting nor necessarily drawn to scale.

[0030] For clarity it is to be understood that the word “proximal” refers to a direction
relatively closer to a clinician using the device to be described herein, while the word “distal”
refers to a direction relatively further from the clinician. For example, the end of a catheter
placed within the body of a patient is considered a distal end of the catheter, while the
catheter end remaining outside the body is a proximal end of the catheter. Also, the words
“including,” “has,” and “having,” as used herein, including the claims, shall have the same

meaning as the word “comprising.”

[0031] Embodiments of the present invention are generally directed to an ultrasound
imaging device including an ultrasound probe for ultrasonically imaging subcutaneous tissues
of a body of a patient. More particularly, apparatus and methods are disclosed for
determining when a component, such as a removable probe cap, is attached to a portion of an
ultrasound probe. Such a cap is employed in one embodiment to act as a spacer component
to provide a standoff for the probe head, which enables relatively shallow subcutaneous
structures of the patient’s body to be suitably imaged. The spacer component of the probe
cap is implemented in one embodiment as an acoustically transparent hydrogel insert that
enables the cap to slide easily over the skin of a patient during ultrasound imaging
procedures. The probe cap is configured to be removably attachable to the head portion of

the probe so as to be disposed of after use, in one embodiment.

[0032] Detection of probe cap attachment to the ultrasound probe enables the resultant
ultrasound image to be adjusted automatically by the ultrasound imaging system. In one
embodiment, adjustment of the image includes removing from the image the portion thereof
corresponding to the hydrogel probe cap. By so doing, the top of the ultrasound image
displayed by the imaging device will correspond with the surface of the patient’s skin, thus
facilitating relatively easy interpretation of the image by the clinician performing the imaging

procedure.
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[0033] FIG. 1 shows various components of an ultrasound imaging system (“system”) 10,
according to one embodiment. As shown, the system 10 includes a console 20 housing
various electronic and other components necessary for processing and depicting ultrasonic
images. The console 20 includes a touchscreen display 30 for depicting ultrasonic images
and for enabling touch-based input by a clinician to control the device and its functionality.
A probe 40, containing one or more transducer elements in a head 44 thereof for emitting and
receiving ultrasonic signals, is operably attached to the console 20 via a cable or other

suitable interface.

[0034] An optional probe cap (“cap”) 50 is shown for removable attachment to the head
44 of the probe 40 so as to cover the transducer elements disposed therein. The cap 50 in one
embodiment includes a hydrogel insert 54 or other suitable ultrasonically transparent
material, such as silicone, for providing an ultrasonically transparent interface between the
probe head 44 and the skin surface. The hydrogel insert 54 also acts as a spacer component
to provide a standoff distance between the surface of the probe head 44 and the surface of the
patient’s skin. Optionally, a needle guide 60 is slidably attached to the cap 50 to assist with
guiding needles through the patient’s skin and into the vessel being imaged by the system 10.
Further details regarding the probe cap, hydrogel insert, and needle guide can be found in:
U.S. Patent Application Nos. 13/206,396, filed August 9, 2011, and entitled “Support and
Cover Structures for an Ultrasound Probe Head;” 13/531,406, filed June 22, 2012, and
entitled “Needle Guide with Selectable Aspects;” and 13/671,382, filed November 7, 2012,
and entitled “Ruggedized Ultrasound Hydrogel Insert.” Each of the foregoing applications is
incorporated herein by reference in its entirety. Note that other ultrasound imaging devices
and systems that differ from that shown here can also benefit from the embodiments

described herein.

[0035] FIG. 2 shows a block diagram of the system 10 of FIG. 1, according to one
embodiment. In detail, the console 20, display 30, and probe 40 are represented, as in FIG. 1.
The console 20 includes therein a motherboard 64 for governing system functionality and
includes a processor or other general or special purpose computer, memory, storage locations,
and other components for system operation. A power button 66 is included, as are USB ports
68 for interfacing with other devices. An external power supply 70, as well as a battery 72
and speaker 74, are provided for operation. The display 30 in the present embodiment

includes an LCD screen 78 or other suitable screen, and a touchscreen 80 to enable touch-
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based functionality via the display 30. Note that the system 10 can include different, fewer,
or more components than those listed here, including those components that enable the
system to operate in a networked manner with other local or remote computing or network

systems.

[0036] FIG. 3 shows use of the system 10 in accessing a vessel 86 with a needle 84 in
preparation for inserting a catheter into the vessel, according to one embodiment. The probe
40, equipped with the head-covering cap 50 and attached needle guide 60, is placed against
the skin so as to ultrasonically image a slice of internal body tissue of the patient below the
surface of the skin 82. As shown, a target location 88 of the vessel 86 imaged by the probe
40 1s disposed a substantially vertical depth “x” below the end of the probe, corresponding to
the skin surface 82. An image of the body tissue including the target location 88 is depicted
as an ultrasound image on the display 30 of the imaging system 10. Though shown here as a
central portion of the vessel 86, the target location 88 can be any one of various subcutaneous

locations within the body.

[0037] The needle 84, disposed in the needle guide 60, follows an angled catheter
insertion path a distance “y” to intercept the target location 88. This catheter insertion path,
initially defined by the needle 84, is the same path to be subsequently followed by the
catheter in order to gain access to and enter into the vessel 86. The vertical depth x from
probe head 44 to the target location 88 can be calculated by a processor or other suitable
component of the motherboard 64 of the system 10. Further, the system 10 can be loaded
with appropriate data to know the distance y of the catheter insertion path to reach a given
target location 88 at a depth x. In the present embodiment, these data are known by virtue of
the position of the needle guide with respect to the probe head 44 and the angles in which the
needle 84 can be oriented in the needle guide 60 in order to enable the needle to intercept the
target location 88. As mentioned, such data can be loaded into the system memory for use by
the processor during ultrasonic imaging, as will be described. In another embodiment, the

system computes the distance y in real time based on the vertical depth x and other relevant

factors.

[0038] FIGS. 4A and 4B depict further details of the probe 40 and probe cap 50 of the
imaging system 10, according to one embodiment. In detail, the removable cap 50 is shown
in position for attachment to the probe 40 so as to substantially cover the probe head 44. The

cap 50 is secured to the probe 40 via a snap-fit arrangement in the present embodiment.
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FIGS. 4A and 4B show in greater detail the hydrogel insert 54 that provides both a physical
stand-off distance between the patient’s skin and a head surface 44A of the probe head 44 as
well as a lubricious surface to enable smooth movement of the probe 40 over the skin without
further need of lubricating substances. Note that the probe cap can be attached and secured to
the probe head by any one of many attachment/securement schemes. Note further that the
particular size, shape, and configuration of the probe, probe cap, and hydrogel insert can vary
from what is explicitly shown and described herein. In yet another embodiment a separate
acoustic standoff is interposed between the ultrasound probe head and the patient’s skin. The
principles of the present disclosure can therefore be applied to this and other acoustic standoff

scenarios.

[0039] FIG. 5 depicts the positional relationship between the probe head surface 44A and
the hydrogel insert 54 when the cap 50 is attached to the probe 40 in the manner shown in
FIG. 3. In particular, the cap 50 includes a body 90 that defines a cavity 92 into which the
probe head 44 is received when the cap is removably mated with the probe 40. Note that a
standoff distance 94 exists between the probe head surface 44A and the distal end of the
hydrogel insert 54. So configured, the hydrogel insert 54 acts as a spacer component between

the head surface 44A and the skin of the patient.

[0040] FIGS. 6A and 6B show an ultrasound image 96 produced by the imaging system
10. FIG. 6A shows the image 96 when no cap is attached to the probe 40. In contrast, FIG.
6B shows the image 96 when the cap 50 is attached to the probe 40, as shown in FIG. 5.
Because of its standoff distance 94 (FIG. 5), the hydrogel insert 54 of the cap 50 is shown in
the image 96, as indicated at 98. The patient’s skin surface is also seen at 82. In one
embodiment, it is desirable to remove this portion so as to provide an ultrasound image

whose top corresponds with the skin surface 82 and not the standoff region 98.

[0041] In accordance with one embodiment, a cap detection system (‘“detection system”)
is disclosed to enable the imaging system 10 (FIG. 1) to automatically determine whether a
cap, such as the probe cap 50 or other component, has been attached to the probe 40. If so,
the imaging system can adjust the ultrasound image it produces to desirably remove the

standoff region 98 (FIG. 6B) from the image.

[0042] In particular, in one embodiment the imaging system 10 can be configured such

that full functionality of the imaging system is dependent on the cap 50 being attached to the
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probe 40. For instance, in the present embodiment and as depicted in FIG. 7, a notification
can be presented to alert the user to attach the cap 50 to the probe 40 to enable imaging
system functionality. FIG. 7 shows a sample depiction 100 of the display 30 of the imaging
system 10. The depiction 100 includes an ultrasound image 102 produced by the probe 40,
and a control button field 104. A pop-up window 106 is depicted atop the ultrasound image
102, prompting the user to attach the cap 50 to the probe 40. The pop-up window 106
remains on the display until the detection system detects that the cap 50 has been suitably
attached to the probe 40, as depicted in FIG. 3. Once cap attachment is detected by the
detection system, the pop-up window 106 is removed and the depiction 100 can include an
indicator showing the cap 50 is suitably attached, such as a cap attachment indicator 108,
shown in FIG. 8. Of course, other notifications and indicators than the pop-up window 106
and indicator 108, including audio alerts, lights, etc., can be employed. Use of the cap
detection system to determine whether the cap 50 has been attached to the probe 40 enables

the above functionality.

[0043] In other embodiments, functionality of the imaging system to image and display
ultrasonic images is not dependent upon whether the cap or other component to be detected is
attached to the probe. In yet other embodiments, imaging system functionality is affected in
other ways according to whether the cap is attached, such as changing the orientation of the
ultrasound image when the cap is detected as being attached. These and other variations are

therefore contemplated.

[0044] Inspection of the screenshot depiction 100 of FIG. 8 will indicate that the
ultrasound image 102 has been adjusted such that the top of the image substantially
corresponds with the patient’s skin. In other words, the portion of the image corresponding
to the cap 50 and hydrogel insert 54 has been removed. As discussed above, in one
embodiment it is desirable to remove this portion so as to provide the ultrasound image

beginning at the surface of the patient’s skin.

[0045] FIGS. 9 and 18 depict various details regarding a method 400 employed by a cap
detection system for detecting attachment of the cap 50 to the probe 40 so as to cover the
head 44 according to one embodiment. In the present embodiment the cap detection system
employs various components of the imaging system, including a motherboard processor or
other suitable component of the imaging system 10 (FIG. 2) and the probe 40 to execute an

algorithm for automatic cap detection.
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[0046] In the present embodiment, and with continuing reference to FIGS. 9 and 18, the
above-mentioned algorithm performs the method 400 for detecting whether the cap 50 is
suitably attached to the probe 40 by first, at stage 402, dividing a predetermined portion of an
ultrasound image 112 into a plurality of sampling zones 114, here shown a series of
horizontally extending virtual slices that are vertically stacked atop one another and
descending a predetermined distance from the top of the image. The predetermined portion
of the image 112 that is covered by the sampling zones corresponds in one embodiment to the
expected zone in which the standoff region 98, i.e., the portion of the image that includes the
imaged cap 50 and hydrogel insert 54, is expected to be found. The predetermined portion
may be pre-programmed into or may be dynamically determined by the system 10. In one
embodiment, for example, the standoff distance 94 of the hydrogel insert (FIG 5) is about 3.9
mm, while the predetermined portion of the ultrasound image that will be covered by
sampling zones is about 2.8 mm measured down from the top of the ultrasound image. An
example number n of sampling zones 114 is shown in FIG. 9, descending down to and
including a portion of the imaged skin surface 82. The number, size, etc. of the sampling
zones can vary according to design, user input, etc., and can be dynamically or user-

adjustable.

[0047] Another sampling zone configuration that can be employed is depicted in FIG. 17,
showing the ultrasound image 112 including a plurality of sampling zones 114 as a series of
vertically extending virtual slices that vertically extend downward from the top of the image
and are horizontally stacked aside one another across the image to cover the expected or
designated standoff region 98. In one embodiment, the number of sampling zones is 20,

though other numbers of zones can be employed.

[0048] In stage 404, a threshold for image intensity is determined. The image intensity
threshold determines the level at which the algorithm considers an ultrasonic signal to
represent detected matter. Thus, for each sampling zone 114 an ultrasound signal detected by
the probe 40 that includes an image intensity level exceeding the threshold indicates the
presence ultrasonically detectable matter for that sampling zone, while those zones having
image intensities below the threshold are considered to have no ultrasonically detectable
material in them. As the hydrogel insert 54 that forms the standoff region 98 is ultrasonically
transparent, sampling zones that include a sufficient portion of the insert will have image

intensities below the determined threshold. Note that the image intensity threshold can be
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pre-programmed into the imaging system 10, user-adjustable, or dynamically determined by
the imaging system. In one embodiment, the image intensity can numerically vary between
about 0 (low image intensity) and about 255 (high image intensity), and the image intensity
threshold is about 5. In another embodiment, the image intensity threshold is about 20.

These values, of course, can vary in other embodiments.

[0049] In stage 406, an average image intensity for each sampling zone 114 is then
measured by the system 10 on the same intensity scale given above. In stage 408, the
average image intensities for the sampling zones 114 are then evaluated to determine whether
a sufficient number of sampling zones have image intensities equal to or below the threshold
image intensity discussed above. Table 120 in FIG. 10 shows the collection of such data by
the imaging system 10 in one embodiment. If a sufficient number of sampling zones have
image intensities equal to or below the threshold value, it is determined by the system 10 that
the standoff region 98 is being detected and thus the probe cap 50 is suitably attached to the
probe 40. If an insufficient number of sampling zones have image intensities equal to or
below the threshold image intensity, the system 10 determines that no cap is attached to the

probe 40.

[0050] The number of sampling zones 114 that must have image intensities equal to or
below the threshold image intensity can be pre-programmed into the imaging system 10,
user-adjustable, or dynamically determined by the imaging system. In one embodiment, if at
least 19 sampling zones 114 are found to have image intensities equal to or below the
threshold image intensity, the system 10 can determine that the cap 50 is attached to the
probe 40. Correspondingly, if less than two sampling zones 114 are found to have to have
image intensities equal to or below the threshold image intensity, the system 10 can
determine that the cap 50 is not attached to the probe 40. These numbers can vary in other

embodiments.

[0051] The above process is iterated by the system 10 for each imaging cycle during
ultrasound imaging such that evaluations for the presence of the probe cap are repeatedly
performed during system operation. Each imaging cycle produces a corresponding
ultrasound image, or frame, and multiple frames per second can be produced by the system
10, in one embodiment. In another embodiment, the above process can be iterated at a

regular or user-defined interval, if desired.

10
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[0052] In one embodiment, a certain number of consecutive ultrasound images frames
having a suitable number of sampling zones 114 that are equal to or below the threshold
image intensity must be encountered for the system 10 to determine that the cap 50 is
attached to the probe 40. For instance, in the present embodiment, at least five ultrasound
image frames in a row that are sequentially produced by the system 10 must each have a
suitable number of sampling zones 114 that are equal to or below the threshold image
intensity for the system 10 to determine that the cap 50 is attached to the probe 40, though

this number can vary.

[0053] For example, and in light of the above, the system 10 in one embodiment will
determine that the cap 50 is suitably attached to the probe 40 if, for five consecutive
ultrasound image frames, more than 18 sampling zones 114 are found to have image
intensities equal to or below the threshold image intensity. Correspondingly, the system 10
will determine that the cap 50 is not suitably attached to the probe 40 if, for five consecutive
ultrasound image frames, less than two sampling zones 114 are found to have to have image
intensities equal to or below the threshold image intensity. Once the cap attachment status is
set by the system 10 as just described, it will not change unless the above more-than-18 or
less-than-two sampling zone conditions are met for five consecutive ultrasound image
frames. Should the number of qualifying sampling zones fall within 2-18 for a given
ultrasound image frame, the cap attachment status is not changed from its previous setting

and the counter for determining five consecutive image frames is reset.

[0054] Once it determines that the cap 50 is suitably attached to the probe 40 as described
above, the system 10 adjusts the image 112 to crop or remove the region determined to
correspond to the standoff region 98 representing the hydrogel insert 54. This results in a
view similar to the depiction 100 shown in FIG. 8 wherein the skin surface 82 is positioned

proximate the top of the ultrasound image 102.

[0055] As mentioned above, during iterative execution of the above process the system
10 can determine that the cap 50 has been removed from or is not currently attached to the
probe 40. Once the system 10 determines that the cap 50 is not suitably attached to the probe
40, the cropping of the image described above is not performed, and the full ultrasound image

is depicted.

11
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[0056] In addition to ultrasound image cropping, it is appreciated that other/additional
actions can be taken by the system 10 once the cap 50 is determined either to be attached or
detached from the probe 40. For instance, in one embodiment, the orientation of the
ultrasound image can be flipped and image characteristics such as grayscale can be modified
when the cap is detected as suitably attached. FIG. 19 shows one example of a probe 440
that can utilize such functionality. As shown, the probe 440 includes a head portion 444 and
a fixture 462 for receiving thereon a detachable needle guide. The fixture 462 can be adapted
to receive thereon needle guides such as those disclosed in U.S. Patent No. 5,235,987,
entitled “Needle Guide,” and U.S. Patent Application No. 12/642,456, filed December 18,
2009, and entitled “Needle Guides for a Sonographic Imaging Device.” Each of the

aforementioned documents is incorporated herein by reference in its entirety.

[0057] Note that in addition to the above-described, other algorithms can be executed by
the system 10 to determine attachment of the cap to the probe. One possible algorithm
employs a Hough transform to identify and locate the interface between the skin surface and
the hydrogel insert in the ultrasound image in a predetermined or programmed area of the
image. If the interface is detected with sufficient certainty, the system 10 can determine that

the cap is suitably attached to the probe.

[0058] FIGS. 11A and 11B depict details of a cap detection system according to another
embodiment, wherein a probe 140 including a head 144 in which a transducer 160 of multiple
transducer elements 160A is disposed. A hydrogel insert 154 is shown as operably
positioned proximate the probe head 144 such that ultrasonic signals from the transducer 160
can pass through the hydrogel insert 154 to and from the body tissue. In the present
embodiment, the hydrogel insert 154 acts as a spacer component and is included in a cap that

is removably attachable to the probe 140.

[0059] As shown in FIG. 11B, one or more ultrasonically reflective markers 156 can be
included in the hydrogel insert 154 in one or more detection regions 162 of the insert. In the
present embodiment, two detection regions 162 are longitudinally defined in the hydrogel
insert 154 and extend in the direction of travel of ultrasonic signals emitted from the probe
head transducer 160. The system 10 is configured to detect the reflective marker(s) 156 when
the hydrogel insert-including cap is suitably attached to the probe 140. Thus, if the reflective
markers 156 are detected, the imaging system 10 can determine that the cap is suitably

attached to the probe 140. No detection of the reflective markers 156 by the imaging system

12



WO 2013/188833 PCT/US2013/045999

10 indicates that no cap is attached. The number, types, position, and other configuration of
the hydrogel insert and its reflective markers/detection regions can vary from what is

explicitly shown and described herein.

[0060] FIG. 12 depicts details of a cap detection system according to another
embodiment, wherein a probe 240 including a head 244 in which a plurality of transducer
elements 260A is disposed. Note that, for clarity, only the end transducer elements 260A are
shown in FIG. 12. A hydrogel insert 254 is shown as operably positioned proximate the
probe head 244 such that ultrasonic signals from the transducer can pass through the hydrogel
insert 254 to and from the body tissue. In the present embodiment, the hydrogel insert 154
acts as a spacer component and is included in a cap that is removably attachable to the probe

140.

[0061] As shown, one or more transducer elements — in this embodiment, the end
transducer elements 260A — can be designated by the imaging system 10 to continuously emit
ultrasound signals and monitor the reflected signals. Instead of being used for ultrasonic
imaging of tissue, the end transducer elements 260A are used to monitor for the presence of
the hydrogel insert, and thus cap attachment. Should no reflection be detected in the standoff
region corresponding to the hydrogel insert 254, the system 10 determines that the cap
including the hydrogel insert is suitably attached. Correspondingly, a relatively strong
ultrasonic reflection within the expected standoff region indicates that no cap and hydrogel
insert is present. The region to be monitored for the presence of ultrasonic reflections can be

user-defined, dynamically defined, or pre-programmed into the imaging system 10.

[0062] In one embodiment, multiple transducer elements along the length of the
transducer can be utilized to monitor for the hydrogel insert and associated cap, as just
described, in contrast to using only the end transducers. For instance, a transducer element at
or near the middle of the transducer can be employed, in addition to the end transducer
elements. In another embodiment, the end transducer elements 260A are utilized to identify
and locate the hydrogel-skin surface interface, i.e., a depth where a substantially acoustically
transparent region transitions abruptly to an acoustically non-transparent region in a region of
interest that is pre-programmed, dynamically determined by the system, input by a user, etc.
If such an interface is encountered at a depth in accordance with expected values, the imaging

system 10 can determine that the cap is suitably attached to the probe.
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[0063] Note further that, in at least the present embodiment, the imaging system can
dynamically determine the height of the hydrogel insert acting as a spacer component. In
such cases, the imaging system can alter the ultrasound image once the cap has been detected
as being attached to the probe so as to crop only that portion of the image corresponding to
the determined height of the hydrogel insert. In other embodiments, a look-up table including
the measure of image cropping distances can be stored and accessed by the system once the
size of the hydrogel insert or other suitable spacer component has been determined so as to

crop a desired portion of the ultrasound image.

[0064] FIG. 13 depicts details of a cap detection system according to another
embodiment, wherein a probe 340 including a head 344 in which a transducer is disposed. A
cap 350 including a hydrogel insert 354 that acts as a spacer component is shown as ready for
attachment to the probe 340. A magnetic element, such as a permanent magnet 360, is
included with the cap 350. A magnetic sensor 362, such as a Hall Effect sensor, is included
with the probe 340 and is configured to detect the magnetic field of the magnet 360 when the
cap 350 is attached to probe 340. Note that the type, size, position, and other configuration of
the magnetic elements and magnetic sensor can vary from what is shown and described

herein.

[0065] FIG. 14 depicts details of a cap detection system according to another
embodiment, wherein an infrared or other electromagnetic wave-based transceiver 370 is
included with the head 344 of the probe 340. An infrared or other suitable reflector 372 is
optionally included on the cap 350 and positioned to reflect infrared signals produced by the
transceiver 370 when the cap 350 is suitably attached to probe 340. Note that the type, size,
position, and other configuration of the transceiver and reflector can vary from what is shown

and described herein.

[0066] FIG. 15 depicts details of a cap detection system according to another
embodiment, wherein a mechanical switch 380 is included on the probe such that it is
depressed or otherwise actuated when the cap 350 is suitably attached to the probe. This will
indicate to the imaging system 10 that the cap is suitably attached. The type, size, position,
and other configurations of the switch can vary from what is shown and described here. For
instance, in one embodiment an optical switch can be used to indicate when the cap is

suitably attached to the probe.
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[0067] FIG. 16 depicts details of a cap detection system according to another
embodiment, wherein the cap 350 includes an RFID 390 chip that is detectable by a
corresponding RFID reader 392 disposed in the head 344 or other portion of the probe 340
when the cap 350 is suitably attached to the probe. The RFID chip 390 can include one of

various types, including active and passive chips, etc.

[0068] FIGS. 20-22 depict yet other cap detection systems according to other
embodiments. In detail, FIG. 20 shows a cap detection system including light source/detector
470 capable of emitting and detecting light or other suitable form of electromagnetic
radiation, and a retro reflector 472 configured to reflect light back in the direction of the light
impinging upon it. The light source/detector 470 and retro reflector 472 can be respectively
placed on the probe and cap in an offset configuration as shown in FIG. 20 to enable cap
detection to occur only when both components are suitably positioned with respect to one

another. If the light is not reflected back, then the cap is considered not attached.

[0069] FIG. 21 shows a cap detection system including light source/detector 480 capable
of emitting and detecting light or other suitable form of electromagnetic radiation, and a
phosphorous-coated element 482 that is configured to emit light at a particular wavelength
and in a predetermined timeframe after the impingement of light from the light
source/detector. In operation, light is emitted from the light source/detector 480 and
impinges on phosphorous-coated element 482, both components being respectively
positioned on the probe and the cap in a suitable configuration. The impinging light causes
the phosphorous-coated element 482 to re-emit light of a particular wavelength, which can be
detected by the light source/detector 480. Additionally, the re-emitted light can emit from the
phosphorous-coated element 482 at a decay rate that can be detected by the light
source/detector 480 and analyzed by the system 10 to determine that the cap is suitably
attached. If the light re-emission and/or decay rate are not detected, then the cap is

considered not attached.

[0070] FIG. 22 shows a cap detection system including light source/detector 490 capable
of emitting and detecting light or other suitable form of electromagnetic radiation, and a
polarizing reflector 492 configured to reflect back polarized light to the light source/detector.
A polarizing filter 494 is interposed between the light source/detector 490 and the polarizing
reflector 492 and can prevent transmission of light that has a polarization of 90 degrees from

that of the filter. By properly orienting the reflector 492 and filter 494 with respect to each

15



WO 2013/188833 PCT/US2013/045999

other as respectively attached to the probe and cap (or via versa), the system 10 can
determine whether the cap is suitably attached to the probe by analyzing the characteristics of
the light detected by the light source/detector 490 after reflection by the reflector and passage
through the filter. Note that in this and the other embodiments above, the light
source/detector can be separate components, in one embodiment. Note also that the
embodiments discussed above, including the discussion relating to FIGS. 20-22, can be
useful for eliminating false positive detections of cap attachment and for preventing use of

non-authorized components with the probe, in one embodiment.

[0071] In addition to the foregoing, other cap detection systems can be employed,
including manual input to the imaging system 10 by a user after visually determining that the

cap or other component is suitably attached to the probe, in one embodiment.

[0072] Embodiments described herein may comprise a special purpose or general-
purpose computer including computer hardware, as discussed in greater detail below.
Embodiments within the scope of the present disclosure also include computer-readable
media for carrying or having computer-executable instructions or data structures stored
thereon. Such computer-readable media can be any available media that can be accessed by a
general purpose or special purpose computer. By way of example, and not limitation,
computer-readable media can comprise physical (or recordable-type) computer-readable
storage media, such as, RAM, ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other medium which can be
used to store desired program code means in the form of computer-executable instructions or

data structures and which can be accessed by a general purpose or special purpose computer.

[0073] A “network” is defined herein as one or more data links that enable the transport
of electronic data between computer systems and/or modules. When information is
transferred or provided over a network or another communications connection (either
hardwired, wireless, or a combination of hardwired or wireless) to a computer, the computer
properly views the connection as a computer-readable medium. Thus, by way of example,
and not limitation, computer-readable media can also comprise a network or data links which
can be used to carry or store desired program code means in the form of computer-executable
instructions or data structures and which can be accessed by a general purpose or special

purpose computer.
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[0074] Computer-executable instructions comprise, for example, instructions and data
which cause a general purpose computer, special purpose computer, or special purpose
processing device to perform a certain function or group of functions. The computer
executable instructions may be, for example, binaries, intermediate format instructions such
as assembly language, or even source code. Although the subject matter has been described in
language specific to structural features and/or methodological acts, it is to be understood that
the subject matter defined in the appended claims is not necessarily limited to the described
features or acts described above. Rather, the described features and acts are disclosed as

example forms of implementing the claims.

[0075] Those skilled in the art will appreciate that the embodiments herein may be
practiced in network computing environments with many types of computer system
configurations, including, personal computers, desktop computers, laptop computers,
message processors, hand-held or portable devices, multi-processor systems, microprocessor-
based or programmable consumer electronics, network PCs, minicomputers, mainframe
computers, mobile telephones and devices, PDAs, pagers, and the like. The embodiments
may also be practiced in distributed system environments where local and remote computer
systems, which are linked (either by hardwired data links, wireless data links, or by a
combination of hardwired and wireless data links) through a network, both perform tasks. In
a distributed system environment, program modules may be located in both local and remote

memory storage devices.

[0076] Embodiments of the invention may be embodied in other specific forms without
departing from the spirit of the present disclosure. The described embodiments are to be
considered in all respects only as illustrative, not restrictive. The scope of the embodiments
is, therefore, indicated by the appended claims rather than by the foregoing description. All
changes that come within the meaning and range of equivalency of the claims are to be

embraced within their scope.

What is claimed is:
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CLAIMS

1. An ultrasound imaging system, comprising:
an ultrasound probe;
a component attachable to the probe; and
a component attachment detection system for detecting attachment of
the component to the probe,
wherein an aspect of an ultrasound image produced by the imaging
system is modified according to detection of component

attachment to the probe.

2. The system as defined in claim 1, wherein the component is removably

attachable to the probe.

3. The system as defined in claim 2, wherein the component includes a
cap that at least partially covers a head portion of the probe, the cap including a spacer
component that is interposed between the head portion and the skin of a patient during use of

the probe.

4. The system as defined in claim 3, wherein the component attachment
detection system uses a processor to detect image intensity levels of a plurality sampling
zones of an ultrasound image produced by the imaging system, the sampling zones disposed

in a region of the ultrasound image where the spacer component is expected to be located.

5. The system as defined in claim 4, wherein the attachment detection
system determines the cap is attached to the probe when a minimum number of sampling

zones include image intensity levels below a particular threshold level.

6. The system as defined in claim 3, wherein the spacer component of the

cap includes a hydrogel insert.

7. The system as defined in claim 6, wherein the component detection
system includes at least one reflective marker disposed in the hydrogel insert, the at least one
reflective marker detectable by at least one transducer element of a transducer array of the

probe.
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8. The system as defined in claim 6, wherein the component detection
system includes at least two transducer elements of a transducer array disposed in the head
portion of the probe, the transducer elements used by the component detection system to a
detect a transition from an acoustically transparent region to an acoustically non-transparent

region in a region of interest.

0. The system as defined in claim 6, wherein the component detection
system includes a magnetic sensor included with the probe that detects a magnetic element

included with the cap when the cap is attached to the probe.

10. The system as defined in claim 6, wherein the component detection
system includes an infrared transceiver included with the probe that detects the cap via

infrared reflection when the cap is attached to the probe.

11. The system as defined in claim 6, wherein the component detection
system includes a mechanical switch included on the probe, the mechanical switch actuated

when the cap is attached to the probe.

12. The system as defined in claim 6, wherein the component detection
system includes a RFID reader included with the probe that detects an RFID chip included

with the cap when the cap is attached to the probe.

13. The system as defined in claim 3, wherein the aspect of the ultrasound
image that that is modified according to detection of the cap attachment to the probe includes
removal from the ultrasound image a portion thereof corresponding to the imaged spacer
component, and wherein the component attachment detection system includes a light source,
a light detector, and at least one of a retro reflector, a phosphorus element, and a polarizing

reflector.
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14. A method for detecting attachment of a substantially acoustically
transparent spacer component to a probe of an ultrasound imaging device, the method
comprising:

dividing an area of an ultrasound image produced by the imaging
device into a plurality of sampling zones, the sampling zones
corresponding to an area of the ultrasound image occupied by
the spacer component when attached to the probe;

measuring an image intensity for each sampling zone; and

determining that the spacer component is attached to the probe when
the intensities of a sufficient number of the sampling zones are

less than or equal to a threshold image intensity.

15. The method as defined in claim 14, wherein dividing, calculating, and

determining are performed on a single image frame produced by the imaging device.

16. The method as defined in claim 14, wherein the method is iteratively

performed on each of consecutive image frames produced by the imaging device.

17. The method as defined in claim 14, wherein the spacer component is
gel-based and is included with a cap that removably attaches to cover at least a portion of a

head portion of the probe.

18. The method as defined in claim 14, wherein the method further

comprises:
determining that the removable component is detached from the probe
when the image intensities of a sufficient number of the

sampling zones exceed the threshold image intensity.

19. The method as defined in claim 14, further comprising:
after determining the cap is attached to the probe, altering the

ultrasound image.

20. The method as defined in claim 19, wherein altering the ultrasound
image includes removing a portion of the image corresponding to the spacer component such

that an imaged skin surface of the patient is proximate the top of the ultrasound image.
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21. The method as defined in claim 14, wherein a shape of the sampling
zones 1s one of a virtual slice horizontally extending across the ultrasound image and a virtual

slice vertically extending down from a top portion of the ultrasound image.

22. The method as defined in claim 14, wherein each of at least five
successive ultrasound images produced by the ultrasound imaging device must include a
sufficient number of sampling zones that are less than or equal to the threshold image

intensity to determine that the spacer component is attached to the probe.

23. A method for using an ultrasound imaging system, the system
including an ultrasound probe, a display for depicting ultrasound images produced by the
probe, and a cap that is attachable to the probe, the method comprising:

by a cap attachment detection system of the ultrasound imaging
system, detecting whether the cap is attached to the ultrasound
probe; and

when the cap is detected as attached to the ultrasound probe, altering
an image produced by the ultrasound imaging system in a

predetermined manner.

24. The method as defined in claim 23, wherein altering the image
includes changing the orientation of the image from a first image orientation corresponding to
no attachment of the cap to a second image orientation when the cap is detected as attached to

the probe.

25. The method as defined in claim 24, further comprising cropping a first
portion of the ultrasound image and adjusting a grayscale or other image characteristic of the

ultrasound image when the ultrasound image is oriented in the second image orientation.

26. The method as defined in claim 23, wherein the cap includes a
hydrogel-based spacer component that separates a head portion of the probe from a skin
surface of a patient, and wherein altering the image includes cropping a portion of the image

corresponding to imaging of the spacer component.

21



WO 2013/188833 PCT/US2013/045999

27. The method as defined in claim 23, wherein the cap attaches to the
probe so as to cover a head portion of the probe, and wherein the method further comprises:
when the cap is not attached to the ultrasound probe, a message is

conveyed to a user of the ultrasound imaging system.

28. The method as defined in claim 27, wherein the message includes a

popup window depicted on the display.

29. The method as defined in claim 23, wherein the method is
implemented by a processor executing computer executable instructions, and wherein
uninhibited use of the ultrasound imaging system is enabled after the cap is detected as being

attached to the probe.

30. The method as defined in claim 23, wherein the method is

implemented by a processor executing a Hough transform algorithm.

31. The method as defined in claim 23, wherein the component attachment
detection system includes a light source, a light detector, and at least one of a retro reflector, a

phosphorus element, and a polarizing reflector.
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