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(57) ABSTRACT

A wearable ultrasound probe apparatus includes a wearable
membrane. An ultrasound transducer is also included that is
integrated into the wearable membrane and configured to
maintain a substantially consistent contact with a surface of
an object to be imaged when the object has the wearable
membrane disposed thereon.
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WEARABLE ULTRASOUND PROBE
ASSEMBLY AND METHOD OF
MANUFACTURING SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application is a divisional of and claims
priority to U.S. Ser. No. 11/276195, filed Feb. 17, 2006, the
disclosure of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] Embodiments of the present invention relate gener-
ally to diagnostic imaging and, more particularly, to a method
and apparatus capable of correcting motion errors in imaging
data acquired from an object prone to motion. This motion
correction is advantageously achieved by using mechanical
motion data acquired from the object with one modality coin-
cident with imaging data acquisition from the object with
another and different modality.

[0003] Various imaging modalities are often used to image
objects in or prone to motion, such as the heart in cardiac
studies. For example, in cardiac computed tomography (CT),
magnetic resonance imaging (MRI) and other imaging
modalities directed to the acquisition of data from an object
prone to motion, one or more motion correction techniques
are generally used to reduce motion-induced artifacts in the
reconstructed images. In known studies, this motion correc-
tion or compensation can add significant complexity in post
processing of the images.

[0004] In one specific example, CT imaging requires more
than 180 degrees of projections to formulate an image.
Because of various limitations in conventional CT scanners,
the time necessary to collect a complete set of projections is
significant relative to object motion. For example, cardiac CT
imaging is typically performed with the aid of an electrocar-
diogram (EKG) signal which is used to synchronize data
acquisition and image reconstruction with the phase of car-
diac motion. The EKG signal collected from the patient rep-
resents the electrical properties of the heart and is helpful in
identifying the quiescent period of cardiac activity, which is
preferred for data acquisition. Moreover, the EKG signal
assists in identifying this quiescent period over several car-
diac cycles. By synchronizing data collection with the quies-
cent period of the cardiac cycle, image artifacts and spatial
resolution due to heart motion are reduced. Additionally, by
consistently identifying this quiescent period in successive
cardiac cycles, inconsistency between images acquired at
different cardiac cycles is reduced. EKG signals can be used
similarly in MR and other imaging modalities.

[0005] Although this EKG gating performs satisfactorily in
most cases, there is room for improvement. Specifically, con-
ventional EKG gating does not provide mechanical motion
detection. While an EKG signal can indicate that motion is
occurring or is about to occur, it cannot provide accurate
real-time placement data of the heart. This is primarily a
function of EKG’s measuring the electrical activity of the
heart and inferring mechanical motion from this electrical
activity. As it is the actual mechanical motion of the heart that
contributes to sub-optimal image quality, cardiac images that
depend on EKG signals either require significant post pro-
cessing to correct for motion artifacts or require a very high
slice acquisition rate.
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[0006] That is, CT reconstruction does not have a priori
information on heart motion. In conventional EKG gated
cardiac CT studies, the heart is presumed to be a stationary
object during most of the short acquisition period identified as
the quiescent period in the acquired EKG signal. Convention-
ally, half-scan weighting is used to suppress the impact of
motion; however, its effectiveness is less than optimal since
half-scan weighting reduces the contribution of CT data
acquired at both ends near the 180 degree projection angular
range. The amount of data to be suppressed at both ends of the
dataset remains constant and therefore does not change based
on each data acquisition, since there is no a priori information
available. However, the amount of data to be suppressed
should change based on the motion characteristics of the
scanned object. For data collected roughly in the center of the
180 degree projection angular range, the data is treated in an
identical manner without any weighting. Further, even with a
gantry speed of 0.3 s/rotation, the central region of the pro-
jection range constitutes a 150 ms temporal window, which is
prohibitively slow to completely “freeze” cardiac motion.
The data acquisition window for CT systems having dual
tube-detector assemblies is still between 70-80 ms which is
not sufficient to eliminate heart motion. It is generally recog-
nized that 10-15 ms temporal resolution is necessary to
acquire a motion-free dataset.

[0007] It would therefore be desirable to design an appara-
tus and method of acquiring mechanical motion data, rather
than inferring mechanical motion data, for physiologically
gating CT and other image modality acquisitions to acquire
motion-free datasets. It would also be desirable to incorporate
the mechanical motion data into the image reconstruction
process to compensate for the motion. It would also be desir-
able to use elasticity and other information obtained from
ultrasound to map to the CT images to provide additional
functional information, such as the viability of tissue. It
would also be desirable to use ultrasound information to assist
in identifying calcium in a CT scan and conversely use the CT
anatomical information gathered in a CT scan to correct for
noise in an ultrasound image. It would also be desirable to use
the ultrasound tissue Doppler mode to acquire the velocity
map to characterize the wall motion and map it to the CT
images to provide functional information.

BRIEF DESCRIPTION OF THE INVENTION

[0008] Embodiments of the present invention are directed
to a method and apparatus for simultaneously acquiring
imaging data with real-time motion data from an object prone
to motion, and using the motion data for motion compensa-
tion in the imaging data.

[0009] Motion data is acquired simultaneously and in real-
time with image data. The motion data is acquired with a
scanner of one modality and provides accurate and near-
instant information as to the state and position of an object
prone to motion. The image data is acquired with a scanner of
a different modality than that used to acquire the motion data.
In this regard, embodiments of the present invention are par-
ticularly applicable for cardiac CT and MR imaging and other
physiologically gated acquisitions. It is also advantageous to
overcome peristaltic motion of the patient. In the context of
cardiac imaging, the mechanical motion data includes infor-
mation regarding size, shape, and location of the heart during
the cardiac phases (diastole, systole, etc.) during each cardiac
cycle. Such detailed information is generally not attainable
from EKG signals.
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[0010] Therefore, in accordance with one aspect of the
present invention, a wearable ultrasound probe apparatus
includes a wearable membrane. An ultrasound transducer is
also included that is integrated into the wearable membrane
and configured to maintain a substantially consistent contact
with a surface of an object to be imaged when the object has
the wearable membrane disposed thereon.

[0011] In accordance with a further aspect, a wearable
ultrasound probe assembly includes an ultrasound transducer
array comprising a plurality of ultrasound transducers and a
wearable membrane having the plurality of ultrasound trans-
ducers disposed thereabout. The wearable membrane is con-
figured to cause the plurality of ultrasound transducers to
maintain a substantially consistent contact with a surface of
an object to be imaged when the object has the wearable
membrane disposed thereon.

[0012] In accordance with another aspect of the present
invention, a method of manufacturing a wearable ultrasound
probe assembly includes providing a wearable membrane
configured to maintain a substantially consistent contact with
a surface of an object to be imaged when the object has the
wearable membrane disposed thereon. The method also
includes coupling a plurality of ultrasound transducers to the
wearable membrane.

[0013] Various other features and advantages of the present
invention will be made apparent from the following detailed
description and the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The drawings illustrate one preferred embodiment
presently contemplated for carrying out the invention.

[0015] In the drawings:

[0016] FIG.1is a pictorial perspective view of a CT imag-
ing system.

[0017] FIG. 2 is a block schematic diagram of the system

illustrated in FIG. 1.

[0018] FIG. 3 is a flowchart setting forth the steps of a
motion compensation technique according one aspect of the
present invention.

[0019] FIG. 4 is a flowchart setting forth the steps of a
modified backprojection technique according to another
aspect of the present invention.

[0020] FIG. 5 is a pictorial view of a wearable ultrasound
transducer apparatus according to an aspect of the present
invention.

[0021] FIG. 6 is a side view of a movable patient table
operably connected or integrated with an ultrasound trans-
ducer according to another aspect of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0022] Embodiments of the present invention will be
described with respect to a “third generation” CT scanner, but
is equally applicable with other image modalities. Moreover,
the embodiments of the present invention will be described
with respect to an imaging system that includes a CT scanner
that acquires image data and an ultrasound machine that
acquires motion data from a patient. The CT scanner and
ultrasound machine are stand-alone devices that can be used
independently from one another, but, as will be described, can
operate in tandem to acquire CT data and ultrasound data
simultaneously. It is also contemplated that the embodiments
of the present invention are applicable with an integrated
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CT/ultrasound system. It is further contemplated that the
invention may be embodied in a combination ultrasound/MR
system or a stand- alone ultrasound and a stand-alone MR
scanner that work in tandem to acquire motion and image
data.

[0023] Referringto FIGS. 1 and 2, a computed tomography
(CT) imaging system 10 is shown as including a gantry 12
representative of a “third generation” CT scanner. Gantry 12
has an x-ray source 14 that projects a beam of x-rays 16
toward a detector array 18 on the opposite side of the gantry
12. Detector array 18 is formed by a plurality of detectors 20
which together sense the projected x-rays that pass through a
medical patient 22. Each detector 20 produces an electrical
signal that represents the intensity of an impinging x-ray
beam and hence the attenuated beam as it passes through the
patient 22. During a scan to acquire x-ray projection data,
gantry 12 and the components mounted thereon rotate about
a center of rotation 24.

[0024] Rotation of gantry 12 and the operation of x-ray
source 14 are governed by a control mechanism 26 of CT
system 10. Control mechanism 26 includes an x-ray control-
ler 28 that provides power and timing signals to an x-ray
source 14 and a gantry motor controller 30 that controls the
rotational speed and position of gantry 12. A data acquisition
system (DAS) 32 in control mechanism 26 samples analog
data from detectors 20 and converts the data to digital signals
for subsequent processing. An image reconstructor 34
receives sampled and digitized x-ray data from DAS 32 and
performs high speed reconstruction. The reconstructed image
is applied as an input to a computer 36 which stores the image
in a mass storage device 38.

[0025] Computer 36 also receives commands and scanning
parameters from an operator via console 40 that has a key-
board. An associated cathode ray tube display 42 allows the
operator to observe the reconstructed image and other data
from computer 36. The operator supplied commands and
parameters are used by computer 36 to provide control signals
and information to DAS 32, x-ray controller 28 and gantry
motor controller 30. In addition, computer 36 operates a table
motor controller 44 which controls a motorized table 46 to
position patient 22 and gantry 12. Particularly, table 46 moves
portions of patient 22 through a gantry opening 48.

[0026] Still referring to FIGS. 1-2, in an exemplary
embodiment, an ultrasound machine 50 having one or more
ultrasound transducers 52 linked thereto by control and read-
out cable 54 is used to acquire mechanical motion data coin-
cident with the acquisition of imaging data. The ultrasound
machine includes a printer (not shown) for printing images
displayed on monitor 56 as well as a keyboard and other input
devices 58 to carry out an ultrasound study. In a preferred
embodiment, the ultrasound machine is remotely positioned
from the patient 22 and located at or near the operator console
40 of the CT scanner.

[0027] As will be described more fully below, the com-
bined imaging system includes a robot arm 60 that controls
positioning of the ultrasound transducer 52. The robot arm 60
is controlled by a robot arm controller 62 that is operably
linked to the computer 36 or ultrasound machine 50.

[0028] Embodiments of the present invention are directed
to a method and apparatus of simultaneously acquiring
motion data of an object in motion and imaging data of that
object. The mechanical motion data is used for motion cor-
rection or compensation of the imaging data. Preferably, the
mechanical motion data is acquired with an ultrasound trans-



US 2011/0218423 Al

ducer. Ultrasound is preferred because it is a real-time imag-
ing modality. Ultrasound provides accurate and near-instant
information on the mechanical state of an object in motion,
such as the heart. Since the ultrasound image depicts a cross-
section of the object, rather than projection or integrated
views, ultrasound imaging supplies sufficient information on
object motion characteristics. For example, in the context of
cardiac imaging, ultrasound can provide real-time informa-
tion as to the size, shape, and location of the heart when it is
in diastole, systole, or other phase of the cardiac cycle. As will
be described, this advantage of ultrasound is exploited by
simultaneously acquiring an ultrasound dataset and an imag-
ing (such as CT) dataset, and using the ultrasound dataset for
information on the shape and location of the heart to reduce
motion induced artifacts in the imaging data set.

[0029] Accordingly, referring now to FIG. 3, a flowchart
setting forth steps of one exemplary technique for motion
compensation is shown. The technique 64 begins at 66 with
the simultaneous acquisition 68 of mechanical motion and
imaging data from a volume of interest having an object
experiencing motion therein. For purposes of illustration, the
technique will be described with respect to the acquisition of
the mechanical motion data of a heart using ultrasound and
the acquisition of imaging data from the heart using CT.
[0030] The ultrasound data acquired at 68 provides near-
instant information on the mechanical state of the heart. As
such, cardiac motion of the heart under inspection is known
from the ultrasound data. The technique then uses this knowl-
edge of cardiac motion to generate a map that describes each
voxel (sub-volume) of the heart volume as a function of time
70. Generally, the map can be characterized as a four dimen-
sional function, u(x,y,zt), where (X,y,z) represents the coor-
dinate of a reconstructed voxel in the heart volume, and t
represents time.

[0031] Since the map provides an indication of each voxel
or sub-volume of the heart volume as a function of time, the
optimal temporal window for reconstruction for each voxel
may be readily determined 72. This is particularly advanta-
geous for cardiac CT imaging as it is well-known that differ-
ent portions of the heart move differently. For example, the
optimal temporal window to effectively freeze motion in the
right ventricle of the heart is different than the optimal tem-
poral window to effectively freeze motion in the right coro-
nary.

[0032] The cone-parallel geometry reconstruction algo-
rithni can be described as:

_ TR-w(x, y,2, B) _ (Eqn. 1)
fx .2 —fo Vi Sa, B, Ddp,
where:
3(, B, =s(at, B, HEM(). (Eqn. 2)
[0033] Here, w(x,y, z, ) is a weighting function that con-

trols the contribution of the projection to each voxel, and 7 is
the projection angular range required for reconstruction. One
skilled in the art will appreciate that the weighting function
shapes the temporal window for each voxel or sub-volume. In
this regard, the technique effectively determines a temporal
window best suited for freezing motion in the imaging vol-
ume on a per-voxel basis. As such, the technique isolates
imaging data for each voxel 74 that falls within the temporal
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window determined for the voxel at 72. An image for the heart
volume is then reconstructed in accordance with known
reconstruction techniques at 76.

[0034] The reconstructed image is substantially free of
motion artifacts as the ultrasound data acquired simulta-
neously with the imaging data has been used to effectively
determine a temporal window on a per-voxel basis. In this
regard, motion is effectively “frozen” in each voxel of the
heart volume. By reconstructing an image wherein each voxel
contains motion free data, the image, as a whole, will also be
free of motion. Following image reconstruction, the tech-
nique ends at 78.

[0035] Referring now to FIG. 4, the information garnered
from the mapping function, u(x,y,z,t), may be used in the
backprojection process to correct for errors caused by cardiac
motion. Itis contemplated that the technique of FIG. 4 may be
carried out independently or in conjunction with the tech-
nique of FIG. 3. For purposes of illustration, the technique of
FIG. 4 will be described independently. In this regard, tech-
nique 80 begins at 82 with the simultaneous acquisition of
ultrasound and imaging data at 84. A 4D map that provides an
indication of the coordinate transformation as a function of
time for each voxel of the heart volume is generated at 86. The
ultrasound information, as noted above, can then be used
during backprojection to correct for motion errors.

[0036] To this end, an inverse mapping function, v(X,y,z,t),
which translates each voxel at time t back to voxel location at
a specific reference time t,, is generated at 88. This inverse
mapping supplements the cone beam backprojection process
90, as defined by the following expression:

fx,y, 2= (Eqn. 3)
1l R
A S(a, B, D|dp,
[ ﬁ)xv[msm B.oldp
where:
§(a, B, H=s(at, B, HGOR(H). (Eqn. 4)
[0037] It should be noted that the weighting function, w(x,

v,Z3), in Eqn. 3 is different from the weighting function in
Eqn. 1. The weighting function of Eqn. 3 represents a “con-
fidence” weighting based on the degree of certainty that is
placed on the belief that the inverse mapping function prop-
erly characterizes heart motion.

[0038] Still referring to FIG. 4, the backprojection process
yields an image 92 whereupon the technique ends at 94. By
taking advantage of the inverse map, the resulting image is a
true image of the state of the heart at time t0.

[0039] In addition to motion correction, the acquisition of
complementary ultrasound and imaging data can also be used
to assess the viability of tissues. That is, the ultrasound data
can be used to generate an elasticity map. This elasticity map,
in conjunction with the imaging data, can be used in conjunc-
tion with CT perfusion data to provide information regarding
tissue viability. Specifically, the ultrasound and CT images
can be fused together to provide a cardiac viability map. This
is particularly advantageous in reducing radiation dose to a
patient relative to conventional approaches in determining
cardiac viability.

[0040] Inconventional CT perfusion studies, the heart vol-
ume of a patient is scanned repeatedly to acquire functional
information. This repeated data acquisition from the patient
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translates to significant levels of x-ray dose to the patient.
However, with the embodiments of the present invention,
because the ultrasound data is acquired coincident with the
imaging data, the ultrasound data may be used to identify the
viability of tissue. As a result, the customary repeated scans
may be replaced by a single or a few scans, which yields a
significant dose reduction. This dose reduction allows the
single or few scans to be carried out at higher dose levels
which increases SNR and CNR in the resulting images.
[0041] Moreover, the complimentary ultrasound and imag-
ing data can be used to improve the detection and classifica-
tion of plaques. Typically, several scans are required to clas-
sify a given plaque. The embodiments of the present invention
reduce the need for such numerous scans, which provides a
dose a reduction for such studies.

[0042] In a further embodiment of the invention, the com-
plimentary ultrasound and imaging data is used for image
noise reduction. Specifically, the ultrasound data provides
additional boundary and anatomical information to supple-
ment that gathered with CT. As such, during application of
noise reduction algorithms, more information is known as to
the structure of the tissue. In this regard, noise reduction can
be carried out without impacting small anatomical structures
that were identified with the ultrasound images but undetec-
ted or partially detected with CT.

[0043] The simultaneous acquisition of ultrasound and
imaging data, i.e., CT data, is also effective in reducing “cal-
cium blooming” and separating calcium from iodine or other
marker. More particularly, the ultrasound images are used to
further demarcate calcium from the iodine marker in the
volume being imaged. Specifically, the ultrasound reflection
of calcium is significantly different that the ultrasound reflec-
tion of iodine. As such, these reflection differences can be
readily identified using ultrasound which aids in detecting the
corresponding calcium deposits or plaques in the CT images.
[0044] Although the embodiments of the present invention
has been described with respect to cardiac CT studies, one
skilled in the art will appreciate that the embodiments of the
present invention can be applied to correct other physiologi-
cally induced motion.

[0045] Forexample, itis well known that CT images can be
corrupted by the peristaltic motion of the patient. Conven-
tional compensation techniques utilize a fixed weighting
function to suppress contributions of the projection samples
atboth ends of the datasets. This approach has two shortcom-
ings. The first is the increased noise and the second is the lack
of effectiveness when the motion is large. With the ultrasound
information, the weighting function can be modified based on
the motion characteristics or the backprojection process can
be changed to compensate for the motion. For example, when
little motion is present, the weighting function can be nearly
constant to minimize the noise. When the motion increases,
the “underscan angle” can be increased accordingly to reduce
the motion artifacts.

[0046] It is also understood that the motion compensation
techniques described above, in the context of CT, can be used
to reduce the requirements on acquisition speed. In conven-
tional cardiac CT studies, the gantry rotation speed is typi-
cally 0.35 s per rotation. This places significant constraints on
the mechanical, detector, and tube design. If the gantry speed
can be reduced to 0.5 s while maintaining the same image
quality, the CT system design can be simplified. Additionally,
since the complimentary ultrasound data can be used to more
fully characterize heart motion, the need for short scan times
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is reduced with the embodiments of the present invention. For
example, it is recognized that the embodiments of the present
invention enable heart studies to be conducted with a four-
slice scanner that otherwise requires a 64-slice scanner, for
example.

[0047] Referring back to FIGS. 1-2, in one embodiment to
simultaneously acquire ultrasound and CT images without a
technician moving the transducer, the ultrasound transducer
52 is robotically controlled by the robot arm 60. This allows
for positioning of the transducer without operator presence in
or near the imaging bore 48. In a preferred embodiment, the
robot arm 60 is telescoping and therefore moves the trans-
ducer freely about the patient during data acquisition and/or
during indexing of the patient through the bore. Preferably,
the robot arm is controlled by the robot arm controller 62 that
positions and controls the robot arm based on positioning
controls manifested in user-inputs to the ultrasound machine
50 or, alternatively, the CT scanner operator console 40. It is
also contemplated that the robotic arm may be automatically
controlled based on user-inputs identifying those regions of
the patient where it is desired to acquire ultrasound data. It
also contemplated that a robotic arm may be controlled by a
user making arm and hand movements that are sensed by a
sensory array, and processed and transmitted as control com-
mands to the robotic arm that cause the robotic arm to simu-
late the arm and hand movements of the user in near real-time.
Alternatively, as shown in FIG. 6, the ultrasound probe can be
integrated with the patient table 46(a) such that the probe 52
and patient 2 remain relatively stationary even when the
patient 22 is indexed to different locations to scan different
portions of the anatomy.

[0048] TItis preferred that the ultrasound transducer and the
robotic arm be fabricated so as to limit the metallic content
thereof. By reducing the metallic content of the transducer or
probe and the robotic arm, artifacts attributable to these
devices in the reconstructed images are reduced. Further-
more, in one exemplary embodiment, the position of the
ultrasound transducer is automatically determined and is used
to register the acquired ultrasound images with the CT
images. In this regard, it is contemplated that the ultrasound
transducer may be included in a GPS network (not shown)
that provides positional and orientation feedback to the ultra-
sound machine and/or CT scanner for image registration. It is
also contemplated that various sensors, such as infrared sen-
sors or laser positioning devices 61, FIG. 2, may be used to
provide transducer position feedback to ultrasound machine
50 or CT computer 36.

[0049] In an alternate embodiment, ultrasound data is
acquired with a plurality of ultrasound transducers integrally
formed with a wearable membrane, as illustrated in the wear-
able ultrasound probe assembly 96 shown in FIG. 5. The
assembly 96 is constructed to allow imaging through the
membrane and without appreciable noise in resulting images
by a medical imaging scanner. As illustrated, the wearable
membrane 98 includes ultrasound transducers 100 that are
disposed about the wearable membrane 98. The wearable
assembly is designed to be worn by a patient 22. In this regard,
the wearable assembly 96 can be worn by the patient when the
patient is not positioned on an imaging table. Each ultrasound
transducer produces an ultrasonic beam and acquires ultra-
sound data from the patient. Each transducer has a readout
lead 102 with a quick-connect jumper 104. The quick-con-
nect jumpers 104 allow the assembly or jacket to be quickly
connected/disconnected from the ultrasound machine. It is



US 2011/0218423 Al

also contemplated that each readout lead may be routed
through the wearable membrane to a common multi-pin port
(not shown) so that a single cable (not shown) can be used to
connect the transducers to the ultrasound machine.

[0050] It is contemplated that the transducers can be col-
lectively or independently controlled. In this regard, it is
contemplated that one transducer may be enabled for data
collection whereas another transducer is disabled. It is con-
templated that the wearable assembly may take the form of a
vest, belt, wrap, or other article. In any event, it is preferred
that the membrane be snuggly fit to the patient to ensure that
the transducers are in contact with the skin of the patient.
Accordingly, it is contemplated that the membrane may be
formed of elastic material so that one size fits all or multiple
sized membranes may be used to accommodate variations in
patient population.

[0051] Preferably, the wearable membrane is formed of
non-metallic material, such as fabric. It is also preferred the
membrane being relatively comfortable for the patient. One
skilled in the art will appreciate that the principles of the
wearable assembly shown and described with respect to FIG.
5 may be adopted to be more appropriately shaped for other
anatomical regions of the patient. It is also preferred that the
wearable membrane include a sufficient number of transduc-
ers so that desired structures may be imaged without requir-
ing repositioning of the membrane on the patient.

[0052] Therefore, in accordance with one embodiment of
the present invention, a wearable ultrasound probe apparatus
includes a wearable membrane. An ultrasound transducer is
also included that is integrated into the wearable membrane
and configured to maintain a substantially consistent contact
with a surface of an object to be imaged when the object has
the wearable membrane disposed thereon.

[0053] In accordance with a further embodiment, a wear-
able ultrasound probe assembly includes an ultrasound trans-
ducer array comprising a plurality of ultrasound transducers
and a wearable membrane having the plurality of ultrasound
transducers disposed thereabout. The wearable membrane is
configured to cause the plurality of ultrasound transducers to
maintain a substantially consistent contact with a surface of
an object to be imaged when the object has the wearable
membrane disposed thereon.

[0054] In accordance with another embodiment of the
present invention, a method of manufacturing a wearable
ultrasound probe assembly includes providing a wearable
membrane configured to maintain a substantially consistent
contact with a surface of an object to be imaged when the
object has the wearable membrane disposed thereon. The
method also includes coupling a plurality of ultrasound trans-
ducers to the wearable membrane.

[0055] This written description uses examples to disclose
the invention, including the best mode, and also to enable any
person skilled in the art to practice the invention, including
making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention
is defined by the claims, and may include other examples that
occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims if they have
structural elements that do not differ from the literal language
ofthe claims, or if they include equivalent structural elements
with insubstantial differences from the literal languages of
the claims.
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What is claimed is:

1. A wearable ultrasound probe apparatus comprising:

a wearable membrane; and

an ultrasound transducer integrated into the wearable

membrane and configured to maintain a substantially
consistent contact with a surface of an object to be
imaged when the object has the wearable membrane
disposed thereon.

2. The apparatus of claim 1 wherein the membrane is
constructed to allow imaging therethrough and without
appreciable noise to resulting images by a medical imaging
scanner.

3. The apparatus of claim 1 wherein the wearable mem-
brane is formed of non-metallic material.

4. The apparatus of claim 3 wherein the non-metallic mate-
rial is fabric.

5. The apparatus of claim 1 further comprising a plurality
of ultrasound transducers integrated into the wearable mem-
brane.

6. The apparatus of claim of claim 1 wherein the ultrasound
transducer is a hands-free device.

7. The apparatus of claim 1 wherein the ultrasound trans-
ducer is substantially free of image-artifact inducing material.

8. The apparatus of claim 7 wherein the ultrasound trans-
ducer is configured to acquire ultrasound data simultaneously
with acquisition of imaging data, the imaging data acquired
withone of a CT machine, an x-ray machine, an MR machine,
and a PET machine.

9. A wearable ultrasound probe assembly comprising:

an ultrasound transducer array comprising a plurality of

ultrasound transducers; and

a wearable membrane having the plurality of ultrasound

transducers disposed thereabout; wherein the wearable
membrane is configured to cause the plurality of ultra-
sound transducers to maintain a substantially consistent
contact with a surface of an object to be imaged when the
object has the wearable membrane disposed thereon.

10. The apparatus of claim 9 wherein the membrane is
constructed to allow imaging therethrough and without
appreciable noise to resulting images by a medical imaging
scanner.

11. The apparatus of claim 9 wherein the wearable mem-
brane is formed of non-metallic material.

12. The apparatus of claim 11 wherein the non-metallic
material is fabric.

13. The apparatus of claim 9 further comprising:

a plurality of readout leads coupled to the plurality of

ultrasound transducers; and

a plurality of quick-connect jumpers coupled to the plural-

ity of readout leads, wherein the plurality of quick-
connect jumpers is configured to quickly connect the
plurality of readout leads to an ultrasound machine.

14. The apparatus of claim of claim 9 wherein the plurality
of ultrasound transducers is independently controllable such
that less than all of the plurality of ultrasound transducers may
be enabled for data collection.

15. The apparatus of claim 9 wherein the wearable mem-
brane comprises one of a vest, a belt, and a wrap.

16. The apparatus of claim 15 wherein the wearable mem-
brane is configured to cause the plurality of ultrasound trans-
ducers to maintain a substantially consistent contact with a
skin of the object.

17. A method of manufacturing a wearable ultrasound
probe assembly comprising:
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providing a wearable membrane configured to maintain a
substantially consistent contact with a surface of an
object to be imaged when the object has the wearable
membrane disposed thereon; and

coupling a plurality of ultrasound transducers to the wear-
able membrane.

18. The method of claim 17 wherein providing the wear-

able membrane comprises providing an elastic membrane.

19. The method of claim 17 wherein coupling the plurality

of ultrasound transducers to the wearable membrane com-
prises coupling a plurality of ultrasound transducers such that
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a desired structure of the object may be imaged without
requiring repositioning of the membrane on the object.
20. The method of claim 17 further comprising:
coupling a plurality of readout leads to the plurality of
ultrasound transducers; and
coupling a plurality of quick-connect jumpers to the plu-
rality of readout leads, wherein the plurality of quick-
connect jumpers is configured to quickly connect the
plurality of readout leads to an ultrasound machine.
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