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ULTRASOUND IMAGING SYSTEM AND
METHOD

FIELD OF THE INVENTION

[0001] This disclosure relates generally to an ultrasound
imaging system and a method for compounding ultrasound
data in an elevation direction.

BACKGROUND OF THE INVENTION

[0002] Ultrasound imaging is a technique that uses high-
frequency acoustic waves to produce an image. The image is
typically acquired along a series of scan lines from a trans-
ducer array. According to conventional techniques, the scan
lines are typically spaced and steered to acquire data from a
scan plane that may be displayed as an image. Or, data from
aplurality of different scan planes may be acquired in order to
acquire data of a volume.

[0003] However, when acquiring ultrasound data, some
anatomical structures may be “shadowed” by objects closer to
the transducer array. These anatomical structures may not be
optimally imaged. Additionally, it is difficult to obtain opti-
mal images of structures oriented in a direction that is prima-
rily perpendicular to the transducer array since these struc-
tures reflect less acoustic energy back at the transducer array.

[0004] In addition, conventional ultrasound images typi-
cally contain speckle that degrades the image. Speckle is the
result of interference of scattered echo signals reflected from
anatomical structures. The speckle appears as a granular or
snow-like pattern on an image. It may be difficult to identify
details of small structures in an ultrasound image with
speckle.

[0005] In conventional ultrasound imaging systems, it is
known to combine a plurality of co-planar ultrasound data
acquisitions or images into a single compounded image in
order to reduce speckle, reduce shadowing, and to improve
the appearance of structures that run primarily in a perpen-
dicular direction to the transducer array. Conventional sys-
tems typically perform compounding of images sharing the
same elevational plane. That is, the ultrasound imaging sys-
tem combines data acquired at a first azimuth angle with data
acquired at a second azimuth angle. This technique is also
known as “in-plane compounding” since the scan lines that
are compounded with each other are typically acquired from
within the same scan plane. While in-plane compounding has
proven helpful in improving image quality, there are limits to
the improvements that can be made. In order for compound-
ing to be effective, the scan lines that are combined must be
acquired at significantly different angles. However, with con-
ventional ultrasound systems, there is a limit to the maximum
angle the beam may be steered in the azimuth direction. As a
result, conventional ultrasound systems typically only com-
bine three or five different beam directions within a scan
plane when generating a compounded image. Additionally,
since the compounding is “in-plane compounding,” the com-
pounded data does not contain any information from inter-
secting or parallel scan planes. For certain anatomical struc-
tures, conventional in-plane compounding may result in
images with artifacts due to shadowing.

[0006] Fortheseand otherreasons an improved method and
ultrasound imaging system for generating compounded data
is desired.
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BRIEF DESCRIPTION OF THE INVENTION

[0007] The above-mentioned shortcomings, disadvantages
and problems are addressed herein which will be understood
by reading and understanding the following specification.
[0008] In an embodiment, a method for generating com-
pounded ultrasound data includes acquiring data from two or
more intersecting scan planes with a 2D array probe, wherein
at least one of the scan planes is disposed at a different angle
of elevation with respect to the 2D array probe than at least
one other of the scan planes. The method also includes com-
bining the data from the scan planes to generate compounded
data.

[0009] In an embodiment, a method for generating com-
pounded ultrasound data includes acquiring first data from a
first plurality of scan planes within a volume with a 2D array
probe, wherein the first data is acquired along a first plurality
of scan lines. The method includes acquiring second data
from the first plurality of scan planes within the volume with
the 2D array probe, wherein the second data is acquired along
a second plurality of scan lines. Each of the second plurality
of scan lines intersects at least one of the first plurality of scan
lines. The method includes acquiring third data from a second
plurality of scan planes within the volume with the 2D array
probe. Each of the second plurality of scan planes intersects at
least one of the first plurality of scan planes within the volume
because the intersecting planes are disposed at different
angles of elevation with respect to the 2D array probe. The
method also includes combining the first data with both the
second data and the third data to generate compounded data.
[0010] Inanother embodiment, an ultrasound imaging sys-
tem includes a 2D array probe including a probe face, a
display device, and a processor in electronic communication
with the probe and the display device. The processor is con-
figured to control the 2D array probe to acquire first data from
a first scan plane disposed at a first angle of elevation with
respect to the probe face. The processor is configured to
control the 2D array probe to acquire second data from a
second scan plane disposed at a second angle of elevation
with respect to the probe face, wherein the first angle is
different from the second angle. The processor is configured
to combine the first data with the second data to generate
compounded data, generate an image from the compounded
data and display the image on the display device.

[0011] Various other features, objects, and advantages of
the invention will be made apparent to those skilled in the art
from the accompanying drawings and detailed description
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a schematic diagram of an ultrasound
imaging system in accordance with an embodiment;

[0013] FIG. 2 is a schematic representation of a 2D array
probe in accordance with an embodiment;

[0014] FIG. 3 is a schematic representation of an array in
accordance with an embodiment;

[0015] FIG. 4 is a flow chart shown in accordance with an
embodiment;
[0016] FIG.5isa schematic representation of a perspective

view of scan planes shown with respect to a probe face and an
array in accordance with an embodiment;
[0017] FIG. 6 is a schematic representation of a perspective
view of scan planes shown with respect to a probe face and an
array in accordance with an embodiment;
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[0018] FIG. 7 is a schematic representation of an eleva-
tional view of an array, a probe face, and a plurality of scan
lines in accordance with an embodiment; and

[0019] FIG. 8 is a schematic representation of an elevation
view of an array, a probe face, and a plurality of scan lines in
accordance with an embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0020] In the following detailed description, reference is
made to the accompanying drawings that form a part hereof,
and in which is shown by way of illustration specific embodi-
ments that may be practiced. These embodiments are
described in sufficient detail to enable those skilled in the art
to practice the embodiments, and it is to be understood that
other embodiments may be utilized and that logical, mechani-
cal, electrical and other changes may be made without depart-
ing from the scope of the embodiments. The following
detailed description is, therefore, not to be taken as limiting
the scope of the invention.

[0021] FIG. 1 is a schematic diagram of an ultrasound
imaging system 100 in accordance with an embodiment. The
ultrasound imaging system 100 includes a transmit beam-
former 101 and a transmitter 102 that drive elements 104
within a 2D array probe 106 to emit pulsed ultrasonic signals
into a body (not shown). A variety of geometries of probes
and elements may be used. The pulsed ultrasonic signals are
back-scattered from structures in the body, like blood cells or
muscular tissue, to produce echoes that return to the elements
104. The echoes are converted into electrical signals, or ultra-
sound data, by the elements 104 and the electrical signals are
received by areceiver 108. The electrical signals representing
the received echoes are passed through a receive beamformer
110 that outputs ultrasound data. According to some embodi-
ments, the 2D array probe 106 may contain electronic cir-
cuitry to do all or part of the transmit and/or the receive
beamforming. For example, all or part of the transmit beam-
former 101, the transmitter 102, the receiver 108 and the
receive beamformer 110 may be situated within the 2D array
probe 106. The terms “scan” or “scanning” may also be used
in this disclosure to refer to acquiring data through the process
of transmitting and receiving ultrasonic signals. The term
“data” may be used in this disclosure to refer to either one or
more datasets acquired with an ultrasound imaging system. A
user interface 115 may be used to control operation of the
ultrasound imaging system 100, including, to control the
input of patient data, to change a scanning or display param-
eter, and the like.

[0022] The ultrasound imaging system 100 also includes a
processor 116 to control the transmit beamformer 101, the
transmitter 102, the receiver 108 and the receive beamformer
110. The processor 116 is in electronic communication with
the 2D array probe 106. The processor 116 may control the
2D array probe 106 to acquire data. The processor 116 con-
trols which of the elements 104 are active and the shape of a
beam emitted from the 2D array probe 106. The processor 116
is also in electronic communication with a display device
118, and the processor 116 may process the data into images
for display on the display device 118. For purposes of this
disclosure, the term “electronic communication” may be
defined to include both wired and wireless connections. The
processor 116 may include a central processor (CPU) accord-
ing to an embodiment. According to other embodiments, the
processor 116 may include other electronic components
capable of carrying out processing functions, such as a digital
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signal processor, a field-programmable gate array (FPGA) or
a graphic board. According to other embodiments, the pro-
cessor 116 may include multiple electronic components
capable of carrying out processing functions. For example,
the processor 116 may include two or more electronic com-
ponents selected from a list of electronic components includ-
ing: a central processor, a digital signal processor, a field-
programmable gate array, and a graphic board. According to
another embodiment, the processor 116 may also include a
complex demodulator (not shown) that demodulates the RF
data and generates raw data. In another embodiment the
demodulation can be carried out earlier in the processing
chain. The processor 116 is adapted to perform one or more
processing operations according to a plurality of selectable
ultrasound modalities on the data. The data may be processed
in real-time during a scanning session as the echo signals are
received. For the purposes of this disclosure, the term “real-
time” is defined to include a procedure that is performed
without any intentional delay. For example, an embodiment
may acquire and display images with a real-time frame-rate
of 7-20 frames/sec. However, it should be understood that the
real-time frame rate may be dependent on the length of time
that it takes to acquire each frame of data for display. Accord-
ingly, when acquiring a relatively large volume of data, the
real-time frame rate may be slower. Thus, some embodiments
may have real-time frame-rates that are considerably faster
than 20 frames/sec while other embodiments may have real-
time frame-rates slower than 7 frames/sec. The data may be
stored temporarily in a buffer (not shown) during a scanning
session and processed in less than real-time in a live or off-
line operation. Some embodiments of the invention may
include multiple processors (not shown) to handle the pro-
cessing tasks. For example, a first processor may beutilized to
demodulate and decimate the RF signal while a second pro-
cessor may be used to further process the data prior to dis-
playing an image. It should be appreciated that other embodi-
ments may use a different arrangement of processors.

[0023] The ultrasound imaging system 100 may continu-
ously acquire data ata frame-rate of, for example, 10 Hz to 30
Hz. Images generated from the data may be refreshed at a
similar frame rate. Other embodiments may acquire and dis-
play data at different rates. For example, some embodiments
may acquire data at a frame rate of less than 10 Hz or greater
than 30 Hz depending on the size of the volume and the
intended application. A memory 120 is included for storing
processed frames of acquired data. In an exemplary embodi-
ment, the memory 120 is of sufficient capacity to store at least
several seconds worth of frames of ultrasound data. The
frames of data are stored in a manner to facilitate retrieval
thereof according to its order or time of acquisition. The
memory 120 may comprise any known data storage medium.

[0024] Optionally, embodiments of the present invention
may be implemented utilizing contrast agents. Contrastimag-
ing generates enhanced images of anatomical structures and
blood flow in a body when using ultrasound contrast agents
including microbubbles. After acquiring data while using a
contrast agent, the image analysis includes separating har-
monic and linear components, enhancing the harmonic com-
ponent and generating an ultrasound image by utilizing the
enhanced harmonic component. Separation of harmonic
components from the received signals is performed using
suitable filters. The use of contrast agents for ultrasound
imaging is well-known by those skilled in the art and will
therefore not be described in further detail.
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[0025] 1In various embodiments of the present invention,
data may be processed by other or different mode-related
modules by the processor 116 (e.g., B-mode, Color Doppler,
M-mode, Color M-mode, spectral Doppler, Elastography,
TVI, strain, strain rate, and the like) to form 2D or 3D data.
For example, one or more modules may generate B-mode,
color Doppler, M-mode, color M-mode, spectral Doppler,
Elastography, TVI, strain, strain rate and combinations
thereof, and the like. The image beams and/or frames are
stored and timing information indicating a time at which the
data was acquired in memory may be recorded. The modules
may include, for example, a scan conversion module to per-
form scan conversion operations to convert the image frames
from coordinates beam space to display space coordinates. A
video processor module may be provided that reads the image
frames from a memory and displays the image frames in real
time while a procedure is being carried out on a patient. A
video processor module may store the image frames in an
image memory, from which the images are read and dis-
played.

[0026] FIG. 2 is a schematic representation of a 2D array
probe 200 in accordance with an embodiment. The 2D array
probe 200 may be connected to the ultrasound imaging sys-
tem 100 in place of 2D array probe 106. The 2D array probe
200 includes an array 202 of transducer elements and a nose
piece 206. The nose piece 206 defines a probe face 208. The
2D array probe 200 may be configured to acquire data from a
plurality of scan planes.

[0027] FIG. 3is a schematic representation of the array 202
from the 2D array probe 200 (shown in FIG. 2) in accordance
with an embodiment. The array 202 includes a plurality of
elements 220 arranged into a 2D array, such as, for example,
a grid-like pattern. Other embodiments may include 2D
arrays with the elements 220 arranged in a different pattern.
Additionally, the elements of other embodiments may be
shaped differently than those shown in the embodiment
shown in FIG. 2. The elements 220 of the probe 200 may be
controlled to acquire ultrasound data, such as by acquiring
data along a plurality of scan lines. The data from each of the
scan lines may be combined to obtain data from a scan plane,
or data from a plurality of scan planes may be acquired in
order to obtain data of a volume. Data of a volume may be
acquired from a plurality of scan planes that are parallel to
each other or the scan planes may be arranged in a different
configuration. For example, data of a volume may be acquired
through the acquisition of a plurality of planes that are not
parallel to each other. For instance, according to an embodi-
ment, the scan planes may diverge from the 2D array probe in
a fan-like manner. The schematic representation of the array
202 shown in FIG. 3 includes a pattern of 32 elements by 32
elements, butit should be appreciated that arrays may include
any number of elements and they may be rectangular instead
of square like the example shown in FIG. 3. For example,
according to an exemplary embodiment, the array may
include a grid of 256 elements by 132 elements. The elements
220 may be arranged in a grid that extends in both an azimuth
direction 222 and an elevation direction 224. For purposes of
this disclosure, the term “azimuth direction” is defined to
include a direction along the transducer array 202 that is
parallel to the direction of one or more scan planes, and the
term “elevation direction” is defined to include the direction
along the transducer array 202 that is perpendicular to the
azimuth direction and the one or more scan planes. If a 2D
array probe has elements arranged in a rectangular pattern,
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the azimuth direction will typically correspond to the direc-
tion of the array with more elements. According to the exem-
plary embodiment with 256 by 132 elements, the azimuth
direction with typically be the direction with 256 elements
while the elevation direction will be typically be the direction
with 132 elements. Having additional elements in the azimuth
direction may allow for the acquisition of more scan lines in
each scan plane. However, it should be appreciated that scan
planes may also be acquired parallel to the shorter direction of
the array. In embodiments where the scan planes are parallel
to the shorter direction of the array, is should be appreciated
that the azimuth direction may correspond with the shorter
direction of the array 202. It should also be appreciated that
the array 202 does not need to be flat. The array 202 may be
covered by the nose piece 206 (shown in FIG. 2) that defines
the probe face 208. During use, the probe face 208 may be
positioned against the patient while acquiring data. Acoustic
coupling media, such as gel, may be used to aid in the trans-
mission of ultrasound energy between the array 202 and the
patient. According to embodiments, the array 202 may con-
form to other shapes. For example, the probe face 206 and the
array 202 may be convex or concave according to other
embodiments.

[0028] FIG. 4 is a flow chart shown in accordance with an
embodiment. The individual blocks represent steps that may
be performed in accordance with the method 400. Additional
embodiments may perform the steps shown in a different
sequence and/or additional embodiments may include addi-
tional steps not shown in FIG. 4. The technical effect of the
method 400 is the generation and display of an image that is
generated from compounded data.

[0029] FIG.5isaschematic representation of a perspective
view of scan planes shown with respect to a probe face and an
array from a 2D array probe in accordance with an embodi-
ment. FIG. 6 is a schematic representation of a perspective
view of scan planes shown with respect to a probe face and an
array from a 2D array probe in accordance with another
embodiment. Common reference numbers will be used to
identify identical components in FIGS. 4, 5, and 6.

[0030] Referring to FIGS. 1, 4 and 5, at step 402, the pro-
cessor 116 controls the 2D array probe 106, the transmit
beamformer 101, the transmitter 102, the receiver 108, and
the receive beamformer 110 to acquire first data. The first data
may be acquired from a first plurality of scan planes 240,
which, according to an embodiment, are each disposed at an
angle of elevation a with respect to the probe face 206. As
discussed previously, the scan planes are disposed parallel to
an azimuth direction 222, and the elevation direction 224 is
perpendicular to the azimuth direction. By acquiring data
from a plurality of scan planes at different locations in the
elevation direction 224, the processor 116 may acquire data
for a volume.

[0031] Referring to FIGS. 1, 4 and 6, at step 404, the pro-
cessor 116 controls the 2D array probe 106, the transmit
beamformer 101, the transmitter 102, the receiver 108, and
the receive beamformer 110 to acquire second data at a sec-
ond angle of elevation with respect to the probe face 206.
According to an embodiment, the second data may be
acquired from a second plurality of scan planes 242. The
second plurality of scan planes 242 may be disposed at a
different angle of elevation § with respect to the probe face
206 than the first plurality of scan planes 240. In other words,
the first data and the second data are acquired along scan lines
in scan planes disposed at different angles in the elevation
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direction. By acquiring the second data from the second plu-
rality of scan planes 242, the processor 116 may acquire data
for a second volume. Each of the second plurality of scan
planes 242 may intersect with one or more of the first plurality
of scan planes 240 since the first plurality of scan planes 240
are disposed at a different angle of elevation than the second
plurality of scan planes 242. According to an embodiment,
the first data and the second data may both include data of a
common volume. However, as described hereinabove, the
first data is acquired from a first angle of elevation . and the
second data is acquired from a second angle of elevation {3
with respect to the probe face 206.

[0032] Next, at step 406, the processor 116 combines the
first data with the second data to form compounded data. As
described previously, the first plurality of scan planes 240
acquired at step 402 are disposed at a different angle of
elevation than the second plurality of scan planes 242
acquired at step 404. Due to the different angles of elevation,
the intersecting scan planes only intersect each other along a
line of intersection. For the spatial position along this line of
intersection, data is acquired in two different directions.
However, not all of the points acquired from the scan planes
240 are in exactly the same location as the points acquired
from scan planes 242. The data from the first scan planes 240
disposed at the first angle oo must be combined with the data
from the second scan planes 242 disposed at the second angle
[ withrespect to the probe face 206 and mapped to a Cartesian
coordinate system. Therefore, it may be necessary to use an
interpolation scheme or technique in order to combine the
first data with the second data. During the interpolation pro-
cess values are assigned to voxels, or volume elements, in the
Cartesian coordinate system based on the first data and the
second data. For example, one or more values from the first
data sampled from locations close to each voxel are combined
with one or more values from the second data sampled from
close to each voxel. According to an exemplary embodiment,
the processor 116 may use a tri-linear interpolation to per-
form the compounding. Tri-linear interpolation is an interpo-
lation technique that is well-known by those skilled in the art.
According to other embodiments, the processor 116 may use
other interpolation techniques, such as a tri-cubic interpola-
tion to perform the compounding. Tri-linear interpolation and
tri-cubic interpolation are both interpolation techniques that
are well-known by those skilled in the art. It should be appre-
ciated that other interpolation techniques may be used to
combine the first data and the second data during step 406.
According to other embodiments, the processor 116 may use
other mathematical techniques to combine the first data with
the second data to form compounded data. For example,
techniques including calculating a mean, a median, a mode, a
maximum, or weighted average based on the first data and the
second data may also be used. It should be appreciated that
both 2-d and 3-d techniques may be used.

[0033] Next, at step 408, the processor 116 generates an
image from the compounded data. Since a volume of data has
been compounded, the processor 116 may generate an image
of any arbitrary plane through the volume. Compounding in
the elevation direction, as performed at step 406, will yield a
dataset capable of producing an image with improved con-
trast, reduced speckle and increased edge definition. There-
fore, the image generated during step 408 will have improved
contrast, reduced speckle and increased edge definition com-
pared to an image generated from data that was not com-
pounded.
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[0034] Next, at step 410, the processor 116 displays the
image generated during step 408 on the display device 118
(shown in FIG. 1). The image may include either a still image
or a frame of a live image depending upon the embodiment.
[0035] According to other embodiments, the processor 116
may calculate a quantitative value based on the compounded
data. For example, if the compounded data is of the carotid
artery, then the processor 116 may calculate a quantitative
value such as intima-media thickness or volume. It should be
appreciated that other quantitative values, including dis-
tances, thicknesses, scores, or volumes may be calculated
based on the compounded data depending upon the type of
exam being performed. According to an embodiment, the
quantitative value may be displayed on the display device 118
after being calculated.

[0036] FIG. 7 is a schematic representation of an eleva-
tional view of an array, a probe face, and a plurality of scan
lines in accordance with an embodiment. FIG. 8 is a sche-
matic representation of an elevational view of an array, a
probe face, and a plurality of scan lines in accordance with an
embodiment. The array and the probe face shown in FIGS. 7
and 8 are the same as the array and probe face shown in FIGS.
5 and 6. Common reference numbers will be used to identify
identical components in FIGS. §, 6, 7, and 8.

[0037] According to other embodiments, the method 400
may be modified so that the processor 116 (shown in FIG. 1)
controls the acquisition of third data with the 2D array probe
200 (shown in FIG. 2). According to an embodiment, the third
data may include data from the first plurality of scan planes.
However, the third data may be acquired along scans lines
disposed at different angles of azimuth than the scan lines
used to acquire the first data. For example, referring to FIG. 7,
the processor 116 may control the 2D array probe to acquire
a first plurality of scan lines 250 at a first angle of azimuth ®.
It should be noted that the first plurality of scan lines 250 are
all in the same scan plane 252 and that the first angle of
azimuth @ is determined with respect to the probe face 208.
Referring to FIG. 8, the processor may then control the 2D
array probe 200 to acquire a second plurality of scan lines 254
disposed at a second angle of azimuth 8 with respect to the
probe face 208. The second plurality of scan lines 254 are all
disposed in the same scan plane 256. The first angle of azi-
muth ® (shown in FIG. 7) is different from the second angle
ofazimuth 0 (shown in F1G. 8). Referring to both FIGS. 7 and
8, the scan plane 252 and the scan plane 256 are co-planar,
meaning they both define the same plane. As such, the first
plurality of scan lines 250 may be compounded with the
second plurality of scan lines 254. FIGS. 7 and 8 only show
one representative scan plane within a volume. It should be
appreciated that additional scan planes may be acquired and
compounded at multiple angles of azimuth. Then, the proces-
sor 116 may combine the first data with both the second data
and the third data to generate the compounded data. Accord-
ing to this exemplary embodiment, the first data is acquired
along scan lines at a different angle of azimuth than the third
data. Additionally, the first data and the second data are
acquired from scan planes, and hence along scan lines, that
are disposed at different angles of elevation with respect to the
probe face 208.

[0038] According to the exemplary embodiment, a volume,
or volume of interest, may be included in each of the three
datasets. That is, a common volume may be included in the
first data, the second data, and the third data. However, each
voxel is assigned a value based on data acquired along at least
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three unique scan lines. When combined, the compounded
data is compounded in both an elevation direction and an
azimuth direction. For purposes of this disclosure, the term
“compounded in the elevation direction” is defined to include
combining data acquired at two or more different angles of
elevation and the term “compounded in the azimuth direc-
tion” is defined to include combining data acquired at two or
more different angles of azimuth.

[0039] Generating compounded data thatis compounded in
both an elevation direction and an azimuth direction is ben-
eficial because it facilitates higher quality data. For example,
as described previously, there are limits to the amount of
beam steering that may be applied to the beams when per-
forming in-plane compounding. Due to this restriction, there
are a limited number of scan lines that may be acquired in a
given scan plane for the purposes of compounding. By adding
elevational compounding, that is generating compounded
data based on scan lines or scan planes acquired at two or
more different angles of elevation, it is possible to acquire
data along additional unique scan lines. Combining data from
more unique scan lines, by techniques such as interpolation,
will result in higher image quality. Fully steerable probes,
such as the 2D array probe 200 (shown in F1G. 2) allow for the
acquisition scan lines from a wide range of angles in both the
elevation and azimuth directions.

[0040] Compounded data that is compounded in two or
more directions, such as in the azimuth and elevation direc-
tions, allows each pixel or voxel of the compounded data, or
any image generated from the compounded data, to have
higher image quality than images generated from conven-
tional compounded data. Specifically, compounded data
acquired in accordance with embodiments described in this
disclosure will have reduced speckle, reduced shadowing and
better visualization of objection oriented in a generally per-
pendicular direction to the probe. Since speckle in caused by
interference from reflected ultrasound waves, images gener-
ated from compounded data in accordance with the embodi-
ments described will have less speckle because the data from
two or more different directions are not coherent and will be
averaged together. Using data that is compounded from more
unique directions will result in a stronger coherence in true
anatomical signal and weaker coherence in speckle signal
and, hence, less speckle. If the patient’s anatomy being
imaged contains elongated structures that run in a direction
substantially within a scan plane, then compounding in the
elevation, or out-of-plane direction will potentially reduce the
shadowing of anatomy below the elongated structures. Addi-
tionally, by combining data acquired at different angles of
elevation, the compounded data will be more likely to contain
a strong signal from elongated structures that are substan-
tially perpendicular to the array.

[0041] It should be appreciated, that according to other
embodiments, additional data may be acquired. For example,
data may be acquired from more than two different angles of
elevation and data may be acquired from more than two
different angles of azimuth.

[0042] 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
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structural elements that do not differ from the literal language
of the claims, or if they include equivalent structural elements
with insubstantial differences from the literal language of the
claims.

We claim:

1. A method for generating compounded ultrasound data
comprising:

acquiring data from two or more intersecting scan planes

with a 2D array probe, wherein at least one of the scan
planes is disposed at a different angle of elevation with
respect to the 2D array probe than at least one other of
the scan planes; and

combining the data from the scan planes to generate com-

pounded data.
2. The method of claim 1, further comprising generating an
image from the compounded data.
3. The method of claim 2, further comprising displaying
the image.
4. The method of claim 1, further comprising calculating a
quantitative value based on the compounded data.
5. The method of claim 4, further comprising displaying
the quantitative value.
6. The method of claim 1, wherein said acquiring data from
the two or more intersecting scan planes comprises acquiring
first data from a first plurality of scan planes within a volume
and acquiring second data from a second plurality of scan
plane within the volume, wherein each of the second plurality
of scan planes intersects at least one of the first plurality of
scan planes within the volume because the intersecting scan
planes are disposed at different angles of elevation with
respect to the probe face.
7. The method of claim 6, wherein said combining the data
comprises combining all of the first data within the volume
with all of the second data within the volume.
8. The method of claim 6, wherein said combining the data
comprises interpolating the first data and the second data.
9. The method of claim 8, wherein said interpolating com-
prises using either a tri-linear interpolation or a tri-cubic
interpolation.
10. A method for generating compounded ultrasound data
comprising:
acquiring first data from a first plurality of scan planes
within a volume with a 2D array probe, wherein the first
data is acquired along a first plurality of scan lines;

acquiring second data from the first plurality of scan planes
within the volume with the 2D array probe, wherein the
second data is acquired along a second plurality of scan
lines, wherein each of the second plurality of scan lines
intersects at least one of the first plurality of scan lines;

acquiring third data from a second plurality of scan planes
within the volume with the 2D array probe, wherein each
of the second plurality of scan planes intersects at least
one of the first plurality of scan planes within the volume
because the intersecting scan planes are disposed at dif-
ferent angles of elevation with respect to the 2D array
probe; and

combining the first data with both the second data and the

third data to generate compounded data.

11. The method of claim 10, further comprising generating
an image from the compounded data.

12. The method of claim 10, further comprising displaying
the image.
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13. The method of claim 10, wherein said combining the
first data with both the second data and the third data com-
prises interpolating the first data, the second data, and the
third data.

14. The method of claim 10, wherein said combining the
first data with both the second data and the third data com-
prises one of calculating a mean, calculating a mode, and
calculating a maximum.

15. An ultrasound imaging system comprising;

a 2D array probe including a probe face;

a display device; and

a processor in electronic communication with the probe

and the display device, wherein the processor is config-

ured to:

control the 2D array probe to acquire first data from a
first scan plane disposed at a first angle of elevation
with respect to the probe face;

control the 2D array probe to acquire second data from a
second scan plane disposed at a second angle of eleva-
tion with respect to the probe face, wherein the first
angle is different from the second angle;

combine the first data with the second data to generate
compounded data;
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generate an image from the compounded data; and
display the image on the display device.

16. The ultrasound imaging system of claim 15, wherein
the processor is further configured to combine the first data
with the second data by interpolating the first data and the
second data using either a tri-linear or a tri-cubic interpola-
tion.

17. The ultrasound imaging system of claim 15, further
comprising a software beamformer connected to the 2D array
probe and the processor

18. The ultrasound imaging system of claim 15, wherein
the processor is further configured to control the 2D array
probe to acquire third data from the first scan plane, wherein
the third data is acquired at a different angle in the azimuth
direction than the first data.

19. The ultrasound imaging system of claim 18, wherein
the processor is further configured to combine the third data
with both the first data and the second data to generate the
compounded data.

20. The ultrasound imaging system of claim 15, wherein
the processor is further configured to combine the first data
with the second data along a line of intersection between the
first scan plane and the second scan plane.
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