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e
Scan a first non-linear scan plane.
— Loz
Scatr a second non-linear scan plane. ‘
p P o 4

Spatially and elevationally combine the echo signals
- of the first and second non-linear scan planes to L Fok
form a first 2} image.

Generate at least a second spatially and elevationally
combined 2D image as described above in steps 202~
- 206,

- 2o

Combine the first and second 2D images to forma | 340
third image.

Apply a weighting factor to the third image Ry A TN

E
[

Apply a speckle reduction filter to the third image. | 214
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METHOD AND APPARATUS FOR
PERFORMING ULTRASOUND ELEVATION
COMPOUNDING

BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates gener-
ally to ultrasound systems, and more particularly, to methods
and systems for performing spatial and elevation compound-
ing using an ultrasound system.

[0002] Ultrasound imaging is a medical imaging technique
for imaging organs and soft tissues in a human body. Ultra-
sound imaging uses real time, non-invasive high frequency
sound waves to produce a two-dimensional (2D) image and/
or a three-dimensional (3D) image. In conventional ultra-
sound imaging, the image is acquired by a series of scan lines.
This results in an image in which some anatomical structures
may be “shadowed” by objects closer to the transducer and
diagonal structures may not be optimally imaged. Typically,
when the boundaries of anatomical structures are parallel to
the transducer, the acoustic waves reflect directly back to the
transducer with less dispersion and a clear image is obtained.
However, diagonal or vertical structures are sub-optimally
imaged using conventional ultrasound because of the lower
percentage of acoustic energy that reflects back to the trans-
ducer. Furthermore, structures that are hidden beneath strong
reflectors are also sub-optimally imaged. For example, a
small breast cyst may be hidden behind muscular tissue (e.g.,
tendons), which is a strong superficial reflector.

[0003] In addition, another disadvantage of conventional
ultrasound imaging is speckle noise. Speckle noise is a result
of interference of scattered echo signals reflected from an
object, such as an organ. The speckle appears as a granular
grayscale pattern on an image. The speckle noise degrades
image quality (e.g., speckles obtained from different angles
are incoherent) and increases the difficulty of discriminating
fine details in images during diagnostic examinations.
[0004] At least some known ultrasound systems are
capable of spatially compounding a plurality of ultrasound
images of a given target into a compound image. The term
“compounding” generally refers to non-coherently combin-
ing multiple data sets to create a new single data set. The
plurality of data sets may each be obtained from imaging the
object from different angles, using different imaging proper-
ties (such as e.g. aperture, frequency) and/or imaging nearby
objects (such as slightly out of the plane steering). These
compounding techniques can be used independently or in
combination to reduce speckle and improve image quality.
[0005] The plurality of data sets or steering frames are
combined to generate a single view or compound image by
combining the data received from each point in the compound
image target that has been received from each compound
frame. A transducer array may be utilized to implement elec-
tronic beam steering and/or electronic translation of the com-
ponent frames. The component frames are combined into a
compound image by summation, averaging, peak detection,
or other combinational means. The compounded image may
display relatively lower speckle and better specular reflector
delineation than a non-spatially compounded ultrasound
image.

BRIEF DESCRIPTION OF THE INVENTION

[0006] Inone embodiment, a method for generating a spa-
tially compounded image is provided. The method includes
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acquiring ultrasound image information from a first scan
plane, acquiring ultrasound information from a second scan
plane where the offset between the scan planes is varied as a
function of depth, and combining the information from the
first and second scan planes to generate a two-dimensional
(2D) compounded image.

[0007] In another embodiment, an ultrasound system for
generating a spatially compounded image is provided. The
system includes an ultrasound probe for transmitting and
receiving ultrasound signals to and from an area of interest, a
receiver for receiving the ultrasound signals, and a processing
unit coupled to the ultrasound probe. The processing unit is
programmed to acquire ultrasound image information from a
first scan plane, acquire ultrasound information from a second
scan plane where the offset between the planes is varied as a
function of depth, and combine the information from the first
and second scan planes to generate a two-dimensional (2D)
compounded image.

[0008] Ina further embodiment, a non-transitory computer
readable medium for generating a spatially compounded
image is provided. The computer readable medium is pro-
grammed to instruct a processing unit to acquire ultrasound
image information from a first scan plane, acquire ultrasound
information from a second scan plane where the offset
between the planes is varied as a function of depth, and
combine the information from the first and second non-linear
scan planes to generate a two-dimensional (2D) compounded
image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a block diagram of an exemplary ultra-
sound system formed in accordance with various embodi-
ments.

[0010] FIG. 2 illustrates a block diagram of an exemplary
method of generating an image in accordance with various
embodiments.

[0011] FIG. 3 is an exemplary set of scan planes formed in
accordance with various embodiments.

[0012] FIG. 4 is a side view of the scan planes shown in
FIG. 3.
[0013] FIG. 5 is another exemplary set of scan planes

formed in accordance with various embodiments.

[0014] FIG. 6 is a side view of the scan planes shown in
FIG. 5.
[0015] FIG. 7 illustrates a plurality of exemplary scan

planes formed in accordance with various embodiments.

DETAILED DESCRIPTION OF THE INVENTION

[0016] In the following detailed description, reference is
made to the accompanying drawings which form a part
hereof, and in which is shown by way of illustration specific
embodiments in which the present invention may be prac-
ticed. It is to be understood that the embodiments may be
combined, or that other embodiments may be utilized and that
structural, logical and electrical changes may be made with-
out departing from the scope of the various embodiments of
the present invention. The following detailed description is,
therefore, not to be taken in a limiting sense, and the scope of
the present invention is defined by the appended claims and
their equivalents.

[0017] In this document, the terms “a” or “an” are used, to
include one or more than one. In this document, the term “or”
is used to refer to a nonexclusive or, unless otherwise indi-
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cated. In addition, as used herein, the phrase “pixel” also
includes embodiments of the present invention where the data
is represented by a “voxel”. Thus, both the terms “pixel” and
“voxel” may be used interchangeably throughout this docu-
ment.

[0018] Also as used herein, the phrase “reconstructing an
image” is not intended to exclude embodiments of the present
invention in which data representing an image is generated,
but a viewable image is not generated. Therefore, as used
herein, the term “image” broadly refers to both viewable
images and data representing a viewable image. However,
many embodiments generate (or are configured to generate)
at least one viewable image. In addition, as used herein, the
phrase “image” is used to refer to an ultrasound mode such as
B-mode, CF-mode and/or sub-modes of CF such as TVI,
Angio, B-flow, BMI, BMI_Angio, and in some cases also
MM, CM, PW, TVD, CW where the “image” and/or “plane”
includes a single beam or multiple beams.

[0019] Further, the term processor or processing unit, as
used herein, refers to any type of processing unit that can
carry out the required calculations needed for the invention,
such as single or multicore: CPU, Graphics Board, DSP,
FPGA or a combination.

[0020] FIG. 1 illustrates a block diagram of an ultrasound
system 100 formed in accordance with various embodiments.
The ultrasound system 100 includes a transmitter 102 which
drives an ultrasound probe 104. The probe 104 may include a
1.75D array, a 2D array and the like. In operation, the probe
104 has the ability to do some degree of steering perpendicu-
lar to the scan plane direction. In the exemplary embodiment,
the probe 104 is embodied as a two dimensional (2D) array of
elements that can steer a beam in the desired spatial direction.
The probe 104 includes a transmit group of elements 106 and
a receive group of elements 108, that normally constitute the
same elements. A transmit beamformer 110 controls the
transmitter 102 which, through a transmit sub-aperture beam-
former 114, drives the group of transmit elements 106 to emit
ultrasonic transmit signals into a region of interest (e.g.,
human, animal, underground cavity, physical structure and
the like). The transmitted ultrasonic signals are back-scat-
tered from structures in the object of interest, like blood cells,
to produce echoes which return to the group of receive ele-
ments 108. The echoes are received by the receive elements
108 and may include undesirable speckle (e.g., interference
caused by scattered echo signals reflected from the region of
interest).

[0021] The receive group of elements 108 convert the
received echoes into analog signals, undergo sub-aperture
beamforming by a receive sub-aperture beamformer 116 and
are then passed to a receiver 118. The output of the receiver
118 is communicated to a receive beamformer 120, which
performs additional beamforming operations and outputs an
RF signal. The ultrasound system 100 may include a plurality
of A/D converters 122 that are disposed between the receiver
118 and the receive beamformer 120 to illustrate that the
incoming received signals may be converted from analog to
digital form at the front end of the receive beamformer 120
(such as in analog beamformer).

[0022] The receiver 118 and the beamformer 120 maybe
combined into a single beamformer which may be digital.
The RF signals are then provided to an RF processor 124. The
RF processor 124 may include a complex demodulator (not
shown) that demodulates the RF signals to form IQ data pairs
representative of the echo signals. The RF or IQ signal data
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may then be routed directly to an RF/IQ buffer 126 for tem-
porary storage. A user input 130 may be used to input patient
data, scan parameters, a change of scan mode, and the like.
The herein described transmit and receive beam forming is an
example and it can be differently distributed between the
system part (102, 110, 118, 120, 122, 124) and the probe
(104).

[0023] The ultrasound system 100 also includes a process-
ing unit 132 to process the acquired ultrasound information
(i.e., RF signal data or IQ data pairs) for presentation on a
display system 134. The processing unit 132 is adapted to
perform one or more processing operations (e.g., compound-
ing) according to a plurality of selectable ultrasound modali-
ties on the acquired ultrasound information. Acquired ultra-
sound information may be processed in real-time during a
scanning session as the echo signals are received. Addition-
ally or alternatively, the ultrasound information may be stored
temporarily in the RF/IQ buffer 126 during a scanning session
and processed in less than real-time in a live or off-line opera-
tion.

[0024] The ultrasound system 100 may continuously
acquire ultrasound information at a frame rate that is suitable
for the imaging situation in question. Typical frame rates
range from 20-70 but can be lower or higher. The acquired
ultrasound information is displayed on the display system
134 at a display-rate that can be the same as the frame rate, or
slower or faster. An image buffer 136 is included for storing
processed frames of acquired ultrasound information that are
not scheduled to be displayed immediately. Preferably, the
image buffer 136 is of sufficient capacity to store at least
several seconds worth of frames of ultrasound information.
The frames of ultrasound information are stored in a manner
to facilitate retrieval thereof according to its order or time of
acquisition. The image buffer 136 may be embodied as any
known data storage medium.

[0025] In the exemplary embodiment, the processing unit
132 may include a spatial compounding module 140. The
spatial compounding module 140 is configured to combine a
plurality of steering frames corresponding to a plurality of
different angles to produce a compound image. The spatial
compounding module 140 is configured to control the steer-
ing of the ultrasound signals generated by the plurality of
transducer elements 106/108 to multiple angles, and may also
control the steering of the ultrasound signals generated by the
plurality of transducer elements 106/108 to a plurality of
angles as discussed in more detail below.

[0026] FIG. 2is aflowchart of an exemplary method 200 of
generating a spatially compounded image using a plurality of
images acquired at different imaging planes. Spatial com-
pounding is an imaging technique in which a number of echo
signals from a number of adjacent imaging planes are com-
bined. Elevation compounding is discussed in more detail
below. The multiple directions help achieve speckle decorre-
lation. It should be noted that although the method 200 is
described in connection with ultrasound imaging having par-
ticular characteristics, the various embodiments are not lim-
ited to ultrasound imaging or to any particular imaging char-
acteristics.

[0027] At202, and also with reference to FIGS. 3 and 4, the
probe 104 is utilized to scan a first scan plane 250. In the
exemplary embodiment, the scan planes, such as the first scan
plane 250, are acquired based on scan parameters that are
entered by the operator, from the system, or a combination of
the two. The scan parameters may include, for example, a
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quantity of scan planes to be collected and the degree of
spacing between the scan planes as a function of depth. In
operation, the scan planes are collected for a thickness, such
as from a group or set of adjacent scan planes that are mutu-
ally separated by a distance that varies with depth.

[0028] In the exemplary embodiment, the probe 104 is uti-
lized to perform a sector scan by scanning the fan-shaped
plane 250. The sector scan can have any spatial direction that
can be realized with the probe 104. The sector scan scans a
region 260 along a direction of the angle 6 and along an
acoustic beam 262 extending from an emission point 264 to a
depth 266, the emission point 264 representing the proximal
end of the scan plane and the depth 266 representing the distal
end of the scan plane. Beam 262 is drawn as the edge beam of
the sector scan, but may represent any beam within the plane
250. Further a scan plane 252 is a sector scan that scans a
region 260 along a direction of the angle 0 and along an
acoustic beam 272 that are drawn as the edge beam of the scan
sector, but which may represent any beam within the plane
252. The difference between plane 250 and 252 is that they
have an offset in a direction that is mainly perpendicular to the
main plane direction and the reference plane 270 which illus-
trates the result plane from compounding the planes 250 and
252. If the planes 250 and 252 had been planar, e.g. straight
two dimensional planes with a fixed angular offset, the result
would have been what is known as standard elevation com-
pounding.

[0029] In the exemplary embodiment, elevation com-
pounding is improved by optimizing the distance, or angular
offset, between the pluralities of planes that are compounded,
as a function of depth. This is illustrated for two planes by D,
at 280, D, at 282 and D, at 284 that show how the plane
spacing may vary as a function of depth. Variation of depth, in
this context, means that they are not all identical and they are
not related by their depth times a fixed angle between the
planes (which would be the case for straight planes with an
fixed angular offset). To obtain such a variation in the plane
spacing as a function of depth the transmit and/or receive
elements 106/108 must be steered to acquire non-straight
beams. The planes 250/252 are non-planar as they are built up
from the non-straight beams 262/272.

[0030] In this exemplary embodiment two mirror sym-
metrical planes 250/252 are shown. With symmetrical com-
pounding weights the resulting plane 270 will be planar, but
this is not a requirement for the scope of various embodi-
ments. In other embodiments three, four, five or more planes
can be used. For odd numbers of planes, the center plane is
preferably kept planar and other planes are non-planar to
realize the mutual distances that vary with depth, but also a
non-planar center plane is within the scope of various
embodiments.

[0031] In the preferred embodiment the adjacent beams in
the plurality of adjacent planes are acquired using multiline
acquisition. The corresponding beams 262/272 in the adja-
cent planes 250/252 are acquired with the same shot to
increase frame rate. In another embodiment the adjacent
planes are acquired independently or a combination of multi-
line and independent acquisition.

[0032] Various embodiments may be used in conjunction
with all probes that can do some degree of steering in a
direction that is perpendicular to the scan plane. This steering
can be realized electronically and/or mechanically. This
applies for phased arrays, curved arrays, linear arrays and is
independent of the application in question. It can further be
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used in conjunction with sector scans, curved scans, linear
scans, virtual apex scans and any other scan geometry as long
as out-of-the plane steering is utilized to acquire the plurality
of compound planes.

[0033] At 204, the probe 104 is utilized to scan the second
scan plane 252. At 206, the images derived at 202 and 204 are
spatially combined to form a first 2D or 3D image. In the
exemplary embodiment, the second scan plane 252 is also a
non-linear scan plane such as the first scan plane 250. The
second scan plane 252 is also acquired based on scan param-
eters that are entered by the operator. The scan parameters
may include, for example, a quantity of scan planes to be
collected, and/or an angular distance between scan planes. As
such, various embodiments can be “repeated” for multiple
planes. In a preferred embodiment it is used for each of the
planes in multi plane acquisition in 3D. Here a plurality of
planes are acquired for a set of spatial directions in space and
a plurality of compound planes are acquired for each of these
in accordance with the described embodiments. In another
embodiment the elevational compounding is used to enhance
each of the planes in standard spatial compounding, where
each of the planes with different imaging angles are acquired
as a plurality of planes in accordance with the described
embodiment.

[0034] As discussed above, the distance between the eleva-
tion planes 300 and 302 is varied with depth to optimize
image quality. More specifically, the probe 104 is configured
to acquire the acoustic beams 262 such that the resulting scan
plane 250 is non-planar due to variable steering respect to the
common axis 254. More specifically, while the scan plane 250
is generally fan shaped, the surface of the scan plane 250 is
non-planar, between the emission point 264 and the depth 266
of'the scan plane 250, referred to herein as the elevation of the
scan plane. The acoustic beams 262 may be steered by con-
trolling the shape of the ultrasound signals generated by the
transmit and receive elements 106/108. Specifically, the
transmit and receive elements 106/108 may be electronically
steered at different angles to transmit and receive the non-
straight acoustic beams 262.

[0035] FIG. 4 is a side view of the first scan plane 250 and
the second scan plane 252. In the exemplary embodiment, the
spatial and elevation compounding module 140 identifies the
thickness, i.e. elevation, of a slice to be created from the scan
planes 250 and 252. The slice thickness defines the distance
between the scan planes 250 and 252. In the exemplary
embodiment, because the planes 250 and 252 are normally
non-linear, there is a slight elevational offset between the
planes 250 and 252, in a direction 276 that is perpendicular to
the main imaging direction of the planes 250 and 252, which
is varied in some embodiments. For example, as shown in
FIG. 4, the planes 250 and 252 are offset from each other by
adistance D1 at an elevation point 280 that is proximate to the
emission point 264. The planes 250 and 252 are offset from
each other by a distance D2 that is larger than D1, at an
elevation point 282 that is midway between the emission
point 264 and the point of depth 266. Moreover, the planes
250 and 252 are offset from each other by a distance D3, that
is less than D2, at an elevation point 284 that is proximate to
the point of depth 266. Accordingly, in some embodiments,
the thickness of the slab defined by the planes 250 and 252
diverges from the point 280 to the point 282 and converges
from the point 282 to the point 284 such that the planes 250
and 252 are non-planar between the emission point 264 and
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the depth 266, to enable a thicker, and/or thinner, slab of the
region of interest to be used to generate a 2D image.

[0036] Inthe exemplary embodiment, the offset or distance
between the planes 250 and 250 are therefore controlled as a
function of the depth 266 of the imaging plane which affects
the correlation between the acquired images. More specifi-
cally, a smaller distance between the planes 250 and 252, such
as D1 and D3, provides a relatively high degree of correlation
for specular reflectors. The distances D1 and D3 may be for
example, on the order of one-half of the beam width to
achieve significant speckle decorrelation between the planes
250 and 252. Whereas, a larger distance between the planes
250 and 252, such as D3, provides a lower degree of correla-
tion for speckle and noise. Specifically, correlation of specu-
lar reflectors are desired, while speckle and noise should be
de-correlated. Accordingly, the offset between the planes 250
and 252 may be tuned to enhance the imaged structures and
suppress noise and speckle. In the exemplary embodiment,
the beam width is varied as a function of depth to control the
spacing between the planes 250 and 252. Moreover, in the
case where the vectors of adjacent planes are acquired during
a single transmit event, using multiline acquisition (MLA) for
example, large spacing facilitates reducing penetration due to
reduced overlap between the transmit and receive beams.
Therefore, the planes 250 and 252 may be positioned closer
together to regain penetration.

[0037] FIG. 5 is another exemplary set of scan planes
formed in accordance with various embodiments. In the
exemplary embodiment, the offset or distance between the
planes 300 and 302 are controlled as a function of the depth of
the imaging plane which affects the correlation between the
acquired images. The scan parameters also include a spatial
offset that defines a spatial distance between two adjacent
scan planes, such as scan planes 250 and 252. In the exem-
plary embodiment, to form the spatial offset the transmit and
receive elements 106/108 may be steered at different angles.
The first plane 300 is spatially offset from the second plane
302 by an angle a.. More specifically, the first plane 300 is
scanned at a first angular direction and the second plane 203
is scanned at a second different angle but along a same axis
274. The difference between the angles represents the angle
a.. It should be realized that although the exemplary embodi-
ment illustrates two scan planes 300 and 302, various
embodiments may utilize more than two scan planes to form
a spatially compounded image. The sector scan used to scan
the planes 300 and 302 may be performed, for example, by
steering the receive elements 106 as discussed above. ‘When
the offset between the compounding planes are controlled as
a function of depth and will affect the correlation between the
acquired images. Small spacing will give high degree of
correlation while large spacing will give lower degree of
correlation. Correlations of specular reflectors are desired,
while one wants speckle and noise to de-correlate. The spatial
offset must be properly tuned to enhance the imaged struc-
tures and suppress noise and speckle. Since beam width vary
with depth it is important to control the plane spacing as a
function of depth to get an optimal result. Further, in the case
where the vectors of adjacent planes are acquired during a
single transmit event using multiline acquisition, spacing
between the beams and/or planes will reduce penetration due
to reduced overlap between the transmit beam and the receive
beams. In this case one can reduce the offset between the
planes to regain penetration.
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[0038] FIG. 6is a side view of the scan planes 300 and 302.
In the exemplary embodiment, the spatial and elevation com-
pounding module 140 identifies the thickness, i.e. elevation,
of a slice to be created from the scan planes 300 and 302. In
the exemplary embodiment, because the planes 300 and 302
are non-planar there is a slight elevational offset between the
planes 300 and 302, in a direction 306 that is perpendicular to
the main imaging direction of the planes 300 and 302. For
example, as shown in FIG. 6, the planes 300 and 302 are offset
from each other by a distance D4 at an elevation point 310 that
is proximate to the emission point 264. The planes 300 and
302 are offset from each other by a distance D5, that is larger
than D4, at an elevation point 312. The planes 300 and 302 are
offset from each other by a distance D6, that is smaller than
D5, at an elevation point 314. The planes 300 and 302 are
offset from each other by a distance D7, that is larger than D6,
at an elevation point 316. Moreover, the planes 300 and 302
are offset from each other by a distance D8, that is less than
D7, at an elevation point 318. Accordingly, in some embodi-
ments, the thickness of the slab defined by the planes 300 and
302 diverges from the point 310 to the point 312, converges
from the point 312 to the point 314, converges from the point
314 to 316, and diverges from the point 316 to 318 to enable
a thicker slab of the region of interest to be used to generate a
2D image.

[0039] The invention, as described herein, can be used for
any imaging mode and a combination of imaging modes. The
phrase “image” is thus used to refer to an ultrasound mode
such as B-mode, CF-mode and/or sub-modes of CF such as
TVI, Angio, B-flow, BMI, BMI Angio, and for other embodi-
ments also MM, CM, PW, TVD, CW. Further, for B-mode the
invention can be used in conjunction with any B-mode acqui-
sition methods such as harmonic imaging, contrast imaging,
pulse inversion, power modulation and coded excitation.
[0040] Inthe exemplary embodiment, the compounding of
the plurality of planes can be done with fixed weights. In other
embodiments one can use adaptive weights (for example
based on a quality measure or image analysis) and/or on
transformed data.

[0041] Referring again to FIG. 2, at 208, the ultrasound
system 100 generates at least a second spatially and eleva-
tionally combined 2D image as described above in steps
202-206. In the exemplary embodiment, the ultrasound sys-
tem 100 may acquire a series of spatially and elevationally
combined 2D images using a multiplane acquisition scanning
technique. More specifically, multiplane acquisition may be
embodied as a biplane, a tri-plane, or N-plane scan that is
specified by the user. The system 100 sets the angles, orien-
tation, tilt, and the like for a given type of multiplane scan for
the planes with respect to one another based on predefined
default values or the user entered parameter values. For
example, if the user designates bi-plane imaging, the user
may then set parameter values for the angles of the planes to
be 0 degrees and 90 degrees with respect to a base reference
plane. Optionally, if the user designates tri-plane imaging, the
user may then set parameter values for the angles of the planes
to be 0 degrees, 60 degrees and 120 degrees with respect to a
base reference plane.

[0042] For example, FIG. 7 illustrates a multi-plane image
acquisition that may be performed by the imaging system
100. In the exemplary embodiment, the multi-plane image
data shown in FIG. 7 includes two, sets of the scan planes 250
and 252 described above. However, it should be realized that
the multi-plane image data may include two or more sets of



US 2013/0012819 Al

the scan planes 250 and 252, two or more sets of the scan
planes 300 and 302, or two or more sets of any scan planes
having a non-linear elevational profile. The multi-plane
image data may be obtained from a current image scan or
from previously obtained and stored data. In the exemplary
embodiment, the multi-plane image data is acquired from a
3D ultrasound scan using two or more image planes. For
example, as shown in FIG. 7, the image data may be obtained
from a bi-plane image scan using two-planes 250 and 252. In
another embodiment, the image data may be obtained from a
tri-plane image scan using three-planes (not shown). It should
be noted that each of the scan planes 250 and 252 is a 2D scan
plane. Additionally, it should be noted that the multi-plane
image acquisition may be performed using any type of ultra-
sound probe and/or ultrasound imaging system as appropri-
ate.

[0043] In some embodiments, such as in a bi-plane image
acquisition implementation, the ultrasound information is
acquired substantially simultaneously or consecutively
within a short period of time (e.g. Y20 second) for the two
differently oriented scan planes 250 and 252 or views. It
should be noted that the spacing (e.g., angular rotation)
between a first set 350 of scan planes 250 and 252 and a
second set 352 of scan planes 250 and 252 may be the same or
varied. For example, one data slice associated with the first set
350 of scan planes may correspond to an angle of O degrees,
another data slice associated with the second set of scan
planes 352 may correspond to an angle of 60 degrees, and a
third set of scan planes (not shown) may correspond to an
angle of 120 degrees, etc.

[0044] At 210, a 2D combined image, a 3D combined
image or other image may be formed from the image planes
(e.g., individual planes of a multi-plane dataset). The sets of
scan planes 350 and 352 may intersect at a common rotational
axis 354 or, alternatively, intersect at different axes. Two slice
images (e.g., 2D slices cut through a full volume 3D dataset)
may be generated by image data acquired at the two sets of
scan plane 350 and 352, which are two views of the scan
object at about the same point in time due to simultaneous
acquisition of the scan data for the two sets of scan planes 350
and 352. The two slice images may be, for example, of a
patient’s heart at a specific point in time of the heart beat or
cycle. Alternatively, the three slice images may show continu-
ous motion of a patient’s heart while the heart beats. It should
be noted that one or more of the sets of scan planes 350 and
352 may be tilted relative to a scanning surface of the ultra-
sound probe 104 (shown in FIG. 1). Additionally, the angular
rotation between the sets of scan planes 350 and 352 may be
changed or varied. It also should be noted that the sets of scan
planes 350 and 352 may be acquired by mechanical or elec-
tronic steering of the ultrasound probe 104. For example, in
some embodiments, the ultrasound probe may include elec-
tronic steering means as is known that electronically steers a
matrix array, as shown in FIG. 1, to acquire the image data
corresponding to the sets of scan planes 350 and 352. In
another embodiment, the ultrasound probe 104 may include a
mechanically movable scan head as is known that moves the
array of elements 106/108 (shown in FIG. 1) to acquire image
data (e.g., image planes) corresponding to the sets of scan
planes 350 and 352. In still other embodiments, a combina-
tion of mechanical and electronic steering as is known may be
used. It should be noted that during acquisition of the sets of
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scan planes 350 and 352, the probe housing in various
embodiments is not moved relative to the object being exam-
ined.

[0045] It also should be noted that more than two scan
planes may be used to acquire image information. For
example, three, four, five, six images (e.g., six image planes)
may be generated at the six planes, which may be located, for
example, equidistance from each other. However, the angular
spacing between each of the scan planes may be varied.
Accordingly, the number of apical planes may be increased
using, for example, sequentially acquired multi-plane scan
data by electronically rotating the scan angles. In some
embodiments, multiple tri-plane acquisitions may be per-
formed that are angularly rotated with respect to each other or
a single acquisition having more than three scan planes may
be performed. Thus, increased image resolution of, for
example, the left ventricle of an imaged heart may be pro-
vided.

[0046] In the exemplary embodiment, at 212, a weighting
factor may be applied to the image formed at 210. In the
exemplary embodiment, relative weights are assigned to the
areas where the planes overlap and do not overlap. For
example, the same weighting factor may be applied to areas
that overlap. Optionally, different weights may be assigned to
each of the areas that do not overlap. By weighting the
acquired scan data differently, speckle interference may be
decreased, thereby improving image quality. In addition,
weighting eliminates any detected motion prior to combining
the plurality of steering frames into a compound image.
Optionally, different levels of compounding may be used. For
example, a high level of compounding (e.g., five or more
image frames steered at large angles) may be used. Option-
ally, other applications may require no compounding or a
lower level of compounding (e.g., three frame images and
transducer elements steered at smaller angles). Therefore, in
an embodiment, a plurality of default preset choices for dif-
ferent levels of compounding may be provided (e.g., no com-
pounding, low compounding, high compounding).

[0047] In addition, the ultrasound system 100 provides for
reducing interference caused by speckle noise. Speckle noise
is an intrinsic property of ultrasound imaging, the existence of
speckle noise in ultrasound imaging reduces image contrast
and resolution. Accordingly at 214, a speckle reduction filter
is used to reduce speckle noise. The speckle reduction filter
usually does not create motion artifacts, preserves acoustic
shadowing, and enhancement. However, the speckle reduc-
tion filter may cause a loss of spatial resolution and reduce
processing power of an ultrasound imaging system.

[0048] A speckle reduction filter (not shown), such as a low
pass filter, may be utilized to reduce speckle noise in an image
generated the ultrasound system 100. An example of a low
pass filter is a finite impulse response (FIR) filter. In an
alternative embodiment, the speckle reduction filter is a math-
ematical algorithm that is executed by the processor 132 and
that is used on a single image frame to identify and reduce
speckle noise content. In yet another embodiment, the
speckle reduction filter is a median filter, a Wiener filter, an
anisotropic diffusion filter, or a wavelet transformation filter,
which are mathematical algorithms executed by the processor
132. In still another alternative embodiment, the speckle
reduction filter is a high pass filter that performs structural and
feature enhancement. An example of a high pass filter is an
infinite impulse response (IIR) filter. In the median filter, a
pixel value of an image generated using the ultrasound system
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100 is replaced by a median value of neighboring pixels. The
Wiener filter can be implemented using a least mean square
(LMS) algorithm. The anisotropic diffusion filter uses heat
diffusion equation and finite elements schemes. The wavelet
transformation filter decomposes echo signals into a wavelet
domain and obtained wavelet coefficients are soft-thresh-
olded. In the soft-thresholding, wavelets with absolute values
below a certain threshold are replaced by zero, while those
above the threshold are modified by shrinking them towards
zero. A modification of the soft thresholding is to apply non-
linear soft thresholding within finer levels of scales to sup-
press speckle noise.

[0049] A technical effect of at least one embodiment is to
utilize a spatial compounding techmque to improve imaging
by averaging different ultrasound images of different targets.
The averaging is done to improve imaging of specular reflec-
tors and to reduce speckle and noise in the resulting image.
Additionally, the spatial compounding is done in combina-
tion with variable spacing (or angle) between the planes as a
function of depth, referred to herein as elevation compound-
ing. More specifically, when the spacing between planes is
varied as a function of depth, the planes that are averaged are
not planar any more. The control of the spacing allows opti-
mization of the tradeoff between the overall thickness of the
slice (determined by the region spanned by the planes), the
degree of decorrelation of speckle and noise between the
planes, and the degree of penetration at large depths for planes
that are acquired as multi-line acquisitions (MLAs) for the
same shot.

[0050] In some embodiments, the spacing between planes
is controlled as a function of the beamwidth of the ultrasound
probe such that less spacing may be used when the beamwidth
is narrow, or if the vectors of adjacent planes are acquired
from the same transmit event, using for example, parallel
beamforming.

[0051] Thus, in various embodiments, the compounding
described herein is based on planes with a slight spatial offset
that is accurately controlled to optimize the quality of the
resulting image. An offset on the order of one-half of the slice
thickness is required, in some embodiments, to obtain signifi-
cant speckle decorrelation between adjacent planes. Various
embodiments, combine two or more ultrasound sector scans
with a slight offset in a direction that is perpendicular to the
main imaging direction of the planes. In this manner, infor-
mation from a thicker slab of the imaging object is combined.
[0052] Itshould be noted that although the various embodi-
ments may be described in connection with an ultrasound
system, the methods and systems described herein are not
limited to ultrasound imaging or a particular configuration
thereof. For example, the various embodiments may be
implemented in other non-medical imaging systems, for
example, non-destructive testing systems.

[0053] The various embodiments and/or components, for
example, the modules, or components and controllers therein,
also may be implemented as part of one or more computers or
processors. The computer or processor may include a com-
puting device, an input device, a display unit and an interface,
for example, for accessing the Internet. The computer or
processor may include a microprocessor. The microprocessor
may be connected to a communication bus. The computer or
processor may also include a memory. The memory may
include Random Access Memory (RAM) and Read Only
Memory (ROM). The computer or processor further may
include a storage device, which may be a hard disk drive or a
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removable storage drive such as a floppy disk drive, optical
disk drive, and the like. The storage device may also be other
similar means for loading computer programs or other
instructions into the computer or processor.

[0054] As used herein, the term “computer” may include
any processor-based or microprocessor-based system includ-
ing systems using micro controllers, reduced instruction set
computers (RISC), graphics board, application specific inte-
grated circuits (ASICs), logic circuits, and any other circuit or
processor capable of executing the functions described
herein. The above examples are exemplary only, and are thus
not intended to limit in any way the definition and/or meaning
of the term “computer”.

[0055] The computer or processor executes a set of instruc-
tions that are stored in one or more storage elements, in order
to process input data. The storage elements may also store
data or other information as desired or needed. The storage
element may be in the form of an information source or a
physical memory element within a processing machine.
[0056] The set of instructions may include various com-
mands that instruct the computer or processor as a processing
machine to perform specific operations such as the methods
and processes of the various embodiments of the invention.
The set of instructions may be in the form of a software
program. The software may be in various forms such as
system software or application software. Further, the soft-
ware may be in the form of a collection of separate programs,
a program module within a larger program or a portion of a
program module. The software also may include modular
programming in the form of object-oriented programming.
The processing of input data by the processing machine may
be in response to user commands, or in response to results of
previous processing, or in response to a request made by
another processing machine.

[0057] As used herein, the terms “software” and “firm-
ware” are interchangeable, and include any computer pro-
gram stored in memory for execution by a computer, includ-
ing RAM memory, ROM memory, EPROM memory,
EEPROM memory, and non-volatile RAM (NVRAM)
memory. The above memory types are exemplary only, and
are thus not limiting as to the types of memory usable for
storage of a computer program.

[0058] It is to be understood that the above description is
intended to be illustrative, and not restrictive. For example,
the above-described embodiments (and/or aspects thereof)
may be used in combination with each other. In addition,
many modifications may be made to adapt a particular situa-
tion or material to the teachings of the various embodiments
ofthe invention without departing from their scope. While the
dimensions and types of materials described herein are
intended to define the parameters of the various embodiments
of the invention, the embodiments are by no means limiting
and are exemplary embodiments. Many other embodiments
will be apparent to those of skill in the art upon reviewing the
above description. The scope of the various embodiments of
the invention should, therefore, be determined with reference
to the appended claims, along with the full scope of equiva-
lents to which such claims are entitled. In the appended
claims, the terms “including” and “in which” are used as the
plain-English equivalents of the respective terms “compris-
ing” and “wherein.” Moreover, in the following claims, the
terms “first,” “second,” and “third,” etc. are used merely as
labels, and are not intended to impose numerical require-
ments on their objects. Further, the limitations of the follow-
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ing claims are not written in means-plus-function format and
are not intended to be interpreted based on 35 U.S.C. §112,
sixth paragraph, unless and until such claim limitations
expressly use the phrase “means for” followed by a statement
of function void of further structure.
[0059] This written description uses examples to disclose
the various embodiments of the invention, including the best
mode, and also to enable any person skilled in the art to
practice the various embodiments of the invention, including
making and using any devices or systems and performing any
incorporated methods. The patentable scope of the various
embodiments 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 the examples have structural elements that do
not differ from the literal language of the claims, or if the
examples include equivalent structural elements with insub-
stantial differences from the literal languages of the claims.
What is claimed is:
1. A method for generating a spatially compounded image,
said method comprising:
acquiring ultrasound information from two or more scan
planes, wherein the scan planes are mutually offset by a
spatial distance, and wherein at least one of the scan
planes is non-planar such that the spatial distance
between the scan planes is a function of depth; and

combining the information from the scan planes to gener-
ate a compounded image.

2. The method of claim 1, wherein the scan planes are offset
in a direction that is perpendicular to the resulting com-
pounded image.

3. The method of claim 1, wherein one of the scan planes is
defined as a base plane, said method further comprising
acquiring beams in at least one adjacent scan plane using
multiline acquisition to increase framerate.

4. The method of claim 1, wherein the scan planes are
acquired so that the resulting compounded image has any
spatial direction.

5. The method of claim 1, wherein the method is used for
each of the scan planes in multiplane acquisition to generate
a plurality of two-dimensional scan planes.

6. The method in claim 1, wherein the method is used for
each of the scan planes in standard compounding that images
the imaging target from different spatial angles.

7. The method of claim 1, wherein the scan planes are
acquired using B-Mode imaging, Colorflow Imaging and
sub-modes of colorflow such as Tissue Velocity Imaging,
Angio Imaging, B-flow Imaging, F-flow Angio imaging, and
M-Mode Imaging, Color M-Mode Imaging, Pulse Wave
Imaging, TVD Imaging or Continuous Wave Imaging.

8. The method of claim 7, wherein B-mode comprises
fundamental imaging, harmonic imaging, pulse inversion
imaging, power modulation imaging, or coded excitation
imaging.

9. The method of claim 1 wherein combining the informa-
tion from the scan planes further comprises combining the
information from the scan planes using fixed weights, adap-
tive weights, or transformed data.
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10. An ultrasound system for generating a compounded
image, said system comprising:

an ultrasound probe for transmitting and receiving ultra-

sound signals to and from an area of interest;

a receiver for receiving the ultrasound signals; and

a processor coupled to the ultrasound probe, the processor

programmed to:
acquire ultrasound information from two or more scan
planes, wherein the scan planes are mutually offset by a
spatial distance, and wherein at least one of the scan
planes is non-planar such that the spatial distance
between the scan planes is a function of depth; and

combine the information from the scan planes to generate
a compounded image.
11. The ultrasound system of claim 10, wherein the scan
planes are offset in a direction that is perpendicular to the
resulting compounded image.
12. The ultrasound system of claim 10, wherein one of the
scan planes is defined as a base plane, said method further
comprising acquiring beams in at least one adjacent scan
plane using multiline acquisition to increase framerate.
13. The ultrasound system of claim 10, wherein the scan
planes are acquired so that the resulting compounded image
has any spatial direction.
14. The ultrasound system of claim 10, wherein the pro-
cessor is further programmed to use each of the scan planes in
multiplane acquisition to generate a plurality of two-dimen-
sional scan planes.
15. The ultrasound system of claim 10, wherein the pro-
cessor is further programmed to use each of the scan planes in
standard compounding that images the imaging target from
different spatial angles.
16. The ultrasound system of claim 10, wherein the scan
planes are acquired using B-Mode imaging, Colorflow Imag-
ing, Tissue Velocity Imaging, B-flow Imaging, M-Mode
Imaging, Pulse Wave Imaging, or Continuous Wave Imaging.
17. The ultrasound system of claim 16, wherein B-mode
imaging comprises fundamental imaging, harmonic imaging,
pulse inversion imaging, power modulation imaging, or
coded excitation imaging.
18. The ultrasound system of claim 10, wherein combining
the information from the scan planes further comprises com-
bining the information from the scan planes using fixed
weights, adaptive weights, or transformed data.
19. A non-transitory computer readable medium for gen-
erating a compounded image, the computer readable medium
instructing a processor to:
acquire ultrasound information from two or more scan
planes, wherein the scan planes are mutually offset by a
spatial distance, and wherein at least one of the scan
planes is non-planar such that the spatial distance
between the scan planes is a function of depth; and

combine the information from the scan planes to generate
a compounded image.

20. The non-transitory computer readable medium of claim
18 wherein the scan planes are offset in a direction that is
perpendicular to the resulting compounded image.
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