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Title: MOTION ESTIMATION AND COMPENSATION OF FEATURE-MOTION
DECORRELATION

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Patent Application
Serial No. 61/212,820, filed on April 17, 2009, and entitled A COUPLED |
FILTERING METHOD FOR TISSUE MOTION ANALYSIS USING
ULTRASOUND IMAGES, the entirety of which is hereby incorporated by reference.

TECHNICAL FIELD
[0002] The subject disclosure relates to image motion analysis, and more
particularly to motion estimation and compensation of feature-motion decorrelation in

ultrasound images.

BACKGROUND
[0003] Ultrasound-based diagnostic imaging has achieved widespread
acceptance in clinical use. For example, modern ultrasound imaging diagnostic
systems and techniques are commonly used to produce two-dimensional (2-D) or -
three-dimensional (3-D) ultrasound images of internal features of patients.
Conventional ultrasound systems operate in various image modes (e.g., brightness
mode or B-Mode, Doppler mode, etc.) to acquire ultrasound images for diagnoses.
As a further example, traditional ultrasound systems can provide a color flow image,
e.g., in a Doppler mode, that can represent velocities of moving objects such as blood
flow, heart motions, efc. Such systems can be limited in that they measure motion
parallel to the beam direction. Motion that is perpendicular to the beam direction
typically cannot be measured. Moreover, in many instances, it is desirable to obtain
angle-independent measurements that make use of the unique interference patterns
called speckles, which are formed when ultrasound waves are reflected from
underlying tissue scatterers and interfere with each other.
[0004] Accurate tissue motion estimation is beneficial in many diagnostic
ultrasound applications. For instance, accurate 3-D tissue deformation analysis, or
tissue motion estimation, finds many applications in ultrasound-based diagnostic

imaging. As an example, accurate tissue motion estimation is especially helpful in the
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fields of elastography (e.g., for tumor detection) and echocardiography (e.g., for heart
disease diagnosis). Therefore, accurate tissue deformation analysis via speckle
tracking has great potential in clinical applicatiohs. B

[0005] Speckle tracking assumes that the speckles in images remain
unchanged before and after tissue motion. However, this assumption is true only for
certain types of tissue motion (such as translation). In practice, speckles do change
after tissue deformation, resulting in a difficult feature-motion decorrelation problem.
Thus, systems employing typical speckle tracking-based estimation results do not use
such results to represent the underlying true tissue motion. -

[0006] To achieve accurate tissue motion estimation, compensation of feature-
motion decorrelation can be performed to represent underlying true tissue motion.
However, feature-motion decorrelation remains a largely open problem for ultrasound
image-based tissue deformation analysis. Compensation of feature-motion
decorrelation has been shown to be an ill-posed inverse problem. As accurate tissue
motion estimation is beneficial in many diagnostic applications, feature-motion
decorrelation can pose a challenge to implementing accurate tissue deformation
analysis for ultrasound imaging clinical applications.

[0007] To alleviate the feature-motion decorrelation problem, typical solutions
use relatively high frame rates (e.g., 200 frames per second in 2-D ultrasound imaging)
during imaging so that the deformation between two neighboring ultrasound images is
small enough to guard against any significant image variation. However, such high
frame rates have been difficult to achieve for 3-D ultrasound imaging. In addition,
while such high frame rates are possible in 2-D ultrasound imaging, out-of-plane
motion (e.g., the tissue part may not always stay in the same 2-D imaging plane as
assumed) hampers the wide applications of 2-D ultrasound imaging in tissue
deformation analysis. Also, the problems of feature-motion decorrelation (e.g., the
problem of accurate tissue deformation analysis) remain unaddressed by high frame
rate solutions.

[0008] Conventional image-analysis approaches to the problem of feature-
motion decorrelation either piace additional constraints to limit the search space
during motion tracking, or model image variations caused by tissue motion. However,
regardless of the approach posed by conventional solutions, neither adequately
addresses the problems of accurate tissue deformation analysis (e.g., feature-motion

decorrelation).
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[0009] For example, while constraint-based image-analysis approaches (e.g.,
tissue incompressibility models, deformable mesh method, finite-element method,
multi-scale estimation with regularized displacement fields, efc.) address the larger
problem by focusing on the end result, such approaches constrain the solutlon space
rather than resolving the issue of feature-motion decorrelatmn

[0010] As a further example, modeling image variations caused by tissue
motion (e.g., 2-D companding) can model 2-D image variations caused by tissue
motion with a 2-D scaling plus a shift. 2-D companding uses a multi-scale framework
to estimate the scaling and shift parameters. For instance, after warping an image
taken after tissue deformation, 2-D companding can estimate tissue displacement and
can further derive tissue strain distribution. However, while companding can provide
an acceptable approx.imati()n of image variation for a limited range of tissue
deformation, typical systems employing companding do not provide acceptable
results for large tissue deformation. |

[0011] It is thus desired to provide enhanced systems, devices, and
methodologies for compensation of feature-motion decorrelation to facilitate tissue
deformation analysis in ultrasound imaging systems that improve upon these and
other deficiencies. The above-described deficiencies of typical ultrasound imaging
systems are merely intended to provide an overview of some of the problems of
conventional systems, and are not intended to be exhaustive. Other problems with
conventional systems and cdrresponding benefits of the various non-limiting
embodiments described herein may become further apparent upon review of the

following description.

SUMMARY
[0012] The following presents a simplified summary of the specification to
provide a basic understanding of some aspects of the specification. This summary is
not an extensive overview of the specification. It is intended to neither identify key or
critical elements of the specification nor delineate any scope particular to any
embodiments of the specification, or any scope of the claims. Its sole purpose is to
present some concepts of the specification in a simplified form as a prelude to the
more detailed description that is presented later.
[0013] In various non-limiting embodiments of the disclosed subject matter,

systems, devices, and methodologies that facilitate compensation of feature-motion

[US]
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decorrelation are described. For instance, in exemplary implementations, coupled
filtering can be performed on image information (e.g., information associated with a
pair of images before and after a motion of interest). Exemplary embodiments can
output motion parameter(s) associated with the motion, which, among other things,
can allow accurate tissue motion estimation in ultrasound imaging.

[0014] Accordingly, various embodiments for compensation of feature-motion
decorrelation are described herein. In one aspect, methodologies for compensation of
feature-motion decorrelation are provided that perform a coupled filtering on image
information based in part on initialized motion parameter(s) to generate coupled
filtering results. In addition, methodologies can further include updating the
initialized motion parameter(s) based in part on the coupled filtering results in a
predefined search to create updated motion parameter(s). In a further aspect of
exemplary methodologies for compensation of feature-motion decorrelation, updated
motion parameter(s) can be output based in part on determining that the coupled
filtering results meet one or more acceptance criteria.

[0015] In other exemplary implementations, systems that compensate for
feature-motion decorrelation can comprise a computerized component that performs a
coupled filtering operation on before-motion image information and warped after-
motion image information to create coupled filtering results. In a further aspect, a
warping operation that creates the warped after-motion image information and the
coupled filtering operation share a set of motion parameter(s) that facilitates
calculation of a matching metric for the coupled filtering results. In addition, in other
aspects of disclosed systems, the computerized component can perform a point spread
function filtering of the warped after-motion image information and a modified point
spread function filtering of the before-motion image information. In yet other aspects
of disclosed systems, the computerized component can perform a Gaussian-weighted
cosine filtering of the warped after-motion image information and an affine modified
Gaussian-weighted cosine filtering of the before-motion image information.

- [0016] In yet other embodiments of the disclosed subject matter, a coupled
filtering device that facilitates compensation of feature-motion decorrelation is
described. For instance, an exemplary coupled filtering device can comprise an image
warping component configured to image warp a first subset of input image
information. In a further aspect, an exemplary coupled filtering device can further

comprise a filtering component configured to filter a second subset of input image
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information based in part on initialized motion parameter(s) and configured to filter
the warped first subset of input image information to obtain coupled filtering results.

[0017] These and other embodiments are described in more detail below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] Various non-limiting embodiments are further described with reference
to the accompanying drawings in which:
[0019] FIG. 1 illustrates a functional block diagram of an exemplary non-
limiting embodiment of an ultrasound system, to which implementations of the
disclosed subject matter can be applied;
[0020] FIG. 2 depicts a functional block diagram of an illustrative
embodiment of a control component that facilitates compensation of feature-motion
decorrelation according to aspects of the disclosed subject matter;
[0021] FIG. 3 depicts a functional block diagram of an exemplary coupled
filtering component or device that facilitates feature motion decorrelation according to
further aspects of the disclosed subject matter;
[(0022] FIG. 4 depicts a flowchart illustrating exemplary non-limiting
methodologies for compensation of feature-motion decorrelation as described herein;
[0023] FIG. 5 is a flowchart depicting further non-limiting methodologies for
compensation of feature-motion decofrelation according to the disclosed subject
matter;
[0024] FIG. 6 depicts further aspects of methodologies for compensation of
feature-motion decorrelation as described herein;
[0025] FIG. 7 depicts further non-limiting methodologies for compensation of
feature-motion decorrelation according aspects of the disclosed subject matter;
[0026] FIG. 8 depicts other non-limiting methodologies for compensation of
feature-motion decorrelation according to further aspects as described herein;
[0027) FIG. 9 tabulates exemplary non-limiting 3-D ultrasound image
simulation parameters;
[0028] FIG. 10 depicts exemplary comparative results of the similarity
between 3-D ultrasound image volume pairs by examining mean correlation
coefficients, in which one slice of a simulated ultrasound image volume is depicted,

and where for display purpose, an RF signal was converted to a B-Mode signal;
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[0029] FIGS. 11-16 depict exemplary mean correlation coefficients with
respect to deformation at three settings, where a higher correlation coefficient
indicates a better similarity and a smaller image variation for six different cases of
tissue deformation, in which axial deformation (e.g., deformation primarily along the
axial direction), lateral deformation (e.g., deformation primarily along the lateral
direction), axial rotation (e.g., the rotation axis is aligned to the beam direction),
lateral rotation (e.g., the rotation axis is perpendicular to the beam direction), shearing
along the lateral-elevational plane (e.g., the elastic axis is aligned to the beam
direction) and shearing along the axial-lateral plane (e.g., the elastic axis is
perpendicular to the beam direction), are depicted, respectively;

[0030] FIG. 17 depicts exemplary comparative results of an elastography
study for a phantom image, where for display purpose, the RF signal was converted to
a B-Mode signal (after taking the logarithm) for illustrative purposes;

[0031] FIG. 18 is a block diagram reﬁresenting exemplary non-limiting
networked environments in which various embodiments described herein can be
implemented; and

[0032] FIG. 19 is a block diagram representing an exemplary non-limiting
computing system or operating environment in which one or more aspects of various

embodiments described herein can be implemented.

DETAILED DESCRIPTION
OVERVIEW
[0033] While a brief overview is provided, certain aspects of the disclosed
subject matter are described or depicted herein for the purposes of illustration and not
limitation. Thus, variations of the disclosed embodiments as suggested by the
disclosed apparatuses, systems and methodologies are intended to be encompassed
within the scope of the subject matter disclosed herein. For example, the various
embodiments of the apparatuses, systems and methodologies of the disclosed subject
matter are described in the context of ultrasound and tissue imaging. However, as
further detailed below, various exemplary implementations can be applied to other
areas of imaging, without departing from the subject matter described herein. ’
[0034] As used herein, the term “information” in the context of “image
information” is intended to refer to one or more items of data that is descriptive of, is

associated with, is a representation of a physical measurement of, or otherwise relates
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to an observable phenomenon having one or more characteristics (e.g., physical,
chemical, electrical, mechanical, visual, or other characteristics) that can be
represented by one or more images. As further described herein, the terms “before-
motion” and “after-motion” can refer to before and after a point in time in which a
particular motion takes place. Note that, as further described below, although the use
of terms “before” and “after” regarding motion can refer to a situation where there is
no absolute motion in the “before-motion” context relative to a frame of reference
other than the “after-motion” context, various embodiments of the disclosed subject
matter are not so limited. In other words, relative to another frame of reference (e.g.,
other than the after-motion frame of reference), the terms “before-motion™ and “after-
motion” can refer to points in time “before” and “after” any particular motion of
interest (e.g., translation, rotation, shearing, scaling, etc., and any combination thereof,
regardless of reference point, axis, or frame).

[0035] As described in the background, compensation of feature-motion
decorrelation is beneficial in accurate tissue motion estimation. The disclosed subject
matter provides systems, devices, and methodologies for compensation of feature-
motion decorrelation.

[0036] For instance, exemplary non-limiting implementations of feature-
motion decorrelation employ coupled filtering to resolve the feature-motion
decorrelation problem. As an illustrative example, after explicitly modeling image
variation(s) caused by tissue deformation, an image before tissue deformation and a
warped image after tissue deformation can be filtered with a pair of filters,
respectively. According to various non-limiting embodiments, the two filtered images
are identical to each other. Since various implementations of coupled filtering retain
object deformation parameters (e.g., tissue deformation parameters, motion
parameter(s), efc.), feature-based tracking can estimate the underlying tissue
deformation parameters.

[0037] In various embodiments described herein, a linear convolution model
can be employed with a tissue motion model, which forms the basis of the coupled
filtering method. For example, a complete, or substantially complete, compensation
of image variation caused by locally affine tissue motion can be performed by
applying the coupled filtering. Advantageously, various embodiments of the
disclosed subject matter can provide a robust analysis of tissue deformation using

ultrasound images. Thus, various embodiments can compensate for ultrasound image
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variations caused by tissue deformation (e.g., feature-motion decorrelation) by
applying the two different filters to an ultrasound image taken before tissue
deformation and its counterpart taken after tissue deformation, respectively.

[0038] According to an aspect, implementations can employ two filters that
are coupled together in that one filter is a deformed version of the other. According to
a further aspect, implementations can compensate for feature-motion decorrelation by
warping the ultrasound image taken after tissue deformation before applying the
respective filter. Because deformation parameters (e.g., tissue deformation
parameters, motion parameter(s), efc.) are embedded in the warping and filtering in
exemplary embodiments, accurate tissue deformation analysis becomes feasible by
searching for optimal parameters to be used for warping and filtering. In addition,
because coupled filtering retains tissue motion parameters during the modification of
ultrasound images, it allows the search for equality relationships between two
modified ultrasound images during the tissue deformation analysis. Thus, various
embodiments of the disclosed subject matter can provide a robust analysis of tissue
deformation using, for example, ultrasound images.

[0039] Accordingly, FIG. 1 illustrates a functional block diagram of an
exemplary non-limiting embodiment of an ultrasound system 100, to which
implementations of the disclosed subject matter can be applied. According to various
implementations, components described herein can be configured to perform
applicable methodologies, or portions thereof, by standard software programming
techniques and executing the configured components (e.g., computerized
components), or portions thereof, on a computer processor. To that end, exemplary
ultrasound system 100 can include an input component 102 allowing a user or other
system component to input setup or configuration information, for example, on a
region of interest, adjustment of system parameters, information affecting initialized
motion parameter(s), one or more acceptance criteria, constraints, efc.

[0040] Exemplary ultrasound system 100 can further include a control
component 104. Control component 104 can be configured to control
transmission/reception (Tx/Rx) of ultrasound signals based on the setup information
of the ROI. In addition, for various aspects described below regarding, for example,
FIGS. 2-7, the control component 104 can control Tx/Rx of the ultrasound signals

such that Tx/Rx of ultrasound RF signals can be performed. In addition, the control
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component 104 can be configured to control other operations of the ultrasound system
100, as further described below.

[0041] As shown in FIG. 1, the ultrasound system 100 can further include a
Tx/Rx component 106. The Tx/Rx component 106 can transmit/receive the
ultrasound RF signals to/from a target object. In other aspects, the Tx/Rx component
106 can include a probe (not shown) for generating the ultrasound signal and the
receive signal. In addition, Tx/Rx component 106 can further include a beam former
(not shown) for transmit focusing and receive focusing. The ultrasound system 100
can further include a storage component 108, for example, to store signals outputted
from the Tx/Rx component 106.

[0042] In a further aspect, ultrasound system 100 can include a signal
processing component 110. Signal processing component 110 can be configured to
process signals to provide 2-D or 3-D image data representing a 2-D or 3-D
ultrasound image of the target object, among other things. Signal processing
component 110 can be further configured to perform signal processing upon a signal
for image optimization (é. g., gain adjustment, ezc.).

[0043] In yet other aspects, ultrasound system 100 can further include an
image processing component 112 that can form 2-D or 3-D images based in part on
signals outputted from the signal processing component 110. In addition, ultrasound
system 100 can include a display component 114 for displaying 2-D or 3-D images.
[0044] Thus, an exemplary ultrasound system 100, according aspects of the
disclosed subject matter, can comprise one or more of inbut component 102, control
component 104, Tx/Rx component 106, storage component 108, signal processing
component 110, image processing component 112, and display component 114,
among other possible components or subcomponents as described herein.

[0045] As described herein, an ultrasound system 100, a coupled filtering
component or device 202 as described below regarding FIGS. 2-3, or a component or
subcomponent thereof, can facilitate the performance of portions of methodologies
described herein via, for example, input component 102, control component 104,
storage component 108, signal processing component 110, image processing
component 112, and so on. In addition, as described below regarding FIGS. 18-19,
various aspects of methodologies, systems, components, device, and portions thereof,

can be performed by a general purpose computer executing software configured to
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perform the functionality as described herein, though the embodiments are not so
limited.

[0046] As a result, an ultrasound system 100 as described herein can comprise-
a computerized component (e.g., input component, 102, control component 104,
signal processing component 110, image processing component 112, and so on, or
poftions thereof) that can perform a coupled filtering operation on before-motion
image information and warped after-motion image information to create coupled
filtering results. As an example, as further described in detail below, a warping
operation that creates the warped after-motion image information and the coupled
filtering operation share a set of motion parameter(s) that facilitates calculation of a
matching metric for the coupled filtering results. In addition, according to a further
aspect, the computerized component of system 100 can be configured to perform a
coupled filtering operation in the form of point spread function filtering of the warped
after-motion image information and modified point spread function filtering of the
before-motion image information, where the warping operation is an affine warping
operation. According to yet another aspect, the computerized component of system
100 can be configured to perform a coupled filtering operation in the form of a
Gaussian-weighted cosine filtering of the warped after-motion image information and
an affine modified Gaussian-weighted cosine filtering of the before-motion image
information, where the warping operation is an affine warping operation.

[0047] FIG. 2 depicts a functional block diagram of an illustrative
embodiment of a control component 104 that facilitates compensation of feature-
motion decorrelation according to aspects of the disclosed subject matter. For
instance, in exemplary embodiments control component 104 can comprise a coupled
filtering component 202 that facilitates compensation of feature-motion decorrelation
as further described below, for example, regarding FIG. 3. As an example, FIG. 3
depicts a functional block diagram of an exemplary coupled filtering component or
device 202 that facilitates feature compensation of motion decorrelation according to
further aspects of the disclosed subject matter.

[0048] In various noh—limiting embodiments, coupled filtering component or
device 202 can comprise an image warping component 302 that can be configured to
image warp a first subset of input image information (e.g., after-motion image
information). Coupled filtering component or device 202 can further comprise a

filtering component 304 that can be configured to filter a second subset of input image
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information (e.g., before-motion image information) based on initialized motion
parameter(s) and to filter the warped first subset of input image information to obtain
coupled filtering results. For instance, according to an aspect, the image warping
component 302 can be configured to affine warp the first subset of input image
information. In a further aspect, filtering component 304 can be further configured to
filter the affine warped first subset of input image information with the original point
spread function and to filter the second subset of input image information with a
modified point spread function. In yet another aspect, filtering component 304 can be
further configured to filter the affine warped first subset of input image information
with a Gaussian-weighted cosine filter and to filter the second subset of input image
information with an affine modified Gaussian-weighted cosine filtet.

[0049] In further non-limiting implementations, coupled filtering device 202
can further include a management component 306 that can be configured to generate
an update to motion parameter(s) (e.g., optimal motion parameter(s), motion
parameter(s) as updated candidates, efc.) based on the coupled filtering results. For
example, management component 306 can be configured to determine whether the
coupled filtering results meet one or more acceptance criteria. As further described
below, one or more acceptance criteria can be used by management component 306 to
determine whether a metric of matching (e.g., a matching metric) between the coupled
filtering results achieve maximal performance levels (e.g., optimal compensation of
feature-motion decorrelation).

[0050] In still other exemplary embodiments, management component 306
can be configured to output the update (e.g., updated optimal motion parameter(s)) if
the search for optimal motion parameters meets the one or more accomplishment
criteria and to adjust the motion parameter (e.g., motion parameter(s) as candidates) if
the search for optimal motion parameters does not meet the one or more
accomplishment criteria, as further described below regarding FIGS. 4-8. In this
manner, the management component 306 can facilitate repeating the coupled filtering
in order to search for optimal motion parameter(s).

[0051] In yet another non-limiting embodiment, coupled filtering component
or device 202 can comprise an input/output component 308 that can be configured to
facilitate, for example, receiving input image information (e.g., before-motion image
information, after-motion image information, efc.), outputting optimal (e.g. global or

local optimum) or other motion parameter(s), receiving initialized motion

11
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parameter(s), receiving user or automated inputs associated with one or more
acceptance criteria, receiving a constraint (e.g., a tissue incompressibility constraint,
search space constraint, efc.), or receiving or transmitting other inputs or outputs
associated with coupled filtering or compensation of feature-motion decorrelation as
described herein.

[0052] In view of the systems, components, and devices described supra,
methodologies that can be implemented in accordance with the disclosed subject
matter will be better appreciated with reference to the flowcharts of FIGS. 4-8. While
for purposes of simplicity of explanation, the methodologies are shown and described
as a series of blocks, it is to be understood and appreciated that such illustrations or
corresponding descriptions are not limited by the order of the blocks, as some blocks
may occur in different orders and/or concurrently with other blocks from what is
depicted and described herein. Any non-sequential, or branched, flow illustrated via a
flowchart should be understood to indicate that various other branches, flow paths,
and orders of the blocks, can be implemented which achieve the same or a similar
result. Moreover, not all illustrated blocks may be required to implement the

methodologies described hereinafter.

SPECKLE FORMATION AND TISSUE DYNAMICS OVERVIEW

[0053] According to a linear convolution model, radio frequency (RF) signals
associated with an ultrasound image can be described as a convolution between a
point spread function (PSF) and a set of scatterers (e.g., features or objects in a region
of interest that reflect ultrasound waves) within a resolution cell. For instance, in the
far field of a transducer (e.g., Tx/Rx component 106), a PSF can be described as a

Gaussian-shaped cosine function, for example, as in Equation 1:

1
H(X) = 7% cos(2nXTU,) (Eqn. 1)

where X can denote the 3-D image coordinates and / can denote a 3 x 3 diagonal

L . 1 1 1 .
matrix with Gaussian variance-related elements g 8 respectively. Here Uy =
x 'y z

(0, 0, u.)" can denote the spatial frequency of an ultrasound transducer (e.g., Tx/Rx
component 106). According to an aspect, an ultrasound beam direction of the

transducer (e.g., Tx/Rx component 106) can be aligned with the z-axis.

12
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[0054] In addition, a tissue scatterer can be modeled as a 3-D Dirac function,

for example, according to Equation 2
T, (X X,) = a,6(X-X,) (Eqn. 2)

with X, denoting the location of the scatterer and a, denoting the reflectance
coefficient (0 < a, < 1). Thus, in various embodiments, an RF signal can be

represented, as an example, as in Equation 3:
T(X:X) = T TG X H(X) (Ean. 3)

where N can denote the number of scatterers in the resolution cell, and where *
denotes a convolution operation.

[0055] In exemplary non-limiting embodiments of the disclosed subject matter,
it can be assumed that tissue motion is locally affine. Accordingly, a new location x,
of the tissue scatterer after affine motion can be described, for example, according to

Equation 4:
X, = MX,+ T (Eqn. 4)

where M can denote a 3 x 3 matrix describing rotation, shearing, and scaling of the
scatterer pattern, and T can denote a 3 x 1 vector describing 3-D translation.
[0056] As a result, in exemplary embodiments, displacement (d,,) can be

calculated as a difference between x, and X, , for example, according to Equation 5:
d,=x,— X, =M-1)X,+ T (Eqn. 5)

where / can denote a 3 x 3 identity matrix.

EXEMPLARY COUPLED FILTERING METHODOLOGIES

[0057] Various embodiments of the disclosed subject matter provide

methodologies for compensation of feature-motion decorrelation and/or coupled

filtering as described below with reference to FIGS. 4-8. As described below,
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because the same, or substantially the same, motion parameters can be embedded in
warping and filtering, accurate tissue motion analysis can be advantageously
performed according to the disclosed subject matter by, for example, searching for
optimal motion parameter(s) during warping and filtering. As described below,
various embodiments as described herein can be used for analyzing both 2-D image
pairs and 3-D image pairs (e.g., 2-D and 3-D ultrasound image pairé). In addition,
coupled filtering as described can be applied to 2-D and 3-D image sequence analysis
(e.g., 2-D and 3-D ultrasound image sequence analysis) in that coupled filtering can
be applied to two neighboring frames in such sequences repeatedly.

[0058] For example, FIG. 4 depicts a flowchart illustrating exemplary non-
limiting methodologies 400 for compensation of feature-motion decorrelation as
described herein. For instance, methodologies 400 can include performing at 402 a
coupled filtering, as described below regarding FIGS. 5-8, on image information
based on initialized motion parameter(s) to generate coupled filtering results. For
instance, image information can include input image information comprising, for
example, before-motion image information and after-motion image information. In
addition, at 402, coupled filtering can comprise image warping a subset of the image
information (e.g., after-motion image information). For example, at 402,
methodologies 400 can comprise affine warping the after-motion image information.
[0059] Thus, at 402, methodologies 400 can include filtering the warped after-
motion image information with an original PSF and filtering the before-motion image
information with a modified PSF (e.g., a PSF modified by a specific motion model,
etc.), as further described below regarding FIGS. 5-8. In further non-limiting aspects
of methodologies 400, at 402, coupled filtering can include filtering the affine warped
after-motion image information with a Gaussian-weighted cosine filter and filtering
the before-motion image information with an affine modified Gaussian-weighted
cosine filter.

[0060] According to various embodiments, methodologies 400 can further
include updating initialized optimal motion parameter(s) based on the coupled
filtering results. For example, at 404, initialized optimal motion parameter(s) can be
updated based on computing a matching metric, as described regarding FIGS. 5-8,
between the coupled filtering results. For instance, at 404, exemplary methodologies
400 can comprise various caléulations for use as a matching metric (e.g., correlation

coefficients, sum of squared distance, the sum of absolute distance between the
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coupled filtering results, etc.). For instance, as described below regarding FIGS. 5-8,
at 404, methodologies 400 can include determining whether coupled filtering results
indicate that current motion parameters (e.g., M or T used in a current pass of
methodologies 400) are acceptable candidate motion parameters for updating the
optimal motion parameters used in a previous pass of methodologies 400. If it is
determined that current motion parameters are acceptable update candidates, then one
or more motion parameters used in a previous pass through methodologies 400 (or
one or more initialized motion parameters) can be updated. If it is determined that
current motion parameters are not acceptable update candidates, then the one or more
motion parameters used in a previous pass through methodologies 400 (e.g., where M
and T were used in a previous pass of methodologies 400, initialized M and T, etc.)
can be retained.

[0061] At 406, methodologies 400 can further include outputting updated
optimal motion parameter(s) based on determining the search for optimal motion
parameters meets the one or more accomplishment criteria. For instance,
methodologies 400 can include determining whether the the search for optimal motion
parameters meets the one or more accomplishment criteria. For example, as described
below regarding FIGS. 5-8, one or more accomplishment criteria can be based on a
matching metric as described above, accomplishment of a predefined search, or other
criteria that facilitate judging whether feature-motion decorrelation has been
addressed (e.g., compensated). Thus, the one or more accomplishment criteria can
facilitate judging whether feature-motion decorrelation has been optimally addressed
(e.g., best or optimally compensated), or whether feature-motion decorrelation has
been addressed to some lesser extent, based on, for example, tradeoffs of
compensation quality, speed , and other considerations of a system designer.

[0062] FIG. 5 is a flowchart depicting further non-limiting methodologies 500
for compensation of feature-motion decorrelation according to the disclosed subject
matter. For example, at 502, methodologies 500 can include performing a coupled
filtering, as described below regarding FIGS. 6-8, on image information based on
initialized motion parameter(s) to generate coupled filtering results. As a further
example, image information can comprise input image information that can include,
for example, before-motion image information and after-motion image information.

In addition, at 502, coupled filtering can comprise image warping a subset of the
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image information (e.g., after-motion image information). For instance, at 502,
methodologies 500 can comprise affine warping the after-motion image information.
[0063] Accordingly, at 502, methodologies 500 can include filtering the
warped after-motion image information with an original PSF and filtering the before-
motion image information with a modified PSF (e.g., a PSF modified by a specific
motion model, efc.), as further described below regarding FIGS. 6-8. In other non-
limiting aspects of methodologies 500, coupled filtering can include filtering the
affine warped after-motion image information with a Gaussian-weighted cosine filter
and filtering the before-motion image information with an affine modified Gaussian-
weighted cosine filter at 502.

[0064] According to various embodiments, methodologies 500 can fuirther
include updating optimal initialized motion parameter(s) based on the coupled
filtering results. For example, at 504, initialized optimal motion parameter(s) can be
updated based on computing a matching metric, as described regarding FIGS. 6-8,
between the coupled filtering results. For instance, at 504, exemplary methodologies
500 can comprise various calculations for use as a matching metric (e.g., correlation
coefficients, sum of squared distance, the sum of absolute distance between the
coupled filtering results, efc.). As an example, as described below regarding FIGS. 6-
8, at 504, methodologies 500 can include determining whether coupled filtering
results indicate that current motion parameters (e.g., M or T used in a current pass of
methodologies 500) are acceptable candidate motion parameters for updating the
optimal motion parameters used in a previous pass of methodologies 500. For
instance, if it is determined that current motion parameters are acceptable update
candidates, then one or more motion parameters used in a previous pass through
methodologies 500 (or one or more initialized motion parameters) can be updated.
On the other hand, if it is determined that current motion parameters are not
acceptable update candidates, then the one or more motion parameters used in a
previous pass through methodologies 500 (e.g., where M and T were used ina
previous pass of methodologies 500, initialized M and 7, efc.) can be retained.

[0065] According to further non-limiting implementations, methodologies 500
can include determining whether the search for optimal motion parameters meets one
or more accomplishment criteria at 506. Based on determining that the search for
optimal motion parameters does not meet one or more accomplishment criteria,

methodologies 500 can comprise adjusting motion parameter(s) (e.g., initialized
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motion parameter(s), updated motion parameter(s), previously adjusted motion
parameter(s)) at 510 as described below regarding FIGS. 6-8. As further described
below regarding FIGS. 6-8, one or more accomplishment criteria can be based on a
matching metric as described herein, accomplishment of a predefined search, or other
criteria that facilitate judging whether feature-motion decorrelation has been
addressed (e.g., compensated in the feature motion analysis). Accordingly, the one or
more accomplishment criteria can facilitate judging whether feature-motion
decorrelation has been optimally addressed (e.g., best or optimally compensated), or
whether feature-motion decorrelation has been addressed to some lesser extent, based
on, for example, tradeoffs of compensation quality, speed , and other considerations
of a system designer.

[0066] As further described below regarding FIGS. 6-8, to determine whether
the coupled filtering results meet one or more acceptance criteria at 506,
methodologies 500 can further include determining whether a search (e.g., according
to a predefined search scheme) has been adequately accomplished. For éxample,
determining whether a search (e.g., according to a predefined search scheme) has
been adequately accomplished can include performing the search to exhaustion (e.g.,
such that all possible sets of motion parameters have been tested against one or more
acceptance criteria), or performing the search to some lesser extent (e.g., such that a
subset of all possible sets of motion parameters are tested against one or more
acceptance criteria), based on, for example, tradeoffs of compensation quality, speed,
and other considerations of a system designer. Thus, according to various
embodiments, the disclosed subject matter can yield a global optimum set of motion
parameters (e.g., via an exhaustive search, efc.), or a local optimum (e.g., viaa
constrained search, efc.), depending on, for example, different search schemes or
further constraints placed on a search for optimal motion parameter(s), among other
factors. In addition, methodologies 500 can further comprise outputting updated
optimal motion parameter(s) based on determining the coupled filtering results meet
one or more accomplishment criteria at 508.

[0067] As described above, various aspects of methodologies can be
performed by systems, components, devices, and so on, or portions thereof, as
described above, for example, regarding FIGS. 1-3. For instance, an ultrasound
system 100, a coupled filtering component or device 202, or a component or

subcomponent thereof, can facilitate the performance of portions of methodologies
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via, for example, input component 102, control component 104, storage component
108, signal processing component 110, image processing component 112, and so on.
In addition, as described below regarding FIGS. 17-18, various aspects of
methodologies, systems, components, device, and portions thereof, can be performed
by a computer executing software configured to perform the functionality as
described herein.

[0068] Based on the tissue motion model described above, the following
relationship between a scatterer after tissue motion (e.g., in after-motion image
information) and its counterpart before tissue motion (e.g., in before-motion image

information) can be determined, for example, according to Equation 6.

Tn(X;xn) = ll,,(S(X— (]”Xn + T))

= LM (X = D) = X,)

= on T (X = T);X,) (Eqn. 6)

[0069] Here |M| denotes the determinant of the matrix M. Note that, as
described above, although the use of terms “before” and “after” regarding motion can
refer to a situation where there is no absolute motion in the “before-motion” context
relative to another frame of reference, various embodiments of the disclosed subject
matter are not so limited. For instance, in a continuum of motion for a scatterer of
interest, various embodiments described herein are intended to encompass a context
where the term “before-motion” can refer to point in time prior to an “after-motion”
point in time, even though the scatter can be in continuous motion throughout the
relevant time period and relative to another frame of reference (e.g., a fixed frame of
reference different from the scatterer before-motion and after-motion frame of
reference). In other words, relative to another frame of reference, the terms “before-
motion” and “after-motion” can refer to points in time “before” and “after” any
particular motion of interest (e.g., translation, rotation, roll, yaw, pitch, shearing,
scaling, efc., and any combination thereof, regardless of reference point, axis, or
frame).

[0070] Alternatively, the above relationship of Equation 6 can be represented,

for example, according to Equation 7.
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1

T,(MX + Tix,) = o

T,(X; X,) (Eqn. 7)

which can be used to derive the analytical relationship in Equation 8.
[0071] As describe above, an image warping can be performed in a
companding approach to address feature-motion decorrelation, where the image
warping is a simplified version of the general affine warping as M is simplified into a
diagonal matrix (e.g., as in Equation 10 below). For generality, according to various
embodiments, /(X; x,) can be defined as / (MX + T'; x,,) after an image warping.
[0072] According to the following derivation, for example, it can be seen in
Equation 8, that a companding approach cannot completely compensate for image
variation caused by tissue deformation (e.g., [ (MX +.T ; x,,) # I(X; X,,)).

IMX+ T;x,)= et Jps TA(MX + T— X';x,) HX)dX

= SN [ AT, (M(X — M 'X') + T;x,) H(X)dX'

n=1Jpg3

(Using Eqn. 7) = ¥N_, Rgﬁ T,(X— M 1X;X,) HX)dX'

= YN, [ T(X = MAX;X,) HMIX)d(M'X)

= QLq_Th(XEJKh)*II(AIXO
= Y T,(XGX,)*H(X) = I(X; X,,) (Eqn. 8)

[0073] It can be appreciated that, from Equation 8, the convolution between /
(MX + T x,) and the original PSF H(X) can yield the following relationship, for

example, according to Equation 9:

IMX + T,x,)*H(X) = ¥, T,(X; X,)*H(MX) *H(X) =
I(X; X,,)*H(MX) (Eqn. 9)

[0074] Note that, in Equation 9, parameters of the scatterers (e.g., reflectance
coefficients, locations, efc.) are not explicitly relied upon, yet Equation 9 comprises
motion parameters (e.g., M, a 3 x 3 matrix describing rotation, shearing, and scaling
of the scatterer pattern, and T, denote a 3 x 1 vector describing 3-D translation). As a
result, the relationship described in Equation 9 can be employed to estimate motion

parameters for compensation of feature-motion decorrelation. It can be appreciated
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that various embodiments as described herein can be used for analyzing both 2-D
image pairs and 3-D image pairs (e.g., 2-D and 3-D ultrasound image pairs) as long as
the filtering results satisfy the relationship of Equation 9. In addition, coupled

- filtering as described can be applied to 2-D and 3-D image sequence analysis (e.g., 2-
D and 3-D ultrasound image sequence analysis) in that coupled filtering can be
applied to two neighboring frames in a sequence repeatedly.
[0075] Accordingly, as described above, various embodiments of the
disclosed subject matter provide methodologies for compensation of feature-motion
decorrelation and/or coupled filtering. For example, FIG. 6 depicts further aspects of
methodologies 600 for compensation of feature-motion decorrelation accordingly as
described herein. For instance, methodologies 600 can include receiving before-
motion and after-motion image information of an object at 602 and 604, respectively.
For example, an ultrasound system 100, a coupled filtering component or device 202,
or a component or subcomponent thereof, can facilitate receiving before-motion and
after-motion image information of an object at 602 and 604 via, for example, input
component 102, control component 104, storage component 108, signal processing
component 110, image processing component 112, and so on.
[0076] As described above, relative to another frame of reference, the terms
“before-motion” and “after-motion” can refer to points in time “before” and “after”
any particular motion of interest (e.g., translation, rotation, shearing, scaling, efc., and
any combination thereof, regardless of reference point, axis, or frame) of an object.
For instance, at 602, information associated with a first image (e.g., before-motion
image information, /;(X; X,), etc.) can be received, for example, in an ultrasound
system 100, a coupled filtering component or device 202, or a component or
subcomponent thereof. Similarly, at 604, information associated with a second image
(e.g., after-motion image information, 5,(X; x,) , efc.) can be received.
[0077] At 606, methodologies 600 can further include initializing motion
parameter(s) (e.g., M, a 3 x 3 matrix describing rotation, shearing, and scaling of the
scatterer pattern, and T, denoting a 3 x 1 vector describing 3-D translation, etc.) to be
used in coupled filtering as described herein. For example, an ultrasound system 100,
a coupled ﬁltefing component or device 202, or a component or subcomponent
thereof, can facilitate initializing motion paramet'er(s) via, for example, input
component 102, control component 104, storage component 108, signal processing

component 110, image processing component 112, and so on.
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[0078] Methodologies 600 can further include warping 608 after-motion
image information received at 604 (e.g., L(X; x,,)) to create warped after-motion
image information (e.g., L(MX+T; x,)). For instance, as described below regarding
FIG. 7, a specific motion model can be used to warp 608 after-motion image
information received at 604. For example, as further described below, various
embodiments of methodologies 600 can employ a local affine motion model to warp
608 after-motion image information received at 604 (e.g., L(X; x,,)) to create warped
after-motion image information (e.g., L(MX+T; x,)). As a further example, an
ultrasound system 100, a coupled filtering component or device 202, or a component
or subcomponent thereof, can facilitate warping at 608 the after-motion image -
information received at 604 via, for example, control component 104, signal
processing component 110, image processing component 112, and so on.

[0079] In a further non-limiting aspect of methodologies 600, at 610, a filter
(e.g., a specific band-pass filter, efc.) can be used to filter before-motion image
information received at 602 (e.g., [1(X; X,)). As a non-limiting example, before-
motion image information received at 602 can be filtered at 610 by a convolution of
before-motion image information received at 602 (e.g., [;(X; X,)) with a modified PSF
(e.g., H(MX)) to achieve a filtered result (e.g., [}(X; X,,) ¥ H(MX)) of the before-
motion image information received at 602. As a further example, at 610, an affine
modified Gaussian-weighted cosine filter can be used to filter before-motion image
information received at 602 (e.g., I;(X; X,)), according to the disclosed subject matter,
to achieve a filtered result of the before-motion image information received at 602. In
yet another example, an ultrasound system 100, a coupled filtering component or
device 202, or a component or subcomponent thereof, can facilitate filtering before-
motion image information received at 602 via, for example, control component 104,
signal processing component 110, image processing component 112, and so on.
[0080] Similarly, at 612, exemplary methodologies 600 can include filtering
warped after-motion image information (e.g., L(MX+T;, x,)). As an example, warped
after-motion image information (received at 604) can be filtered at 612 by a
convolution of the warped after-motion image information (e.g., L(MX+T; x,)) with
an original PSF (e.g., H(X)), to achieve a filtered result (e.g., L(MX+T; x,,) * H(X)) of
the warped after-motion image. In a further non-limiting example, at 612, a
Gaussian-weighted cosine filter can be used to filter warped after-motion image

information (e.g., L(MX+T; x,,)), according to the disclosed subject matter, to achieve
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a filtered result of the warped after-motion image information. As described above,
an ultrasound system 100, a coupled ﬁltefing component or device 202, or a
component or subcomponent thereof, can facilitate filtering warped after-motion
image information via, for example, control component 104, signal processing
component 110, image processing component 112, and so on.

[0081] Note that, according to various non-limiting aspects of the disclosed
subject matter, the affine modification of Gaussian-weighted cosine filter in 610 and
the affine motion model employed in 608 advantageously share the same set, or
substantially the same set, of affine motion parameter(s). Note further that filtering at
610 and 612, according to various non-limiting embodiments, can be employed as
described herein to generate coupled filtering results (e.g., I;}(X; X,,) * H(MX) and
L(MX+T; x,) * H(X)).

[0082] Certain aspects of the disclosed subject matter are described or
depicted herein for the purposes of illustration and, as such, the disclosed subject
matter should not be so limited. For example, while the affine modification of
Gaussian-weighted cosine filter in 610 and the affine motion model employed in 608
are depicted as illustrative embodiments, the disclosed subject matter is not so limited.
However, it can be apparent to one skilled in the art that, upon review of the disclosed
subject matter, other modifications, filters, and motions models can be employed, for
example, regarding the warping 608 and filtering 610 and 612. Thus, variations of the
disclosed embodiments as suggested by the disclosed apparatuses, systems and
methodologies are intended to be encompassed within the scope of the subject matter
disclosed herein.

[0083] Methodologies 600 can further include updating optimal motion
parameter(s) (e.g., an optimal M, a 3 x 3 matrix describing rotation, shearing, and
scaling of the scatterer pattern, and/or an optimal 7', denoting a 3 x 1 vector
describing 3-D translation, efc.) at 614. For example, at 614, various non-limiting
embodiments can employ the relationship of the coupled filtering results (e.g., [;(X;
X)) * HMX) and L(MX+T;, x,) * H(X)) to search for optimal motion parameter(s). As
a further example, for a set combinations of M and 7, such that Equation 9 is satisfied,
or most closely satisfied, for the coupled filtering results (e.g., 1;(X; X,,) * H(MX) and
L(MX+T; x,) * H(X)), a particular combination can exist that can result in optimal
compensation of feature-motion decorrelation. As a result, a particular combination

of M and T can result in a closest match between the coupled filtering results. In yet
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other non-limiting examples, an ultrasound system 100, a coupled filtering component
or device 202, or a component or subcomponent thereof, can facilitate updating
optimal motion parameter(s) via, for example, control component 104, signal
processing component 110, image processing component 112, and so on.

[0084] Thus, in various non-limiting implementations, methodologies 600 can
further include updating optimal motion parameter(s), at 614, based in. part on the
coupled filtering results. As a further example, updating optimal motion parameter(s)
can include updating optimal motion parameter(s) at 614 based in part on a closest
match between the coupled filtering results. Note that, as further descrioed below
regarding FIGS. 7-8, a closest match can yield a global optimum set of motion
parameters (e.g., via an exhaustive search, efc.), or a local optimum (e.g., via a
constrained search, efc.), depending on, for example, different search schemes or
further constraints placed on a search for optimal motion parameter(s), among other
factors.

[0085] As described below regarding FIGS. 7-8, at 614, methodologies 600
can include determining whether coupled filtering results indicate that current motion
parameters (e.g., M or T used in a current pass of methodologies 600) are acceptable
candidate motion parameters for updating the motion parameters used in a previous
pass of methodologies 600. For example, if it is determined that current motion
parameters are acceptable update candidates, then one or more motion parameters
used in a previous pass through methodologies 600 (or one or more initialized motion
parameters) can be updated. As a further example, if it is determined that current
motion parameters are not acceptable update candidates, then the one or more motion
parameters used in a previous pass through methodologies 600 (e.g., where Mand T
were used in a previous pass of methodologies 600, initialized M and T, etc.) can be
retained.

[0086] In addition, methodologies 600 can further include determining
whether the search for optimal motion parameters meets the one or more
accomplishment criteria at 616. For example, as further described below regarding
FIGS. 7-8, in a search for optimal motion parameter(s) that yield a closest match
between the coupled filtering results (e.g., a global optimum or a local optimum), a |
measure or metric of how closely the coupled filtering results match (e.g., a matching

metric) can be employed. For instance, in exemplary non-limiting embodiments
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described herein, a matching metric in the form of correlation coefficients between
the coupled filtering results can be determined.

[0087] As a further example, the matching metric can be compared at 616 to
one or more accomplishment criteria to facilitate determining whether search for
optimal motion parameters is accomplished (e.g., whether the matching metric
exceeds a predetermined threshold, otherwise demonstrates that the search for optimal
motion parameters meets the one or more accomplishment criteria, whether the
matching metric indicates that the coupled filtering results yields the best among
previous coupled filtering results, whether the matching metric indicates that one or
more motion parameters should be further adjusted as described below, efc.). In
addition, this determination can be used to determine whether to continue searching
for optimal motion parameter(s) as described below at 620. In yet other non-limiting
examples, an ultrasound system 100, a coupled filtering component or device 202, or
a component or subcomponent thereof, can facilitate determining whether the coupled
filtering results meet one or more acceptance criteria at 616 via, for example, control
component 104, signal processing component 110, image processing component 112,
and so on.

[0088] It should be appreciated by one skilled in the art, upon review of the
disclosed subject matter, that matching metrics other than correlation coefficients can
be employed without departing from the scope of the disclosed subject matter. For
instance, further non-limiting implementations can employ other matching metrics
(e.g., sum of squared distance (SSD) or the sum of absolute distance (SAD), etc.).
[0089] As a further example, to determine whether the search for optimal
motion parameters meets the one or more accomplishment criteria, methodologies
600 can further include at 616, determining whether a search (e.g., according to a
predefined search scheme) has been adequately accomplished. For instance, an
exemplary predefined search can include enumerating sets of possible motion
parameters (e.g., according to a multi-scale framework or otherwise), enumerating
sets of possible motion parameters under additional constraints (e.g., a tissue
incompressibility constraint, efc.), deciding candidate sets of motion parameters under
the guide of appropriate heuristics (e.g., gradient based methods, greedy methods, efc.)
for testing coupled filtered results against one or more acceptance criteria at 614.
[0090] As yet another example, determining whether a search (e.g., according

to a predefined search scheme) has been adequately accomplished can include
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performing the search to exhaustion (e.g., such that all possible sets of motion
parameters have been tested against one or more acceptance criteria), or performing
the search to some lesser extent (e.g., such that a subset of all possible sets of motion
parameters are tested against one or more acceptance criteria), based on, for example,
tradeoffs of compensation quality, speed, and other considerations of a system
designer. Thus, according to various embodiments, the disclosed subject matter can
yield a global optimum set of motion parameters (e.g., via an exhaustive search, etc.),
or a local optimum (e.g., via a constrained search, efc.), depending on, for example,
different search schemes or further constraints placed on a search for optimal motion
parameter(s), among other factors. ‘

[0091] If it is determined at 616 that the search for optimal motion parameters
meets the one or more accomplishment criteria (e.g., a search scheme is adequately
accomplished), in further non-limiting implementations, methodologies 600 can
include outputting optimal motion parameter(s) at 618. For instance, based on, for
example, initialized motion parameter(s), feature-motion decorrelation present in the
object image information, performance level determined by one or more acceptance
criteria, optimal motion parameter(s) output at 618 can be global optimum motion
parameter(s), local optimum motion parameter(s), the initialized optimal motion
parameter(s) at 606, updated optimal motion parameter(s) (e.g., based in part on one
or more search constraint(s), one or more acceptance criteria, etc. applied via, for
example, input component 102, hard coded or software applied by the equipment
manufacturer or otherwise), efc. In exemplary non-limiting implementations, an
ultrasound system 100, a coupled filtering component or device 202, or a component
or subcomponent thereof, can facilitate outputting the optimal motion parameter(s) at
618 via, for example, control component 104, signal processing component 110,
image processing component 112, and so on.

[0092] If it is determined at 616 that the search for optimal motion parameters
does not meet the one or more accomplishment criteria (e.g., currently enumerated
sets of possible motion parameters in a search scheme has not yet adequately
compensated the feature-motion decorrelation), in further non-limiting
implementations, methodologies 600 can further include adjusting motion parameter(s)
at 620. For instance, for various reasons, it is possible that initialized motion
parameter(s), in a first pass of coupled filtering 600, can produce less than a global

optimum set of motion parameter(s), a local optimum set of motion parameter(s), or
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fail to otherwise achieve an adequate compensation of feature-motion decorrelation,
etc. Thus, various embodiments of the disclosed subject matter can provide adjusted
motion parameter(s) at 620 into me;thodologies 600. Accordingly, additional
iterations of methodologies 600 can use adjusted motion parameter(s) to refine the
compensation for feature-motion decorrelation. In various embodiments, an
ultrasound system 100, a coupled filtering component or device 202, or a component
or subcomponent thereof, can facilitate adjusting motion parameter(s) at 620 via, for
example, control component 104, signal processing component 110, image processing
component 112, and so on.

[0093] - FIG. 7 depicts further non-limiting methodologies for feature-motion
decorrelation according aspects of the disclosed subject matter. For instance,
methodologies 700 can include receiving ultrasound before-motion and after-motion
image information associated with tissue at 702 and 704, respectively. As an example,
an ultrasound system 100, a coupled filtering component or device 202, or a
component or subcomponent thereof, can facilitate receiving before-motion and after-
motion image information at 702 and 704 via, for example, input component 102,
control component 104, storage component 108, signal processing component 110,
image processing component 112, and so on. For instance, at 702, information
associated with a first image (e.g., before-motion image information, /;(X; X,,), etc.)
can be received, for example, in an ultrasound system 100, a coupled filtering
component or device 202, or a component or subcomponent thereof. Similarly, at 704,
information associated with a second image (e.g., after-motion image information,
L(X; x,), etc.) can be received.

[0094] At 706, methodologies 700 can further include initializing motion
parameter(s) (e.g., an optimal M and 7, or a reasonable estimate thereof based on, for
example, prior knowledge of similar systems, target objects, efc.) to be used in
cohpied filtering as described. As an example, an ultrasound system 100, a coupled
filtering component or device 202, or a component or subcomponent thereof, can
facilitate initializing motion parameter(s) via, for example, input component 102,
control component 104, storage component 108, signal processing component 110,
image processing component 112, and so on.

| [0095] Methodologies 700 can further include warping 708 after-motion
image information received at 704 (e.g., L(X; x,)) to achieve a warped image (e.g.,

L(MX+T, x,)). For instance, as described above regarding FIG. 6, a specific motion
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model can be used to warp 708 after-motion image information received at 704. For
example, as described, various embodiments of methodologies 700 can employ a
local affine motion model to warp 708 after-motion image information received at
704 (e.g., [(X; x,)) to create warped after-motion image information (e.g., L(MX+T;
x,)). In various implementations, an ultrasound system 100, a coupled filtering
component or device 202, or a component or subcomponent thereof, can facilitate
warping 708 after-motion image information received at 704 via, for example, control
component 104, signal processing component 110, image processing component 112,
and so on.

[0096] In yet another non-limiting aspect of methodologies 700, at 710, a
filter (e.g., a specific band-pass filter, etc.) can be used to filter before-motion image
information received at 702 (e.g., [;(X; X,)). In an example, before-motion image
information received at 702 can be filtered at 710 by a convolution of before-motion
image information received at 702 (e.g., [;(X; X,)) with a modified PSF (e.g., H(MX))
to achieve a filtered result (e.g., [)(X; X,,) * H(MX)) of the before-motion image
information received at 702. As another example, at 710, an affine modified
Gaussian-weighted cosine filter can be used to filter before-motion image information
received at 702 (e.g., [,(X; X)), according to the disclosed subject matter, to achieve a
filtered result of the before-motion image information received at 702. In yet another
example, an ultrasound system 100, a coupled filtering component or device 202, or a
component or subcomponent thereof, can facilitate filtering before-motion image
information received at 702 via, for example, control component 104, signal |
processing component 110, image processing component 112, and so on.

[0097] In a similar manner, at 712, exemplary methodologies 700 can include
filtering warped after-motion image information (e.g., L(MX+T; x,,)). As an example,
warped after-motion image information (received at 704) can be filtered at 712 by a
convolution of the warped after-motion image information (e.g., L(MX+T; x,,)) with
an original PSF (e.g., H(X)), to achieve a filtered result (e.g., L(MX+T, x,) * H(X)) of
the warped after-motion image information. In a further non-limiting example, at 712,
a Gaussian-weighted cosine filter can be used to filter warped after-motion image
information (e.g., L(MX+T, x,)), according to the disclosed subject matter, to achieve
a filtered result of the warped after-motion image information. As described above,
an ultrasound system 100, a coupled filtering component or device 202, or a

component or subcomponent thereof, can facilitate filtering warped after-motion
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image information via, for example, control component 104, signal processing
component 110, image processing component 112, and so on.

[0098] Note that, according to various non-limiting aspects of the disclosed
subject matter, the affine modification of Gaussian-weighted cosine filter in 710 and
the affine motion model employed in 708 advantageously share the same set, or
substantially the same set, of affine motion parameters. In addition, note that the
filtering at 710 and 712, according to various non-limiting embodiments, can be
employed as described herein to generate coupled filtering results (e.g., I;(X; X,) *
H(MX) and L(MX=T; x,) * H(X)).

[0099] As mentioned, certain aspects of the disclosed subject matter are
described or depicted herein for the purposes of illustration, and as such, the disclosed
subject matter should not be so limited. For example, while the affine modification of
Gaussian-weighted cosine filter in 710 and the affine motion model employed in 708
are depicted as illustrative embodiments, the disclosed subject matter is not so limited.
Thus, it can be apparent to one skilled in the art that, upon review of the disclosed
subject matter, other modifications, filters, and motions models can be employed, for
example, regarding the warping 708 and filtering 710 and 712. Accordingly,
variations of the disclosed embodiments as suggested by the disclosed apparatuses,
systems and methodologies are intended to be encompassed within the scope of the
subject matter disclosed herein.

[00100] For instance, while affine warping is described herein in the context of
illustrative embodiments, the disclosed subject matter is not so limited. As a result,
one skilled in the art, upon review of the disclosed subject matter, can recognize that
other possibilities of image warping and filter modification are possible for use with
embodiments described herein. Accordingly, modifications to the disclosed
embodiments that include alternatives to affine warping are intended be included in
the scope of such embodiments subject where such filter modifications share the same,
or a substantially similar, set of motion parameter(s) with the specific motion model
employed.

[00101] Methodologies 700 can further include updating optimal motion
parameter(s) at 714. For example, at 714, various non-limiting embodiments can
employ the relationship of the coupled filtering results (e.g., [}(X; X,) * H(MX) and
L(MX+T; x,) * H(X)) to search for optimal motion parameter(s) as described above in

reference to FIG. 6.
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[00102] As a further example, for a set combinations of M and T, such that
Equation 9 is satisfied, or most closely satisfied, for the coupled filtering results (e.g.,
LX; X)) * HMX) and L(MX+T; x,) * H(X)), a particular combination motion
parameter(s) can exist that can result in optimal compensation of feature-motion
decorrelation. Accordingly, this particular combination of motion parameter(s) can
result in a closest match between the coupled filtering results. In yet other non-
limiting examples, an ultrasound system 100, a coupled filtering component or device
202, or a component or subcomponent thereof, can facilitate updating optimal motion
parameter(s) via, for example, control component 104, signal processing component
110, image processing component 112, and so on.

[00103] Thus, in various non-limiting implementations, methodologies 700 can
further include updating optimal motion parameter(s), at 714, based in part on the
coupled filtering results. In an illustrative example, updating optimal motion
parameter(s) can include updating optimal motion parameter(s) at 714 based in part
on a closest match between the coupled filtering results. Note that, as further
described regarding FIGS. 6 and 8§, a closest match can yield a global optimum set of
motion parameters (e.g., via an exhaustive search, efc.) or a local optimum (e.g., via a
constrained search, etc.), depending on, for example, different search schemes or
further constraints place on a search for optimal motion parameter(s), among other
factors.

[00104] In various embodiments, at 714, methodologies 700 can include
determining whether coupled filtering results indicate that current motion parameters
(e.g., M or T used in a current pass of methodologies 700) are acceptable candidate
motion parameters for updating the optimal motion parameters used in a previous pass
of methodologies 700, as described below regarding FIG. 8. For example, if it is
determined that current motion parameters are acceptable update candidates, then one
or more optimal motion parameters used in a previous pass through methodologies
700 (or one or rhore initialized motion parameters) can be updated. As a further
described below, if it is determined that current motion parameters are not acceptable
update candidates, then the one or more optimal motion parameters used in a previous
pass through methodologies 700 (e.g., where M and T were used in a previous pass of
methodologies 700, initialized M and 7, etc.) can be retained.

[00105] In addition, in various embodiments of the disclosed subject matter,

additional constraints can be placed on a search for optimal motion parameter(s) (e.g.,
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using a tissue incompressibility constraint, limiting a motion parameter search space,
enforcing a preference for a local optimum, using one or more accomplishment
criteria that facilitates closest match determination, a time threshold or computation
threshold, such as time limit or limit on number of processing cycles, efc.).
Accordingly, it should be appreciated that use of constraints in various embodiments
of the disclosed subject matter can influence desired tradeoffs between computational
complexity, speed, time, cost, and performance of coupled filtering systems that
employ compensation of feature-motion decorrelation. For example, as described in
FIGS. 11-16 below, using a mean correlation coefficient accomplishment criterion of
approximately 0.95 in the face of tissue deformation of 10% can provide improved
compensation of feature-motion decorrelation over conventional solutions, while
potentially saving processing cycles or delivering faster results.

[00106] In addition, methodologies 700 can further include determining
whether the search for optimal motion parameters meets the one or more
accomplishment criteria at 716. For example, as further described below regarding
FIGS. 8, 11, and 17, in a search for optimal motion parameter(s) that yield a closest
match between the coupled filtering results (e.g., a global optimum or a local
optimum) a metric (e.g., a matching metric) of how closely the coupled filtering
results match can be employed. For instance, in exemplary non-limiting
embodiments described herein, a matching metric in the form of correlation
coefficients between the coupled filtering results can be determined.

[00107] As a further example, the matching metric can be compared at 716 to
one or more accomplishment criteria to facilitate determining whether the search for
optimal motion parameters is accomplished (e.g., whether the matching metric
exceeds a predetermined threshold, otherwise demonstrates that the search for optimal
motion parameters meets the one or more accomplishment criteria, whether the
matching metric indicates that the coupled filtering results yields the best among
previous coupled filtering results, whether the matching metric indicates that one or
more motion parameters should be further adjusted as described below, etc.). As
described, this determination, in turn, can be used to determine whether to continue
searching for optimal motion parameter(s) as described below at 720. In yet other
non-limiting examples, an ultrasound system 100, a coupled filtering component or
device 202, or a component or subcomponent thereof, can facilitate determining

whether the search for optimal motion parameters meets the one or more
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accomplishment criteria at 716 via, for example, control component 104, signal
processing component 110, image processing component 112, and so on. It should be
appreciated by one skilled in the art, upon review of the disclosed subject matter, that
matching metrics other than correlation coefficients can be employed without
departing from the scope of the disclosed subject matter. For instance, further non-
limiting implementations can employ other matching metrics such as SSD, SAD, etc.
[00108] In addition, to determine whether the search for optimal motion
parameters meets the one or more accomplishment criteria, methodologies 700 can
further include at 716, determining whether a search (e.g., according to a predefined
search scheme) has been adequately accomplished. As an example, exemplary
predefined searches can include enumerating sets of possible motion parameters (e.g.,
according to a multi-scale framework or otherwise), enumerating sets of possible
motion parameters under additional constraints (e.g., a tissue incompressibility
constraint, efc.), deciding candidate sets of motion parameters under the guide of
appropriate heuristics (e.g., gradient based methods, greedy methods, etc.) for testing
coupled filtered results against one or more acceptance criteria at 714.

[00109] As yet another example, determining whether a search (e.g., according
to a predefined search scheme) has been adequately accomplished, can include
performing the search to exhaustion (e.g., such that all possible sets of motion
parameters have been tested against one or more acceptance criteria), or performing
the search to some lesser extent (e.g., such that a subset of all possible sets of motion
parameters are tested against one or more acceptance criteria), based on, for example,
tradeoffs of compensation quality, speed , and other considerations of a system
designer. Thus, according to various embodiments, the disclosed subject matter can
yield a global optimum set of motion parameters (e.g., via an exhaustive search, efc.),
or a local optimum (e.g., via a constrained search, etc.), depending on, for example,
different search schemes or further constraints placed on a search for optimal motion
parameter(s), among other factors.

[00110] If it is determined at 716 that the search for optimal motion parameters
meets the one or more accomplishment criteria (e.g., a search scheme is adequately
accomplished), in further non-limiting implementations, methodologies 700 can
include outputting the optimal motion parameter(s) at 718. For instance, based on, for
example, initialized motion parameter(s), feature-motion decorrelation present in the

tissue, performance level determined by one or more acceptance criteria, optimal
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motion parameter(s) output at 718 can be global optimum motion parameter(s), local
optimum motion parameter(s), initialized optimal motion parameter(s) at 706, updated
optimal motion parameter(s) (e.g., based in part on a search constraint, one or more
acceptance criteria, efc. applied via, for example, input component 102, hard coded or
software applied by the equipment manufacturer or otherwise), efc. In exemplary
non-limiting implementations, an ultrasound system 100, a coupled filtering
component or device 202, or a component or subcomponent thereof, can facilitate
outputting the optimal motion parameter(s) at 718 via, for example, control
component 104, signal processing component 110, image processing component 112,
and so on.

[00111] If it is determined at 716 that the search for optimal motion parameters
does not meet the one or more accomplishment criteria (e.g., currently enumerated
sets of possible motion parameters in a search scheme has not yet adequately
compensated the feature-motion decorrelation), in further non-limiting
implementations, methodologies 700 can further include adjusting motion parameter(s)
at 720. As an example, for various reasons, it is possible that initialized motion
parameter(s), in a first pass of coupled filtering, can produce less than a global
optimum set of motion parameter(s), local optimum motion set of parameter(s), efc.,
or fail to otherwise achieve adequate compensation of feature-motion decorrelation.
Thus, various embodiments of the disclosed subject matter can provide adjusted
motion parameter(s) at 720 into methodologies 700. As a result, additional iterations
of methodologies 700 can use adjusted motion parameter(s) to refine the r
compensation for feature-motion decorrelation. In various embodiments, an
ultrasound system 100, a coupled filtering component or device 202, or a component
or subcomponent thereof, can facilitate adjusting motion parameter(s) at 720 via, for
example, control component 104, signal processing component 110, image processing
component 112, and so on.

[00112] FIG. 8 depicts other non-limiting methodologies 800 for compensation
of feature-motion decorrelation according to further aspects as described herein. For
instance, methodologies 800 can include receiving ultrasound before-motion and
after-motion image information associated with tissue at 802 and 804, respectively.
As an example, an ultrasound system 100, a coupled filtering component or device
202, or a component or subcomponent thereof, can facilitate receiving before-motion

and after-motion image information at 802 and 804 via, for example, input component
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102, control component 104, storage component 108, signal processing component
110, image processing component 112, and so on. For instance, at 802, information
associated with a first image (e.g., before-motion image information, /;(X; X,), etc.)
can be received, for example, in an ultrasound system 100, a coupled filtering
component or device 202, or a component or subcomponent thereof. Similarly, at 804,
information associated with a second image (e.g., after-motion image information,
L(X; x,), etc.) can be received.

[00113] At 806, methodologies 800 can further include initializing motion
parameter(s) (e.g., an optimal M and T, or a reasonable estimate thereof based on, for
example, prior knowledge of similar systems, target objects, etc.) to be used in
coupled filtering as described. As an example, an ultrasound system 100, a coupled
filtering component or device 202, or a component or subcomponent thereof, can
facilitate initializing motion parameter(s) via, for example, input component 102,
control component 104, storage component 108, signal processing component 110,
image processing component 112, and so on.

[00114] Methodologies 800 can further include warping 808 after-motion
image information received at 804 (e.g., L(X; x,,)) to achieve a warped image (e.g.,
L(MX+T; x,)). For instance, as described above regarding FIG. 6, a specific motion
model can be used to warp 808 after-motion image information received at 804. For
example, as described, various embodiments of methodologies 800 can employ a
local affine motion model to warp 808 after-motion image information received at
804 (e.g., LH(X; x,)) to create warped after-motion image information (e.g., L(MX+T;
x,)). In various implementations, an ultrasound system 100, a coupled filtering
component or device 202, or a component or subcomponent thereof, can facilitate
warping 808 after-motion image information received at 804 via, for example, control
component 104, signal processing component 110, image processing component 112,
and so on. |

[00115] In yet another non-limiting aspect of methodologies 800, at 810, a
filter (e.g., a specific band-pass filter, efc.) can be used to filter before-motion image
information received at 802 (e.g., [i(X; X,)). In an example, before-motion image
information received at 802 can be filtered at 810 by a convolution of before-motion
image information received at 802 (e.g., Ii(X; X,,)) with a modified PSF (e.g., H(MX))
to achieve a filtered result (e.g., [;(X; X») * H(MX)) of the before-motion image

information received at 802. As another example, at 810, an affine modified
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Gaussian-weighted cosine filter can be used to filter before-motion image information
received at 802 (e.g., I;(X; X)), according to the disclosed subject matter, to achieve a
filtered result of the before-motion image information received at 802. In yet another
example, an ultrasound system 100, a coupled filtering component or device 202, or a
component or subcomponent thereof, can facilitate filtering before-motion image
information received at 802 via, for example, control component 104, signal
processing component 110, image processing component 112, and so on.

[00110] In a similar manner, at 812, exemplary methodologies 800 can include
filtering warped after-motion image information (e.g., L(MX+T; x,)). As an example,
warped after-motion image information (received at 804) can be filtered at 812 by a
convolution of the warped after-motion image information (e.g., L(MX+T; x,)) with
an original PSF (e.g., H(X)), to achieve a filtered result (e.g., L(MX+T; x,) * H(X)) of
the warped after-motion image information. In a further non-limiting example, at 8§12,
a Gaussian-weighted cosine filter can be used to filter warped after-motion image
information (e.g., L(MX+T;, x,)), according to the disclosed subject matter, to achieve
a filtered result of the warped after-motion image information. As described above,
an ultrasound system 100, a coupled filtering component or device 202, or a
component or subcomponent thereof, can facilitate filtering warped after-motion
image information via, for example, control component 104, signal processing
component 110, image processing component 112, and so on.

[00117] Note that, according to various non-limiting aspects of the disclosed
subject matter, the affine modification of Gaussian-weighted cosine filter in 810 and
the affine motion model employed in 808 advantageously share the same set, or
substantially the same set, of affine motion parameters. In addition, note that the
filtering at 810 and 812, according to various non-limiting embodiments, can be
employed as described herein to generate coupled filtering results (e.g., [;(X; X,) *
H(MX) and L(MX+T; x,) ¥ H(X)).

[00118] As mentioned, certain aspects of the disclosed subject matter are
described or depicted herein for the purposes of illustration, and as such, the disclosed
subject matter should not be so limited. For example, while the affine modification of
Gaussian-weighted cosine filter in 810 and the affine motion model employed in 808
are depicted as illustrative embodiments, the disclosed subject matter is not so limited.
Thus, it can be apparent to one skilled in the art that, upon review of the disclosed

subject matter, other modifications, filters, and motions models can be employed, for

34



WO 2010/118629 PCT/CN2010/000479

example, regarding the warping 808 and filtering 810 and 812. Accordingly,
variations of the disclosed embodiments as suggested by the disclosed apparatuses,
systems and methodologies are intended to be encompassed within the scope of the
subject matter disclosed herein.

[00119] For instance, while affine warping is described herein in the context of
illustrative embodiments, the disclosed subject matter is not so limited. As a result,
one skilled in the art, upon review of the disclosed subject matter, can recognize that
other possibilities of image warping and filter modification are possible for use with
embodiments described herein. Accordingly, modifications to the disclosed
embodiments that include alternatives to affine warping are intended be included in
the scope of such embodiments subject where such filter modifications share the same,
or a substantially similar, set of motion parameter(s) with the specific motion model
employed.

[00120] In addition, at 814, methodologies 800 can include determining
whether coupled filtering results indicate that current motion parameters (e.g., Mor T
used in a current pass of methodologies 800) are acceptable candidate motion
parameters (e.g., acceptable M or T update candidates) for updating at 816 the optimal
motion parameters used in a previous pass of methodologies 800. For example, as
further described herein, methodologies 800 can include computing a matching metric
between coupled filtering results and comparing with a matching metric using optimal
motion parameters in a previous pass through methodologies 800 (e.g., where M and
T were used in a previous pass of methodologies 800, initialized optimal M and T, etc.)
to determine whether one or more current motion parameters are acceptable candidate
motion parameter. As further described, computing matching metrics can include
calculating correlation coefficients, sum of squared distance, or the sum of absolute
distance between the coupled filtering results.

[00121] If it is determined at 814 that current motion parameters (e.g., Mor T
used in a current pass of methodologies 800) are acceptable update candidates, then
one or more optimal motion parameters used in a previous pass through
methodologies 800 (e.g., where M and T were used in a previous pass of
methodologies 800, initialized optimal M and 7, efc.) can be updated at 816, as
described below. If it is determined at 814 that current motion parameters (e.g., M or
T used in a current pass of methodologies 800) are not acceptable update candidates,

then the one or more optimal motion parameters used in a previous pass through
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methodologies 800 (e.g., where M and T were used in a previous pass of
methodologies 800, initialized optimal M and T, efc.) can be retained. For example, a
matching metric from a current pass of methodologies 800 that exceeds a matching
metric from a previous pass could indicate that the current motion parameters are
acceptable update candidates. '

[00122] In further non-limiting implementations, methodologies 800 can
include updating optimal motion parameter(s) at 816. For example, at 816, various
non-limiting embodiments can employ the relationship of the coupled filtering results
(e.g., L(X; X,) * HMX) and L(MX+T; x,,) * H(X)) to search for optimal motion
parameter(s) as described above in reference to FIG. 7. As a further example, for a
set combinations of M and 7, such that Equation 9 is satisfied, or most closely
satisfied, for the coupled filtering results (e.g., I,(X; X,,) * H(MX) and L(MX+T, x,) *
H(X)), a particular combination motion parameter(s) can exist that can result in a
desired level of compensation of feature-motion decorrelation (e.g., optimal
compensation, less than optimal compensation based on design constraints, efc.).
Accordingly, this particular combination of motion parameter(s) can result in a closest
match between the coupled filtering results. In yet other non-limiting examples, an
ultrasound system 100, a coupled filtering component or device 202, or a component
or subcomponent thereof, can facilitate updating optimal motion parameter(s) via, for
example, control component 104, signal processing component 110, image processing
component 112, and so on.

[00123] Thus, in various non-limiting implementations, methodologies 800 can
further include updating optimal motion parameter(s), at 816, based in part on the
coupled filtering results. In an example, updating optimal motion parameter(s) can
include updating optimal motion parameter(s) at 816 based in part on a closest match
between the coupled filtering results. Note that, as further described regarding FIGS.
6 and 8, a closest match can yield a global optimum set of motion parameters (e.g.,
via an exhaustive search, efc.) or a local optimum (e.g., via a constrained search, ezc.),
depending on, for example, different search schemes or further constraints place on a
search for optimal motion parameter(s), among other factors.

[00124] As described above, various embodiments of the disclosed subject
matter can use additional constraints on a search for optimal motion parameter(s) (e.g.,
using a tissue incompressibility constraint, limiting a motion parameter search space,

enforcing a preference for a local optimum, using one or more acceptance criteria that
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facilitates closest match determination, a time threshold or computation threshold,
such as time limit or limit on number of processing cycles, efc.). Accordingly, it
should be appreciated that use of constraints in various embodiments of the disclosed
subject matter can influence desired tradeoffs between computational complexity,
speed, time, cost, and performance of coupled filtering systems that employ
compensation of feature-motion decorrelation.

[00125] In addition, methodologies 800 can further include determining the
search for optimal motion parameters meets the one or more accomplishment criteria
at 818. For example, as further described regarding FIGS. 7, 11, and 17, in a search
for optimal motion parameter(s) that yield a closest match between the coupled
filtering results (e.g., a global optimum or a local optimum) a metric (e.g., a matching
metric) of how closely the coupled filtering results match can be employed. For
instance,-in exemplary non-limiting embodiments described herein, a matching metric
in the form of correlation coefficients between the coupled filtering results can be
determined.

[00126] As a further example, the matching metric can be compared at 818 to
one or more accomplishment criteria to facilitate determining whether the search for
optimal motion parameters is accomplished (e.g., whether the matching metric
exceeds a predetermined threshold, otherwise demonstrates that the search for optimal
motion parameters meets the one or more accomplishment criteria, whether the
matching metric indicates that the coupled filtering results yields the best among
previous coupled filtering results, whether the matching metric indicates that one or
more motion parameters should be further adjusted as described below, efc.). As
described, this determination can, in turn, be used to determine whether to continue
searching for optimal motion parameter(s) as described below at 822. In yet other
non-limiting examples, an ultrasound system 100, a coupled filtering component or
device 202, or a component or subcomponent thereof, can facilitate determining
whether the search for optimal motion parameters meets the one or more
accomplishment criteria at 818 via, for example, control component 104, signal
processing component 110, image processing component 112, and so on. It should be
appreciated by one skilled in the art, upon review of the disclosed subject matter, that
matching metrics other than correlation coefficients can be employed without
departing from the scope of the disclosed subject matter. For instance, further non-

limiting implementations can employ other matching metrics such as SSD, SAD, efc.
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[00127] In addition, to determine whether the search for optimal motion
parameters meets the one or more accomplishment criteria, methodologies 800 can
further include at 818, determining whether a search (e.g., according to a predefined
search scheme) has been adequately accomplished. As an example, exemplary
predefined searches can include enumerating sets of possible motion parameters (e.g.,
according to a multi-scale framework or otherwise), enumerating sets of possible
motion parameters under additional constraints (e.g., a tissue incompressibility
constraint, etc.), deciding candidate sets of motion parameters under the guide of
appropriate heuristics (e.g., gradient based methods, greedy methods, ezc.) for testing
coupled filtered results against one or more acceptance criteria at 814.

[00128] As yet another example, determining whether a search (e.g., according
to a predefined search scheme) has been adequately accomplished can include
performing the search to exhaustion (e.g., such that all possible sets of motion
parameters have been tested against one or more acceptance criteria), or performing
the search to some lesser extent (e.g., such that a subset of all possible sets of motion
parameters are tested against one or more acceptance criteria), based on, for example,
tradeoffs of compensation quality, speed, and other considerations of a system
designer. Thus, according to various embodiments, the disclosed subject matter can
yield a global optimum set of motion parameters (e.g., via an exhaustive search, efc.),
or a local optimum (e.g., via a constrained search, efc.), depending on, for example,
different search schemes or further constraints placed on a search for optimal motion
parameter(s), among other factors.

[00129] If it is determined at 818 that the search for optimal motion parameters
meets the one or more accomplishment criteria (e.g., a search scheme is adequately
accomplished), in further non-limiting implementations, methodologies 800 can
include outputting the optimal motion parameter(s) at 820. For instance, based on, for
example, initialized motion parameter(s), feature-motion decorrelation present in the
tissue, performance level determined by one or more acceptance criteria, optimal
motion parameter(s) output at 820 can be global optimum motion parameter(s), local
optimum motion parameter(s), initialized optimal motion parameter(s) at 806, updated
optimal motion parameter(s) (e.g., based in part on a search constraint, one or more
acceptance criteria, efc. applied via, for example, input component 102, hard coded or
software applied by the equipment manufacturer or otherwise), etc. In exemplary

non-limiting implementations, an ultrasound system 100, a coupled filtering
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component or device 202, or a component or subcomponent thereof, can facilitate
outputting the optimal motion parameter(s) at 820 via, for example, control
component 104, signal processing component 110, image processing component 112,
and so on.

[00130] If it is determined at 818 that the search for optimal motion parameters
does not meet the one or more accomplishment criteria (e.g., currently enumerated
sets of possible motion parameters in a search scheme has not yet adequately
compensated the feature-motion decorrelation), in further non-limiting
implementations, methodologies 800 can further include adjusting motion parameter(s)
at 822. As an example, for various reasons, it is possible that initialized motion
parameter(s), in a first pass of coupled filtering, can produce less than a global
optimum set of motion parameter(s), local optimum motion set of parameter(s), ezc.,
or fail to otherwise achieve adequate compensation of feature-motion decorrelation.
Thus, various embodiments of the disclosed subject matter can provide adjusted
motion parameter(s) at 822 into methodologies 800. As a result, additional iterations
of methodologies 800 can use adjusted motion parameter(s) to refine the
compensation for feature-motion decorrelation. In various embodiments, an
ultrasound system 100, a coupled filtering component or device 202, or a component
or subcomponent thereof, can facilitate adjusting motion parameter(s) at 822 via, for
example, control component 104, signal processing component 110, image processing

component 112, and so on.

EXEMPLARY COUPLED FILTERING RESULTS

[00131] Exemplary embodiments of the disclosed subject matter have been
explored using both simulation data and phantom data to demonstrate particular non-
limiting aspects, advantages, and/or features. In addition, exemplary embodiments
are demonstrated as compared with a conventional companding approach (or more
generally, a warping only approach). According to an aspect, a linear convolution
model can be used to simulate a 3-D image volume. FIG. 9 tabulates exemplary non-
limiting 3-D ultrasound image simulation parameters.

[00132] For instance, 10,000 scatterers can be simulated following a uniform
distribution in a volume of interest with associated reflectance coefficients following
a Gaussian distribution and being bounded between 0 and 1. As a further example, in

the volume of interest, 1,000 resolution cells and 161 x 161 x 161 voxels can be used.
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[00133] FIG. 10 depicts exemplary comparative results of the similarity
between 3-D ultrasound image volume pairs by examining mean correlation
coefficients, in which one exemplary slice of a simulated ultrasound image volume.
900 is depicted, and where for display purpose, the RF signal was converted to a B-
Mode signal.

[00134] For example, according to an aspect, after constructing a first volume
(e.g., before-motion), Equation 4 can be used to simulate scatterer deformation and
the linear convolution model again to construct the image volume after scatterer
deformation (e.g., after-motion). It can be appreciated that there are many subclasses
of affine motion.

[00135] For example, FIGS. 11-16 depict exemplary mean correlation
coefficients 1102 with respect to tissue deformation 1104 (e.g., rotation angle, applied
strain, efc.) at three settings, where a higher correlation coefficient indicates a better
similarity and a smaller image variation (e.g., better compensation of feature-motion
decorrelation) for six different cases of tissue deformation, in which axial deformation
1100 (e.g., deformation primarily along the axial direction (ad)), lateral deformation
1200 (e.g., deformation primarily along the lateral direction (/d)), axial rotation 1300
(e.g., the rotation axis is aligned to the beam direction (ar)), lateral rotation 1400 (e.g.,
the rotation axis is perpendicular to the beam direction (Ir)), shearing along the
lateral-elevational plane 1500 (e.g., the elastic axis is aligned to the beam direction
(as)), and shearing along the axial-lateral plane 1600 (e.g., the elastic aiis is
perpendicular to the beam direction (Is)), are depicted, respectively.

[00136] Thus, while for-comparison purposes, exemplary embodiments can be
depicted simulating different cases of tissue deformation, various embodiments of the
disclosed subject matter are not so limited. Accordingly, for the purposes of
illustration and not limitation, six different matrices describing rotation, shearing, and
scaling of the scatterer pattern M can be denoted as a simplified matrix, for example,

as in Equations 10 - 15.

1—0.5¢
Moy = 1-0.5¢ (Eqn. 10)
1+¢
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1-—0.5¢
My, = 1+¢ (Eqn. 11)
1 —0.5¢
cos(8) sin(0)
M, = |—sin(@) cos(6) (Eqn. 12)
1
cos(6) —sin(8)
M, = | 1 (Eqn. 13)
sin(8) cos(0) '
1 ¢
My = [e 1 ] (Eqn. 14)
1
1
M) = [ 1 s] (Eqn. 15)
¢ 1

with £ denoting applied strains in the axial deformation, lateral deformation, lateral-
elevational shearing and axial-lateral shearing, and & denoting rotation angles in axial
rotation and lateral rotation, respectively.

[00137] As further non-limiting illustrative examples, beam direction can be
aligned with the z-axis, and a tissue incompressibility constraint |M]=1 can be
employed in a simulation.

[00138] Referring again to FIGS. 11-16, £ can be changed from -10% to 10%
gradually with a step of 1% and @ can be changed from -10 degrees to 10 degrees
gradually with a step of 1 degree to simulate different types of tissue affine motion
1104 (e.g., rotation angle, applied strain, efc.). Thus, at each step, similarity of two
image volumes can be compared under different simulation settings (e.g., no-
preprocessing 1106, warping only 1108, and using particular non-limiting
embodiments of coupled filtering 1110 as described herein). Note from FIGS. 11-16
the similarity in warping only 1108 between I(X;X,) (e.g., before-motion) and J (MX +
T: x,) (e.g., warped after-motion). In particular non-limiting embodiments of coupled

filtering 1110 as described herein, the similarity of two filtered images can be

41



WO 2010/118629 PCT/CN2010/000479

measured (e.g., via a matching metric) instead of the original images (e.g., as in FIG.
7-8, etc.). Note further that, for comparison purposes between warping only 1108 and
particular non-limiting embodiments of coupled filtering 1110 as described herein, a
pre-defined M and T can be used in warping and filtering.

[00139] According to further non-limiting aspects, in similarity comparisons
(e.g., such as in a determination whether coupled filtering results meet one or more
acceptance criteria, efc.), a cubic window of 17 x 17 x 17 voxels from the first image
volume (e.g., before-motion) can be used as the source to compare with the
corresponding window (e.g., using a predefined M and 7, efc.) from the second image
volume (e.g., after-motion). After going through 7 x 7 x 7 = 343 windows in the
central part of the first image volume, the average of the correlation coefficients in
these 343 windows can be calculated with their relationship plotted 1000 with respect
to tissue deformation 1104 (e.g., rotation angle, applied strain, etc.) in FIGS. 11-16.
Note that, in further non-limiting aspects, windows in the center of the images can be
preferentially chosen to avoid associated boundary problems.

[00140] From FIGS. 10-16, it can be seen that, for the comparison of image
volumes without any pre-processing 1106, the correlation between two images
decreases very quickly (e.g., poor compensation of feature-motion decorrelation).
Note that a “zig-zag” structure, in illustrative embodiments, is caused by phase
periodicity in the RF signal. In the warping only approach 1108, the correlation
coefficient decreases at a slower pace (e.g., some improvement of compensation of
feature-motion decorrelation over no preprocessing 1106). However, significant
feature-motion decorrelation remains in the warping only approach 1108. In contrast,
in particular non-limiting embodiments of coupled filtering 1110 compensation of
feature-motion decorrelation as described herein, the mean correlation coefficient
1102 remains very close to the ideal value of 1.0 (e.g., enhanced compensation of
feature-motion decorrelation), even when the deformation is up to 10% or the rotation
angle is up to 10 degrees.

[00141] FIG. 17 depicts exemplary comparative results 1700 of an elastography
study for an image 1702 (e.g., before-motion) of a gelatin phantom, where for display
purpose, the RF signal was converted to a B-Mode signal (after taking the logarithm)
for illustrative purposes. For instance, in FIG. 17, an image 1702 having three regions
with different stiffness values from outside to inside (e.g., a gelatin phantom, a stiff

circular area 1704, and a thin, fluid-filled channel 1706). After compressing the
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gelatin phantom downward, another image (e.g., 1708, 1710, 1712, and 1714) can be
taken (e.g., after-motion), for the purpose of deriving the strain distribution using the
before-motion image information and the respective after-motion image information.
For the purposes of illustration and not limitation, a 2% compression (e.g., 1708 and
1712) and a 5% compression case were studied (e.g., 1710 and 1714) for both the
companding approach (e.g., 1708 and 1710) and for a particular non-limiting
embodiment of coupled filtering compensation (e.g., 1712 and 1714) of feature-
motion decorrelation as described herein.

[00142] As can be seen from FIG. 17, in the 2% compression case, both the
companding approach (e.g., 1708) and the particular non-limiting embodiment of
coupled filtering compensation (e.g., 1712) provide reasé)nable strain estimation
results. The simulation results as described regarding FIG. 10 reveal similar results,
where mean correlation coefficient 1102 between two images is very close to 1.0 at 2%
compression using the warping only approach 1108. Note further that the particular
non-limiting embodiment of coupled filtering compensation (e.g., 1712) can
characterize the soft channel 1706 better than the companding approach. Thus,
according to various aspects, particular non-limiting embodiments of coupled filtering
compensation can advantageously provide improved contrast in compensation of
feature-motion decorrelation of adjacent areas having different feature motion as a
result of, for example, different stiffness values.

[00143] In the more difficult 5% compression case, the particular non-limiting
embodiment of coupled filtering compensation (e.g., 1714) can clearly outperform the
companding approach (e.g., 1710) as evidenced by the strong contrast among

different areas with different stiffness values.

EXEMPLARY NETWORKED AND DISTRIBUTED ENVIRONMENTS

[00144] One of ordinary skill in the art can appreciate that the various
embodiments described herein can be implemented in connection with any computer
or other client or server device, which can be deployed as part of a computer network
or in a distributed computing environment, and can be connected to any kind of data
store. In this regard, the various embodiments described herein can be implemented
in any computer system or environment having any number of memory or storage
units, and any number of applications and processes occurring across any number of

storage units. This includes, but is not limited to, an environment with server
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computers and client computers deployed in a network environment or a distributed
computing environment, having remote or local storage.

[00145] Distributed computing provides sharing of computer resources and
services by communicative exchange among computing devices and systems. These
resources and services include the exchange of information, cache storage and disk
storage for objects, such as files. These resources and services also include the
sharing of processing power across multiple processing units for load balancing,
expansion of resources, specialization of processing, and the like. Distributed
computing takes advantage of network connectivity, allowing clients to leverage their
collective power to benefit the entire enterprise. In this regard, a variety of devices
may have applications, objects or resources that may utilize functionality for
compensation of feature-motion decorrelation and/or coupled filtering as described
for various embodiments of the subject disclosure. '
[00146] FIG. 18 provides a schematic diagram of an exemplary networked or
distributed computing environment. The distributed computing environment
comprises computing objects 1810, 1812, efc. and computing objects or devices 1820,
1822, 1824, 1826, 1828, efc., which may include programs, methods, data stores,
programmable logic, efc., as represented by applications 1830, 1832, 1834, 1836,
1838. It can be appreciated that objects 1810, 1812, etc. and computing objects or
devices 1820, 1822, 1824, 1826, 1828, efc. may comprise different devices, such as
PDAs, audio/video devices, mobile phones, MP3 players, personal computers, laptops,
etc.

[00147] Each object 1810, 1812, etc. and computing objects or devices 1820,
1822, 1824, 1826, 1828, efc. can communicate with one or more other objects 1810,
1812, etc. and computing objects or devices 1820, 1822, 1824, 1826, 1828, efc. by
way of the communications network 1840, either directly or indirectly. Even though
illustrated as a single element in FIG. 18, network 1840 may comprise other
computing objects and computing devices that provide services to the system of FIG.
18, and/or may represent multiple interconnected networks, which are not shown.
Each object 1810, 1812, etc. or 1820, 1822, 1824, 1826, 1828, efc. can also contain an
application, such as applications 1830, 1832, 1834, 1836, 1838, that might make use
of an API, or other object, software, firmware and/or hardware, suitable for

communication with or implementation of the functionality for compensation of
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feature-motion decorrelation and/or coupled filtering functionality provided in
accordance with various embodiments of the subject disclosure.

[00148] There are a variety of systems, components, and network
configurations that support distributed computing environments. For example,
computing systems can be connected together by wired or wireless systems, by local
networks or widely distributed networks. Currently, many networks are coupled to
the Internet, which provides an infrastructure for widely distributed computing and
encompasses many different networks, though any network infrastructure can be used
for exemplary communications made incident to functionality for compensation of
feature-motion decorrelation and/or coupled filtering as described in various
embodiments.

[00149] Thus, a host of network topologies and network infrastructures, such as
client/server, peer-to-peer, or hybrid architectures, can be utilized. The “client” is a
member of a class or group that uses the services of another class or group to which it
is not related. A client can be a process, e.g., roughly a set of instructions or tasks,
that requests a service provided by another program or process. The client process
utilizes the requested service without having to “know” any working details about the
other program or the service itself.

[00150] Ina client/éerver architecture, particularly a networked system, a client
is usually a computer that accesses shared network resources provided by another
computer, e.g., a server. In the illustration of FIG. 18, as a non-limiting example,
computers 1820, 1822, 1824, 1826, 1828, etc. can be thought of as clients and
computers 1810, 1812, etc. can be thought of as servers where servers 1810, 1812, erc.
provide data services, such as receiving data from client computers 1820, 1822, 1824,
1826, 1828, etc., storing of data, processing of data, transmitting data to client
computers 1820, 1822, 1824, 1826, 1828, etc., although any computer can be
considered a client, a server, or both, depending on the circumstances. Any of these
computing devices may be processing data, forming metadata, synchronizing data or
requesting services or tasks that may implicate compensation of feature-motion
decorrelation and/or coupled filtering as described herein for one or more
embodiments. ‘

[00151] A server is typically a remote computer system accessible over a
remote or local network, such as the Internet or wireless network infrastructures. The

client process may be active in a first computer system, and the server process may be
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active in a second computer system, communicating with one another over a
communications medium, thus providing distributed functionality and allowing
multiple clients to take advantage of the information-gathering capabilities of the
server. Any software objects utilized pursuant to the techniques for performing
compensation of feature-motion decorrelation and/or coupled filtering can be
provided standalone, or distributed across multiple computing devices or objects.
[00152] In a network environment in which the communications network/bus
1840 is the Internet, for example, the servers 1810, 1812, efc. can be Web servers with
which the clients 1820, 1822, 1824, 1826, 1828, efc. communicate via any of a
number of known protocols, such as the hypertext transfer protocol (HTTP). Servers
1810, 1812, etc. may also serve as clients 1820, 1822, 1824, 1826, 1828, efc., as may

be characteristic of a distributed computing environment.

EXEMPLARY COMPUTING DEVICE
[00153] As mentioned, advantageously, the techniques described herein can be
applied to any device where it is desirable to perform compensation of feature-motion
decorrelati(_)n and/or coupled filtering. It should be understood, therefore, that
handheld, portable and other computing devices and computing objects of all kinds
are contemplated for use in connection with the various embodiments, e.g., anywhere
that a device may wish to synchronize data. Accordingly, the below general purpose
remote computer described below in FIG. 19 is but one example of a computing
device. Additionally, functionality for compensation of feature-motion decorrelation
and/or coupled filtering can include one or more aspects of the below general purpose
computer, such as display or output of the fagades being modeled via the display 1950.
[00154] Although not required, embodiments can partly be implemented via an
operating system, for use by a developer of services for a device or object, and/or
included within application software that operates to perform one or more functional
aspects of the various embodiments described herein. Software may be described in
the general context of computer executable instructions, such as program modules,
being executed by one or more computers, such as client workstations, servers or
other devices. Those skilled in the art will appreciate that computer systems have a
variety of configurations and protocols that can be used to communicate data, and

thus, no particular configuration or protocol should be considered limiting.
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[00155] FIG. 19 thus illustrates an example of a suitable computing system
environment 1900 in which one or aspects of the embodiments described herein can
be implemented, although as made clear above, the computing system environment
1900 is only one example of a suitable computing environment and is not intended to
suggest any limitation as to scope of use or functionality. Neither should the
computing environment 1900 be interpreted as having any dependency or requiremenf
relating to any one or combination of components illustrated in the exemplary
operating environment 1900.

[00156] With reference to FIG. 19, an exemplary remote device for
implementing one or more embodiments includes a general purpose computing device
in the form of a computer 1910. Components of computer 1910 may include, but are
not limited to, a processing unit 1920, a system memory 1930, and a system bus 1922
that couples various system components including the system memory to the
processing unit 1920.

[00157) Computer 1910 typically includes a variety of computer readable
media and can be any available media that can be accessed by computer 1910. The
system memory 1930 may include computer storage media in the form of volatile
and/or nonvolatile memory such as read only memory (ROM) and/or random access
memory (RAM). By way of example, and not limitation, memory 1930 may also
include an operating system, application programs, other program modules, and
program data.

[00158] A user can enter commands and information intoA the computer 1910
through input devices 1940. A monitor or other type of display device is also
connected to the system bus 1922 via an interface, such as output interface 1950. In
addition to a monitor, computers can also include other peripheral output devices such
as speakers and a printer, which may be connected through output interface 1950.
[00159] The computer 1910 may operate in a networked or distributed
environment using logical connections to one or more other remote computers, such
as remote computer 1970. The remote computer 1970 may be a personal computer, a
server, a router, a network PC, a peer device or other common network node, or any
other remote media consumption or transmission device, and may include any or all
of the elements described above relative to the computer 1910. The logical
connections depicted in FIG. 19 include a network 1972, such local area network

(LAN) or a wide area network (WAN), but may also include other networks/buses.
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Such networking environments are commonplace in homes, offices, enterprise-wide
computer networks, intranets and the Internet.

[00160] As mentioned above, while exemplary embodiments have been
described in connection with various computing devices and network architectures,
the underlying concepts may be applied to any network system and any computing
device or system in which it is desirable to perform compensation of feature-motion
decorrelation and/or coupled filtering.

[00161] Also, there are multiple ways to implement the same or similar
functionality, e.g., an appropriate API, tool kit, driver code, operating system, control,
standalone or downloadable software object, efc. which enables applications and
services to use the functionality for compensation of feature-motion decorrelation
and/or coupled filtering functionality. Thus, embodiments herein are contemplated
from the standpoint of an API (or other software object), as well as from a software or
hardware object that implements one or more aspects of compensation of feature-
motion decorrelation and/or coupled filtering as described herein. Thus, various
embodiments described herein can have aspects that are wholly in hardware, partly in
hardware and partly in software, as well as in software.

[00162] The word “exemplary” is used herein to mean serving as an example,
instance, or illustration. For the avoidance of doubt, the subject matter disclosed
herein 1s not limited by such examples. In addition, any aspect or design described
herein as “exemplary” is not necessarily to be construed as preferred or advantageous
over other aspects or designs, nor is it meant to preclude equivalent exemplary
structures and techniques known to those of ordinary skill in the art. Furthermore, to

23 ¢

the extent that the terms “includes,” “has,” “contains,” and other similar words are
used in either the detailed description or the claims, for the avoidance of doubt, such
terms are intended to be inclusive in a manner similar to the term “comprising” as an
open transition word without precluding any additional or other elements.

[00163] As mentioned, the various techniques described herein may be
implemented in connection with hardware or software or, where appropriate, with a

92 &

combination of both. As used herein, the terms “component,” “system” and the like
are likewise intended to refer to a computer-related entity, either hardware, a
combination of hardware and software, software, or softWare in execution. For
example, a component may be, but is not limited to being, a process running on a

processor, a processor, an object, an executable, a thread of execution, a program,
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and/or a computer. By way of illustration, both an application running on computer
and the computer can be a component. One or more components may reside within a
process and/or thread of execution and a component may be localized on one
computer and/or distributed between two or more computers.

[00164] The aforementioned systems have been described with respect to
interaction between several components. It can be appreciated that such systems and
components can include those components or specified sub-components, some of the
specified components or sub-components, and/or additional components, and
according to various permutations and combinations of the foregoing. Sub-
components can also be implemented as components communicatively coupled to
other components rather than included within parent components (hierarchical).
Additionally, it should be noted that one or more components may be combined into a
single component providing aggregate functionality or divided into several separate
sub-components, and that any one or more middle layers, such as a management layer,
may be provided to communicatively couple to such sub-components in order to
provide integrated functionality. Any components described herein may also interact
with one or more other components not specifically described herein but generally
known by those of skill in the art. In addition to the various embodiments described
herein, it is to be understood that other similar embodiments can be used or
modifications and additions can be made to the described embodiment(s) for
performing the same or equivalent function of the corresponding embodiment(s)
without deviating therefrom.

[00165] For example, while various embodiments of the disclosed subject
matter have been described in the context of the RF signal modality of the ultrasound
images, most end user interactions with standard ultrasound machines use the B-Mode
signal modality. In conventional ultrasound machines, conversion from RF signal to
B-Mode signal is performed inside the imaging instrument. However, it is
contemplated that applications of various aspects of the disclosed subject matter can
be retrofitted or incorporated in conventional ultrasound machines for instance, by
add;on modules, add-on controls, hardware and or software upgrades. Alternatively
or additionally, it is contemplated that, some aspects of the disclosed subject matter
can be applicable to the B-Mode signal modality.

[00166] As a further example, illustrative embodiments of the disclosed subject

matter have been described in the context of a linear convolution model, which linear
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convolution model provides an adequate approximation of the ultrasound imaging
process in the far field of the transducer. However, it is contemplated that other non-
linear convolution models can also be applied according to various aspects without
departing from the scope of the disclosed subject matter described herein.

[00167] As another example, exemplary implementations of the disclosed
subject matter have been described in the context of both 2-D and 3-D ultrasound
images. In an aspect, 3-D simulation data and 2-D elastography data have been
demonstrated. For the avoidance of doubt, embodiments of the disclosed subject
matter are intended to include both 2-D and 3-D ultrasound imaging (e.g., 3-D
echocardiography images, efc.). Moreover, while illustrative embodiments have been
described in the context of compensation of feature-motion decorrelation in
ultrasound image analysis, it is contemplated that various aspects of the disclosed
subject can find application in other areas of 2-D and 3-D image analysis (e.g.,
satellite imaging, target image analysis and targeting, radar, sonar, any other image
analysis discipline that can benefit from compensation of feature-motion decorrelation,
and so on, efc.).

[00168] In a further example, various embodiments of the disclosed subject
matter have been described in the context of simulations coded in an interpreted
language and using test data. As speed is of the essence in clinical applications,
improvements of existing algorithms are contemplated which can include, without
limitation, coding algorithms in native machine code, hand optimizing code
bottlenecks, accelerating parameter updating procedures, efc.

[00169] In still further examples, multiple processing chips or multiple devices
can share the performance of one or more functions described herein, and similarly,
storage can be effected across a plurality of devices. Accordingly, the invention
should not be limited to any single embodiment, but rather should be construed in

breadth, spirit and scope in accordance with the appended claims.
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CLAIMS

What is claimed is:
1. A method that facilitates compensation of feature-motion decorrelation,
comprising:

performing a coupled filtering on image information based at least in part on
at least one initialized optimal motion parameter to generate coupled filtering results;

updating the at least one initialized optimal motion parameter based in part on
the coupled filtering results to create at least one updated optimal motion parameter;
and

outputting the at least one updated optimal motion parameter based at least in
part on determining a search for optimal motion parameters meets at least one

accomplishment criterion.

2. The method of claim 1 further comprising:
initializing at least one optimal motion parameter to create the at least one

initialized optimal motion parameter.

3. The method of claim 1, the performing the coupled filtering includes image

warping a subset of the image information.

4. The method of claim 1 further comprising:

receiving input image information as the image information.

5. The method of claim 4, the receiving the input image information includes
receiving at least before-motion image information and after-motion image

information.

6. The method of claim 5, the performing the coupled filtering includes image
warping the after-motion image information to create warped after-motion image

information.

7. The method of claim 6, the warping includes affine warping the after-motion

image information to create affine warped after-motion image information.
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8. The method of claim 6, the performing the coupled filtering includes filtering »
the warped after-motion image information with an original point spread function .

(PSF) and filtering the before-motion image information with a modified PSF.

9. The method of claim 8, the filtering the warped after-motion image
information with an original PSF includes filtering the warped after-motion image

information with a Gaussian-weighted cosine function.

10. The method of claim 8, the filtering the before-motion image information with
a modified PSF includes filtering the before-motion image information with an affine

warped point spread function.

11. The method of claim 8, the filtering the before-motion image information with
a modified PSF includes filtering the before-motion image information with an affine

warped Gaussian-weighted cosine function.

12. The method of claim 8, the performing the coupled filtering includes filtering
the before-motion image information with a modified PSF that has a set of motion
parameters in common with a warping operation that creates the warped after-motion

image information.

13.  The method of claim 1, the determirﬁng that the search meets at least one
accomplishment criterion includes at least one of enumerating possible sets of motion
parameters in a multi-scale framework, enumerating possible sets of motion
parameters without a multi-scale framework, enumerating possible sets of motion
parameters under at least one additional constraint, enumerating possible sets of
motion parameters under a tissue incompressibility cohstraint, or enumerating
candidate sets of motion parameters, which are determined based in part on at least

one heuristic.

14, The method of claim 1 further comprising:
determining that the search does not meet at least one accomplishment

criterion.
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15.  The method of claim 14, further comprising:
adjusting the at least one updated optimal motion parameter to create at least
one adjusted motion parameter based on the determining that the coupled filtering

results do not meet at least one acceptance criterion.

16. The method of claim 15, further comprising:
repeating the coupled filtering on the image information with the at least one

adjusted motion parameter.

17.  The method of claim 1, further comprising:
determining that the coupled filtering results meet at least one acceptance

criterion.

18. The method of claim 17, the updating includes updating the at least one
initialized optimal motion parameter with at least one adjusted motion parameter
based in part on the determining that the coupled filtering results meet the at least one

acceptance criterion.

19.  The method of claim 1, the updating includes updating the at least one
initialized optimal motion parameter based in part on computing a matching metric
between the coupled filtering results to create the at least one updated optimal motion

parameter.

20.  The method of claim 19, the computing the matching metric includes
calculating, at least one of correlation coefficients, sum of squared distance, or the

sum of absolute distance between the coupled filtering results.

21. A coupled filtering device that facilitates compensation of feature-motion
decorrelation, comprising;
an image warping component configured to image warp a first subset of input
image information to produce a warped first subset of input image information; and
a filtering component configured to filter a second subset of input image

information based at least in part on at least one initialized optimal motion parameter
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and configured to filter the warped first subset of input image information to obtain

coupled filtering results.

22.  The coupled filtering device of claim 21, the image warping component
further configured to affine warp the first subset of input image information to
produce an affine warped first subset of input image information, and the filtering
component further configured to filter the affine warped first subset of input image
information with an original point spread function (PSF) and to filter the second

subset of input image information with an affine modified PSF.

23. The coupled filtering device of claim 21, further comprising;:
a management component configured to generate an update to the at least one

initialized optimal motion parameter based in part on the coupled filtering results.

24. The coupled filtering device of claim 23, the management component further
configured to determine whether the coupled filtering results meet at least one

acceptance criterion.

25. The coupled filtering device of claim 24, the management component further
configured to update the at least one initialized optimal motion parameter if the
coupled filtering results meet the at least one acceptance criterion and to retain the at
least one initialized optimal motion parameter if the coupled filtering results do not

meet the at least one acceptance criterion.

26.  An ultrasound system that compensates for feature-motion decorrelation,
comprising:

a computerized component that performs a coupled filtering operation on
before-motion image information and warped after-motion image information to
create coupled filtering results, wherein a warping operation that creates the warped
after-motion image information and the coupled filtering operation share a set of
motion parameters that facilitate calculation of a matching metric for the coupled

filtering results.
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27.  The ultrasound system of claim 26, the warping operation is an affine warping,
and the coupled filtering operation includes a Gaussian-weighted cosine filtering of
the warped after-motion image information and an affine modified Gaussian-weighted

cosine filtering of the before-motion image information.

28. The ultrasound system of claim 26 further comprising:
a management component that generates an update to at least one motion

parameter of the set of motion parameters based in part on the coupled filtering results.

29. The ultrasound system of claim 26, the management component further

configured to perform a predefined search for updating the set of motion parameters.

30.  The ultrasound system of claim 29, the management component further
configured to determine whether the coupled filtering results produce at least one

acceptable update candidate for at least one of the set of motion parameters.

31. The ultrasound system of claim 30, the management component further
configured to generate at least one update to the at least one of the set of motion

parameters from the at least one acceptable update candidate.

32.  The ultrasound system of claim 31, the management component further
configured to output the at least one update to the at least one of the set of motion
parameters if the predefined search is accomplished and to adjust the at least one of

the set of motion parameters if the predefined search scheme is not accomplished.
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