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ABSTRACT

Values for ultrasound acquisition parameters are altered in a
manifold space. The number of parameters to be set is
reduced using a manifold. Virtual parameters different than

US) the acquisition parameters are used to alter the greater num-
ber of acquisition parameters. In a further use, optimum
Appl. No.: 13/928,763 image settings may be obtained in an automated system by
measuring image quality for feeding back to virtual param-
Filed: Jun. 27, 2013 eter adjustment.
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TUNING ULTRASOUND ACQUISITION
PARAMETERS

RELATED APPLICATIONS

[0001] The present patent document claims the benefit of
the filing date under 35 U.S.C. §119(e) of Provisional U.S.
Patent Application Ser. No. 61/759,546, filed Feb. 1, 2013,
which is hereby incorporated by reference.

BACKGROUND

[0002] Thepresentembodiments relate to medical diagnos-
tic ultrasound imaging. In particular, values for acquisition
parameters are established for imaging a patient using ultra-
sound.

[0003] Ultrasound imaging requires the adjustment of mul-
tiple acquisition parameters, such as the depth, focus, trans-
mit frequency, and receive frequency (e.g., fundamental or
harmonic imaging). The correct choice of values for the
parameters impacts the quality of the output image. In prac-
tice, the default parameters recommended by the manufac-
turer may not always produce an image as good as could be
produced. Due to differences in patients or other situational
differences, the defaults may not be optimum.

[0004] The acquisition of a good quality image is a chal-
lenging task even for an experienced sonographer. Given the
number of possible acquisition parameters that may be
altered, determining the combination for imaging a patient is
time consuming. Patients with large body habitus or large
amounts of bowl gas may be particularly difficult to image.
The abdominal scan time varies from 20-45 minutes. More-
over, the exam may become uncomfortable for the patient if
the sonographer cannot set the acquisition parameters prop-
erly since sonographers tend to compensate by pressing
against the patient’s abdomen in an effort to obtain a better
image.

BRIEF SUMMARY

[0005] By way of introduction, the preferred embodiments
described below include methods, systems, instructions, and
computer readable media for tuning acquisition parameters.
Acquisition parameters are altered in a manifold space. There
are two parameter spaces, the acquisition parameter space
and the virtual parameter space. The number of parameters to
be set in the actual parameter space is reduced using a mani-
fold. Virtual parameters in the virtual parameter space differ-
ent than the acquisition parameters are used to alter the
greater number of acquisition parameters. In a further use,
optimum image settings may be obtained in an automated
system by measuring image quality for feeding back to virtual
parameter adjustment.

[0006] In a first aspect, a method is provided for tuning
ultrasound acquisition parameters. First ultrasound data is
acquired with first values of a respective plurality of acquisi-
tion parameters. A processor projects the first values to a
second value of at least one virtual parameter with a manifold
relationship. The plurality ofacquisition parameters is greater
than a number of virtual parameters. The processor calculates
a first quality score for the first ultrasound data. The second
value is altered to a third value of the virtual parameter space.
The altering is independent of the first quality score. The
processor projects the third value to fourth values of the
respective acquisition parameters. Second ultrasound data is
acquired with the fourth values of the respective plurality of
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acquisition parameters. The processor calculates a second
quality score for the second ultrasound data. The first and
second quality scores are compared.

[0007] Inasecond aspect, a non-transitory computer read-
able storage medium has stored therein data representing
instructions executable by a programmed processor for tun-
ing ultrasound acquisition parameters. The storage medium
includes instructions for selecting a setting of one or more
manifold parameters different than and in a lower dimen-
sional space than acquisition parameters, determining values
for the acquisition parameters from a fewer number of the
manifold parameters, the determining being a function of a
manifold curve and a database of sample pairings of values of
the manifold parameters and values of the acquisition param-
eters, and causing acquisition of ultrasound data with the
values for the acquisition parameters.

[0008] In a third aspect, a system is provided for tuning
ultrasound acquisition parameters. An ultrasound system is
configurable to scan a patient with settings for scan variables.
A memory is operable to store a manifold of the scan vari-
ables to a fewer number of manifold variables different than
the scan variables. A processor is configured to cause the
ultrasound system to scan with the settings for the scan vari-
ables determined with the manifold.

[0009] The present invention is defined by the following
claims, and nothing in this section should be taken as a limi-
tation on those claims. Further aspects and advantages of the
invention are discussed below in conjunction with the pre-
ferred embodiments and may be later claimed independently
or in combination.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The components and the figures are not necessarily
to scale, emphasis instead being placed upon illustrating the
principles of the invention. Moreover, in the figures, like
reference numerals designate corresponding parts throughout
the different views.

[0011] FIG.1isa flow chart diagram of one embodiment of
a method for tuning ultrasound acquisition parameters;
[0012] FIG. 2 is a flow chart diagram of another embodi-
ment of a method for tuning ultrasound acquisition param-
eters; and

[0013] FIG. 3 is a block diagram of one embodiment of a
system for tuning ultrasound acquisition parameters.

DETAILED DESCRIPTION OF THE DRAWINGS
AND PRESENTLY PREFERRED
EMBODIMENTS

[0014] The system includes one or more components. The
first component is used to navigate the virtual parameter
space to adjust the parameters. The second component is a
quality assessment system that gives a score to the image
acquired with the adjusted parameters.

[0015] Ultrasound image acquisition is a challenging task
that requires the interrelated adjustment of several param-
eters. If the acquisition parameters are not properly chosen,
the resulting image may have poor quality.

[0016] To provide an image with good quality, ultrasound
acquisition parameters are simultaneously and/or adaptively
tuned. A set of parameters to perform image acquisition are
determined based on a manifold. The acquisition parameter
dimensionality (numbers) is reduced to an intrinsic dimen-
sionality by the manifold. The space of good acquisition
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parameter settings is reparameterized into a lower dimen-
sional space or manifold that makes simultaneous parameter
adjustment feasible. The parameter adjustment is performed
in the lower dimensional space and the corresponding set of
parameters in the original space is determined and used in the
acquisition.

[0017] The tuning may be automatic or semi-automatic in
response to simplified user control. For automation, the
adjustment is performed iteratively until a best or sufficient
quality image is captured. The image quality is assessed after
each iteration to judge whether the quality is still improving
or if the desired quality has already been reached. The image
quality is used to define the direction of motion along or
towards the manifold for subsequent adjustment. An example
image quality measure is a trained Support Vector Machine
(SVM) classifier based on Gabor filter features. In the semi-
automatic mode, the quality assessment component is elimi-
nated and the sonographer’s judgment is used to assess the
image quality. The auto-tuning is then reduced to a system
where the user uses asingle control key (knob)to adjust all the
parameters.

[0018] The manifold reparameterization may be used inde-
pendently or without the quality assessment. The simulta-
neous tuning of the acquisition parameters is performed with-
out automated feedback. Rather than having the expert
clinician adjust four different knobs on the machine to change
the four different acquisition parameters, the clinician adjusts
a fewer number (e.g., one) of knobs of one or more virtual or
manifold parameters that simultaneously adjusts the four
acquisition parameters.

[0019] FIG. 1 shows one embodiment of a method for tun-
ing ultrasound acquisition parameters. The method is per-
formed by the system of FIG. 3, a processor, or a different
system. A processor of the system, processor of an ultrasound
imaging system, or other processor implements software to
perform one or more of the acts of FIG. 1. For example, the
processor performs acts 32, 34, 38, and 42. The input is the
starting values for acquisition parameters, such as defaults
recommended by the scanner manufacturer or defined by a
clinician. The output is a suggested set of values for imaging
or an image resulting from scanning with the suggested set of
values.

[0020] The user may compare quality, activate the scan-
ning, input suggested acquisition parameter values, select the
optimum acquisition parameter values, control adjustment of
values of the virtual parameters along the manifold, or per-
form other actions. For more rapid operation to avoid patient
discomfort and/or allow operation by a less experienced
sonographer, one or more of the user acts are automated.

[0021] The method is performed in the order shown or a
different order. For example, act 36 is performed before act
30. As another example, act 34 is performed prior to act 32.
Additional, different, or fewer acts may be provided. For
example, act 34 is not provided. As another example, acts 34
and 42-46 are not performed where manual alteration of the
settings is used.

[0022] In act 30, ultrasound data is acquired. The ultra-
sound data is acquired by scanning in two or three dimensions
(e.g., planar or volume scanning). The scanning is along scan
lines. The scan lines may be acquired in any format, such as
linear, curved linear, sector, curved sector, Vector®, curved
Vector® and combinations thereof. The ultrasound data rep-
resents a region of a patient. The region includes any organ,
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tissue, bone, structure, or implant. By scanning the region,
ultrasound images may be generated.

[0023] The ultrasound data is acquired as a frame of data.
The frame represents an entire scan region, planar region, or
volume region of the patient at a given time. Other groupings
than frames may be used.

[0024] The frame of data includes samples representing the
field of view or scanned region. The ultrasound data is beam-
formed data prior to detection, detected data prior to scan
conversion (e.g., B-mode, flow-mode, velocity, energy, or
variance), data after scan conversion, or data displayed as an
image. The ultrasound data is image data for display, but
image data may be data acquired to generate the image. The
term image may be used to refer to an actually displayed
image or to refer to locations and the frame of data for gen-
erating the display.

[0025] Various characteristics of the scan may be set. These
acquisition or front-end parameters establish the scan. For
example, the region of the patient to be scanned is deter-
mined, at least in part, by the depth and width of the scan. The
depth along each scan line at which samples are obtained is
set. As another example, the transmit frequency is set. Lower
frequencies are associated with lower resolution imaging but
greater penetration depth. In another example, the location of
the focal point or focal depth is set. The acoustic energy from
an array may have greater intensity due to coherence near the
transmit focus than away from the focus. By setting the focal
depth near a region of interest, better signal-to-noise ratio
may be provided in that region of interest. In yet another
example, the receive frequency is set. The receive frequency
is the same as the transmit frequency (fundamental fre-
quency) or a harmonic of the transmit frequency. Greater
resolution but less depth may result from imaging with har-
monic (e.g., second harmonic of the fundamental transmit
frequency). Other acquisition parameters may include the
aperture size, aperture synthesis, acoustic energy amplitude,
acoustic energy phasing, flow sample count, pulse repetition
interval or frequency, transmit waveform shape (e.g., square
or sinusoid wave), number of cycles, beam synthesis, or other
now known or later developed beamformer, front-end, or
other acquisition parameter.

[0026] Theacquisition parameters used forimaging may be
based, atleastin part, on the scan mode. Different modes may
require the adjustment of parameters that are different from
the ones stated in this embodiment. Various modes of ultra-
sound imaging are provided, such as B-mode, flow or Dop-
pler mode, M-mode, spectral Doppler mode, harmonic mode,
contrast agent mode, or tissue harmonic mode. For a given
mode, application (e.g., region of the patient to be scanned),
patient, and/or sonographer, different values of the acquisi-
tion parameters may be used as a default or as established by
the sonographer.

[0027] For generating an image or obtaining a frame of
data, the values of the acquisition parameters may be repre-
sented as a vector X of N dimensions. N represents the num-
ber of acquisition parameters that may be adjusted. For
example, N is 4 for the focus depth, transmit frequency,
receive frequency, and scan depth. In this example, the depth
is 16 cm, the transmit frequency is 5 MHz, the receive fre-
quency is the fundamental frequency (i.e., 5 MHz), and the
focus is in the middle (i.e., 8 cm).

[0028] N may be a sub-set of available acquisition param-
eters. N is used for the acquisition parameters to be interre-
lated using the manifold. Other parameters may be altered or
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maintained outside of the manifold approach used herein. For
example, line or beam synthesis is provided as a default and
not changed using the manifold while the four acquisition
parameters discussed in the example above are included in the
manifold operation.

[0029] The settings may be altered while still scanning in a
same mode. For example, default settings are used for
B-mode imaging. One or more of the settings (e.g., focus,
transmit frequency, receive frequency, and/or depth) are
altered for continuing scan of the same region in the same
mode. Some settings may be maintained at the same value.
[0030] To more conveniently change the settings, a mani-
fold space is used for all or a sub-set of the acquisition param-
eters. In act 32, the values of the vector X or other acquisition
parameters are projected to one or more virtual parameters
with a manifold relationship. The dimensionality of the
acquisition parameter space is reduced to the dimensionality
of the manifold space, such as reducing four acquisition
parameters to two virtual parameters (e.g.. four dimensional
acquisition space reduced to a two-dimensional manifold
space). The number of values for a given image is reduced
from four to two. A reduction from N by one or more is
provided. Any number of virtual parameters less than N may
be used.

[0031] The virtual parameters are not directly linked or are
not acquisition parameters. Instead, the virtual parameters
represent a relationship amongst combinations of acquisition
parameters. Altering a value of one virtual parameter may be
associated with changing values of any number of acquisition
parameters. Similarly, altering a value of an acquisition
parameter may be associated with changing any number of
virtual parameters.

[0032] To project, a previously created manifold is used.
The manifold relationship is learnt. Dimensionality reduction
may be represented as: letx,, X,, . . ., X, be a set of input data
points in R”. The objective is to find a lower dimensional
representation y,, v,, . . ., y, of the data in R? where d<D. If
x; and x; are close to each other with respect to a certain
proximity measure, then y, and y, should also be close to each
other in the lower dimensional embedding. Manifold learning
is the non-linear analog to principle component analysis.
[0033] Any manifold learning may be used, such as Iso-
map, Local Linear Embedding (LLE), Laplacian Eigen maps,
or diffusion. The manifold is machine learnt, experimentally
determined, or found by theoretical application. The Isomap
approach uses of two main steps. The first step finds the
geodesics distance between the input points x, . . ., X,, by
calculating the shortest path on a k-nearest neighbor graph.
The second step embeds in a lower dimensional manifold by
finding the output points y,, . . ., y,, such that the distance
between X, and x; in the original high dimensional space is
equal to the distance between y, and y; in the lower dimen-
sional embedding. Local linear embedding works under the
assumption that the manifold is locally smooth and hence the
manifold may be approximated by the union of linear patches
defined on a small neighborhood. The data point x; is
expressed as a weighted convex combination of the elements
in the nearest neighbor set N(i) in the sense that minimizes
%2 ey WX |- The weight matrix W captures the local
geometry of the data that should be preserved when the data
is embedded in a lower dimension, hence, the lower dimen-
sional embedding y is obtained by optimizing 2ly,~Z,W,y |
with respect to y,, Vs, . . . ¥,€R?. Laplacian Figen maps
borrows form spectral graph theory where the data is repre-
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sented by a graph associated with a weight matrix W where
W, is the weight of the edge connecting x; to x;. The Figen
values and the Eigen vectors of the graph Laplacian are used
to investigate the wealth of the information in the input
samples. The lower dimension y is obtained as the Eigen
vectors associated with the non-zero Figen values of L =AD
where L is the graph Laplacian and D is the diagonal matrix
with elements D=2, W, .. Diffusion Map manifold learning is
also inspired by the graph literature where the data points are
represented by vertices on a graph and the edge connectivity
is represented by a time dependent diffusion process. The
diffusion matrix of the graph is calculated and the lower
dimensional data representation is obtained as the Figen vec-
tors that correspond to the highest d Eigen values of the
diffusion matrix.

[0034] To create the manifold, training data is obtained.
The data is ultrasound data. Any number of scans, number of
patients being scanned, patient locations (e.g., organs) being
scanned, transducers being used to scan, or other variance
may be provided in the set. For example, the set includes
abdominal scans that cover seven different organs: aorta,
liver, right kidney, left kidney, pancreas, spleen and gall blad-
der. The training data set is collected from 9 different sub-
Jects.

[0035] The scans are associated with desirable, good, best,
or sufficient combinations of values of the acquisition param-
eters. Different combinations are included within the set. For
example, to construct the manifold of the good parameter
space, 32 different sets of four parameters (e.g., focus depth,
transmit frequency, scan depth, and receive frequency) that
produce images rated as “good” by a clinician expert are in
the set of images.

[0036] A good parameter set may be used to scan different
organs or different subjects. Some of the good images are
acquired using the same scan depth, transmit frequency, focus
depth, and receive frequency but differ in other parameters
(e.g., gain or Dynamic Tissue Contrast Enhancement level),
so are considered redundant since only a sub-set of acquisi-
tion parameters are being tuned. Other causes of reduction
may be possible. Larger training sets may be used.

[0037] For manifold training in one embodiment using dif-
fusion, a kernel, k(x, y) is defined, and the kernel matrix K is
created such that K, =K(x,,x )VxeN(i). k(x, y) may be one of
any various functions measuring proximity or relationship.
For example, K(x, y)=(-exp(|x—y|*))/o where o=5 and IN(i)
|=6. A k-nearest neighbor graph, such as k=6, may be used
with this Gaussian kernel. Other values of 0, k, and IN(i)| may
be used. The processor or other computational device creates
the diffusion matrix by normalizing the rows of the kernel
matrix to the range of [0,1], calculating the Eigen values and
Eigen vectors of the diffusion matrix, and mapping to a d-di-
mensional diffusion space using thed dominant Figen values.
Any value (e.g., 1-3) may be used for d, such as d=2, as long
as d is less than the number N of acquisition parameters for
which the manifold is created.

[0038] The output of the manifold training is a database of
pairings (x, y) where x is the high dimensional input feature
vector and y is the low dimensional feature vector in the
manifold space. This database is a sampling of the manifold
for discrete values of settings of x and corresponding settings
of y. In the example above, 32 different vectors x and corre-
sponding 32 vectors y are paired. Other settings or vectors of
x and/or y may be provided even though not included in the
database.
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[0039] Thevirtual parameters of the vector y may be related
to each other or independently represent the manifold space.
For example, the manifold obtained using the diffusion map
for the example above is almost a 1-D manifold. The manifold
may be approximated with a 4” order polynomial or other
curve fit to the manifold. The curve is stored or samples along
the curve are stored as a database representing the manifold.
By indicating a value for one of the virtual parameters, a
unique value of the other virtual parameter is identified. In
other embodiments, a given value of a virtual parameter may
map to two or more values for another virtual parameter.
[0040] The learnt manifold, either the actual manifold or
the fit approximation, is used to project values of the acqui-
sition parameters to the lower dimensional virtual parameter
space or manifold in act 32. For example, the pairings in the
data base are used. Given acquisition parameter values x, the
virtual parameter values y are calculated by look-up in the
database, from the manifold curve, or from another represen-
tation of the manifold relationship.

[0041] Where the database does not include an exact match
for the values of the acquisition parameters, the projection is
performed using weighting. Weights, a, are calculated using
the acquisition parameter values. For example, to project the
input X to the manifold, the distances to the closestk (e.g. k=5
or other value) points X, . . ., X, recorded in the database
representing the manifold relationship are determined. The
input feature vector X may be expressed as a linear combina-
tion or approximation of the closest k vectors in the database
as: X=X'=X,_ o X, where a=d, /2,d,, and d, is the distance
between X and X,. Other weight calculations may be used to
determine a relationship of the input feature vector X of the
values being used with the sample feature vectors stored in
the database.

[0042] These weights from the acquisition parameter space
are applied to the virtual parameter values of the manifold.
The values stored in the database for the virtual parameters
are weighted. The values to be weighted correspond to the
paired k nearest neighbors identified in the acquisition param-
eter space. The projection Y is calculated using the linear
combinations of Y, . .., Y, with the same ratios o, . . ., o,
calculated from the input feature vectors, so Y=2,_ *0,Y,.
[0043] Inact34,aquality scoreiscalculated. The quality of
the ultrasound data, such as the data before generating an
image or of the generated image, is determined for feedback
in an automated process or to the user. The quality represents
how good the ultrasound data obtained in act 30 is relative to
ultrasound data in general.

[0044] Any classifier of quality may be used. For example,
speckle, signal-to-noise, bandwidth, or other characteristic of
the ultrasound data is measured. Alternatively, input from the
user may be used to score.

[0045] In one embodiment, the score is calculated with a
support vector machine (SVM) or other machine-learnt clas-
sifier for quality assessment. The SVM regressor scores the
image. SVM is a classification and regression prediction tool
that uses machine learning theory to maximize predictive
accuracy while automatically avoiding an over-fit to the data.
A classification task usually involves separating data into
training and testing sets. Each instance in the training set
contains one target value (i.e., the class labels) and several
attributes (i.e., the features or observed variables). Based on
the training data provided, the goal of SVM is to produce a
model that predicts the target values of the testing data given
only the test data attributes. For example, for a given training
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set with provided instance-label pairs {(x,.y,), =1, . . ., I}
wherex,eRandy,e{-1,1},the SVM requires a solution ofthe
following optimization problem:

ming,, {(“) W W+CE e} subject to y,( W ¢(x;)+b)

=1-¢;, and €20

The function ¢( ) maps the training vector x, onto a higher
dimensional space. The SVM finds a linear separating hyper
plane with the maximal margin in this higher dimensional
space. C>0 is the penalty parameter of the error term. K(x;,,
xj)sq)(xi)Tq)(xj) is called the kernel function, which can be
chosen from many basic forms, such as, linear or polynomial.
[0046] Other machine training may be used. The machine-
trained classifier is any one or more classifiers. A single class
or binary classifier, collection of different classifiers, cas-
caded classifiers, hierarchal classifier, multi-class classifier,
model-based classifier, classifier based on machine learning,
or combinations thereof may be used. Multi-class classifiers
include CART, K-nearest neighbors, neural network (e.g.,
multi-layer perceptron), mixture models, or others. A proba-
bilistic boosting tree may be used.
[0047] The same scoring is applied across patients, appli-
cations (e.g., liver imaging and heart imaging), and across
transducers. In alternative embodiments, different scoring is
provided for different applications, transducers, patients, or
other aspect.
[0048] To train the ultrasound classifier for image quality,
sample ultrasound data is acquired. For example, ultrasonic
abdomen scans of the aorta, gall bladder, left kidney, liver,
right kidney, pancreas and spleen are acquired. The training
images are labeled as either good or bad or along a scoring
scale (e.g., rated 1-10) by a clinician expert. For example, 192
images are used to train an SVM regressor. Another 280
images are used for testing performance. Other numbers of
training and testing samples may be used.
[0049] The classifier is trained to operate on input features.
Any input features may be used. The input to the classifier
may include the ultrasound data itself, filtering results, results
from image processing, and/or data from other sources than
the ultrasound data (e.g., inputting the acquisition parameters
or values for the parameters). Some example features are
Haar wavelets or gradients.
[0050] In one embodiment, the input features are deter-
mined from a resolution pyramid. The ultrasound data is
down sampled to different resolutions, providing different
resolution levels of the same data in a pyramid data structure.
For example, 4075 or other number of features are generated
in a pyramid approach. An input image is converted to gray-
scale and sub-sampled such that the short width is less than a
fixed size D, for example, D=280 pixels, while maintaining
the aspect ratio of the original image. A three-dimensional
(two spatial dimensions and one resolution dimension) image
pyramid is then created with M resolution scales where each
scale is a factor of 2" smaller than the previous one. M is
any value, such as 10, and other scale reduction factors may
be used. Bi-cubic interpolation is used to calculate the data for
each scale, but other down sampling may be used. The data
for each resolution may be filtered. Filtering between resolu-
tion layers may be used. In other embodiments, the ultra-
sound data at the native resolution is used.
[0051] Inan example feature set for scoring quality, a hier-
archical approach that builds an increasingly complex and
invariant feature representation alternates between template
matching and maximum pool operations. Starting with an
image layer of grayscale pixels, S1, C1, S2 and C2 layers are
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computed. “S” stands for simple layers where local filters are
applied to compute higher order features. “C” stands for
complex layers where maximum pooling is applied to the
previous layer over limited regions. As a result, the number of
units in C layers is reduced due to sub-sampling of the maxi-
mum pooling operation.

[0052] Forexample, a first S layer, S1, is provided by Gabor
filtering the ultrasound data. The Gabor filtering of the image
layer is provided along 4 (e.g., 0°, 45°, 90°, 135°) or other
number of orientations. The S1 layeris a 4D structure, includ-
ing the 3D pyramid shape, and has outputs of Gabor filtering
ateach location and scale. So there are a total of four pyramids
with this structure in the S1 layer, each corresponding to one
orientation. Gabor filters are described by:

G y)=exp(-(x 2+-,2)/20%)cos 2/m)x,,

where x,=x cos 0+y sin 0 and y,=-x sin 0+y cos 0. The
parameters u, o and A are set to 0.3, 4.5 and 5.6 respectively,
but other values may be used. Gabor filters with a size 11x11
are applied to all scales of the ultrasound data, but other size
windows may be used. Other filtering functions may be used.
[0053] 1Inasecond layer of the hierarchal process to deter-
mine input features, a local invariance is calculated from an
output of the Gabor filtering. The local invariance layer (C1)
pools neighboring S1 units of the same orientation to create
position and scale invariance over larger local regions. Ran-
dom sampling may be used. For each orientation, for
example, a 3D maximum filter with 10x10 in pixel and 2 in
scale scans (e.g., random sampling) through each S1 orienta-
tion pyramid. Other size windowing may be used. The value
r o, is a C1 unit representing the maximum of all S1 units that
are covered (e.g., 10x10x2 window) by the maximum filter.
This operation is represented as: r, =max throughj=1,...m
of x;, where {x,, ..., x,,} are m S1 units within the window
region. The resulting C1 layer is smaller in spatial extent, but
is still a 4D structure as in S1. This pooling increases the
tolerance to 2D transformations from layer S1 to C1. Other
pooling functions may be used.

[0054] In athird layer of the hierarchal process, a template
is matched to the local invariance. For an intermediate feature
layer (S2), template matching is performed between a patch
of C1 units and each of pre-selected N prototype patches. The
prototype patches represent intermediate-level features—re-
sponses of the radial basis function with N patches. Any
number of prototypes may be matched, such as prototypes
with various sizes (4x4, 8x8, 12x12 or 16x16 with one scale).
The prototypes are randomly sampled from the C1 layers. For
each patch, the values of all C1 units within the patch are
saved as a prototype. The values serve as a fuzzy template or
another filter that runs through the C1 layer. For a given patch
X from the previous C1 layer, the output r, depends on the
distance between the new input and a selected prototype P, in
a Gaussian-like weighted fashion of: ro,=exp(—p||IX-P;l||),
where {3 defines the sharpness of the tuning. Both X and P,
have dimensionality of nxnx4, where ne{4, 8, 12, 16}. In
addition to random sampling with various sized patches,
learning and prototype selection of a set of N prototypes {P,
i=1,N} (or features) may improve the final classification per-
formance. Other template matching or filtering may be used.

[0055] In afinal layer, global invariance is calculated from
an output of the matching. At the global invariancelayer (C2),
an N-dimensional feature vector is created. Each element of
the feature vector is computed by taking a global maximum of
all scales and orientations for each S2 type. So for each scale
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and orientation, the C2 layer keeps only the value of the best
match and discards the rest. N features are randomly selected
from the global invariance layer C2. For example, about 15
features are selected from an input image or set of ultrasound
data. Other numbers of input features may be used.

[0056] The global invariance may be normalized. For
example, the global invariance is normalized to zero mean
and one variance. Normalization, other filtering, other pro-
cessing, additional layers, fewer layers, different layers, or
other approaches may be used to determine the input feature
for the classification.

[0057] Using the quality classifier on a given set of ultra-
sound data, the input feature vector is calculated from the
ultrasound data. The input feature vector is input to the trained
classifier. The classifier (e.g., SVM classifier) outputs an
image quality score. Any gradation of outputs for the classi-
fier may be trained, such outputting on a scale of 1-10. In
another embodiment, the classifier parameters (W, b, and €)
are output. These parameters are stored from the training
phase and represent the hyperplane (classifier) that gets used
later in the testing state to score a newly acquired image that
has not been used in the training phase. The parameters may
represent the score or a score may be calculated from the
parameters. The input image or ultrasound data is scored by
application of the SVM regressor or other classifier.

[0058] Inact 36, a new virtual parameter value is selected.
One or more of the manifold parameters is set differently.
This adjustment occurs in the lower dimensional space than
the acquisition parameters. For example, one or more of the Y
values is changed. This change is not a one-to-one change of
a particular acquisition parameter, but is a change in the
virtual parameter along the manifold or in the manifold space.
Any number of virtual parameters may be simultaneously
changed or changed prior to acquiring another or next set of
ultrasound data.

[0059] The change is made by the user. For example, the
user rotates a knob, alters a setting in a user interface, or
indicates another change to be made for imaging. Rather than
indicating a change in the focus, frequency, or depth, the user
indicates a change in imaging generally or of the virtual
parameter. In another embodiment, the change is automatic.
A processor causes an incremental change to occur.

[0060] The alteration of the value of the virtual or manifold
parameters is independent of the quality score. The quality
score is not an explicit function of the set of virtual param-
eters, so is not used to calculate the value of the virtual
parameters. The alteration may occur before calculating the
score. The quality score may indicate which values corre-
spond to better imaging than other values, but the values are
not mapped from the score. A score of 7 does not indicate
which virtual parameter values to use to obtain a better or
worse score. The score may be used to determine a direction
of change. If a previous increment leads to an improving
score, then the next increment is in the same direction. If the
previous increment led to a worse score, then the next incre-
ment is in a different (e.g., opposite) direction.

[0061] Any amount of change may be used. For example,
the amount of change may be normalized to the range of the
manifold. Any number of steps is used for incrementing. The
size of a given step is determined by the range of the virtual
parameter values in the database, is predetermined, or is set
by the user.

[0062] One or more of the manifold parameters are incre-
mented along or relative to the manifold relationship. For
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example, the increment is along the manifold curve represent-
ing likely good acquisition. The current values of the virtual
parameter may be on the manifold curve. The next values of
the virtual parameters are likewise selected to be on the mani-
fold curve. If the current values are not on the manifold curve,
the next values are selected to be on the curve near the current
values or closer to the curve. Other criteria may be used.

[0063] Inoneembodiment, the values of the parameters are
adjusted where the projected point Y from act 32 does not lie
on the manifold. The closest point, Y,,, on the manifold is
found. A unit vector uy, from Yin the direction of Y, is
found. The step for the increment towards Y, is set to be one
unit vector. Other step sizes may be used.

[0064] If the projected point Y lies on the manifold or the
pointY (i.e., after a previous increment to the manifold), the
increment is a small step t along the manifold. The step size
t=(max(x)-min(x))/C where max(x) and min(x) are the mani-
fold bounds (i.e., greatest and smallest values of the virtual
parameter) along an axis and C is a constant (e.g., C=50).
Other values for C, a predetermine step size, or other func-
tions for determining the step size may be used. The step is in
aselected, forward or backward direction. The step is towards
Y,,.1, the closest point to Y that belongs to a’Y sample stored
in the database. After incrementing the value, the adjusted
low-dimensionality parameters Y, are obtained.

[0065] Inact 38, the values for the adjusted virtual param-
eters are projected to the acquisition parameter space. Values
for the acquisition parameters are projected from the values
for the virtual parameters. The low dimensional settings of the
manifold are projected to the higher dimensional space of the
acquisition parameters. By changing a fewer number of val-
ues (i.e., the number of virtual parameters), a greater number
of acquisition parameters are changed and/or a greater range
of combinations of values of the acquisition parameters are
provided.

[0066] The projection is an inverse of the projection of act
32. The manifold, such as the manifold curve, and the data-
base of sample pairings of values of the manifold parameters
and values of the acquisition parameters are used to project.
Where the incremented virtual parameters have values that
are the same as a sample stored in the database, the corre-
sponding values of the acquisition parameters are provided by
look-up functions. From the database of pairings (x, y), the
back projection X, that corresponds to the adjusted set of
low-d parameters Y, is obtained. X, represent the new set of
parameters in the original acquisition parameter space. If Y,
does not belong to the database, the linear approximation or
other neighbor strategy is used. Weights are calculated from
nearest neighbors in the manifold space. The corresponding
values of the acquisition parameters of the neighbors and the
weights are used to determine the values of the acquisition
parameters for X .

[0067] The values for the acquisition parameters are deter-
mined before acquiring another set of ultrasound data. Rather
than adjust one acquisition parameter, image, adjust another,
image, adjust the same again, or similar processes, multiple of
the acquisition parameters are adjusted using the virtual
parameter alteration prior to acquiring another set of ultra-
sound data. A more comprehensive adjustment more likely to
lead to desirable image settings is performed in possibly one
or at least fewer stages than separately incrementing through
various possible combinations of values of the acquisition
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parameters. In some situations, one or more acquisition
parameters may stay the same value despite a change to the
virtual parameter values.

[0068] Inact40,another set of ultrasound data (e.g., image)
is acquired. The projected values of the acquisition param-
eters are used for scanning the patient. The set of values X, of
acquisition parameters are used to acquire a new image.
[0069] Inactd42,aquality score is calculated for the new set
of ultrasound data. The same classifier is used. The input
features are determined from the new set of ultrasound data
(e.g., image), and the classifier outputs the score based on the
input features.

[0070] In act 44, the quality scores are compared. Any
number of scores may be compared. In the example of FIG. 1,
two quality scores are compared. One score is for the initial
settings of the acquisition parameters and the other score is
for the subsequent projected settings of the acquisition
parameters. For later iterations, the two most recent or other
combinations of scores are compared.

[0071] Thecomparisonuses any function, such as finding a
maximum or minimum. A difference or ratio may be deter-
mined. In one example, a higher one of the scores is deter-
mined where higher indicates better quality.

[0072] The settings of the acquisition parameters, the
image, the virtual parameters values, or combinations thereof
may be output to the user for the better quality. The user may
use this information to further adjust or to select the desired
settings.

[0073] The settings associated with the higher quality are
used for subsequent scanning. For example, a threshold qual-
ity level is used. If the score is above the threshold, the setting
of the acquisition parameters is complete and on-going scan-
ning is performed.

[0074] If the score is not above the threshold or the user
desires further quality improvement, the user may further
adjust the values of the virtual parameters. Alternatively, the
relative scores are used to control further alteration in an
automated fashion.

[0075] The feedback from act 44 to act 36 represents rep-
etition of the alteration, projection of the altered values in the
manifold space to the values in the acquisition space, acquir-
ing another set of ultrasound data, scoring, and comparison.
The repetition provides testing of different settings to obtain
a maximum or sufficient quality.

[0076] Thetesting through repetition may be directed. FIG.
2 shows another embodiment of a method for tuning ultra-
sound acquisition parameters. The example of FIG. 2 deals
with the direction of adjustment in the manifold space, so
provides the acts in a different order with one or more addi-
tional acts than shown in FIG. 1. Other embodiments of the
method are possible.

[0077] Inact50, aninitial direction is set. The initial direc-
tion is predetermined, or otherwise selected. The initial set-
tings of the acquisition parameter are projected to the mani-
fold in act 32. Ultrasound data with the current settings is
acquired in act 30. A score is calculated in act 34. In act 52, the
process is tested for whether this is a first acquisition. If so,
then the virtual parameter values are changed along the set
direction in act 36, and the resulting values are back projected
to the acquisition parameter space in act 38. New ultrasound
data is acquired in act 40 and scored in act 42.

[0078] After a first iteration of adjusting the values of the
virtual parameters in the selected direction in act 36, two sets
of ultrasound data are acquired with different settings in acts
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30 and 40, and scores are calculated in acts 34 and 42. In act
54 for these later iterations, the scores are compared in act 44.
If the score is getting worse, the direction of alteration along
the manifold is changed in act 54. Where this is the first
change in direction, the process then proceeds to alteration of
the virtual parameter values in act 36 for acquiring and scor-
ing another set of ultrasound data. If the score of the new
ultrasound data is getting worse and the direction of move-
ment along the manifold has never been reversed, then the
direction is reversed and the alteration, projection, acquisition
and scoring acts are repeated.

[0079] If this is a subsequent change in direction above a
threshold number of changes, the values for the acquisition
parameters associated with the highest, or other indication of
best score are used for further scanning. In an example with a
curve function for the manifold, there are only two directions.
If the direction of movement has been reversed during the
process, then the automatic tuning process is terminated to
prevent infinite looping along the manifold. Where the virtual
parameter values map to exclusive options, the threshold is
one change in direction. Processes, such as random sampling
or step size changes may alternatively be used to rule out local
maximum or non-exclusive mapping. Where the manifold is
a surface or higher dimensional space, other sampling pro-
cesses of settings of the virtual parameters may be used to find
a sufficient or maximum.

[0080] Increments along the manifold represent gradual
changes in the visual quality of the images from the ultra-
sound data. The manifold is a smooth surface, curve, or rep-
resentation of the relationship amongst the acquisition
parameters. Images from acquisitions associated with one
increment will have more similar image quality than images
from acquisitions separated by larger increment sizes or a
greater number of increments. The process samples various
virtual parameter settings to find a desired image quality ina
gradual process, but random or other less gradual sampling
may be used.

[0081] 1In act46 of FIG. 1, the alteration of the acquisition
parameter values is terminated. An output set of acquisition
parameters values is used for generating ultrasound medical
diagnostic images. The images are associated with a best or
sufficient quality for the given scanning situation. The
acquired images are displayed, transmitted, or saved for diag-
nosis.

[0082] FIG. 2 shows a system for tuning ultrasound acqui-
sition parameters. The system 10 includes an ultrasound sys-
tem 16, a transducer 18, a processor 20, a memory 22, and a
display 24. The transducer 18 is used by the ultrasound sys-
tem 16 to scan a patient, and the processor 20 sets the values
of variables for scanning. Additional, different, or fewer com-
ponents may be provided. For example, a network or network
connectionis provided, such as for networking with a medical
imaging network or data archival system. As another
example, a user interface is provided.

[0083] The processor 20, memory 22, and display 24 are
part of a medical imaging system, such as the diagnostic or
therapy ultrasound system 16, or other system. Alternatively,
the processor 20, memory 22 and/or display 24 are part of an
archival and/or image processing system, such as associated
with a medical records database workstation or server. In
other embodiments, the processor 20, memory 22, and/or
display 24 are a personal computer, such as desktop or laptop,
a workstation, a server, a tablet, a network, or combinations
thereof.
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[0084] Theultrasound system 16 is any now known or later
developed ultrasound imaging system. For example, the
ultrasound system 16 includes the transducer 18 for convert-
ing between acoustic and electrical energies. Transmit and
receive beamformers relatively delay and apodize signals for
different elements of the transducer 18. The beamformers
operate at transmit and receive frequencies to sample over
scan lines at various depths. The transmit beamformer
focuses to one or more locations along each scan line, and the
receive beamformer operates with a dynamic receive focus
that changes as a function of time to sample along the scan
line. B-mode, Doppler, or other detection is performed on the
beamformed signals. A scan converter, memory, three-di-
mensional imaging processor, and/or other components may
be provided.

[0085] The transducer 18 is a one-, two-, or multi-dimen-
sional array of piezoelectric or capacitive membrane ele-
ments. For example, the transducer 18 is a one-dimensional
array of elements within a handheld probe. In another
embodiment, the transducer 18 is part of a probe for use
within the patient, such as a transesophageal or cardiac cath-
eter probe.

[0086] The memory 22 is a graphics processing memory,
video random access memory, random access memory, sys-
tem memory, cache memory, hard drive, optical media, mag-
netic media, flash drive, buffer, database, combinations
thereof, or other now known or later developed memory
device for storing data or video information. The memory 22
is part of an imaging system, a computer associated with the
processor 20, a database, another system, a picture archival
memory, or a standalone device.

[0087] The memory 22 stores data representing a region of
a patient. A single frame or multiple frames of data may be
stored. The region is a two or three-dimensional region. The
region is of any part of the patient, such as a region within the
chest, abdomen, leg, head, arm, or combinations thereof. The
data is from scanning the region with ultrasound. The data
represents the patient prior to, during, or after treatment.
[0088] Settings or values of scan variables are stored in the
memory 22. For example, the depth of the scan region, the
focal depth along one or more scan lines, the transmit fre-
quency, and the receive frequency are stored. Where data is
acquired with different settings, the settings for the different
sets of data are stored.

[0089] A manifold of the scan variables relating the scan
variables to a fewer number of manifold variables different
than the scan variables is stored. A database of samplings on
the manifold or pairs relating values of the manifold variables
to values of the scan variables is stored. Different settings of
the scan variables paired with different values of the manifold
variables represents the manifold. A fit curve, surface, or
n-dimensional object may be stored as the manifold.

[0090] A classifier for scoring is stored in the memory 22.
The matrix representing the machine-learned classifier is
maintained in the memory for access by the processor 20.
Functions and/or data for determining input features are
stored.

[0091] The memory 22 may store processed data. For
example, the results of filtering, input feature calculations,
scoring, increments, vectors, constants, variables, values of
variables, or other information are stored. Thresholds,
weights, or other information may be stored.

[0092] The memory 22 or other memory is alternatively or
additionally a computer readable storage medium storing
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data representing instructions executable by the programmed
processor 20 for tuning ultrasound scan variables. The
instructions for implementing the processes, methods and/or
techniques discussed herein are provided on non-transitory
computer-readable storage media or memories, such as a
cache, buffer, RAM, removable media, hard drive or other
computer readable storage media. Non-transitory computer
readable storage media include various types of volatile and
nonvolatile storage media. The functions, acts or tasks illus-
trated in the figures or described herein are executed in
response to one or more sets of instructions stored in or on
computer readable storage media. The functions, acts, or
tasks are independent of the particular type of instructions set,
storage media, processor or processing strategy and may be
performed by software, hardware, integrated circuits, firm-
ware, micro code and the like, operating alone, or in combi-
nation. Likewise, processing strategies may include multi-
processing, multitasking, parallel processing, and the like.
[0093] In one embodiment, the instructions are stored on a
removable media device for reading by local or remote sys-
tems. In other embodiments, the instructions are stored in a
remote location for transfer through a computer network or
over telephone lines. In yet other embodiments, the instruc-
tions are stored within a given computer, CPU, GPU, or
system.

[0094] Thedisplay 24 is a monitor, LCD, projector, plasma
display, CRT, printer, or other now known or later developed
devise for outputting visual information. The display 24
receives images, graphics, or other information from the pro-
cessor 20, memory 22, or ultrasound system 16.

[0095] One or more images representing the scanned
patient are displayed. The image represents a sufficient or best
quality as determined by variation of manifold parameters in
the manifold space. Images associated with different settings
of the scan variables may be displayed. Alternatively, images
associated with the automatically tuned scan variables are
displayed. Ultrasound data acquired for tuning is not used for
displaying images, but may be used.

[0096] Theimages may be two-dimensional images. A pla-
nar or area region is represented in the image. In other
embodiments, a volume is represented. Multiple planar scans
representing different planes are stacked or used to form a
volume. An image is rendered from the volume.

[0097] The processor 20 is a general processor, central
processing unit, control processor, graphics processor, digital
signal processor, three-dimensional rendering processor,
image processor, application specific integrated circuit, field
programmable gate array, digital circuit, analog circuit, com-
binations thereof, or other now known or later developed
device for tuning scan variables. The processor 20 is a single
device or multiple devices operating in serial, parallel, or
separately. The processor 20 may be a main processor of a
computer, such as a laptop or desktop computer, or may be a
processor for handling some tasks in a larger system, such as
in an imaging system. The processor 20 is configured by
instructions, design, hardware, and/or software to be able to
perform the acts discussed herein, such as projecting between
amanifold space and a scan variable space and ranking data.
[0098] In one embodiment, the processor 20 is configured
to select one or more of the values of the manifold variables
and project the one or more values to the settings of the scan
variables with the manifold. The selection and projection are
provided for any tuning process, whether manual, automatic,
or semi-automatic. By altering or adjusting in the manifold
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space, a lower dimensional change is used to alter the higher
dimensional scan variable space.

[0099] The processor 20 is configured to cause the ultra-
sound system 16 to scan with the settings for the scan vari-
ables determined with the manifold. The ultrasound system
16 is caused to scan with different settings at different times,
such as in a repeating or iterative process to sample the
manifold and/or determine a sufficient or optimum set of
settings.

[0100] The processor 20 is configured to calculate quality
levels corresponding to the different settings. Any classifier,
scoring, ranking, or measure may be used to calculate quality
level. A group of the settings is selected based on the quality
levels. The processor 20 uses the manifold without being
based on the quality level. The quality level may be used to
determine whether or when to use the manifold, but the values
for the manifold and projection from the manifold are inde-
pendent of the quality level.

[0101] In one embodiment, the ultrasound system 16 is
configured to scan the aorta. Ultrasound data is acquired
using a default set of parameters recommended by the scanner
manufacturer for the abdomen. In some cases, the default
parameter may result in poor image quality that needs
improvement for diagnosis. Using the processor 20, slight
adjustments in the set of the parameters are made by taking
steps towards the manifold of the good parameter space until
reaching the manifold. The parameters are adjusted further by
taking infinitesimal steps along the manifold and projecting
back to the high dimensional space to find the corresponding
set of values for scan variables. These steps are repeated until
a good quality image is captured.

[0102] The convention used for the grading may be as fol-
lows: grades 0-6 are given to a poor quality image that cannot
be used for diagnosis and treatment, grades 7-8 are given to an
acceptable image that can be used in the clinic for diagnosis
and treatment, but may not be the best image and a better
image may be obtained if the parameters are better tuned, and
grades 9-10 are given to a high quality images where no or
little further improvement is necessary and that the sonogra-
pher may have deliberately chosen. The variability between
9-10 may reflect variability in expert clinician’s preferences
(i.e., an image that is graded 9 by one expert clinician may
have been graded 10 by a different expert).

[0103] The auto tuning algorithm implemented by the pro-
cessor 20 operates for different subjects and different organs.
Images are acquired from different subjects with varying
body mass indices. The tuning works equally well for these
different image acquisition scenarios. Different user presets
may be used initially. The auto tuning algorithm is capable of
providing a set of parameters that yield a good quality image
regardless of the starting point. In one example, a fatty liver
requiring deep penetration is scanned. The auto tuning sets
values for the scan variables appropriate for this situation and
different than appropriate for the kidney. The same algorithm
may tune for these different imaging contexts. The tuning is
capable of changing the mode of operation from Tissue Har-
monic Imaging (THI) to general B-mode fundamental imag-
ing and produces the correct frequency, depth, and focus for
imaging in either mode.

[0104] While the invention has been described above by
reference to various embodiments, it should be understood
that many changes and modifications can be made without
departing from the scope of the invention. It is therefore
intended that the foregoing detailed description be regarded
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as illustrative rather than limiting, and that it be understood
that it is the following claims, including all equivalents, that
are intended to define the spirit and scope of this invention.

I (we) claim:

1. A method for tuning ultrasound acquisition parameters,
the method comprising:

acquiring first ultrasound data with first values of a respec-

tive plurality of acquisition parameters;
projecting, with a processor, the first values to a second
value of at least one virtual parameter with a manifold
relationship, the plurality of acquisition parameters
being greater than a number of virtual parameters;

calculating, with the processor, a first quality score for the
first ultrasound data;

altering the second value to a third value of the virtual

parameter, the altering being independent of the first
quality score;

projecting, with the processor, the third value to fourth

values of the respective acquisition parameters;
acquiring second ultrasound data with the fourth values of
the respective plurality of acquisition parameters;
calculating, with the processor, a second quality score for
the second ultrasound data; and

comparing the first and second quality scores.

2. The method of claim 1 wherein acquiring the first and
second ultrasound data comprises acquiring the first and sec-
ond ultrasound data representing a two or three-dimensional
region of a patient in a same scan mode.

3. The method of claim 1 wherein acquiring the first and
second ultrasound data comprises acquiring B-mode data.

4. The method of claim 1 wherein acquiring the first and
second ultrasound data comprises acquiring with the acqui-
sition parameters being depth, frequency, focus location, and
fundamental or harmonic reception, the first values differing
from the fourth values for at least one of the acquisition
parameters.

5. The method of claim 1 wherein projecting the first values
to a second value comprises projecting with the manifold
relationship being a database pairing of the acquisition
parameters to a lower dimensional virtual parameter space.

6. The method of claim 1 wherein projecting the first values
to asecond value comprises calculating a weight from the first
values, weighting fifth values for the virtual parameter with
the weight, and deriving the second value as a function of the
weighted fifth values.

7. The method of claim 1 wherein calculating the first and
second quality scores comprises calculating with a support
vector machine.

8. The method of claim 1 wherein calculating the first and
second quality scores comprises determining input features
from resolution pyramids derived from the first and second
ultrasound data, respectively, and applying the input features
to a machine-learnt classifier.

9. The method of claim 8 wherein determining the input
features comprises:

Gabor filtering the first and second ultrasound data;

calculating local invariance from an output of the Gabor

filtering;

matching a template to the local invariance; and

calculating a global invariance from an output of the

matching.

10. The method of claim 1 wherein altering the second
value to the third value comprises incrementing along the
manifold relationship.
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11. The method of claim 1 wherein projecting the third
values comprises projecting the virtual parameter to a higher
dimensional space of the acquisition parameters.

12. The method of claim 1 wherein projecting the third
values comprises calculating the fourth values for the acqui-
sition parameters together before acquiring the second ultra-
sound data.

13. The method of claim 1 wherein comparing comprises
determining a higher one of the first and second quality
scores; and

further comprising:

repeating the altering with an increment direction along the

manifold relationship based on which of the first and

second quality scores is higher;

projecting from a virtual parameter space to the acquisition

parameter space based on an increment in the increment

direction; and

acquiring third ultrasound data based on the projecting to

the acquisition parameter space, a transition in visual
quality of an image for the second ultrasound data to an
image for the third ultrasound data being more gradual
than between the image for the third ultrasound data and
an image for the second ultrasound data.

14. In a non-transitory computer readable storage medium
having stored therein data representing instructions execut-
able by a programmed processor for tuning ultrasound acqui-
sition parameters, the storage medium comprising instruc-
tions for:

selecting a setting of one or more manifold parameters

different than and in a lower dimensional space than

acquisition parameters;

determining values for the acquisition parameters from a

fewer number of the manifold parameters, the determin-

ing being a function of a manifold curve and a database
of sample pairings of values of the manifold parameters
and values of the acquisition parameters; and

causing acquisition of ultrasound data with the values for

the acquisition parameters.

15. The non-transitory computer readable storage medium
of claim 14 wherein selecting comprises incrementing the
one or more manifold parameters, and wherein determining
the values comprises weighting with linear approximation.

16. The non-transitory computer readable storage medium
of claim 14 wherein selecting comprises selecting as a func-
tion of user input.

17. The non-transitory computer readable storage medium
of claim 14 wherein selecting comprises incrementing along
the manifold curve, a direction of incrementing being based
on the quality score of the ultrasound data from previous
acquisitions with different values of the acquisition param-
eters.

18. A system for tuning ultrasound acquisition parameters,
the system comprising;

an ultrasound system configurable to scan a patient with

settings for scan variables;

a memory operable to store a manifold of the scan vari-
ables to a fewer number of manifold variables differ-
ent than the scan variables; and

a processor configured to cause the ultrasound system to

scan with the settings for the scan variables determined

with the manifold.

19. The system of claim 18 wherein the manifold is a
database of samplings of different settings of the scan vari-
ables paired with different values of the manifold variables,
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and wherein the processor is configured to select one or more
of the values of the manifold variables and to project the one
or more values to the settings of the scan variables with the
manifold.

20. The system of claim 18 wherein the processor is con-
figured to cause the ultrasound system to scan with different
settings at different times, to calculate quality levels corre-
sponding to the different settings, and select one group of the
settings based on the quality levels, the manifold being inde-
pendent of the quality level.
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