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Ultrasound image without adaptive volumetric visualization enhancement
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Ultrasound image with adaptive volumetric visualization enhancement
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Process data to generate corresponding ultrasound
image(s)
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Visualization
Enhancement?

308\ Determine structures (e.g., man-made objects) to be

visually enhanced or emphasized in the ultrasound
images—e.g., based on user input, pre-configured
setting, etc.

!

310\ Determine particular (desired) visualization changes to
the structures to be visually enhanced or emphasized
(e.g., made shinier than surrounding areas/structures).

!

312\ Determine rendering adjustments required to achieve the
visualization changes for the structures to be visually
enhanced (e.g., determine voxels to be adjusted and/or
manner by which these voxels are adjusted)

!

314\ Output (render) the ultrasound images (e.g., using
particular volume rendering method), which may
include particular rendering adjustment (if any) for
visualization enhancement.
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Capture volumetric data for ultrasound images

!

Process the acquired data, in real time, to determine local image
properties—e.g., process the acquired data to create a multi-scale
(e.g., wavelet) representation, such as using simple dyadic wavelet

transform (Haar)

!

Determine applicable characterization based on the way the data is
processed that is associated with particular structures or portions
thereof—e.g., voxels corresponding to surface of a significant
structure (e.g., catheter) may be characterized as having a strong
gradient magnitude across multiple scales and having consistent
normal direction across multiple scales

!

Determine additional measures (if any) for further discriminating

between voxels corresponding to different structures (or different

parts of the structures)—e.g., measures of curvature at a coarse

scale may be applied (such as to discriminate the catheter from
other structures, 2nd order derivatives, etc.

!

Apply characterization (and additional measures, if any) to
provide estimated classification of the voxels (corresponding to
the structures and/or possible adjustments thereto)
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VISUALIZATION OF VOLUMETRIC
ULTRASOUND IMAGES

CLAIMS OF PRIORITY

[0001] Not Applicable

CROSS-REFERENCE TO RELATED
APPLICATIONS/INCORPORATION BY
REFERENCE

[0002] Not Applicable

FIELD OF THE INVENTION

[0003] Certainembodiments ofthe invention relate to ultra-
sound imaging. More specifically, certain embodiments of
the invention relate to methods and systems for visualization
of volumetric ultrasound images.

BACKGROUND OF THE INVENTION

[0004] Ultrasound imaging is a medical imaging technique
for imaging organs and soft tissues in a human body. Ultra-
sound imaging uses real time, non-invasive high frequency
sound waves to produce ultrasound images, which may be,
for example, two-dimensional (2D) and/or three-dimensional
(3D) images.

[0005] In some instances, different structures may be dis-
played in ultrasound images. For example, when imaging a
particular organ, the ultrasound images may include struc-
tures associated the organ itself (e.g., walls, chambers, differ-
ent tissue areas, etc.), structures associated with surrounding
areas (e.g., other organs nearby), and/or structures associated
with foreign objects that may be in proximity of the organ
(e.g., catheters, etc.). The various structures may not very
clearly distinguishable from one another. Users may have,
however, varying levels of interest in the different structures
displayed in the ultrasound images, such as based on the
particular purpose for performing the ultrasound imaging.
For example, the users may want to focus on existing foreign
objects (e.g., catheters), such when using ultrasound images
to assist in handling of these objections (e.g., monitoring
and/or guiding movement of the catheters in patients’ bod-
ies). This may be difficult to do, however, when such objects
are hard to distinguishing from surrounding tissue.

[0006] Further limitations and disadvantages of conven-
tional and traditional approaches will become apparent to one
of skill in the art, through comparison of such systems with
some aspects of the present invention as set forth in the
remainder of the present application with reference to the
drawings.

BRIEF SUMMARY OF THE INVENTION

[0007] A system and/or method is provided for visualiza-
tion of volumetric ultrasound images, substantially as shown
in and/or described in connection with at least one of the
figures, as set forth more completely in the claims.

[0008] These and other advantages, aspects and novel fea-
tures of the present invention, as well as details of an illus-
trated embodiment thereof, will be more fully understood
from the following description and drawings.
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BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

[0009] FIG. 1 is a block diagram illustrating an example
ultrasound system that is operable to provide visualization of
volumetric ultrasound images, inaccordance with an embodi-
ment of the invention.

[0010] FIG. 2 illustrates example use of adaptive visualiza-
tion in a volumetric ultrasound image, in accordance with an
embodiment of the invention.

[0011] FIG. 3isa flow chart illustrating example steps that
may be utilized for providing adaptive visualization in volu-
metric ultrasound images, in accordance with an embodiment
of the invention.

[0012] FIG. 41isa flow chart illustrating example steps that
may be utilized for processing ultrasound images during
application of adaptive visualization enhancement, in accor-
dance with an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0013] Certain embodiments of the invention may be found
in methods and systems for providing adaptive visualization
(or enhancement thereof) in ultrasound images, particularly
volumetric (e.g., 3D) ultrasound images. The visualization
enhancement may be applied (in ultrasound systems, via
suitable components thereof) to one or more volumetric ultra-
sound images, the data for which may be acquired in real-
time. The application of visualization enhancement may
comprise determining rendering adjustments required to
achieve one or more visualization changes, for each of one or
more structures to be visually enhanced in the one or more
volumetric ultrasound images, and applying the rendering
adjustments during rendering of the volumetric ultrasound
images.

[0014] The foregoing summary, as well as the following
detailed description of certain embodiments will be better
understood when read in conjunction with the appended
drawings. To the extent that the figures illustrate diagrams of
the functional blocks of various embodiments, the functional
blocks are not necessarily indicative of the division between
hardware circuitry. Thus, for example, one or more of the
functional blocks (e.g., processors or memories) may be
implemented in a single piece of hardware (e.g., a general
purpose signal processor or a block of random access
memory, hard disk, or the like) or multiple pieces of hard-
ware. Similarly, the programs may be stand-alone programs,
may be incorporated as subroutines in an operating system,
may be functions in an installed software package, and the
like. It should be understood that the various embodiments
are not limited to the arrangements and instrumentality shown
in the drawings. It should also be understood that the embodi-
ments may be combined, or that other embodiments may be
utilized and that structural, logical and electrical changes may
be made without departing from the scope of the various
embodiments of the present invention. The following detailed
description is, therefore, not to be taken in a limiting sense,
and the scope of the present invention is defined by the
appended claims and their equivalents.

[0015] As used herein, an element or step recited in the
singular and proceeded with the word “a” or “an” should be
understood as not excluding plural of said elements or steps,
unless such exclusion is explicitly stated. Furthermore, refer-
ences to “an embodiment,” “one embodiment,” “a represen-
tative embodiment,” “an example embodiment,” *“various
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embodiments,” “certain embodiments,” and the like are not
intended to be interpreted as excluding the existence of addi-
tional embodiments that also incorporate the recited features.
Moreover, unless explicitly stated to the contrary, embodi-
ments “comprising,” “including,” or “having” an element or a
plurality of elements having a particular property may
include additional elements not having that property.

[0016] In addition, as used herein, the phrase “pixel” also
includes embodiments of the present invention where the data
is represented by a “voxel”. Thus, both the terms “pixel” and
“voxel” may be used interchangeably throughout this docu-
ment.

[0017] Also as used herein, the term “image” broadly refers
to both viewable images and data representing a viewable
image. However, many embodiments generate (or are config-
ured to generate) at least one viewable image. In addition, as
used herein, the phrase “image” is used to refer to an ultra-
sound mode such as B-mode, CF-mode and/or sub-modes of
CF such as TVI, Angio, B-flow, BMI, BMI_Angio, and in
some cases also MM, CM, PW, TVD, CW where the “image”
and/or “plane” includes a single beam or multiple beams.
[0018] Furthermore, the term processor or processing unit,
as used herein, refers to any type of processing unit that can
carry out the required calculations needed for the invention,
such as single or multi-core: CPU, Graphics Board, DSP,
FPGA, ASIC, or a combination thereof.

[0019] It should be noted that various embodiments
described herein that generate or form images may include
processing for forming images that in some embodiments
includes beamforming and in other embodiments does not
include beamforming. For example, an image can be formed
without beamforming, such as by multiplying the matrix of
demodulated data by a matrix of coefficients so that the prod-
uct is the image, and wherein the process does not form any
“beams”. Also, forming of images may be performed using
channel combinations that may originate from more than one
transmit event (e.g., synthetic aperture techniques).

[0020] In various embodiments, ultrasound processing,
including visvalization enhancement, to form images may be
performed, for example, in software, firmware, hardware, or
a combination thereof. One implementation of an ultrasound
system in accordance with various embodiments is illustrated
in FIG. 1.

[0021] FIG. 1 is a block diagram illustrating an example
ultrasound system that is operable to provide visualization of
volumetric ultrasound images, in accordance with an embodi-
ment of the invention. Shown in FIG. 1 is an ultrasound
system 100.

[0022] Theultrasound system 100 comprises, for example,
a transmitter 102, an ultrasound probe 104, a transmit beam-
former 110, a receiver 118, a receive beamformer 120, a RF
processor 124, a RF/IQ buffer 126, a user input module 130,
a signal processor 140, an image buffer 136, and a display
system 150.

[0023] The transmitter 102 may comprise suitable circuitry
that may be operable to drive an ultrasound probe 104. The
transmitter 102 and the ultrasound probe 104 may be imple-
mented and/or configured for one dimensional (1D), two
dimensional (2D), and/or three dimensional (3D) ultrasound
scanning. In this regard, ultrasound probe 104 may comprise
1D or 2D array of piezoelectric elements. For example, as
shown in FIG. 1, the ultrasound probe 104 may comprise a
group of transmit transducer elements 106 and a group of
receive transducer elements 108, that normally constitute the
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same elements. The transmitter 102 may be driven by the
transmit beamformer 110. The transmit beamformer 110 may
comprise suitable circuitry that may be operable to control the
transmitter 102 which, through a transmit sub-aperture beam-
former 114, drives the group of transmit transducer elements
106 to emit ultrasonic transmit signals into a region of interest
(e.g., human, animal, underground cavity, physical structure
and the like).

[0024] The group of transmit transducer elements 106 can
be activated to transmit ultrasonic signals. The ultrasonic
signals may comprise, for example, pulse sequences that are
fired repeatedly at a pulse repetition frequency (PRF), which
may typically be in the kilohertz range. The pulse sequences
may be focused at the same transmit focal position with the
same transmit characteristics. A series of transmit firings
focused at the same transmit focal position may be referred to
as a “packet”. The transmitted ultrasonic signals may be
back-scattered from structures in the object of interest, like
tissue, to produce echoes. The echoes are received by the
receive transducer elements 108.

[0025] The group of receive transducer elements 108 in the
ultrasound probe 104 may be operable to convert the received
echoes into analog signals, undergo sub-aperture beamform-
ing by a receive sub-aperture beamformer 116 and are then
communicated to a receiver 118.

[0026] The receiver 118 may comprise suitable circuitry
that may be operable to receive and demodulate the signals
from the probe transducer elements or receive sub-aperture
beamformer 116. The demodulated analog signals may be
communicated to one or more of the plurality of A/D convert-
ers (ADCs) 122.

[0027] Each plurality of A/D converters 122 may comprise
suitable circuitry that may be operable to convert analog
signals to corresponding digital signals. In this regard, the
plurality of A/D converters 122 may be configured to convert
demodulated analog signals from the receiver 118 to corre-
sponding digital signals. The plurality of A/D converters 122
are disposed between the receiver 118 and the receive beam-
former 120. Notwithstanding, the invention is not limited in
this regard. Accordingly, in some embodiments of the inven-
tion, the plurality of A/D converters 122 may be integrated
within the receiver 118.

[0028] Thereceive beamformer 120 may comprise suitable
circuitry that may be operable to perform digital beamform-
ing processing to, for example, sum the delayed channel
signals received from the plurality of A/D converters 122 and
output a beam summed signal. The resulting processed infor-
mation may be converted back to corresponding RF signals.
The corresponding output RF signals that are output from the
receive beamformer 120 may be communicated to the RF
processor 124. In accordance with some embodiments of the
invention, the receiver 118, the plurality of A/D converters
122, and the beamformer 120 may be integrated into a single
beamformer, which may be digital.

[0029] The RF processor 124 may comprise suitable cir-
cuitry that may be operable to demodulate the RF signals. In
accordance with an embodiment of the invention, the RF
processor 124 may comprise a complex demodulator (not
shown) that is operable to demodulate the RF signals to form
In-phase and quadrature (1Q) data pairs (e.g., B-mode data
pairs) which may be representative of the corresponding echo
signals. The RF or IQ signal data may then be communicated
to an RE/IQ buffer 126.
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[0030] The RF/IQ buffer 126 may comprise suitable cir-
cuitry that may be operable to provide temporary storage of
output of the RF processor 124—e.g., the RF or IQ signal
data, which is generated by the RF processor 124.

[0031] The user input module 130 may comprise suitable
circuitry that may be operable to enable obtaining or provid-
ing input to the ultrasound system 100, for use in operations
thereof. For example, the user input module 130 may be used
to input patient data, surgical instrument data, scan param-
eters, settings, configuration parameters, change scan mode,
and the like. In an example embodiment of the invention, the
user input module 130 may be operable to configure, manage
and/or control operation of one or more components and/or
modules in the ultrasound system 100. In this regard, the user
input module 130 may be operable to configure, manage
and/or control operation of transmitter 102, the ultrasound
probe 104, the transmit beamformer 110, the receiver 118, the
receive beamformer 120, the RF processor 124, the RF/IQ
buffer 126, the user input module 130, the signal processor
140, the image buffer 136, and/or the display system 150.
[0032] The signal processor 140 may comprise suitable
circuitry that may be operable to process the ultrasound scan
data (e.g., the RF and/or IQ signal data) and/or to generate
corresponding ultrasound images, for presentation on a dis-
play system 150. The signal processor 140 is operable to
perform one or more processing operations according to a
plurality of selectable ultrasound modalities on the acquired
ultrasound scan data. In some instances, the signal processor
140 may be operable to perform compounding, motion track-
ing, and/or speckle tracking. Acquired ultrasound scan data
may be processed in real-time—e.g., during a B-mode scan-
ning session, as the B-mode echo signals are received. Addi-
tionally or alternatively, the ultrasound scan data may be
stored temporarily in the RF/IQ buffer 126 during a scanning
session and processed in less than real-time in a live or off-
line operation.

[0033] Inoperation, theultrasound system 100 may be used
in generating ultrasonic images, including two-dimensional
(2D) and/or three-dimensional (3D) images. In this regard,
the ultrasound system 100 may be operable to continuously
acquire ultrasound scan data at a particular frame rate, which
may be suitable for the imaging situation in question. For
example, frame rates may range from 20-70 but may be lower
or higher. The acquired ultrasound scan data may be dis-
played on the display system 150 at a display-rate that can be
the same as the frame rate, or slower or faster. Animage buffer
136 is included for storing processed frames of acquired
ultrasound scan data that are not scheduled to be displayed
immediately. Preferably, the image buffer 136 is of sufficient
capacity to store at least several seconds’ worth of frames of
ultrasound scan data. The frames of ultrasound scan data are
stored in a manner to facilitate retrieval thereof according to
its order or time of acquisition. The image buffer 136 may be
embodied as any known data storage medium.

[0034] In some instances, the ultrasound system 100 may
be configured to support grayscale and color based opera-
tions. For example, the signal processor 140 may be operable
to perform grayscale B-mode processing and/or color pro-
cessing. The grayscale B-mode processing may comprise
processing B-mode RF signal data or IQ data pairs. For
example, the grayscale B-mode processing may enable form-
ing an envelope of the beam-summed receive signal by com-
puting the quantity (I>+Q>)"* The envelope can undergo
additional B-mode processing, such as logarithmic compres-
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sion to form the display data. The display data may be con-
verted to X-Y format for video display. The scan-converted
frames can be mapped to grayscale for display. The B-mode
frames that are provided to the image buffer 136 and/or the
display system 150. The color processing may comprise pro-
cessing color based RF signal data or IQ data pairs to form
frames to overlay on B-mode frames that are provided to the
image buffer 136 and/or the display system 150. The gray-
scale and/or color processing may be adaptively adjusted
based on user input—e.g., a selection from the user input
module 130, for example, for enhance of grayscale and/or
color of particular area.

[0035] Insome instances, ultrasound images may comprise
various and different structures. For example, during B-mode
ultrasound imaging, when imaging a particular part or organ
of a patient, the generated ultrasound images may include
structures associated the part or organ itself (e.g., walls,
chambers, different tissue areas, etc.), structures associated
with surrounding areas (e.g., other organs nearby, etc.). Fur-
ther, in some instances the ultrasound images may comprise
structures associated with foreign objects that may be in
proximity of the part or organ. Examples of foreign objects
may comprise catheters and the like, which may be inserted
into the patient’s body (e.g., before or during the ultrasound
imaging). In some instances, the various structures displayed
in ultrasound images may not very clearly distinguishable
from one another. Users may have, however, varying levels of
interest in the different structures displayed in the ultrasound
images, such as based on the particular purpose for perform-
ing the ultrasound imaging. For example, the users may want
to focus on existing foreign objects (e.g., catheters), such
when using ultrasound images to assist in handling of these
objections (e.g., monitoring and/or guiding movement of the
catheters in patients’ bodies). This may be difficult to do,
however, when such objects are hard to distinguishing from
surrounding tissues. This may be particularly the case with
B-mode volumetric ultrasound images (e.g., 3D ultrasound
images). In this regard, it may be particularly hard to visually
distinguish different structures in the volumetric B-mode
images, and to particularly do so three-dimensionally in
effective manner—e.g., to display various structures in a vol-
ume in a way that visually emphasizes certain structures from
other structures.

[0036] Accordingly, in various embodiments according to
the present invention, volumetric ultrasound images, particu-
larly volumetric B-mode ultrasound images, may be
enhanced to allow for improved visualization of the various
structures therein. This may be particularly desirable in cer-
tain use scenarios. Enhanced volumetric visualization may be
desirable, for example, where particular structures in the
volumetric images need to be made particular distinctive in
relation to and/or distinguishable from other (particular sur-
rounding) structures in the volumetric images. For example,
volumetric imaging may work well in cases where there are
no man-made objects (e.g., catheters) present in the volume.
However, introducing objects may cause issues. As a user
(e.g., interventionalist) inserts, for example, a catheter it
would be desirable to show the catheter in a different way than
its surroundings (e.g., shinier, with a non-saturated color).
Another use scenario is visually discriminating calcified
valves from other structures. Further, in another use scenario
only very prominent structures may be made shiny while less
prominent structures not so shiny—e.g., to reduce impact of
noise.
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[0037] In certain example embodiments according to the
present invention, enhancing visualization in volumetric
ultrasound images may be achieved by generating and/or
processing the ultrasound images to visualize particular types
of structures in a 3D ultrasound data, such as using different
display parameters. This may comprise different grayscale
and/or color based adjustments. For example, certain struc-
tures may be visualized using gradient shading with strong
specular highlights (creating shiny surfaces), while other
structures may be visualized with only diffuse shading. Fur-
ther, in some instance, coloring of different structures may be
varied. For example, in an interventional setting, a distinct
visual difference may be created between a prominent feature
such as a catheter and less pronounced features (e.g., sur-
rounding tissue). The visualization enhancement may not
depend on any previous explicit image segmentation. Rather,
local image properties may be based on local properties, such
as local image coherence, which may be derived at multiple
scales, and which may then be used to control the adjustments
(e.g., amount of diffuse shading, specular shading, and/or
color) for the voxels in the volumetric images. For example,
the wavelets may be used in measuring local image coher-
ence, which may then be used to control amount of (or adjust-
ment to) shading and/or coloring. Accordingly, the visualiza-
tion enhancement scheme may not attempt to explicitly
classify voxels as belonging (or not) to certain structures.
Rather, the visualization enhancement scheme may be a
simple fuzzy classification scheme to visually discriminate
different structures in the volume

[0038] For example, the ultrasound system 100 may be
configured to support visualization enhancement of volumet-
ric ultrasound images, such as based on use of adaptive shad-
ing and coloring adjustment. In this regard, the ultrasound
system 100 may be configured to acquire volumetric ultra-
sound dataset (e.g., in real time), which may then be used to
generate corresponding 3D ultrasound images that may be
displayed (e.g., via the display system 150), such as using
volume rendering. For example, the signal processer 140 may
comprise a volume rendering module 142, which may com-
prise suitable circuitry for determining and/or applying vol-
ume rendering and/or adjustments thereof. The volume ren-
dering may comprise use and/or application of gradient
shading and potentially soft shadowing techniques. For
example, amount of diffuse shading and/or the amount of
specular shading may be adjusted per voxel. Further, the
voxel color may be adjusted.

[0039] The volume rendering related adjustments may be
based on image properties. For example, the signal processer
140 may comprise an image analyzer module 144, which may
comprise suitable circuitry for analyzing images in order to
obtain or generate data that may be pertinent to determining
volume rendering related adjustments. In particular, the
image analyzer module 144 may be configured to analyze
images in particular manner based on the type of volume
rendering related adjustments applied in the system. For
example, the adjustments of the shading and/or color related
parameters may be based on local image properties, for
instance based on, for example, local image coherence. Thus,
the image analyzer module 144 may be configured to perform
local image coherence based analysis.

[0040] In an example implementation, the image analysis
(and determining adjustment based thereon) may be based on
wavelet and measurements thereof. In this regard, analyzing
images (e.g., via image analyzer module 144) may comprise
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creating a multi-scale (e.g., wavelet) representation corre-
sponding to the analyzed images. For example, a simple
dyadic wavelet transform (e.g., Haar wavelet) may be used to
create a multi-scale representation of the volumetric dataset
acquired in real time. Voxels corresponding to particular
structure (or portion thereof) may meet particular character-
ization in the multi-scale representation, and as such, only
voxels meeting such characterization would subject the
adjustments deemed necessary to achieve the desirable (or
required) visualization. For example, in some instances
where the structure to be visually enhanced may be a particu-
lar object (e.g., a catheter), with the particular desired
enhancement may be to appear more “shiny” than other struc-
tures, a multi-scale representation of the volumetric dataset
may be created (e.g., using simple Haar wavelet), with the
multi-scale representation being used when analyzing the
image to identify voxels that belong to the structure (e.g., the
catheter), or particular part thereof (e.g., surface of the cath-
eter). For example, such voxels may be characterized as hav-
ing a strong gradient magnitude across multiple scales and
having consistent normal direction across multiple scales. In
the wavelet domain this may correspond to having coherent
wavelet coefficients in H, V, and HV bands across several
scales.

[0041] To further discriminate the desired structure (e.g.,
the catheter) from other structures, additional measures may
be used and/or applied. For example, to discriminate the
catheter from other structures, measures of curvature at a
coarse scale may also be applied, since the catheter’s surface
would be convex in one dimension while straight in another.
Other measurements such as second (2nd) order derivatives
may also be used. By combining different measurements the
likelihood of emphasizing mainly the desired structure (e.g,,
the catheter) may increase. Accordingly, rather than needing
to explicitly classify each voxel as belonging (or not) to a
certain structure, the visualization enhancement scheme may
implemented based on fuzzy classification of voxels to visu-
ally discriminate different structures in the volume.

[0042] Determining the structure(s), and/or the particular
parts or elements thereof, to be visually enhanced, and/or the
particular (desired) adjustments to be applied may be based
on real-time user selection (e.g. using suitable control or user
input means, such as the user input module 130). and/or based
on pre-configured or pre-programmed settings, selections,
and/or selection criteria. For example, as noted in the example
use scenario described above, the structure to be visually
enhanced may be man-made objects (such as catheters), with
the particular part/element to be enhanced being the surface,
and particular desired enhancement being that the catheter’s
surface appearing more “shiny” than other structures; with all
these being specified by the user (e.g., interventionalist) in
real-time, using suitable user control in the ultrasound system
100 (not shown).

[0043] FIG. 2 illustrates example use of adaptive visualiza-
tion in a volumetric ultrasound image, in accordance with an
embodiment of the invention. Shown in FIG. 2 are ultrasound
image frames 210 and 220, each of which comprising an
ultrasound image 200. In particular, the ultrasound image
frames 210 and 220 may correspond to use (or not) of adap-
tive visualization enhancement of volumetric ultrasound
images in an ultrasound system, such as the ultrasound sys-
tem 100 of FIG. 1.

[0044] The ultrasound image 200 may be a volumetric
ultrasound image—that is an ultrasound image displayed
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using volume rendering, to provide 2D perception. The ultra-
sound image 200 may comptrise a plurality of different struc-
tures. For example, as shown in FIG. 2, the ultrasound image
200 may comprise an object (e.g., catheter) 202 inserted (or
being inserted) within an organ or tissue area 204.

[0045] The ultrasound image frame 210 may correspond to
displaying the ultrasound image 200 without visualization
enhancement. As a result, as shown in frame 210, the object
(e.g., catheter) 202 may be hard to distinguish from the sur-
rounding organ or tissue area 204.

[0046] The ultrasound image frame 220 may correspond to
displaying the same ultrasound image 200 but with adaptive
visualization enhancement. In this regard, the volume render-
ing may be applied such that it may incorporate adjustments
for visually enhancing particular elements of the image. The
user may select (e.g., using user controls) to visually enhance
man-made objects (e.g., the object 202) in relation to sur-
rounding tissue. The ultrasound system may analyze the
images (e.g., using local coherence based analysis) to deter-
mine suitable visualization enhancement for voxels corre-
sponding to the object 202. Further, in some instances, ren-
dering of the surrounding area (e.g., tissue or organ 204) may
also be adjusted to further visually enhance the intended
structure (the object 202), such as to increase the contrast
between the two structures. As a result, as shown in frame
220, the object (e.g., catheter) 202 may clearly distinguish-
able from the surrounding organ or tissue area 204.

[0047] FIG.3isa flow chart illustrating example steps that
may be utilized for providing adaptive visualization in volu-
metric ultrasound images, in accordance with an embodiment
of the invention. Shown in FIG. 3 is a flow chart 300, which
comprises a plurality of example steps, corresponding to an
example method. The technical effect of the method corre-
sponding to flow chart 300 is providing adaptive visualization
in volumetric ultrasound images by an ultrasound system
(e.g., the ultrasound system 100, shown in FIG. 1). For
example, the example steps of the method corresponding to
flow chart 300 may be executed and/or performed by the
various components of the ultrasound system 100, such as the
processor 130, the volume rendering module 142, the image
analyzer module 144, and the display system 150.

[0048] It should be understood, however, that certain
embodiments of the present invention may omit one or more
of the steps, and/or perform the steps in a different order than
the order listed, and/or combine certain of the steps discussed
below. For example, some steps may not be performed in
certain embodiments of the present invention. As a further
example, certain steps may be performed in a different tem-
poral order, including simultaneously, than listed below.

[0049] In step 302, data cotresponding to a sequence of
ultrasound images may be obtained, such as using an ultra-
sound system (e.g., the ultrasound system 100 of FIG. 1). For
example, the ultrasound images may be volumetric (3D)
images, and as such the data may comprise volumetric data—
that is data that may enable providing volume rendering.

[0050] In step 304, ultrasound images may be generated,
such as based on processing of the data obtained or acquired
in the previous step (step 302). The processing may comprise
grayscale B-mode processing and/or color processing. Fur-
ther, in some instances, the processing may comprise addi-
tional functions and/or adjustments, some of which being
performed conditionally (e.g., when needed), to achieve par-
ticular desired outcome (e.g., visualization enhancement).
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[0051] For example, in step 306, it may be determined
whether to visually enhance the would-be displayed images.
In this regard, visualization enhancement may be triggered in
response to system pre-configuration, user input/commands,
etc. In instances where no visualization enhancement is trig-
gered, the process may jump to step 314; otherwise the pro-
cess may proceed to step 308.

[0052] 1In step 308, particular structures (e.g., man-made
objects) to be visually enhanced or emphasized in the ultra-
sound images may be determined or identified—e.g., based
on user input (such as being identified or marked in previous
images using user controls, touch-screen, etc.), pre-config-
ured setting, etc.

[0053] In step 310, particular (desired) visualization
changes, to the structures to be visually enhanced or empha-
sized, may be determined or identified (e.g., made shinier
than surrounding areas/structures).

[0054] In step 312, rendering adjustments required to
achieve the visualization changes for the structures to be
visually enhanced may be determined. For example, the vox-
els to be adjusted may be identified, and for each of the
identified voxels, the manner by which these voxels are
adjusted may be determined. The voxels may correspond to
the structures to be visually enhanced and/or voxels corre-
sponding to surrounding area. The adjustments may comprise
changes needed to adjust amount of shading and/or coloring
in each of the voxels, for example.

[0055] Instep 314, the ultrasound image(s), which may be
visually enhanced (by adjusting particular voxels), may be
displayed. The displaying of ultrasound may comprise use of
volume rendering (to provide the volumetric effect). The
process may then loop back to step 302, to continue handling
additional/subsequently-acquired data (or may terminate if
the operation of the ultrasound system is ceased).

[0056] FIG. 41sa flow chart illustrating example steps that
may be utilized for processing ultrasound images during
application of adaptive visualization enhancement, in accor-
dance with an embodiment of the invention. Shown in FIG. 4
is a flow chart 400, which comprises a plurality of example
steps, corresponding to an example method. The technical
effect of the method corresponding to flow chart 400 is pro-
cessing ultrasound images, particularly in conjunction with
and/or in support of adaptive visualization in volumetric
ultrasound images, in an ultrasound system (e.g., the ultra-
sound system 100, shown in FIG. 1). For example, the
example steps of the method corresponding to flow chart 400
may be executed and/or performed by the various compo-
nents of the ultrasound system 100, such as the processor 130
and the image analyzer module 144.

[0057] It should be understood, however, that certain
embodiments of the present invention may omit one or more
of the steps, and/or perform the steps in a different order than
the order listed, and/or combine certain of the steps discussed
below. For example, some steps may not be performed in
certain embodiments of the present invention. As a further
example, certain steps may be performed in a different tem-
poral order, including simultaneously, than listed below.

[0058] In step 402, data corresponding to a sequence of
ultrasound images may be obtained, such as using an ultra-
sound system (e.g., the ultrasound system 100 of FIG. 1). For
example, the ultrasound images may be volumetric (3D)
images, and as such the data may comprise volumetric data—
that is data that may enable providing volume rendering.
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[0059] 1Instep 404, the acquired data may be processed, in
real time, such as to determine local image propetrties. For
example, the acquired data may be processed to create a
multi-scale (e.g., wavelet) representation, such as using
simple dyadic wavelet transform (Haar).

[0060] In step 406, an applicable characterization, associ-
ated with particular structures or portions thereof, may be
determined, based on the method by which the data is process.
For example, with wavelet (e.g., local coherence) based pro-
cessing, voxels corresponding to surface of a significant
structure (e.g., catheter) may be characterized as having a
strong gradient magnitude across multiple scales and having
consistent normal direction across multiple scales.

[0061] In step 408, additional measures (if any) may be
determined for further discriminating between voxels corre-
sponding to different structures (or different parts of the struc-
tures). For example, measures of curvature at a coarse scale
may be applied (such as to discriminate the catheter from
other structures, 2nd order derivatives, etc.

[0062] In step 410, the main characterization (and addi-
tional measures, if any) may be applied to provide estimated
classification of the voxels (corresponding to the structures
and/or possible adjustments thereto).

[0063] Aspects of the present invention have the technical
effect of providing adaptive visualization in volumetric ultra-
soundimages in computationally efficient manner. In particu-
lar, visualization of particular structures in volumetric (3D)
ultrasound images may be enhanced, in real time, to help
improve understanding of 3D images, without requiring
extensive user interactions. In accordance with various
example embodiments of the invention, voxels that may be
adjusted for enhanced visualization may be identified in data
(e.g., volumetric data) corresponding to the volumetric ultra-
sound images; and particular adjustments (e.g., shading and/
or coloring adjustments) may be determined to the identified
voxels (or subsets thereof), with these adjustments being
effectuated during rendering (e.g., volume rendering) of the
volumetric ultrasound images. The voxels may be identified
based on analysis of the images (or of the data corresponding
to the image). In particular, the analysis may enable estimat-
ing groups of voxels corresponding to particular structures (or
parts thereof) in the images.

[0064] As utilized herein the term “circuitry” refers to
physical electronic components (e.g., hardware) and any soft-
ware and/or firmware (“code”) which may configure the hard-
ware, be executed by the hardware, and or otherwise be asso-
ciated with the hardware. As used herein, for example, a
particular processor and memory may comprise a first “cir-
cuit” when executing a first one or more lines of code and may
comprise a second “circuit” when executing a second one or
more lines of code. As utilized herein, “and/or” means any
one or more of the items in the list joined by “and/or”. As an
example, “x and/or y” means any element of the three-ele-
mentset {(x), (y), (X,¥)}. As another example, “x, y, and/or z”
means any element of the seven-element set {(x), (y), (z), (%,
V), (% 2), (¥, 2), (% ¥, 2)}. As utilized herein, the term
“example” means serving as a non-limiting example,
instance, or illustration. As utilized herein, the terms “for
example” and “e.g.,” set off lists of one or more non-limiting
examples, instances, or illustrations. As utilized herein, cir-
cuitry is “operable” to perform a function whenever the cir-
cuitry comprises the necessary hardware and code (if any is
necessary) to perform the function, regardless of whether
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performance of the function is disabled, or not enabled, by
some user-configurable setting.
[0065] Other embodiments of the invention may provide a
computer readable device and/or a non-transitory computer
readable medium, and/or a machine readable device and/or a
non-transitory machine readable medium, having stored
thereon, a machine code and/or a computer program having at
least one code section executable by a machine and/or a
computer, thereby causing the machine and/or computer to
perform the steps as described herein for providing sequential
needle recalibration by correlating a sequence of calibration
data for a tracking system to a plurality of corresponding
ultrasound probe positions.
[0066] Accordingly, the present invention may be realized
in hardware, software, or a combination of hardware and
software. The present invention may be realized in a central-
ized fashion in at least one computer system, or in a distrib-
uted fashion where different elements are spread across sev-
eral interconnected computer systems. Any kind of computer
system or other apparatus adapted for carrying out the meth-
ods described herein is suited. A typical combination of hard-
ware and software may be a general-purpose computer sys-
tem with a computer program that, when being loaded and
executed, controls the computer system such that it carries out
the methods described herein.
[0067] The present invention may also be embedded in a
computer program product, which comprises all the features
enabling the implementation of the methods described
herein, and which when loaded in a computer system is able
to carry out these methods. Computer program in the present
context means any expression, in any language, code or nota-
tion, of a set of instructions intended to cause a system having
an information processing capability to perform a particular
function either directly orafter either or both of the following:
a) conversion to another language, code or notation; b) repro-
duction in a different material form.
[0068] While the present invention has been described with
reference to certain embodiments, it will be understood by
those skilled in the art that various changes may be made and
equivalents may be substituted without departing from the
scope of the present invention. In addition, many modifica-
tions may be made to adapt a particular situation or material
to the teachings of the present invention without departing
from its scope. Therefore, it is intended that the present inven-
tion not be limited to the particular embodiment disclosed,
but that the present invention will include all embodiments
falling within the scope of the appended claims.
What is claimed is:
1. A method, comprising;
applying, by a processor of an ultrasound system, visual-
ization enhancement to one or more volumetric ultra-
sound images, the visualization enhancement compris-
ing:
determining one or more structures to be visually
enhanced in the volumetric ultrasound images;
determining one or more visualization changes, for each
of the one or more structures to be visually enhanced;
processing the volumetric ultrasound images, to deter-
mine local image properties that control one or more
characteristics of at least a portion of each volumetric
ultrasound image:;
determining rendering adjustments required to achieve
each of the one or more visualization changes, for
each of the one or more structures to be visually
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enhanced, wherein the rendering adjustments are
determined, at least in part, based on the processing of
the volumetric ultrasound images; and

applying the rendering adjustments during volume ren-
dering of the volumetric ultrasound images.

2. The method of claim 1, comprising processing the volu-
metric ultrasound images to estimate portions thereof corre-
sponding to the one or more structures to be visually
enhanced.

3. The method of claim 1, wherein the local image propet-
ties comprise local image coherence that is used to control
amount of one or more of diffuse shading, specular shading,
and color of voxels in the volumetric ultrasound image.

4. The method of claim 1, wherein the rendering adjust-
ments comprise grayscale and/or color related adjustments.

5. The method of claim 1, comprising determining the one
or more structures, and/or the one or more visualization
changes for each of the one or more structures to be visually
enhanced, based on user input.

6. The method of claim 1, comprising determining the one
or more structures, and/or the one or more visualization
changes for each of the one or more structures to be visually
enhanced, based on pre-configured or pre-programmed set-
tings, selections, and/or selection criteria.

7. The method of claim 1, wherein the one or more visual-
ization changes for at least one structure to be visually
enhanced comprise making the at least one structure shinier
relative to surrounding structures.

8. A system, comprising:

an ultrasound device comprising a processor that is opet-

able to apply visualization enhancement to one or more

volumetric ultrasound images, the visualization

enhancement comprising:

determining one or more structures to be visually
enhanced in the volumetric ultrasound images;

determining one or more visualization changes, for each
of the one or more structures to be visually enhanced;

processing the volumetric ultrasound images, to deter-
mine local image properties that control one or more
characteristics of at least a portion of each volumetric
ultrasound image;

determining rendering adjustments required to achieve
each of the one or more visualization changes, for
each of the one or more structures to be visually
enhanced, wherein the rendering adjustments are
determined, at least in part, based on the processing of
the volumetric ultrasound images; and

applying the rendering adjustments during volume ren-
dering of the volumetric ultrasound images.

9. The system of claim 8, wherein the processor is operable
to process the volumetric ultrasound images to estimate por-
tions thereof corresponding to the one or more structures to be
visually enhanced.

10. The system of claim 8, wherein the local image prop-
erties comprise local image coherence that is used to control
amount of one or more of diffuse shading, specular shading,
and color of voxels in the volumetric ultrasound image.

11. The system of claim 8, wherein the rendering adjust-
ments to the volumetric ultrasound images comprise gray-
scale and/or color related adjustments.
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12. The system of claim 8, wherein the one or more struc-
tures, and/or the one or more visualization changes for each of
the one or more structures to be visually enhanced, are deter-
mined based on user input.

13. The system of claim 8, wherein the one or more struc-
tures, and/or the one or more visualization changes for each of
the one or more structures to be visually enhanced, are deter-
mined based on pre-configured or pre-programmed settings,
selections, and/or selection criteria.

14. The system of claim 8, wherein the one or more visu-
alization changes for at least one structure to be visually
enhanced comprise making the at least one structure shinier
relative to surrounding structures.

15. A non-transitory computer readable medium having
stored thereon, a computer program having at least one code
section, the at least one code section being executable by a
machine for causing the machine to apply visualization
enhancement to one or more volumetric ultrasound images by
perform steps comprising:

determining one or more structures to be visually enhanced

in the volumetric ultrasound images;
determining one or more visualization changes, for each of
the one or more structures to be visually enhanced;

processing the volumetric ultrasound images, to determine
local image properties that control one or more charac-
teristics of at least a portion of each volumetric ultra-
sound image;

determining rendering adjustments required to achieve

each of the one or more visualization changes, for each
of the one or more structures to be visually enhanced,
wherein the rendering adjustments are determined, at
least in part, based on the processing of the volumetric
ultrasound images; and

applying the rendering adjustments during volume render-

ing of the volumetric ultrasound images.

16. The non-transitory computer readable medium of claim
15, comprising processing the volumetric ultrasound images
to estimate portions thereof corresponding to the one or more
structures to be visually enhanced.

17. The non-transitory computer readable medium of claim
15, wherein the local image properties comprise local image
coherence that is used to control amount of one or more of
diffuse shading, specular shading, and color of voxels in the
volumetric ultrasound image.

18. The non-transitory computer readable medium of claim
15, wherein the rendering adjustments to the volumetric ultra-
sound images comprise grayscale and/or color related adjust-
ments.

19. The non-transitory computer readable medium of claim
15, comprising determining the one or more structures, and/
or the one or more visualization changes for each of the one or
more structures to be visually enhanced, based on user input.

20. The non-transitory computer readable medium of claim
15, comprising determining the one or more structures, and/
or the one or more visualization changes for each of the one or
more structures to be visually enhanced, based on pre-con-
figured or pre-programmed settings, selections, and/or selec-
tion criteria.
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