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COPYRIGHT NOTICE

[0017] THIS disclosure is protected under United States
and international copyright Laws.© Verathon™ Medical
Incorporated. All Rights Reserved. A portion of the disclo-
sure of this patent document contains material which is
subject to copyright protection. The copyright owner has no
objection to the facsimile reproduction by anyone of the
patent document or the patent disclosure, as it appears in the
Patent and Trademark Office patent file or records, but
otherwise reserves all copyright rights whatsoever.

FIELD OF THE INVENTION

[0018] Embodiments of the invention pertain to the field
of improving the clarity of ultrasound images. Other
embodiments of this invention relate to visualization meth-
ods and systems, and more specifically to systems and
methods for visualizing the trajectory of a cannula or needle
being inserted in a biologic subject.

BACKGROUND OF THE INVENTION

[0019] The clarity of ultrasound acquired images is
affected by motions of the examined subject, the motions of
organs and fluids within the examined subject, the motion of
the probing ultrasound transceiver, the coupling medium
used transceiver and the examined subject, and the algo-
rithms used for image processing. As regards image pro-
cessing frequency domain approaches have been utilized in
the literature including using Wiener filters that is imple-
mented in the frequency domain and assumes that the point
spread function (PSF) is fixed and known. This assumption
conflicts with the observation that the received ultrasound
signals are usually non-stationary and depth-dependent.
Since the algorithm is implemented in the frequency
domain, the error introduced in PSF will leak across the
spatial domain. As a result, the performance of Wiener
filtering is not ideal.

[0020] As regards prior uses of coupling mediums, the
most common container for dispensing ultrasound coupling
gel is an 8 oz. plastic squeeze bottle with an open, tapered
tip. The tapered tip bottle is inexpensive and easy to refill
from a larger reservoir in the form of a bag or pump-type and
dispenses gel in a controlled manner. Other embodiments
include the Sontac® ultrasound gel pad available from
Verathon™ Medical, Bothell, Wash., USA is a pre-pack-
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aged, circular pad of moist, flexible coupling gel 2.5 inches
in diameter and 0.06 inches thick and is advantageously used
with the BladderScan devices. The Sontac pad is simple to
apply and to remove, and provides adequate coupling for a
one-position ultrasound scan in most cases. Yet others
include the Aquaflex® gel pads perform in a similar manner
to Sontac pads, but are larger and thicker (2 cm thickx9 cm
diameter), and traditionally used for therapeutic ultrasound
or where some distance between the probe and the skin
surface (“stand-off”) must be maintained.

[0021] The main purpose of an ultrasonic coupling
medium is to provide an air-free interface between an
ultrasound transducer and the body surface. Gels are used as
coupling media since they are moist and deformable, but not
runny: they wet both the transducer and the body surface,
but stay where they are applied. The most common delivery
method for ultrasonic coupling gel, the plastic squeeze
bottle, has several disadvantages. First, if the bottle has been
stored upright the gel will fall to the bottom of the bottle, and
vigorous shaking is required to get the gel back to the bottle
tip, especially if the gel is cold. This motion can be particu-
larly irritating to sonographers, who routinely suffer from
wrist and arm pain from ultrasound scanning. Second, the
bottle tip is a two-way valve: squeezing the bottle releases
gel at the tip, but releasing the bottle sucks air back into the
bottle and into the gel. The presence of air bubbles in the gel
may detract from its performance as a coupling medium.
Third, there is no standard application amount: inexperi-
enced users such as Diagnostic Ultrasound customers have
to make an educated guess about how much gel to use.
Fourth, when the squeeze bottle is nearly empty it is next to
impossible to coax the final 5-10% of gel into the bottle’s tip
for dispensing. Finally, although refilling the bottle from a
central source is not a particularly difficult task, it is non-
sterile and potentially messy.

[0022] Sontac pads and other solid gel coupling pads are
simpler to use than gel: the user does not have to guess at an
appropriate application amount, the pad is sterile, and it can
be simply lifted off the patient and disposed of after use.
However, pads do not mold to the skin or transducer surface
as well as the more liquefied coupling gels and therefore
may not provide ideal coupling when used alone, especially
on dry, hairy, curved, or wrinkled surfaces. Sontac pads
suffer from the additional disadvantage that they are thin and
easily damaged by moderate pressure from the ultrasound
transducer. (See Bishop S, Draper D O, Knight K L, Feland
I B, Eggett D. “Human tissue-temperature rise during ultra-
sound treatments with the Aquaflex gel pad.” Journal of
Athletic Training 39(2):126-131, 2004).

[0023] Relating to cannula insertion, unsuccessful inser-
tion and/or removal of a cannula, a needle, or other similar
devices into vascular tissue may cause vascular wall damage
that may lead to serious complications or even death. Image
guided placement of a cannula or needle into the vascular
tissue reduces the risk of injury and increases the confidence
of healthcare providers in using the foregoing devices.
Current image guided placement methods generally use a
guidance system for holding specific cannula or needle
sizes. The motion and force required to disengage the
cannula from the guidance system may, however, contribute
to a vessel wall injury, which may result in extravasation.
Complications arising from extravasation resulting in mor-
bidity are well documented. Therefore, there is a need for

Oct. 4, 2007

image guided placement of a cannula or needle into vascular
tissue while still allowing a health care practitioner to use
standard “free” insertion procedures that do not require a
guidance system to hold the cannula or needle.

SUMMARY OF THE PARTICULAR
EMBODIMENTS

[0024] Systems, methods, and devices for image clarity of
ultrasound-based images are described. Such systems, meth-
ods, and devices include improved transducer aiming and
utilizing time-domain deconvolution processes upon the
non-stationary effects of ultrasound signals. The processes
deconvolution applies algorithms to improve the clarity or
resolution of ultrasonic images by suppressed reverberation
of ultrasound echoes. The initially acquired and distorted
ultrasound image is reconstructed to a clearer image by
countering the effect of distortion operators. An improved
point spread function (PSF) of the imaging system is
applied, utilizing a deconvolution algorithm, to improve the
image resolution, and remove reverberations by modeling
them as noise.

[0025] As regards improved transducer aiming particular
embodiments employ novel applications of computer vision
techniques to perform real time analysis. First, a computer
vision method is introduced: optical flow, which is a pow-
erful motion analysis technique and is applied in many
different research or commercial fields. The optical flow is
able to estimate the velocity field of image series and the
velocity vector provides information of the contents inside
the image series. In the current field, if the target is with very
large motion and the motion is in a specific pattern, like
moving orientation, the velocity information inside and
around the target can be different from other parts in the
field. Otherwise, there will be no valuable information in
current fleld and the scanning has to be adjusted.

[0026] As regards analyzing the motions of organ move-
ment and fluid flows within an examined subject, new
optical-flow-based methods for estimating heart motion
from two-dimensional echocardiographic sequences, an
optical-flow guided active contour method for Myocardial
tracking in contrast echocardiography, and a method for
shape-driven segmentation and tracking of the left ventricle.

[0027] As regards cannula insertion, ultrasound motion of
the cannula is configured by cannula fitted with echogenic
ultrasound micro reflectors.

[0028] As regards sonic coupling gel media to improve
ultrasound communication between a transducer and the
examined subject, embodiments include an apparatus that:
dispenses a metered quantity of ultrasound coupling gel and
enables one-handed gel application. The apparatus also
preserves the gel in a de-gassed state (no air bubbles),
preserves the gel in a sterile state (no contact between gel
applicator and patient), includes a method for easy container
refill, and preserves the shape and volume of existing gel
application bottles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The file of this patent contains at least one drawing
executed in color. Copies of this patent with color draw-
ing(s) will be provided by the Patent and Trademark Office
upon request and payment of the necessary fee. Embodi-
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ments for the system and method to develop, present, and
use clarity enhanced ultrasound images is described below.

[0030] FIGS. 1A-D depicts a partial schematic and a
partial isometric view of a transceiver, a scan cone com-
prising a rotational array of scan planes, and a scan plane of
the array of an ultrasound harmonic imaging system;

[0031] FIG. 2 depicts a partial schematic and partial
isometric and side view of a transceiver, and a scan cone
array comprised of 3D-distributed scan lines in alternate
embodiment of an ultrasound harmonic imaging system;

[0032] FIG. 3 is a schematic illustration of a server-
accessed local area network in communication with a plu-
rality of ultrasound harmonic imaging systems;

[0033] FIG. 4 is a schematic illustration of the Internet in
communication with a plurality of ultrasound harmonic
imaging systems;

[0034] FIG. 5 schematically depicts a method flow chart
algorithm 120 to acquire a clarity enhanced ultrasound
image;

[0035] FIG. 6 is an expansion of sub-algorithm 150 of
master algorithm 120 of FIG. 7,

[0036] FIG. 7 is an expansion of sub-algorithms 200 of
FIG. 5;
[0037] FIG. 8 is an expansion of sub-algorithm 300 of

master algorithm illustrated in FIG. 5;

[0038] FIG.9is an expansion of sub-algorithms 400A and
400B of FIG. 5;

[0039] FIG. 10 is an expansion of sub-algorithm 500 of
FIG. §;

[0040] FIG. 11 depicts a logarithm of a Cepstrum;
[0041] FIGS. 12A-C depict histogram waveform plots

derived from water tank pulse-echo experiments undergoing
parametric and non-parametric analysis;

[0042] FIGS. 13-25 are bladder sonograms that depict
image clarity after undergoing image enhancement process-
ing by algorithms described in FIGS. 5-10;

[0043] FIG. 13 is an unprocessed image that will undergo
image enhancement processing;

[0044] FIG. 14 illustrates an enclosed portion of a mag-
nified region of FIG. 13;

[0045] FIG. 15 is the resultant image of FIG. 13 that has
undergone image processing via nonparametric estimation
under sub-algorithm 4004

[0046] FIG. 16 is the resultant image of FIG. 13 that has
undergone image processing via parametric estimation
under sub-algorithm 400B;

[0047] FIG. 17 the resultant image of an alternate image
processing embodiment using a Weiner filter.

[0048] FIG. 18 is another unprocessed image that will
undergo image enhancement processing;

[0049] FIG. 19 illustrates an enclosed portion of a mag-
nified region of FIG. 18;
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[0050] FIG. 20 is the resultant image of FIG. 18 that has
undergone image processing via nonparametric estimation
under sub-algorithm 400A;

[0051] FIG. 21 is the resultant image of FIG. 18 that has
undergone image processing via parametric estimation
under sub-algorithm 400B;

[0052] FIG. 22 is another unprocessed image that will
undergo image enhancement processing;

[0053] FIG. 23 illustrates an enclosed portion of a mag-
nified region of FIG. 22;

[0054] FIG. 24 is the resultant image of FIG. 22 that has
undergone image processing via nonparametric estimation
under sub-algorithm 400A;

[0055] FIG. 25 is the resultant image of FIG. 22 that has
undergone image processing via parametric estimation
under sub-algorithm 400B;

[0056] FIG. 26 depicts a schematic example of a time
velocity map derived from sub-algorithm 310;

[0057] FIG. 27 depicts another schematic example of a
time velocity map derived from sub-algorithm 310;

[0058] FIG. 28 illustrates a seven panel image series of a
beating heart ventricle that will undergo the optical flow
processes of sub-algorithm 300 in which at least two images
are required;

[0059] FIG. 29 illustrates an optical flow velocity map plot
of the seven panel image series of FIG. 28 presented in a 2D
flow pattern after undergoing sub-algorithm 310;

[0060] FIG. 30 illustrates an optical flow velocity map plot
of the seven panel image series of FIG. 28 along the X-axis
direction or phi direction after undergoing sub-algorithm
310;

[0061] FIG. 31 illustrates an optical flow velocity map plot
of the seven panel image series of FIG. 28 along the Y-axis

direction radial direction after undergoing sub-algorithm
310;

[0062] FIG. 32 illustrates a 3D optical vector plot after
undergoing sub-algorithm 310 and corresponds to the top
row of FIG. 29;

[0063] FIG. 33 illustrates a 3D optical vector plot in the
phi direction after undergoing sub-algorithm 310 and cor-
responds to FIG. 30 at T=1;

[0064] FIG. 34 illustrates a 3D optical vector plot in the
radial direction after undergoing sub-algorithm 310 and
corresponds to FIG. 31 at T=1;

[0065] FIG. 35 illustrates a 3D optical vector plot in the
radial direction above a Y-axis threshold setting of 0.6 after
undergoing sub-algorithm 310 and corresponds to FIG. 34
the threshold T that are less than 0.6 are set to 0;

[0066] FIGS. 36A-G depicts embodiments of the sonic gel
dispenser;
[0067] FIGS. 37 and 38 are diagrams showing one

embodiment of the present invention;

[0068] FIG. 39 is diagram showing additional detail for a
needle shaft to be used with one embodiment of the inven-
tion;
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[0069] FIGS. 40A and 40B are diagrams showing close-up
views of surface features of the needle shaft shown in FIG.
38;

[0070] FIG. 41 is a diagram showing imaging components
for use with the needle shaft shown in FIG. 38;

[0071] FIG. 42 is a diagram showing a representation of an
image produced by the imaging components shown in FIG.
41,

[0072] FIG. 43 is a system diagram of an embodiment of
the present invention;

[0073] FIG. 44 is a system diagram of an example embodi-
ment showing additional detail for one of the components
shown in FIG. 38; and

[0074] FIGS. 45 and 46 are flowcharts of a method of
displaying the trajectory of a cannula in accordance with an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PARTICULAR EMBODIMENTS

[0075] Systems, methods, and devices for image clarity of
ultrasound-based images are described and illustrated in the
following figures. The clarity of ultrasound imaging requires
the efficient coordination of ultrasound transfer or commu-
nication to and from an examined subject, image acquisition
from the communicated ultrasound, and microprocessor
based image processing. Oftentimes the examined subject
moves while image acquisition occurs, the ultrasound trans-
ducer moves, and/or movement occurs within the scanned
region of interest that requires refinements as described
below to secure clear images.

[0076] The ultrasound transceivers or DCD devices devel-
oped by Diagnostic Ultrasound are capable of collecting in
vivo three-dimensional (3-D) cone-shaped ultrasound
images of a patient. Based on these 3-D ultrasound images,
various applications have been developed such as bladder
volume and mass estimation.

[0077] During the data collection process initiated by
DCD, a pulsed ultrasound field is transmitted into the body,
and the back-scattered “echoes” are detected as a one-
dimensional (1-D) voltage trace, which is also referred to as
a RF line. After envelope detection, a set of 1-D data
samples is interpolated to form a two-dimensional (2-D) or
3-D ultrasound image.

[0078] FIGS. 1A-D depicts a partial schematic and a
partial isometric view of a transceiver, a scan cone com-
prising a rotational array of scan planes, and a scan plane of
the array of various ultrasound harmonic imaging systems
60A-D illustrated in FIGS. 3 and 4 below.

[0079] FIG. 1A is a side elevation view of an ultrasound
transceiver 10A that includes an inertial reference unit,
according to an embodiment of the invention. The trans-
ceiver 10A includes a transceiver housing 18 having an
outwardly extending handle 12 suitably configured to allow
a user to manipulate the transceiver 10A relative to a patient.
The handle 12 includes a trigger 14 that allows the user to
initiate an ultrasound scan of a selected anatomical portion,
and a cavity selector 16. The cavity selector 16 will be
described in greater detail below. The transceiver 10A also
includes a transceiver dome 20 that contacts a surface
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portion of the patient when the selected anatomical portion
is scanned. The dome 20 generally provides an appropriate
acoustical impedance match to the anatomical portion and/or
permits ultrasound energy to be properly focused as it is
projected into the anatomical portion. The transceiver 10A
further includes one, or preferably an array of separately
excitable ultrasound transducer elements (not shown in FIG.
1A) positioned within or otherwise adjacent with the hous-
ing 18. The transducer elements may be suitably positioned
within the housing 18 or otherwise to project ultrasound
energy outwardly from the dome 20, and to permit reception
of acoustic reflections generated by internal structures
within the anatomical portion. The one or more array of
ultrasound elements may include a one-dimensional, or a
two-dimensional array of piezoelectric elements that may be
moved within the housing 18 by a motor. Alternately, the
array may be stationary with respect to the housing 18 so
that the selected anatomical region may be scanned by
selectively energizing the elements in the array.

[0080] A directional indicator panel 22 includes a plurality
of arrows that may be illuminated for initial targeting and
guiding a user to access the targeting of an organ or structure
within an ROI. In particular embodiments if the organ or
structure is centered from placement of the transceiver 10A
acoustically placed against the dermal surface at a first
location of the subject, the directional arrows may be not
illuminated. If the organ is off-center, an arrow or set of
arrows may be illuminated to direct the user to reposition the
transceiver 10A acoustically at a second or subsequent
dermal location of the subject. The acrostic coupling may be
achieved by liquid sonic gel applied to the skin of the patient
or by sonic gel pads to which the transceiver dome 20 is
placed against. The directional indicator panel 22 may be
presented on the display 54 of computer 52 in harmonic
imaging subsystems described in FIGS. 3 and 4 below, or
alternatively, presented on the transceiver display 16.

[0081] Transceiver 10A includes an inertial reference unit
that includes an accelerometer 22 and/or gyroscope 23
positioned preferably within or adjacent to housing 18. The
accelerometer 22 may be operable to sense an acceleration
of the transceiver 10A, preferably relative to a coordinate
system, while the gyroscope 23 may be operable to sense an
angular velocity of the transceiver 10A relative to the same
or another coordinate system. Accordingly, the gyroscope 23
may be of conventional configuration that employs dynamic
elements, or it may be an optoelectronic device, such as the
known optical ring gyroscope. In one embodiment, the
accelerometer 22 and the gyroscope 23 may include a
commonly packaged and/or solid-state device. One suitable
commonly packaged device may be the MT6 miniature
inertial measurement unit, available from Omni Instruments,
Incorporated, although other suitable alternatives exist. In
other embodiments, the accelerometer 22 and/or the gyro-
scope 23 may include commonly packaged micro-electro-
mechanical system (MEMS) devices, which are commer-
cially available from MEMSense, Incorporated. As
described in greater detail below, the accelerometer 22 and
the gyroscope 23 cooperatively permit the determination of
positional and/or angular changes relative to a known posi-
tion that is proximate to an anatomical region of interest in
the patient. Other configurations related to the accelerometer
22 and gyroscope 23 concerning transceivers 10A,B
equipped with inertial reference units and the operations
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thereto may be obtained from copending U.S. patent appli-
cation Ser. No. 11/222,360 filed Sep. 8, 2005, herein incor-
porated by reference.

[0082] The transceiver 10A includes (or if capable at being
in signal communication with) a display 24 operable to view
processed results from an ultrasound scan, and/or to allow an
operational interaction between the user and the transceiver
10A. For example, the display 24 may be configured to
display alphanumeric data that indicates a proper and/or an
optimal position of the transceiver 10A relative to the
selected anatomical portion. Display 24 may be used to view
two- or three-dimensional images of the selected anatomical
region. Accordingly, the display 24 may be a liquid crystal
display (LCD), a light emitting diode (LED) display, a
cathode ray tube (CRT) display, or other suitable display
devices operable to present alphanumeric data and/or
graphical images to a user.

[0083] Still referring to FIG. 1A, a cavity selector 16 may
be operable to adjustably adapt the transmission and recep-
tion of ultrasound signals to the anatomy of a selected
patient. In particular, the cavity selector 16 adapts the
transceiver 10A to accommodate various anatomical details
of male and female patients. For example, when the cavity
selector 16 is adjusted to accommodate a male patient, the
transceiver 10A may be suitably configured to locate a single
cavity, such as a urinary bladder in the male patient. In
contrast, when the cavity selector 16 is adjusted to accom-
modate a female patient, the transceiver 10A may be con-
figured to image an anatomical portion having multiple
cavities, such as a bodily region that includes a bladder and
a uterus. Alternate embodiments of the transceiver 10A may
include a cavity selector 16 configured to select a single
cavity scanning mode, or a multiple cavity-scanning mode
that may be used with male and/or female patients. The
cavity selector 16 may thus permit a single cavity region to
be imaged, or a multiple cavity region, such as a region that
includes a lung and a heart to be imaged.

[0084] To scan a selected anatomical portion of a patient,
the transceiver dome 20 of the transceiver 10A may be
positioned against a surface portion of a patient that is
proximate to the anatomical portion to be scanned. The user
actuates the transceiver 10A by depressing the trigger 14. In
response, the transceiver 10 transmits ultrasound signals into
the body, and receives corresponding return echo signals that
may be at least partially processed by the transceiver 10A to
generate an ultrasound image of the selected anatomical
portion. In a particular embodiment, the transceiver 10A
transmits ultrasound signals in a range that extends from
approximately about two megahertz (MHz) to approxi-
mately about ten MHz.

[0085] In one embodiment, the transceiver 10A may be
operably coupled to an ultrasound system that may be
configured to generate ultrasound energy at a predetermined
frequency and/or pulse repetition rate and to transfer the
ultrasound energy to the transceiver 10A. The system also
includes a processor that may be configured to process
reflected ultrasound energy that is received by the trans-
ceiver 10A to produce an image of the scanned anatomical
region. Accordingly, the system generally includes a view-
ing device, such as a cathode ray tube (CRT), a liquid crystal
display (LCD), a plasma display device, or other similar
display devices, that may be used to view the generated
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image. The system may also include one or more peripheral
devices that cooperatively assist the processor to control the
operation of the transceiver 10A, such a keyboard, a point-
ing device, or other similar devices. In still another particu-
lar embodiment, the transceiver 10A may be a self-contained
device that includes a microprocessor positioned within the
housing 18 and software associated with the microprocessor
to operably control the transceiver 10A, and to process the
reflected ultrasound energy to generate the ultrasound
image. Accordingly, the display 24 may be used to display
the generated image and/or to view other information asso-
ciated with the operation of the transceiver 10A. For
example, the information may include alphanumeric data
that indicates a preferred position of the transceiver 10A
prior to performing a series of scans. In yet another particu-
lar embodiment, the transceiver 10A may be operably
coupled to a general-purpose computer, such as a laptop or
a desktop computer that includes software that at least
partially controls the operation of the transceiver 10A, and
also includes software to process information transferred
from the transceiver 10A, so that an image of the scanned
anatomical region may be generated. The transceiver 10A
may also be optionally equipped with electrical contacts to
make communication with receiving cradles 50 as discussed
in FIGS. 3 and 4 below. Although transceiver 10A of FIG.
1A may be used in any of the foregoing embodiments, other
transceivers may also be used. For example, the transceiver
may lack one or more features of the transceiver 10A. For
example, a suitable transceiver need not be a manually
portable device, and/or need not have a top-mounted display,
and/or may selectively lack other features or exhibit further
differences.

[0086] Referring still to FIG. 1A is a graphical represen-
tation of a plurality of scan planes that form a three-
dimensional (3D) array having a substantially conical shape.
An ultrasound scan cone 40 formed by a rotational array of
two-dimensional scan planes 42 projects outwardly from the
dome 20 of the transceivers 10A. The other transceiver
embodiments 10B-10E may also be configured to develop a
scan cone 40 formed by a rotational array of two-dimen-
sional scan planes 42. The pluralities of scan planes 40 may
be oriented about an axis 11 extending through the trans-
ceivers 10A-10E. One or more, or preferably each of the
scan planes 42 may be positioned about the axis 11, pref-
erably, but not necessarily at a predetermined angular posi-
tion 6. The scan planes 42 may be mutually spaced apart by
angles 0, and 0,. Correspondingly, the scan lines within each
of the scan planes 42 may be spaced apart by angles ¢, and
¢,. Although the angles 6, and 0, are depicted as approxi-
mately equal, it is understood that the angles 0, and 0, may
have different values. Similarly, although the angles ¢, and
¢, are shown as approximately equal, the angles ¢, and ¢,
may also have different angles. Other scan cone configura-
tions are possible. For example, a wedge-shaped scan cone,
or other similar shapes may be generated by the transceiver
10A, 10B and 10C.

[0087] FIG. 1B is a graphical representation of a scan
plane 42. The scan plane 42 includes the peripheral scan
lines 44 and 46, and an internal scan line 48 having a length
r that extends outwardly from the transceivers 10A-10E.
Thus, a selected point along the peripheral scan lines 44 and
46 and the internal scan line 48 may be defined with
reference to the distance r and angular coordinate values ¢
and 6. The length r preferably extends to approximately 18
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to 20 centimeters (cm), although any length is possible.
Particular embodiments include approximately seventy-
seven scan lines 48 that extend outwardly from the dome 20,
although any number of scan lines is possible.

[0088] FIG. 1C a graphical representation of a plurality of
scan lines emanating from a hand-held ultrasound trans-
ceiver forming a single scan plane 42 extending through a
cross-section of an internal bodily organ. The number and
location of the internal scan lines emanating from the
transceivers 10A-10E within a given scan plane 42 may thus
be distributed at different positional coordinates about the
axis line 11 as required to sufficiently visualize structures or
images within the scan plane 42. As shown, four portions of
an off-centered region-of-interest (ROI) are exhibited as
irregular regions 49. Three portions may be viewable within
the scan plane 42 in totality, and one may be truncated by the
peripheral scan line 44.

[0089] As described above, the angular movement of the
transducer may be mechanically effected and/or it may be
electronically or otherwise generated. In either case, the
number of lines 48 and the length of the lines may vary, so
that the tilt angle ¢ sweeps through angles approximately
between -60° and +60° for a total arc of approximately
120°. In one particular embodiment, the transceiver 10 may
be configured to generate approximately about seventy-
seven scan lines between the first limiting scan line 44 and
a second limiting scan line 46. In another particular embodi-
ment, each of the scan lines has a length of approximately
about 18 to 20 centimeters (cm). The angular separation
between adjacent scan lines 48 (FIG. 1B) may be uniform or
non-uniform. For example, and in another particular
embodiment, the angular separation ¢, and ¢, (as shown in
FIG. 5C) may be about 1.5°. Alternately, and in another
particular embodiment, the angular separation ¢, and ¢, may
be a sequence wherein adjacent angles may be ordered to
include angles of 1.5°, 6.8°, 15.5°,7.2°, and so on, where a
1.5° separation is between a first scan line and a second scan
line, a 6.8° separation is between the second scan line and a
third scan line, a 15.5° separation is between the third scan
line and a fourth scan line, a 7.2° separation is between the
fourth scan line and a fifth scan line, and so on. The angular
separation between adjacent scan lines may also be a com-
bination of uniform and non-uniform angular spacings, for
example, a sequence of angles may be ordered to include
1.5°,1.5°,1.5°,7.2°,14.3°,20.2°,8.0°, 8.0°,8.0°,4.3°,7.8°,
and so on.

[0090] FIG. 1D is an isometric view of an ultrasound scan
cone that projects outwardly from the transceivers of FIGS.
1A-E. Three-dimensional mages of a region of interest may
be presented within a scan cone 40 that comprises a plurality
of 2D images formed in an array of scan planes 42. A dome
cutout 41 that is the complementary to the dome 20 of the
transceivers 10A-10E is shown at the top of the scan cone
40.

[0091] FIG. 2 depicts a partial schematic and partial
isometric and side view of a transceiver, and a scan cone
array comprised of 3D-distributed scan lines in alternate
embodiment of an ultrasound harmonic imaging system. A
plurality of three-dimensional (3D) distributed scan lines
emanating from a transceiver that cooperatively forms a
scan cone 30. Each of the scan lines have a length r that
projects outwardly from the transceivers 10A-10E of FIGS.
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1A-1E. As illustrated the transceiver 10A emits 3D-distrib-
uted scan lines within the scan cone 30 that may be one-
dimensional ultrasound A-lines. The other transceiver
embodiments 10B-10E may also be configured to emit
3D-distributed scan lines. Taken as an aggregate, these
3D-distributed A-lines define the conical shape of the scan
cone 30. The ultrasound scan cone 30 extends outwardly
from the dome 20 of the transceiver 10A, 10B and 10C
centered about an axis line 11. The 3D-distributed scan lines
of the scan cone 30 include a plurality of internal and
peripheral scan lines that may be distributed within a volume
defined by a perimeter of the scan cone 30. Accordingly, the
peripheral scan lines 31A-31F define an outer surface of the
scan cone 30, while the internal scan lines 34A-34C may be
distributed between the respective peripheral scan lines
31A-31F. Scan line 34B may be generally collinear with the
axis 11, and the scan cone 30 may be generally and coaxially
centered on the axis line 11.

[0092] The locations of the internal and peripheral scan
lines may be further defined by an angular spacing from the
center scan line 34B and between internal and peripheral
scan lines. The angular spacing between scan line 34B and
peripheral or internal scan lines may be designated by angle
® and angular spacings between internal or peripheral scan
lines may be designated by angle ©@. The angles @, ®,, and
@, respectively define the angular spacings from scan line
34B to scan lines 34A, 34C, and 31D. Similarly, angles @,
©,, and @, respectively define the angular spacings between
scan line 31B and 31C, 31C and 34A, and 31D and 31E.

[0093] With continued reference to FIG. 2, the plurality of
peripheral scan lines 31 A-E and the plurality of internal scan
lines 34 A-D may be three dimensionally distributed A-lines
(scan lines) that are not necessarily confined within a scan
plane, but instead may sweep throughout the internal regions
and along the periphery of the scan cone 30. Thus, a given
point within the scan cone 30 may be identified by the
coordinates r, @, and @ whose values generally vary. The
number and location of the internal scan lines emanating
from the transceivers 10A-10E may thus be distributed
within the scan cone 30 at different positional coordinates as
required to sufficiently visualize structures or images within
a region of interest (ROI) in a patient. The angular move-
ment of the ultrasound transducer within the transceiver
10A-10E may be mechanically effected, and/or it may be
electronically generated. In any case, the number of lines
and the length of the lines may be uniform or otherwise vary,
so that angle ® sweeps through angles approximately
between —60° between scan line 34B and 31A, and +60°
between scan line 34B and 31B. Thus angle @ in this
example presents a total arc of approximately 120°. In one
embodiment, the transceiver 10A, 10B and 10C may be
configured to generate a plurality of 3D-distributed scan
lines within the scan cone 30 having a length r of approxi-
mately 18 to 20 centimeters (cm).

[0094] FIG. 3 is a schematic illustration of a server-
accessed local area network in communication with a plu-
rality of ultrasound harmonic imaging systems. An ultra-
sound harmonic imaging system 100 includes one or more
personal computer devices 52 that may be coupled to a
server 56 by a communications system 55. The devices 52
may be, in turn, coupled to one or more ultrasound trans-
ceivers 10A and/or 10B, for examples the ultrasound har-
monic sub-systems 60A-60D. Ultrasound based images of
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organs or other regions of interest derived from either the
signals of echoes from fundamental frequency ultrasound
and/or harmonics thereof, may be shown within scan cone
30 or 40 presented on display 54. The server 56 may be
operable to provide additional processing of ultrasound
information, or it may be coupled to still other servers (not
shown in FIG. 3) and devices. Transceivers 10A or 10B may
be in wireless communication with computer 52 in sub-
system 60A, in wired signal communication in sub-system
10B, in wireless communication with computer 52 via
receiving cradle 50 in sub-system 10C, or in wired commu-
nication with computer 52 via receiving cradle 50 in sub-
system 10D.

[0095] FIG. 4 is a schematic illustration of the Internet in
communication with a plurality of ultrasound harmonic
imaging systems. An Internet system 110 may be coupled or

otherwise in communication with the ultrasound harmonic
sub-systems 60A-60D.

[0096] FIG. 5 schematically depicts a master method flow
chart algorithm 120 to acquire a clarity enhanced ultrasound
image. Algorithm 120 begins with process block 150, in
which an acoustic coupling or sonic gel is applied to the
dermal surface near the region-of-interest (ROI) using a
degassing gel dispenser. Embodiments illustrating the
degassing gel dispenser and its uses are depicted in FIGS.
36A-G below. After applying the sonic gel, decision dia-
mond 170 is reached with the query “Targeting a moving
structure?”, and if negative to this query, algorithm 120
continues to process block 200. At process block 200, the
ultrasound transceiver dome 20 of transceivers 10A,B are
placed into the dermal residing sonic gel to and pulsed
ultrasound energy is transmitted to the ROI. Thereafter,
echoes of the fundamental ultrasound frequency and/or
harmonics thereof are captured by the transceiver 10A,B and
converted to echogenic signals. If the answer to decision
diamond is affirmative for targeting a moving structure
within the ROI, the ROI is re-targeted, at process block 300,
using optical flow real-time analysis.

[0097] Whether receiving echogenic signals from non-
moving targets within the ROI from processing block 200,
or moving targets within the ROI from process block 300,
algorithm 120 continues with processing blocks 400A or
400B. Processing blocks 400A and 400B process echogenic
datasets of the echogenic signals from process blocks 200
and 300 using a point spread function algorithms to com-
pensate or otherwise suppress motion induced reverbera-
tions within the ROI echogenic data sets. Processing block
400A employs nonparametric analysis, and processing block
400B employs parametric analysis and described in FIG. 9
below. Once motion artifacts are corrected, algorithm 120
continues with processing block 50 to segment image sec-
tions derived from the distortion-compensated data sets. At
process block 600, areas of the segmented sections within
2D images and/or 3D volumes are determined. Thereafter,
master algorithm 120 completes at process block 700 in
which segmented structures within the static or moving ROI
is displayed along with any segmented section area and/or
volume measurements.

[0098] FIG. 6 is an expansion of sub-algorithm 150 of
master algorithm 120 of FIG. 7. Beginning from the entry
point of master algorithm 120, sub-algorithm 150 starts at
process block 152 wherein a metered volume of sonic gel is
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applied from the volume-controlled dispenser to the dermal
surface believed to overlap the ROI. Thereafter, at process
block 154, any gas pockets within the applied gel are
expelled by a roller pressing action. Sub-algorithm 150 is
then completed and exits to sub-algorithm 200.

[0099] FIG. 7 is an expansion of sub-algorithms 200 of
FIG. 5. Entering from process block 154, sub-algorithm 200
starts at process block 202 wherein the transceiver dome 20
of transceivers 10A,B are placed into the gas-purged sonic
gel to get a firm sonic coupling, and then at process block
206, pulsed frequency ultrasound is transmitted to the under-
lying ROL Thereafter, at process block 210, ultrasound
echoes from the ROI and any intervening structure, is
collected by the transceivers 10A,B and converted to the
echogenic data sets for presentation of an image of the ROL.
Once the image of the ROI is displayed, decision diamond
218 is reached with the query “Are structures of interest SOI
sufficiently in view within ROI?”, and if negative to this
query, sub-algorithm 200 continues to process block 222 in
which the transceiver is moved to a new anatomical location
for re-routing to process block 202. At process block 200,
the ultrasound transceiver dome 20 of transceivers 10A,B
are placed into the dermal residing sonic gel to and pulsed
ultrasound energy is transmitted to the ROI. If the answer to
the decision diamond 218 is affirmative for a sufficiently
viewed SOI, sub-algorithm 200 continues to process block
226 in which a 3D echogenic data set array of the ROI is
acquired using at least one of an ultrasound fundamental
and/or harmonic frequency. Sub-algorithm 200 is then com-
pleted and exits to sub-algorithm 300.

[0100] FIG. 8 is an expansion of sub-algorithm 300 of
master algorithm illustrated in FIG. 5. Entering from process
block 170, sub-algorithm 300 begins in processing block
302 by making a transceiver 10A,B-to-ROI sonic coupling
similar to process block 202, transmitting pulse frequency
ultrasound at process block 306, and thereafter, at processing
block 310, acquire ultrasound echoes, convert to echogenic
data sets, and present a currently displayed image “i” of the
ROI and compare “1” with any predecessor image “i-1" of
the RO, if available. Thereafter, at process block 314, pixel
movement along Cartesian axes is ascertained to determine
X and Y-axis pixel center-of-optical flow, and similarly,
followed by process block 318 pixel movement along the
phi angle to ascertain a rotational center-of-optical flow.
Thereafter, at process block 322, optical flow velocity maps
to ascertain whether axial and rotational vectors exceed a
pre-defined threshold OFR value. Once the velocity maps
are obtained, decision diamond 326 is reached with the
query “Does optical flow velocity map match the expected
pattern for the structure being imaged?”, and if negative,
sub-algorithm re-routes to process block 306 for retransmis-
sion of ultrasound to the ROI via the sonically coupled
transceiver 10A B. If affirmative for a matched velocity map
and expected pattern of the structure being imaged, sub-
algorithm 300 continues with process block 330 in which a
3D echogenic data set array of the ROI is acquired using at
least one of an ultrasound fundamental and/or harmonic
frequency. Sub-algorithm 300 is then completed and exits to
sub-algorithms 400A and 400B.

[0101] FIG. 9 depicts expansion of subalgorithms 400A
and 4008 of FIG. 5. Sub-algorithm 400A employs nonpara-
metric pulse estimation and 400B employs parametric pulse
estimation. Sub-algorithm 400A describes an implementa-
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tion of the CLEAN algorithm for reducing reverberation and
noise in the ultrasound signals and comprises an RF line
processing block 400A-2, a non-parametric pulse estimation
block 400A-4, a CLEAN iteration block 400A-6, a decision
diamond block 400A-8 having the query “STOP?”, and a
Scan Convert processing block 400A-10. The same algo-
rithm is applied to each RF line in a scan plane, but each RF
line uses its own unique estimate of the point spread function
of the transducer (or pulse estimate). The algorithm is
iterative by re-routing to Non parametric pulse estimation
block 400A-4 in that the point spread function is estimated,
the CLEAN sub-algorithm applied and then the pulse is
re-estimated from the output of the CLEAN sub-algorithm.
The iterations are stopped after a maximum number of
iterations is reached or the changes in the signal are suffi-
ciently small. Thereafter, once the iteration has stopped, the
signals are converted for presentation as part of a scan plane
image at process block 400A-10. Sub-algorithm 400A is
then completed and exits to sub-algorithms 500.

[0102] Referring to sub-algorithm 400B, parametric
analysis employs an implementation of the CLEAN algo-
rithm that is not iterative. Sub-algorithm 400B comprise
comprises an RF line processing block 400B-2, a parametric
pulse estimation block 400B-4, a CLEAN algorithm block
400B-6, a CLEAN iteration block 400B-8, and a Scan
Convert processing block 400B-10. The point spread func-
tion of the transducer is estimated once and becomes a priori
information used in the CLEAN algorithm. A single estimate
of the pulse is applied to all RF lines in a scan plane and the
CLEAN algorithm is applied once to each line. The signal
output is then converted for presentation as part of a scan
plane image at process block 400B-10. Sub-algorithm 400B
is then completed and exits to sub-algorithms 500.

[0103] FIG. 10 is an expansion of sub-algorithm 500 of
FIG. 5. 3D data sets from processing blocks 400A-10 or
400B-10 of sub-algorithms 400A or 400B are entered at
input data process block 504 that then undergoes a 2-step
image enhancement procedure at process block 506. The
2-step image enhancement includes performing a heat filter
to reduce noise followed by a shock filter to sharpen edges
of structures within the 3D data sets. The heat and shock
filters are partial differential equations (PDE) defined
respectively in Equations E1 and E2 below:

(914_(9214 Pu Heat Filt El
E_W+B_yz(ea ilter)

du . E2
i —F(l)||IV 4| (Shock Filter)

[0104] Here u in the heat filter represents the image being
processed. The image u is 2D, and is comprised of an array
of pixels arranged in rows along the x-axis, and an array of
pixels arranged in columns along the y-axis. The pixel
intensity of each pixel in the image u has an initial input
image pixel intensity (I) defined as u,=I. The value of I
depends on the application, and commonly occurs within
ranges consistent with the application. For example, I can be
as low as 0 to 1, or occupy middle ranges between 0 to 127
or 0 to 512. Similarly, I may have values occupying higher
ranges of 0 to 1024 and 0 to 4096, or greater. For the shock
filter u represents the image being processed whose initial

Oct. 4, 2007

value is the input image pixel intensity (I): u,=I where the
1(u) term is the Laplacian of the image u, F is a function of
the Laplacian, and |[Vul| is the 2D gradient magnitude of
image intensity defined by equation E3:

HV14H=‘/uI2+uy2 E3

[0105] Where u? =the square of the partial derivative of
the pixel intensity (u) along the x-axis, 112y=the square of the
partial derivative of the pixel intensity (u) along the y-axis,
the Laplacian 1(u) of the image, u, is expressed in equation
E4:

lany=u ot >+ 2u ot b1 F4
[0106]
[0107] Ux is the first partial derivative

Equation E9 relates to equation E6 as follows:

du
ax

of u along the x-axis,

[0108] Ux Uy is the first partial derivative

ou
ay

of u along the y-axis,

[0109] Ux U2 is the square of the first partial derivative

ou
dx

of u along the x-axis,

[0110] Ux U, is the square of the first partial derivative

du
ay

of u along the y-axis,
[0111] Ux Uxx is the second partial derivative

& u
a2

of u along the x-axis,

[0112] Ux Uyy is the second partial derivative

’u
0y

of v along the y-axis,
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[0113] Uxy is cross multiple first partial derivative

du
dxdy

of u along the x and y axes, and

[0114] Uxy the sign of the function F modifies the Lapla-
cian by the image gradient values selected to avoid placing
spurious edges at points with small gradient values:

Fl@) =1, if I >0 and |V ull > 1

=1, if ) <0 and [|[Vull>1

[0115] =0, otherwise

[0116] where t is a threshold on the pixel gradient value
[Vul.

[0117] The combination of heat filtering and shock filter-

ing produces an enhanced image ready to undergo the
intensity-based and edge-based segmentation algorithms as
discussed below. The enhanced 3D data sets are then sub-
jected to a parallel process of intensity-based segmentation
at process block 510 and edge-based segmentation at pro-
cess block 512. The intensity-based segmentation step uses
a “k-means” intensity clustering technique where the
enhanced image is subjected to a categorizing “k-means”
clustering algorithm. The “k-means” algorithm categorizes
pixel intensities into white, gray, and black pixel groups.
Given the number of desired clusters or groups of intensities
(k), the k-means algorithm is an iterative algorithm com-
prising four steps: Initially determine or categorize cluster
boundaries by defining a minimum and a maximum pixel
intensity value for every white, gray, or black pixels into
groups or k-clusters that are equally spaced in the entire
intensity range. Assign each pixel to one of the white, gray
or black k-clusters based on the currently set cluster bound-
aries. Calculate a mean intensity for each pixel intensity
k-cluster or group based on the current assignment of pixels
into the different k-clusters. The calculated mean intensity is
defined as a cluster center. Thereafter, new cluster bound-
aries are determined as mid points between cluster centers.
The fourth and final step of intensity-based segmentation
determines if the cluster boundaries significantly change
locations from their previous values. Should the cluster
boundaries change significantly from their previous values,
iterate back to step 2, until the cluster centers do not change
significantly between iterations. Visually, the clustering pro-
cess is manifest by the segmented image and repeated
iterations continue until the segmented image does not
change between the iterations.

[0118] The pixels in the cluster having the lowest intensity
value—the darkest cluster—are defined as pixels associated
with internal cavity regions of bladders. For the 2D algo-
rithm, each image is clustered independently of the neigh-
boring images. For the 3D algorithm, the entire volume is
clustered together. To make this step faster, pixels are
sampled at 2 or any multiple sampling rate factors before
determining the cluster boundaries. The cluster boundaries
determined from the down-sampled data are then applied to
the entire data.
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[0119] The edge-based segmentation process block 512
uses a sequence of four sub-algorithms. The sequence
includes a spatial gradients algorithm, a hysteresis threshold
algorithm, a Region-of-Interest (ROI) algorithm, and a
matching edges filter algorithm. The spatial gradient algo-
rithm computes the x-directional and y-directional spatial
gradients of the enhanced image. The hysteresis threshold
algorithm detects salient edges. Once the edges are detected,
the regions defined by the edges are selected by a user
employing the ROI algorithm to select regions-of-interest
deemed relevant for analysis.

[0120] Since the enhanced image has very sharp transi-
tions, the edge points can be easily determined by taking x-
and y-derivatives using backward differences along x- and
y-directions. The pixel gradient magnitude |[VI|| is then
computed from the x- and y-derivative image in equation E5
as:

HVIH=‘/IXQ+IYZ ES

[0121] Where I? =the square of x-derivative of intensity
and Izy=the square of y-derivative of intensity along the
y-axis.

[0122] Significant edge points are then determined by
thresholding the gradient magnitudes using a hysteresis
thresholding operation. Other thresholding methods could
also be used. In hysteresis thresholding, two threshold
values, a lower threshold and a higher threshold, are used.
First, the image is thresholded at the lower threshold value
and a connected component labeling is carried out on the
resulting image. Next, each connected edge component is
preserved which has at least one edge pixel having a gradient
magnitude greater than the upper threshold. This kind of
thresholding scheme is good at retaining long connected
edges that have one or more high gradient points.

[0123] In the preferred embodiment, the two thresholds
are automatically estimated. The upper gradient threshold is
estimated at a value such that at most 97% of the image
pixels are marked as non-edges. The lower threshold is set
at 50% of the value of the upper threshold. These percent-
ages could be different in different implementations. Next,
edge points that lie within a desired region-of-interest are
selected. This region of interest algorithm excludes points
lying at the image boundaries and points lying too close to
or too far from the transceivers 10A,B. Finally, the matching
edge filter is applied to remove outlier edge points and fill in
the area between the matching edge points.

[0124] The edge-matching algorithm is applied to estab-
lish valid boundary edges and remove spurious edges while
filling the regions between boundary edges. Edge points on
an image have a directional component indicating the direc-
tion of the gradient. Pixels in scanlines crossing a boundary
edge location can exhibit two gradient transitions depending
on the pixel intensity directionality. Each gradient transition
is given a positive or negative value depending on the pixel
intensity directionality. For example, if the scanline
approaches an echo reflective bright wall from a darker
region, then an ascending transition is established as the
pixel intensity gradient increases to a maximum value, i.e.,
as the transition ascends from a dark region to a bright
region. The ascending transition is given a positive numeri-
cal value. Similarly, as the scanline recedes from the echo
reflective wall, a descending transition is established as the
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pixel intensity gradient decreases to or approaches a mini-
mum value. The descending transition is given a negative
numerical value.

[0125] Valid boundary edges are those that exhibit ascend-
ing and descending pixel intensity gradients, or equivalently,
exhibit paired or matched positive and negative numerical
values. The valid boundary edges are retained in the image.
Spurious or invalid boundary edges do not exhibit paired
ascending-descending pixel intensity gradients, i.e., do not
exhibit paired or matched positive and negative numerical
values. The spurious boundary edges are removed from the
image.

[0126] For bladder cavity volumes, most edge points for
blood fluid surround a dark, closed region, with directions
pointing inwards towards the center of the region. Thus, for
a convex-shaped region, the direction of a gradient for any
edge point, the edge point having a gradient direction
approximately opposite to the current point represents the
matching edge point. Those edge points exhibiting an
assigned positive and negative value are kept as valid edge
points on the image because the negative value is paired with
its positive value counterpart. Similarly, those edge point
candidates having unmatched values, i.e., those edge point
candidates not having a negative-positive value pair, are
deemed not to be true or valid edge points and are discarded
from the image.

[0127] The matching edge point algorithm delineates edge
points not lying on the boundary for removal from the
desired dark regions. Thereafter, the region between any two
matching edge points is filled in with non-zero pixels to
establish edge-based segmentation. In a preferred embodi-
ment of the invention, only edge points whose directions are
primarily oriented co-linearly with the scanline are sought to
permit the detection of matching front wall and back wall
pairs of a bladder cavity, for example the left or right
ventricle.

[0128] Referring again to FIG. 10, results from the respec-
tive segmentation procedures are then combined at process
block 514 and subsequently undergoes a cleanup algorithm
process at process block 516. The combining process of
block 214 uses a pixel-wise Boolean AND operator step to
produce a segmented image by computing the pixel inter-
section of two images. The Boolean AND operation repre-
sents the pixels of each scan plane of the 3D data sets as
binary numbers and the corresponding assignment of an
assigned intersection value as a binary number 1 or 0 by the
combination of any two pixels. For example, consider any
two pixels, say pixel, and pixely, which can havea 1 or 0
as assigned values. If pixel . ’s value is 1, and pixely’s value
is 1, the assigned intersection value of pixel, and pixely is
1. If the binary value of pixel, and pixely are both 0, or if
either pixel,, or pixely is 0, then the assigned intersection
value of pixel , and pixely is 0. The Boolean AND operation
takes the binary any two digital images as input, and outputs
a third image with the pixel values made equivalent to the
intersection of the two input images.

[0129] After combining the segmentation results, the com-
bined pixel information in the 3D data sets In a fifth process
is cleaned at process block 516 to make the output image
smooth and to remove extraneous structures not relevant to
bladder cavities. Cleanup 516 includes filling gaps with
pixels and removing pixel groups unlikely to be related to
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the ROI undergoing study, for example pixel groups unre-
lated to bladder cavity structures. Sub-algorithm 500 is then
completed and exits to sub-algorithm 600.

[0130] FIG. 11 depicts a logarithm of a Cepstrum. The
Cepstrum is used in sub-algorithm 400A for the pulse
estimation via application of point spread functions to the
echogenic data sets generated by the transceivers 10A,B.

[0131] FIGS. 12A-C depict histogram waveform plots
derived from water tank pulse-echo experiments undergoing
parametric and non-parametric analysis. FIG. 12A is a
measure plot. FIG. 12B is a nonparametric pulse estimated
pattern derived from sub-algorithm 400A. FIG. 12¢ is a
parametric pulse estimated pattern derived from sub-algo-
rithm 400B.

[0132] FIGS. 13-25 are bladder sonograms that depict
image clarity after undergoing image enhancement process-
ing by algorithms described in FIGS. 5-10.

[0133] FIG. 13 is an unprocessed image that will undergo
image enhancement processing.

[0134] FIG. 14 illustrates an enclosed portion of a mag-
nified region of FIG. 13.

[0135] FIG. 15 is the resultant image of FIG. 13 that has
undergone image processing via nonparametric estimation
under sub-algorithm 400A. The low echogenic region within
the circle inset has more contrast than the unprocessed
image of FIGS. 13 and 14.

[0136] FIG. 16 is the resultant image of FIG. 13 that has
undergone image processing via parametric estimation
under sub-algorithm 400B. Here the circle inset is in the
echogenic musculature region encircling the bladder and is
shown with enhanced contrast and clarity than the magni-
fied, unprocessed image of FIG. 14.

[0137] FIG. 17 the resultant image of an alternate image-
processing embodiment using a Weiner filter. Weiner filtra-
tion image does not have the clarity nor the contrast in the
low echogenic bladder region of FIG. 15 (compare circle
insets).

[0138] FIG. 18 is another unprocessed image that will
undergo image enhancement processing.

[0139] FIG. 19 illustrates an enclosed portion of a mag-
nified region of FIG. 18.

[0140] FIG. 20 is the resultant image of FIG. 18 that has
undergone image processing via nonparametric estimation
under sub-algorithm 400A. The low echogenic region is
darker and the echogenic regions are brighter with more
contrast than the magnified, unprocessed image of FIG. 19.

[0141] FIG. 21 is the resultant image of FIG. 18 that has
undergone image processing via parametric estimation
under sub-algorithm 400B. The low echogenic region is
darker and the echogenic regions are brighter with enhanced

contrast and clarity than the magnified, unprocessed image
of FIG. 19.

[0142] FIG. 22 is another unprocessed image that will
undergo image enhancement processing.

[0143] FIG. 23 illustrates an enclosed portion of a mag-
nified region of FIG. 22.
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[0144] FIG. 24 is the resultant image of FIG. 22 that has
undergone image processing via nonparametric estimation
under sub-algorithm 400A. The low echogenic region is
darker and the echogenic regions are brighter with more
contrast than the magnified, unprocessed image of FIG. 23.

[0145] FIG. 25 is the resultant image of FIG. 22 that has
undergone image processing via parametric estimation
under sub-algorithm 400B. The low echogenic region is
darker and the echogenic regions are brighter with enhanced

contrast and clarity than the magnified, unprocessed image
of FIG. 23.

[0146] FIG. 26 depicts a schematic example of a time
velocity map derived from sub-algorithm 310.

[0147] FIG. 27 depicts another schematic example of a
time velocity map derived from sub-algorithm 310.

[0148] FIG. 28 illustrates a seven panel image series of a
beating heart ventricle that will undergo the optical flow
processes of sub-algorithm 300 in which at least two images
are required.

[0149] FIG. 29 illustrates an optical flow velocity map plot
of the seven panel image series of FIG. 28 presented in a 2D
flow pattern after undergoing sub-algorithm 310.

[0150] FIG. 30 illustrates an optical flow velocity map plot
of the seven panel image series of FIG. 28 along the X-axis
direction or phi direction after undergoing sub-algorithm
310.

[0151] FIG. 31 illustrates an optical flow velocity map plot
of the seven panel image series of FIG. 28 along the Y-axis
direction radial direction after undergoing sub-algorithm
310.

[0152] FIG. 32 illustrates a 3D optical vector plot after
undergoing sub-algorithm 310 and corresponds to the top
row of FIG. 29.

[0153] FIG. 33 illustrates a 3D optical vector plot in the
phi direction after undergoing sub-algorithm 310 and cor-
responds to FIG. 30 at threshold value T=1.

[0154] FIG. 34 illustrates a 3D optical vector plot in the
radial direction after undergoing sub-algorithm 310 and
corresponds to FIG. 31 at T=I.

[0155] FIG. 35 illustrates a 3D optical vector plot in the
radial direction above a Y-axis threshold setting of 0.6 after
undergoing sub-algorithm 310 and corresponds to FIG. 34
the threshold T that are less than 0.6 are set to 0.

[0156] FIGS. 36A-G depicts embodiments of the sonic gel
dispenser.
[0157] FIG. 36A illustrates the metered dispensing of

sonic gel by calibrated rotation of a compressing wheel. The
peristaltic mechanism using the compressing wheel is shown
in partial a side view compressing wheel mechanism.

[0158] FIG. 36B illustrates in cross-section the inside the
dispenser showing a collapsible bag that is engaged by the
compressing wheel. As more rotation action is conveyed the
compressing wheel, the bag progressively collapses.

[0159] FIG. 36C illustrates an alternative embodiment
employing compression by hand gripping.
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[0160] FIG. 36D illustrates an alternative embodiment
employing push button or lever compression to dispense
metered quantities of sonic gel.

[0161] FIG. 36E illustrates an alternative embodiment
employing air valves to limit re-gassing of internal sonic gel
volume stores within the sonic gel dispenser. The value is
pinched closed while when the gripping or compressing
wheel pressure is lessened and spring opens when the
gripping or compressing wheel pressure is increased to
allow sonic gel to be dispensed.

[0162] FIG. 36F illustrates a side, cross-sectional view of
the gel dispensing system that includes a pre-packaged
collapsible bottle with a refill bag, a bottle holder that
positions the pre-packaged bottle for use, and a sealed tip
that may be clipped open.

[0163] FIG. 36G illustrate a side view of the pre-packaged
collapsible bottle of FIG. 36F. A particular embodiment
includes eight ounce squeeze bottle.

[0164] FIGS. 37-46 concern insertion viewed by ultra-
sonic systems in which the optimization of cannula motion
detection during insertion is enhanced with method algo-
rithms directed to detect moving cannula fitted with
echogenic ultrasound micro reflectors.

[0165] An embodiment related to cannula insertion gen-
erally includes an ultrasound probe attached to a first camera
and a second camera and a processing and display generat-
ing system that is in signal communication with the ultra-
sound probe, the first camera, and/or the second camera. A
user of the system scans tissue containing a target vein using
the ultrasound probe and a cross-sectional image of the
target vein is displayed. The first camera records a first
image of a cannula in a first direction and the second camera
records a second image of the cannula in a second direction
orthogonal to the first direction. The first and/or the second
images are processed by the processing and display gener-
ating system along with the relative positions of the ultra-
sound probe, the first camera, and/or the second camera to
determine the trajectory of the cannula. A representation of
the determined trajectory of the cannula is then displayed on
the ultrasound image.

[0166] FIG. 37 is a diagram illustrating a side view of one
embodiment of the present invention. A two-dimensional
(2D) ultrasound probe 1010 is attached to a first camera
1014 that takes images in a first direction. The ultrasound
probe 1010 is also attached to a second camera 1018 via a
member 1016. In other embodiments, the member 1016 may
link the first camera 1014 to the second camera 1018 or the
member 1016 may be absent, with the second camera 1018
being directly attached to a specially configured ultrasound
probe. The second camera 1018 is oriented such that the
second camera 1018 takes images in a second direction that
is orthogonal to the first direction of the images taken by the
first camera 1014. The placement of the cameras 1014, 1018
may be such that they can both take images of a cannula
1020 when the cannula 1020 is placed before the cameras
1014, 1018. A needle may also be used in place of a cannula.
The cameras 1014, 1018 and the ultrasound probe 1010 are
geometrically interlocked such that the cannula 1020 trajec-
tory can be related to an ultrasound image. In FIG. 37, the
second camera 1018 is behind the cannula 1020 when
looking into the plane of the page. The cameras 1014, 1018
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take images at a rapid frame rate of approximately 1030
frames per second. The ultrasound probe 1010 and/or the
cameras 1014, 1018 are in signal communication with a
processing and display generating system 1061.

[0167] First, a user employs the ultrasound probe 1010
and the processing and display generating system 1061 to
generate a cross-sectional image of a patient’s arm tissue
containing a vein to be cannulated (“target vein”) 1019. This
could be done by one of the methods disclosed in the related
patents and/or patent applications which are herein incor-
porated by reference, for example. The user then identifies
the target vein 1019 in the image using methods such as
simple compression which differentiates between arteries
and/or veins by using the fact that veins collapse easily while
arteries do not. After the user has identified the target vein
1019, the ultrasound probe 1010 is affixed to the patient’s
arm over the previously identified target vein 19 using a
magnetic tape material 1012. The ultrasound probe 1010 and
the processing and display generating system 1061 continue
to generate a 2D cross-sectional image of the tissue con-
taining the target vein 1019. Images from the cameras 1014,
1018 are provided to the processing and display generating
system 1061 as the cannula 1020 is approaching and/or
entering the arm of the patient.

[0168] The processing and display generating system
1061 locates the cannula 1020 in the images provided by the
cameras 1014, 1018 and determines the projected location at
which the cannula 1020 will penetrate the cross-sectional
ultrasound image being displayed. The trajectory of the
cannula 1020 is determined in some embodiments by using
image processing to identify bright spots corresponding to
micro reflectors previously machined into the shaft of the
cannula 1020 or a needle used alone or in combination with
the cannula 1020. Image processing uses the bright spots to
determine the angles of the cannula 1020 relative to the
cameras 1014, 1018 and then generates a projected trajec-
tory by using the determined angles and/or the known
positions of the cameras 1014, 1018 in relation to the
ultrasound probe 10. In other embodiments, determination
of the cannula 1020 trajectory is performed using edge-
detection algorithms in combination with the known posi-
tions of the cameras 1014, 1018 in relation to the ultrasound
probe 1010, for example.

[0169] The projected location may be indicated on the
displayed image as a computer-generated cross-hair 1066,
the intersection of which is where the cannula 1020 is
projected to penetrate the image. When the cannula 1020
does penetrate the cross-sectional plane of the scan produced
by the ultrasound probe 1010, the ultrasound image confirms
that the cannula 1020 penetrated at the location of the
cross-hair 1066. This gives the user a real-time ultrasound
image of the target vein 1019 with an overlaid real-time
computer-generated image of the position in the ultrasound
image that the cannula 1020 will penetrate. This allows the
user to adjust the location and/or angle of the cannula 1020
before and/or during insertion to increase the likelihood they
will penetrate the target vein 1019. Risks of pneumothorax
and other adverse outcomes should be substantially reduced
since a user will be able to use normal “free” insertion
procedures but have the added knowledge of knowing where
the cannula 1020 trajectory will lead.

[0170] FIG. 38 is a diagram illustrating a top view of the
embodiment shown in FIG. 37. It is more easily seen from
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this view that the second camera 1018 is positioned behind
the cannula 1020. The positioning of the cameras 1014, 1018
relative to the cannula 1020 allows the cameras 1014, 1018
to capture images of the cannula 1020 from two different
directions, thus making it easier to determine the trajectory
of the cannula 1020.

[0171] FIG. 39 is diagram showing additional detail for a
needle shaft 1022 to be used with one embodiment of the
invention. The needle shaft 1022 includes a plurality of
micro corner reflectors 1024. The micro corner reflectors
1024 are cut into the needle shaft 1022 at defined intervals
Al in symmetrical patterns about the circumference of the
needle shaft 1022. The micro corner reflectors 1024 could be
cut with a laser, for example.

[0172] FIGS. 40A and 40B are diagrams showing close-up
views of surface features of the needle shaft 1022 shown in
FIG. 39. FIG. 40 A shows a first input ray with a first incident
angle of approximately 90° striking one of the micro corner
reflectors 1024 on the needle shaft 1022. A first output ray
is shown exiting the micro corner reflector 1024 in a
direction toward the source of the first input ray. FIG. 40B
shows a second input ray with a second incident angle other
than 90° striking a micro corner reflector 1025 on the needle
shaft 1022. A second output ray is shown exiting the micro
corner reflector 1025 in a direction toward the source of the
second input ray. FIGS. 40A and 40B illustrate that the
micro corner reflectors 1024, 1025 are useful because they
tend to reflect an output ray in the direction from which an
input ray originated.

[0173] FIG. 41 is a diagram showing imaging components
for use with the needle shaft 1022 shown in FIG. 39 in
accordance with one embodiment of the invention. The
imaging components are shown to include a first light source
1026, a second light source 1028, a lens 1030, and a sensor
chip 1032. The first and/or second light sources 1026, 1028
may be light emitting diodes (LEDs), for example. In an
example embodiment, the light sources 1026, 1028 are
infra-red LEDs. Use of an infra-red source is advantageous
because it is not visible to the human eye, but when an image
of the needle shaft 1022 is recorded, the image will show
strong bright dots where the micro corner reflectors 1024 are
located because silicon sensor chips are sensitive to infra-red
light and the micro corner reflectors 1024 tend to reflect
output rays in the direction from which input rays originate,
as discussed with reference to FIGS. 40A and 40B. In
alternative embodiments, a single light source may be used.
Although not shown, the sensor chip 1032 is encased in a
housing behind the lens 1030 and the sensor chip 1032 and
light sources 1026, 1028 are in electrical communication
with the processing and display generating system 1061. The
sensor chip 1032 and/or the lens 1030 form a part of the first
and second cameras 1014, 1018 in some embodiments. In an
example embodiment, the light sources 1026, 1028 are
pulsed on at the time the sensor chip 1032 captures an image.
In other embodiments, the light sources 1026, 1028 are left
on during video image capture.

[0174] FIG. 42 is a diagram showing a representation of an
image 1034 produced by the imaging components shown in
FIG. 41. The image 34 may include a needle shaft image
1036 that corresponds to a portion of the needle shaft 1022
shown in FIG. 41. The image 1034 also may include a series
of bright dots 1038 running along the center of the needle
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shaft image 1036 that correspond to the micro corner
reflectors 1024 shown in FIG. 41. A center line 1040 is
shown in FIG. 42 to illustrate how an angle theta () could
be obtained by image processing to recognize the bright dots
1038 and determine a line through them. The angle theta
represents the degree to which the needle shaft 1022 is
inclined with respect to a reference line 1042 that is related
to the fixed position of the sensor chip 1032.

[0175] FIG. 43 is a system diagram of an embodiment of
the present invention and shows additional detail for the
processing and display generating system 1061 in accor-
dance with an example embodiment of the invention. The
ultrasound probe 1010 is shown connected to the processing
and display generating system via M control lines and N data
lines. The M and N variables are for convenience and appear
simply to indicate that the connections may be composed of
one or more transmission paths. The control lines allow the
processing and display generating system 61 to direct the
ultrasound probe 1010 to properly perform an ultrasound
scan and the data lines allow responses from the ultrasound
scan to be transmitted to the processing and display gener-
ating system 1061. The first and second cameras 1014, 1018
are also each shown to be connected to the processing and
display generating system 1061 via N lines. Although the
same variable N is used, it is simply indicating that one or
more lines may be present, not that each device with a label
of N lines has the same number of lines.

[0176] The processing and display generating system
1061 is composed of a display 1064 and a block 1062
containing a computer, a digital signal processor (DSP), and
analog to digital (A/D) converters. As discussed for FIG. 37,
the display 1064 will display a cross-sectional ultrasound
image. The computer-generated cross hair 66 is shown over
a representation of a cross-sectional view of the target vein
1019 in FIG. 43. The cross hair 1066 consists of an
x-crosshair 1068 and a z-crosshair 1070. The DSP and the
computer in the block 1062 use images from the first camera
1014 to determine the plane in which the cannula 1020 will
penetrate the ultrasound image and then write the z-crosshair
1070 on the ultrasound image provided to the display 1064.
Similarly, the DSP and the computer in the block 1062 use
images from the second camera 1018, which are orthogonal
to the images provided by the first camera 1014 as discussed
for FIG. 37, to write the x-crosshair 1068 on the ultrasound
image.

[0177] FIG. 44 is a system diagram of an example embodi-
ment showing additional detail for the block 1062 shown in
FIG. 39. The block 1062 includes a first A/D converter 1080,
a second A/D converter 1082, and a third A/D converter
1084. The first A/D converter 1080 receives signals from the
ultrasound probe 1010 and converts them to digital infor-
mation that is provided to a DSP 1086. The second and third
A/D converters 1082, 1084 receive signals from the first and
second cameras 1014, 1018 respectively and convert the
signals to digital information that is provided to the DSP
1086. In alternative embodiments, some or all of the A/D
converters are not present. For example, video from the
cameras 1014, 1018 may be provided to the DSP 1086
directly in digital form rather than being created in analog
form before passing through A/D converters 1082, 1084.
The DSP 1086 is in data communication with a computer
1088 that includes a central processing unit (CPU) 1090 in
data communication with a memory component 1092. The
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computer 1088 is in signal communication with the ultra-
sound probe 1010 and is able to control the ultrasound probe
1010 using this connection. The computer 1088 is also
connected to the display 64 and produces a video signal used
to drive the display 1064.

[0178] FIG. 45 is a flowchart of a method of displaying the
trajectory of a cannula in accordance with an embodiment of
the present invention. First, at a block 1200, an ultrasound
image of a vein cross-section is produced and/or displayed.
Next, at a block 1210, the trajectory of a cannula is deter-
mined. Then, at a block 1220, the determined trajectory of
the cannula is displayed on the ultrasound image.

[0179] FIG. 46 is a flowchart showing additional detail for
the block 1210 depicted in FIG. 45. The block 1210 includes
a block 1212 where a first image of a cannula is recorded
using a first camera. Next, at a block 1214, a second image
of the cannula orthogonal to the first image of the cannula is
recorded using a second camera. Then, at a block 1216, the
first and second images are processed to determine the
trajectory of the cannula.

[0180] While the preferred embodiment of the invention
has been illustrated and described, as noted above, many
changes can be made without departing from the spirit and
scope of the invention. For example, a three dimensional
ultrasound system could be used rather than a 2D system. In
addition, different numbers of cameras could be used along
with image processing that determines the cannula 1020
trajectory based on the number of cameras used. The two
cameras 1014, 1018 could also be placed in a non-orthogo-
nal relationship so long as the image processing was
adjusted to properly determine the orientation and/or pro-
jected trajectory of the cannula 1020. Also, an embodiment
of the invention could be used for needles and/or other
devices which are to be inserted in the body of a patient.
Additionally, an embodiment of the invention could be used
in places other than arm veins. Regions of the patient’s body
other than an arm could be used and/or biological structures
other than veins may be the focus of interest. As regards
ultrasound-based algorithms, alternate embodiments may be
configured to image acquisitions other than ultrasound, for
example X-ray, visible and infrared light acquired images.
Accordingly, the scope of the invention is not limited by the
disclosure of the preferred embodiment.

The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:
1. A system to improve image clarity in ultrasound images

comprising:

an ultrasound transducer connected with a microprocessor
configured collect and process echoes returning from at
least two ultrasound-based images from a scanned
region-of-interest,

wherein motion sections are compensated with the sta-

tionary sections within the scanned region of interest.

2. A method to improve image clarity in ultrasound
images comprising:

acquiring at least two ultrasound images from a region of
interest of a subject;

segmenting the region of interest;

determining the motion and still sections of the region of
interest; and
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compensating for the motion section within the region of
interest.
3. A system for visualizing a cannula trajectory compris-
ing:

a processing and display generating system

an ultrasound probe connected to the processing and
display generating system;

a first camera attached to the ultrasound probe that takes
images in a first direction and is in signal communica-
tion with the processing and display generating system;
and

a second camera attached to the ultrasound probe via a
member that takes images in a second direction
orthogonal to the first direction of the images taken by
the first camera, the second camera being in signal
communication with the processing and display gener-
ating system,

wherein the placement of the first camera and the second
camera is such that the first camera and the second
camera can both take images of a cannula when the

14
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cannula is placed before the cameras and the first
camera, the second camera, and the ultrasound probe
are geometrically placed such that the cannula trajec-
tory can be related to an ultrasound image.
4. A method for visualizing a cannula trajectory compris-
ing:

scanning tissue containing a target vein using an ultra-
sound probe;

displaying a cross-sectional ultrasound image of the target
vein,

recording a first image of a cannula using a first camera;

recording a second image of the cannula using a second
camera;

processing the first image and the second image to deter-
mine the trajectory of the cannula; and

displaying a representation of the determined trajectory of
the cannula on the ultrasound image
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