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AUTOMATIC DOPPLER GATE POSITIONING
IN SPECTRAL DOPPLER ULTRASOUND
IMAGING

RELATED CASE

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 13/548,561, filed Jul. 13, 2012, which is hereby
incorporated by reference in its entirety.

BACKGROUND

[0002] The present invention relates to pulsed wave (PW)
spectral Doppler ultrasound. Spectral Doppler ultrasound
imaging provides an image of velocities (vertical axis) values
modulated by energy as a function of time (horizontal axis).
This spectrum may be used for studying fluid flow or tissue
motion within a patient. By transmitting a plurality of pulses
at a single gate location, a spectral Doppler response is gen-
erated in response to received echo signals. The frequency
spectrum of the object’s motion or flow for a single spatial
region is estimated and displayed as a function of time.

[0003] Sonographers manually adjust the gate location,
gate size, transmit frequency and other spectral Doppler
imaging control parameters in order to acquire a desirable
image. The gate placement is assisted by display of a 2D
B-mode image of the anatomy of interest. Some processes
have been proposed for automatic placement of the spectral
Doppler gate using B-mode or color Doppler (F-mode) infor-
mation. However, obtaining the B-mode or F-mode informa-
tion interrupts the acquisition of the relatively high pulse
repetition frequency PW Doppler. A brief interruption (e.g.,
10-20 ms) allows at least a portion of the two or three-dimen-
sional B-mode or F-mode data to be acquired. This produces
gaps in the PW Doppler measurement. Depending on the
temporal characteristics of the PW Doppler waveform due to
flow dynamics, vital information may be lost during this time
interval.

BRIEF SUMMARY

[0004] By way of introduction, the preferred embodiments
described below include methods, systems, computer read-
able media, and instructions for positioning a Doppler gate in
spectral Doppler ultrasound imaging. Samples acquired for
multiple PW Doppler gates are used for B-mode and/or
F-mode detection over time without interleaving transmis-
sions from the PW Doppler. The B-mode and/or F-mode
information are used to track gate placement. Alternatively or
additionally, characteristics of spectra from different gate
locations are used to select a gate location. Either positioning
may be used to change the locations sampled and/or beam
characteristics, such as centering the locations and beam
focus on the selected gate location.

[0005] Inafirstaspect, amethod is provided for positioning
a Doppler gate in spectral Doppler ultrasound imaging.
Transmit beams are transmitted repetitively from a transducer
array. In response to the transmitting, signals from different
receive locations are repetitively received. B-mode informa-
tion representing the different receive locations at different
times is detected from at least some of the signals. The Dop-
pler gate location is tracked with the B-mode information. A
first spectrum for the tracked Doppler gate location is esti-
mated from the signals for the tracked Doppler gate location.
An image is displayed as a function of the first spectrum.
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[0006] 1In asecond aspect, a non-transitory computer read-
able storage medium has stored therein data representing
instructions executable by a programmed processor for posi-
tioning a Doppler gate in spectral Doppler ultrasound imag-
ing. The storage medium includes instructions for receiving
signals over time for each a plurality of spaced apart loca-
tions, performing spectral analysis of the signals separately
for each of the spaced apart locations, the spectral analysis
providing spectra for each of the spaced apart locations,
detecting a characteristic of each spectra from the spaced
apart locations, setting a Doppler gate location to one of the
spaced apart locations as a function of the characteristic of
each spectrum, and updating a distribution of the spaced apart
locations as a function of the set Doppler gate location so that
a center of the distribution is at the set Doppler gate location.

[0007] In athird aspect, a system is provided for position-
ing a Doppler gate in spectral Doppler ultrasound imaging. A
transmit beamformer is operable to transmit beams. A receive
beamformer is operable to form a plurality of spaced apart
receive beams in response to each of the transmit beams, each
of the receive beams sampled at a plurality of depths. A
processor is configured to set a location of the Doppler gate as
a function of the sampled receive beams and to control the
transmit beamformer to center the transmit beams and spac-
ing of the sampling of the receive beams on the location.

[0008] In a fourth aspect, a non-transitory computer read-
able storage medium has stored therein data representing
instructions executable by a programmed processor for posi-
tioning a Doppler gate in spectral Doppler ultrasound imag-
ing. The storage medium includes instructions for receiving
signals over time for each of a plurality of spaced apart
locations, detecting B-mode information for different times
from at least some of the signals, tracking a location over time
with the B-mode information, updating the spaced apart loca-
tions as a function of the tracked location, performing spectral
analysis of the signals separately for each of the spaced apart
locations, the spectral analysis providing spectra for each of
the spaced apart locations, detecting a characteristic of each
spectra from the spaced apart locations, and setting a Doppler
gate location to one of the spaced apart locations as a function
of the characteristic of each spectra.

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

BRIEF DESCRIPTION OF THE DRAWINGS

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

[0011] FIG. 1isa flow chart diagram of one embodiment of
a method for positioning a Doppler gate in spectral Doppler
ultrasound imaging;

[0012] FIG. 2 is a graphical representation of an example
spectrum,
[0013] FIG. 31sa graphical representation of example par-

allel beamforming in a region of interest;

[0014] FIG. 4 is a graphical representation of an example
spectral strip display;
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[0015] FIG. 5 is a graphical representation of an example
constellation of sample locations and a Doppler gate location
in a region of interest at one time;

[0016] FIG. 6 is a graphical representation of the example
constellation of the sample locations and the Doppler gate
location of FIG. 5, but tracked to a different location for a
different time; and

[0017] FIG. 7 is a block diagram of one embodiment of a
system for positioning a Doppler gate in spectral Doppler
ultrasound imaging.

DETAILED DESCRIPTION OF THE DRAWINGS
AND PRESENTLY PREFERRED
EMBODIMENTS

[0018] Automatic Doppler gate placement is provided in
ultrasonic blood flow measurement, such as for cardiac valve
applications, or in tissue motion measurement. Once the gate
has been placed, continuous positioning ensures that the gate
position is maintained even in the presence of motion from
the patient (e.g., from breathing) or the transducer position
(e.g., from the sonographer moving). The continuous moni-
toring and/or positioning of the gate occurs without interrupt-
ing PW spectral Doppler acquisition for other types of scan-
ning.

[0019] Multi-transmit and/or receive beam capability is
used to acquire a constellation of Doppler gates in a region
near the optimal gate position. PW Doppler gate position
and/or beamforming are based on simultaneous acquisition of
data for multiple spectral Doppler gates. Multiple gates may
be located along an ultrasound beam (multiple range gates).
Parallel receive beamforming allows multiple gates in lateral
and/or elevation directions within the area covered by a trans-
mit beam or beams. Using split beam (parallel transmit
beams), two or more spatially distinct regions may be inter-
rogated.

[0020] The data acquired for the constellation represents
the region or regions. The data acquired at the Doppler gates
may also be used for B-mode and/or F-mode detection. The
spectral Doppler signals themselves and/or the B-mode/color
region of the constellation are used for positioning. As the
target moves because of patient or transducer motion, the
optimal gate placement is maintained. The detection and
tracking of motion only requires a constellation of Doppler
gates to be acquired without interrupting the PW Doppler
acquisition and while maintaining the highest temporal sam-
pling quality.

[0021] In one embodiment, the multigate constellation
acquisition provides data for concurrently acquired B-mode
and/or F-mode images in addition to the PW Doppler infor-
mation. The B-mode and/or F-mode images are used for
continuous tracking. The optimal gate position is maintained
by adjusting the location used for estimating spectra.

[0022] Inanother embodiment,a Doppler strip is generated
for each location of the multigate constellation. Each strip is
analyzed and compared with the others to determine the best
gate position.

[0023] Both approaches may be used together. For
example, the B-mode tracking is used to center the constel-
lation of gates. The spectral analysis is used to select the
Doppler gate location from among the constellation of gates.
[0024] In either approach, lateral and/or elevation transmit
beam profiles and transmit focus depth may be adjusted to be
centered at the optimal gate position. The constellation may
be adjusted to be centered at the optimal gate position. The
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transmit line and/or transmit focal depth of the center of the
gate constellation is moved in response to motion. The high-
est transmit power and best beam profile characteristics may
be centered on a region of acquired Doppler gates, maintain-
ing the best characteristics while tracking motion.

[0025] Where there is loss of tracking or excessive move-
ment is detected, the system may reset. A new image-based
gate placement cycle is automatically initiated instead of
continuing to track or position.

[0026] FIG. 1 shows method for positioning a Doppler gate
in spectral Doppler ultrasound imaging. The method is imple-
mented on the system 10 of FIG. 7 or a different system. The
acts are performed in the order shown, but other orders are
possible. Acts 30 and 32 are performed sequentially or simul-
taneously with acts 34 and 36. Acts 38 and 40 are performed
simultaneously or sequentially in any order. Act 42 may be
performed before act 40. Other orders may be used.

[0027] Additional, different, or fewer acts may be pro-
vided. For example, acts 30 and 32 are not performed. As
another example, acts 34 and 36 are not performed. In yet
another example, act 46 is not performed. Acts 40 and/or 44
may not be performed. Various combinations may be used.
[0028] For positioning a PW Doppler gate, ultrasound
samples or signals are obtained for a plurality of spatially
distinct locations. The samples are obtained by transmitting
beams in act 26. One or more transmit beams are transmitted
at a given time. To cover a larger region, simultaneous trans-
mit beams may be formed. Simultaneous formation of beams
on different scan lines may be used. For example, two trans-
mit beams are formed at different steering angles, from dif-
ferent origins on the transducer array, and/or from the trans-
ducer at different positions. The transmit beams are formed
along different scan lines. In the near field and far field, the
transmit beams may over lap. At the focal region some or no
overlap is provided. The -6 dB or =10 dB edge of the transmit
beams overlap or are separated by a region of lesser acoustic
power from the transmit beams. Non-overlapping regions in
the middle field, far field and/or near field may be used.
[0029] Two or more beams are transmitted substantially
simultaneously. “Substantially” accounts for different delays
or start of transmissions due to different foci or steering.
“Substantially” provides for two beams to be transmitted
within sufficient time of each other that at least a portion of a
wavefront of one waveform is generated acoustically before
the last of returned echoes for another wavefront are received
at the transducer. The wavefronts from both beams may be
transmitted by a majority of the elements of the transducer
prior to any reception operation. Simultaneous transmission
includes generating acoustic waveforms for one beam while
also doing so for another beam, such as transmitting a wave-
form for one beam from one element while also transmitting
awaveform for another beam from another element or the one
element.

[0030] The split beams (e.g., substantially simultaneous
transmitbeams along different scanlines) are generated using
any possible method. For example, different apertures are
formed on the transducer array. Each aperture is for transmit-
ting a different one or ones of the transmit beams. The aper-
tures are unique or do not overlap, such as using right and left
halves of the array for two different beams. The apertures may
be neighboring sections, may be spatially interleaved (e.g,,
every other element for one aperture and the other elements
for another aperture), or may overlap (e.g., one or more ele-
ments transmit waveforms for both beams). The different
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apertures produce spatially distinct transmit beams by appli-
cation of a suitable delay and/or phasing pattern.

[0031] In another embodiment, the waveforms for two or
more beams are applied to the same or overlapping apertures
at a substantially simultaneous time. For each element, the
electrical waveforms for the different beams are combined
(e.g., summed) based on the separate delay and/or phasing
and apodization profiles. The combined waveforms are trans-
mitted from the elements ofthe aperture, forming the transmit
beams substantially simultaneously.

[0032] For receive isolation or to limit contribution to
received samples for one beam from another beam, different
center frequencies, coding, or center frequencies and coding
may be used for each beam. For example, frequency multi-
plexing is used. Two or more transmit pulses having different
center frequencies are transmitted. Different delay profiles
are used for the pulses at different frequencies so that two or
more beams are created in parallel (temporally). For coding,
any coding may be used, such as spread spectrum codes or
orthogonal codes. Frequency-based codes, amplitude-based
codes, phase-based codes, or combinations thereof may be
used. In alternative embodiments, no coding or frequency
different is provided. The spatial differences in the transmit
beams differentiate the receive signals.

[0033] In other embodiments, combinations of techniques
for generating substantially simultaneous transmit beams
may be used. For example, the aperture is split into two
spatially overlapping groups. The groups transmit pulses hav-
ing different center frequencies so that spatially distinct
beams are generated that are separated in frequency.

[0034] Inother embodiments, one transmit beam is formed
at a given time. The transmit beam is formed with a sufficient
beam width to allow receive beamformation along laterally
and/or elevationally spaced receive scan lines. Plane wave,
infinite focus, spread beam, or narrow beam with sufficient
width may be used. Split or multi-beam may be used with
such wide or diverging wavefront transmit beams.

[0035] For either the simultaneous beams or the single
beam, the transmissions are repeated. The repetition allows
reception of sufficient samples to perform spectral analysis.

[0036] In act 28, signals for a plurality of laterally spaced
locations are received in response to each of the transmit
beams. Receive beams are formed along a plurality (e.g., two
or more, such as 32 or 64) of scan lines in response to each of
the transmit beams. A plurality of scan lines and ranges along
the scan lines may be sampled in response to the single
transmission. Parallel receive beamforming is provided. The
ultrasound samples are obtained at a substantially same time
along a plurality of receive beams responsive to a same trans-
mitbeam. Other plane wave transmission and reception tech-
niques may be used, such as applying a Fourier transform to
electrical signals at each element to generate an array of
values representing response at different locations.

[0037] FIG. 3 shows one embodiment where one transmis-
sion of split beams in act 26 is used to acquire a plurality of
receive beams in act 28. While two receive beams are shown,
a greater density may be provided, such as four, eight, sixteen,
thirty two, sixty-four, or other number of receive beams per
transmit beam. The transmit and receive beams intersect a
region of interest.

[0038] The region ofinterest may be any size or shape. The
region of interest defines the spatial locations for which spec-
tra may be estimated. For example, at least one hundred
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locations are sampled for possible spectral analysis. The
region may be contiguous or divided. Multiple regions may
be scanned.

[0039] Any sampling density of locations may be used in
the region of interest. The distribution of locations is a con-
stellation of sample points for possible spectral analysis. The
constellation may be a distribution in two or three dimen-
sions. Symmetric or asymmetric distribution may be used,
such as sampling in 64 lateral and elevation spaced locations
and at 10 depth spaced locations.

[0040] The receive operation occurs repetitively in
response to the transmitting. Signals from laterally and/or
elevationally distinct receive locations within the transmit
beams are received. By forming a plurality of receive beams
in response to each of the transmit beams, signals for many
receive locations are obtained substantially simultaneously.
“Substantially” accounts for the acoustic travel time along a
line in a field of view.

[0041] Samples for the same locations are acquired over
time. Ultrasound samples are obtained over a period, such as
acquiring five or more ultrasound samples for each spatial
location. Any scan sequence and/or pulse repetition fre-
quency may be used.

[0042] The PW Doppler gate is to be positioned at one of
the sample locations of the constellation. Sufficient samples
are obtained to estimate the spectra over time for any of the
sample locations. Three different approaches may be used
alone or in combination to position the PW Doppler gate for
a spectral strip display at one of the sample locations. Acts 30
and 32 represent an approach using B-mode detection. Acts
34 and 36 represent an approach using spectral analysis. Act
46 represents an approach using F-mode detection. Other
approaches may be used.

[0043] In act 30, B-mode information is generated. The
B-mode information is generated from the PW Doppler
samples. While the transmit and/or receive characteristics
(e.g., frequency, number of cycles, F#, or aperture) may typi-
cally be different for PW Doppler and B-mode, samples
acquired for PW Doppler may be used for B-mode detection.
The transmit and/or receive characteristics may be compro-
mised for both spectral analysis and B-mode detection or
optimized for B-mode detection in other embodiments. The
same data is used for both.

[0044] For spectral analysis, an ensemble of signals from a
same location is acquired, such as five to twenty samples for
each spectrum. The samples may be obtained in an ongoing
manner such that a moving window (e.g., ensemble or flow
sample count) with any step size (e.g., every sample or every
third sample) is used to estimate a spectrum. The B-mode
detection uses a single sample to estimate the intensity. One
of the samples from a given ensemble is selected and used. To
estimate B-mode at different times, signals from different
times in the same or different ensemble are selected. B-mode
information may be detected for each signal for the greatest
temporal resolution. In other embodiments, less than all of the
signals are used for B-mode detection, such as performing
B-mode detection with every fifth sample.

[0045] Since signals are acquired for the constellation, the
B-mode data is detected for the region of interest. The inten-
sity from single samples of the signals for the different receive
locations is detected. The detection is performed for different
times. B-mode information generally represents return from
tissue or other structure within the patient. By detecting over
time, the tissue in the region of interest is detected at different
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times. As motion occurs, the tissue appears or does shift,
rotate, compress, or expand. The B-mode information over
time reflects the change.

[0046] In act 32, a location is tracked over time with the
B-mode information. The location is 2 Doppler gate location.
For example, the user places an initial Doppler gate. As
another example, act 46 or acts 34 and 36 are used to initially
place the Doppler gate. In another example, automatic place-
ment using a prior B-mode scan (e.g., boundary or edge
detection to place a gate in the center of an enclosed bound-
ary) or other approach is used.

[0047] The location of the Doppler gate is tracked. In other
embodiments, the location being tracked is the entire region
of interest. Other locations may be tracked, such as a center of
the region of interest or a sub-area or sub-volume of the region
of interest.

[0048] The tracking detects a change of the location over
time. The location may be at one coordinate at one time, but
shift to be at another coordinate at another time. The coordi-
nates are defined with respect to the scanning, such as with
respect to the scan format from the ultrasound transducer. The
location is relative to the patient. Data at different coordinates
for different times may represent the same location.

[0049] For tracking the location, a kernel of B-mode infor-
mation representing different spatial locations is used. Any
size kernel may be provided, such as 9x9 or 12x12x12 neigh-
borhood around the location or the entire region of interest.
The entire region of interest may be used as the kernel.
[0050] The kernel is a reference set. The reference is for
B-mode information at a first, selected, or given time. The
reference may be updated, such as changing the reference
over time. For example, the reference B-mode information is
temporally adjacent to the most recently acquired B-mode
information in a moving window. The reference B-mode
information is updated each time another frame of B-mode
information is detected. In another embodiment, the refer-
ence B-mode information is only updated once sufficient
motion has occurred to change the constellation location and/
or beam location (e.g., scan line shift) in act 40.

[0051] To track, the reference information is compared to
the B-mode information from another time. Multiple com-
parisons are made between the B-mode information from two
times. Different translation, rotations, and/or scales are
attempted. The translation, rotation, and/or scale with the best
or highest similarity indicate the motion or change in position
between times. In one embodiment, just translation is tracked.
[0052] Any measure of similarity may be used. For
example, a minimum sum of absolute differences is calcu-
lated. Cross-correlation or other measures may be used.
[0053] In another approach to determine positions for the
Doppler gate over time, spectra are estimated for the different
locations in act 34. Spectra are estimated for the receive
locations. A spectrum is estimated for each of the spatially
distinct locations. The spectra are estimated from the ultra-
sound samples from different depths, elevation, and/or lateral
locations. The spectra correspond to a period in which the
samples were acquired. For each spatial location of interest,
such as all the locations in a region of interest, in an image
field, or other distributions, a spectrum is calculated. Spectra
may be determined for only a subset of the spatial locations,
such as determining the spectra for sparsely sampled loca-
tions or densely sampled locations but in a limited region.
[0054] For each receive location, a spectrum or spectra are
estimated from the received signals. The spectrum is esti-
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mated by applying a Fourier transform, wavelet transform or
Wigner-Ville distribution to the ultrasound samples repre-
senting each of the spatially distinct locations. Spatially dis-
tinct locations correspond to different range gates, such as
different center positions, sizes or both, with or without over-
lap. Any transform may be applied to determine the spectrum
for each of the spatially distinct locations. Each spectrum
represents energy as a function of frequency (see FIG. 2).
[0055] Multiple spectra are estimated for each of the loca-
tions. FIG. 4 shows a spectral strip of spectra for a same
location over time. Different spectra may be estimated for the
same spatial location at different times corresponding to dif-
ferent periods or ensembles of acquisition. The spectrum for
a given time is mapped with velocity on the horizontal axis
and energy modulating the intensity. Other mapping may be
used. The spectra are estimated, but may or may not be
displayed.

[0056] The spectral analysis of the signals is performed
separately for each of the spaced apart locations. The signals
for each given location are used for spectral analysis without
signals from other locations. In alternative embodiments, the
signals are spatially and/or temporally filtered prior to spec-
tral analysis, but separate spectra are provided for each loca-
tion.

[0057] A set of spectra for a given time or representing the
sampling period are estimated. In one embodiment, all of the
spatial locations for determining spectra are sampled at a
same time (e.g., same transmit and receive events). The spec-
tra are sampled at a same time relative to a physiological
cycle, suchas the heart cycle. Spectra for only one period may
be estimated. Spectra for the same locations are estimated for
different periods to provide time varying spectral informa-
tion. The samples used for estimating the spectra at a given
time may be used for estimation at another time as well, such
as associated with repeating estimations using a temporally
moving window for selecting the samples.

[0058] Inact 36, one or more characteristics of the spectra
for each location are detected. Any characteristic of the spec-
tra may be used, such as the maximum velocity, minimum
velocity, mean velocity, median velocity, maximum energy,
velocity associated with maximum energy, intensity, variance
of velocity, range of velocity, slope or trend in the spectra,
location of change of slope, shape over time, similarity to a
pattern or spectra template, clutter, signal-to-noise ratio,
combination of energy and velocity, or phase shift relative to
known or measured cycle.

[0059] The characteristic of the spectra may be derived
from one spectrum after comparison with other spectra for the
location. For example, the maximum velocity over all of the
spectra for a location is associated with one spectrum. A
single spectrum of the spectra may be analyzed for the char-
acteristic, such as using clutter from the first or last spectrum.
The combination of spectra may be used, such as pattern
matching a template of spectra with the spectra for the loca-
tion.

[0060] Different types of spectral information may be use-
ful for different diagnostic purposes. For example, the maxi-
mum velocity may more accurately indicate tissue health.
The variance of the spectra may indicate flow conditions. The
useful information provided in spectral strips is available for
many locations at a same time, providing for selection of the
spectra associated with the desired characteristics. Locating
the spectrum or spectra with the maximum velocity may
provide better flow information than a user guessed position.



US 2015/0201904 Al

[0061] Any now known or later developed techniques may
be used to characterize or determine a characteristic of the
spectra. For example, the highest velocities above a threshold
level with only one or no lower velocities below the threshold
indicate the maximum velocity. The maximum velocity is the
highest or an average of the two or more highest velocities
associated with contiguous values above the threshold or
noise level in the spectrum. The signal-to-noise ratio may be
calculated by measuring energy or brightness of the spectrum
or spectra from samples with the transmitter turned off and
samples with the transmitter active. As another example, clut-
ter may be measured based on mapping from velocity and
energy, such as high energy with low velocity indicating
stronger clutter strength. Clutter may be measured by a ratio
or difference of energy with and without clutter filtering.
[0062] Inactd46,F-mode information is estimated from the
signals. F-mode is color Doppler or other spatially distributed
estimate of mean velocity, energy, and/or variance. Using the
same ensemble or a sub-set of the ensemble acquired for
spectral estimation, the F-mode information for the different
locations is estimated. F-mode information indicates charac-
teristics of flow, such as showing a flow region with higher
and lower flow locations.

[0063] Inact38, the Doppler gate location is set. One of the
locations of the constellation is selected as the Doppler gate
location or the location for which spectra are to be displayed
or output. More than one location may be selected, such as
selecting a location on each side of a heart valve so that
spectral information is provided for both locations.

[0064] The location is set based on the tracked B-mode
location, the characteristics of the spectra, or the F-mode
information. For B-mode tracking, the location for the
tracked Doppler gate is used. As the initial location alters
position, the signals from the new position are used for spec-
tral analysis. The tracking follows a feature or structure of the
patient. At different times, the signals from different coordi-
nates represent the response of the feature. By using the
signals from the tracked location over time, the resulting
spectra represent the feature despite motion.

[0065] Signals from different locations are used to estimate
spectra separately. As the tracked Doppler gate changes posi-
tion, any new spectrum is determined for the new location.
This spectrum is added to the spectral strip or spectra from a
previous location or locations. Alternatively or additionally,
signals from different locations may be combined into an
on-going stream, such as including signals from different
locations in a given ensemble for estimation of a spectrum.
[0066] For setting the Doppler gate location based on the
spectra characteristics, the characteristics of the spectra for
different locations are compared. For example, the best fit of
atemplate to the spectra of the different locations is identified.
As another example, the location that has the most amount of
correct flow characteristics, such as velocity above a given
level, and has the least amount of undesired characteristics,
such as clutter, is selected. Fuzzy logic, mapping, weighted
averaging or other logic may be used to combine the values
for different characteristics to select one location. Alterna-
tively, the best gate location may just be the location with the
highest signal-to-noise ratio for high velocity signals while
discounting gates with strong clutter signals.

[0067] Inanother approach, the Doppler gate location is set
using F-mode information. The location associated with a
center of gravity or geometric center of a largest region of
flow is identified. Flow characteristics associated with a valve
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or other object may be identified and used to set the location.
The location associated with a greatest velocity, energy, vari-
ance, or combination thereof may be used.

[0068] Inone embodiment, the Doppler gate location is set
based on a combination of approaches. Any combination of
two or three of the B-mode, spectral analysis, and F-mode
approaches may be used. Other approaches may be used in
combination with one, two or all three of the B-mode, spectral
analysis, and F-mode approaches. The combination may be
by averaging locations output by each approach. The combi-
nation may be by selecting a location output by the different
approaches based on a criterion, such as the location most
similar to the other output locations (e.g., the middle location
from three possibilities).

[0069] In one embodiment, the combination is a provi-
sional setting by one approach and then refining using another
approach. For example, the B-mode information is used for
tracking the initial Doppler gate. The tracking is used to
establish the constellation of locations (see act 40 below). The
multi-gate constellation is acquired, and the spectral analysis
is used to select the Doppler gate location from the constel-
lation. The tracking is then performed based on the selected
Doppler gate location in a repetition of the process. This
allows the possibility that the optimal gate position may be
time varying throughout the heart cycle.

[0070] Inanother example combination, the B-mode track-
ing is refined based on the F-mode information. The B-mode
tracking indicates the location of the constellation. The
F-mode information for the tracked constellation is used to set
the Doppler gate location, such as at the center of the detected
flow. Complex flow profiles found in diseased valves, such as
due to calcification, may have both positive and negative flow
(i.e., flow towards and away from the transducer). F-mode
information may be used to properly place the Doppler gate as
desired in complex flow profiles.

[0071] Inact42,the spectra forthe positioned Doppler gate
are selected or estimated. The location or locations set in act
38 define the signals used for spectral Doppler. As the loca-
tions vary over time, the signals used for the spectral Doppler
are based on the old, new or old and new locations. Where the
spectra are already estimated, such as in act 34, the spectra
may be selected (e.g., loaded from memory). Alternatively,
the spectra are calculated again with the same or different
estimation settings (e.g., flow sample count or ensemble size
or with samples from a combination oflocations being used in
one ensemble). Where the spectra have not been previously
estimated for setting the Doppler gate location, estimation is
performed.

[0072] 1In act 44, an image is displayed. The image is a
function of at least one of the spectra for the plurality of
spatially distinct locations. The spectra are used to provide
information to the user. The image may provide information
associated with only one spectrum in other embodiments.

[0073] In one embodiment, a spectral strip for the Doppler
gate location is displayed. FIG. 4 shows an example spectral
strip display simplified for illustration. The spectral strip
shows the frequency modulated by energy as a function of
time. Any now known or later developed spectral strip map-
ping may be used, such as gray scale mapping with the inten-
sity representing energy. Filtering may be applied to smooth
the spectrum. Characteristics of the spectral strip may be
determined and displayed, such as graphically tracking a
maximum velocity as a function of time in the spectral strip.



US 2015/0201904 Al

[0074] Since the location or coordinates for the Doppler
gate may change over time, the spectral strip is generated
from signals for different locations. Different ones of the
spectra may be estimated from signals for different locations.
A given spectrum may be estimated from signals from differ-
ent locations. As the Doppler gate position is set to different
locations at different times, the spectral strip is displayedin an
on-going manner as if representing a given Doppler gate
location.

[0075] Multiple strips may be displayed. For example,
spectral strips for two or more selected locations are output
for comparison. Each of the multiple selected Doppler gate
locations is tracked or positioned over time. The resulting
multiple spectral strips provide spectra for the desired feature
of the patient.

[0076] In one embodiment, the spectral strip is displayed
with a spatial image, such as a one-dimensional M-mode,
two-dimensional B-mode, two-dimensional F-mode, or com-
bination thereof image. The image is of the region of interest
using data acquired for PW Doppler sampling. The location
of the selected spectrum or spectra may be indicated graphi-
cally in the image, such as represented by the circle in the
region of interest of the field of view shown in FIGS. 5 and 6.
For example, text, color, symbol, or other indicator shows the
user the location for the automatically determined range gate
corresponding to the selected spectrum. Where multiple spec-
tra are displayed, matched color coding between the acquisi-
tion range gates and displayed spectra may be used. For
example, the indication of the location of the range gate uses
orange. The corresponding spectrum is shaded in orange,
outlined in orange, or otherwise labeled in orange. Other
indications may be used, such as text labels or numbering.
[0077] In act 40, acts 26 and 28 are updated based on the
setting of the position of the Doppler gate. As the Doppler
gate changes to different coordinates due to movement, the
acquisition of data is changed.

[0078] In one embodiment, the transmit beam and/or
receive beam position is changed to be centered on the Dop-
pler gate location. Any characteristic of the beam position
may be set, such as the scan line origin, scan line angle, or
focus. For example, the scan line angle is changed laterally or
in elevation to cover the set Doppler gate. The transmit beam
may cover multiple lateral and elevation locations. Since the
energy may be stronger at the center of the transmit beam, the
center or scan line of the transmit beam is changed to cover
the current location of the Doppler gate. A receive beam is
similarly positioned to intersect with the current location of
the set Doppler gate.

[0079] The focus may be changed to the Doppler gate.
Where the Doppler gate is at a different depth, the focus is
changed to the different depth.

[0080] Other characteristics of the beams may change by
location. For example, the transmit beam may be made wider
or narrower. The F#, apodization, or aperture may vary based
on the location.

[0081] The updating of the beams may provide stronger
signal-to-noise ratio for the Doppler gate location than for
other locations. Since the Doppler gate is used to output
information, a stronger signal-to-noise ratio is desired. Other
locations are still sampled for positioning the Doppler gate. In
alternative embodiments, the beams do not change based on
the setting of the Doppler gate.

[0082] In another embodiment, the constellation of spaced
apart locations is established based on the set Doppler gate.
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The spatial sampling is for positioning the Doppler gate.
Given a previous Doppler gate, the spatial sampling is cen-
tered on the Doppler gate for optimizing the setting of future
gate locations. FIG. 5 shows a constellation of a region of
interest represented by dots in a box. The constellation is
centered on the Doppler gate, located at the circle. Other
locations than the center may be keyed to the Doppler gate.
The sampling distribution or constellation is updated over
time to be centered at the set Doppler gate. As the Doppler
gate changes, the locations sampled also changes. FIG. 6
shows the location of the Doppler gate changing coordinates
relative to the field of view. The constellation also changes. In
alternative embodiment, the sampled locations are static or do
not change based on the setting.

[0083] The sampling distribution may change based on the
change in the beams. As the beams change location, the
sampling locations likewise change. In other embodiments,
the sampling locations change while the beams are main-
tained or vice versa.

[0084] Small excursions in the optimal Doppler gate posi-
tion may not trigger a change in the acquisition of the signals.
For example, the change in position of the Doppler gate is
compared to a threshold. Changes by one or two location
widths (or other distances) in the sampling distribution do not
trigger change in the acquisition, but larger changes do trigger
change.

[0085] The movement or change in the Doppler gate posi-
tion may be used for other purposes. The process or acts 26-46
is ongoing based on an initial setting of the Doppler gate. As
motion occurs, the Doppler gate position is updated. For
large, rapid motion, the setting may not perform as desired. In
response to detecting a sufficiently large (above a threshold
amount) motion, the process may be reinitiated. The Doppler
gate is again set manually or initially before tracking or other
setting update of the Doppler gate position. Gate placement is
performed without the B-mode tracking, F-mode setting, or
spectral analysis. For example, if the signal from the constel-
lation is completely lost or the tracking based on B-mode is
determined to be far off track (e.g., highest similarity is below
a threshold), the system triggers a return to B-mode and/or
F-mode acquisition (i.e., interleaved with or without PW
Doppler acquisition) for an interval. The interleaved B-mode
or F-mode scanning allows a new gate constellation position
to be determined via image based techniques or manually.
This triggering may alternatively or additionally be based on
an ECG waveform, so that the acquisition needed for the
position analysis is performed at a known part of the cardiac
cycle.

[0086] FIG. 7 shows a system 10 for positioning a Doppler
gate in spectral Doppler ultrasound imaging. The system 10 is
a medical diagnostic ultrasound imaging system, but other
imaging systems may be used, such as a workstation. The
system 10 estimates spectra for a Doppler gate location and
positions the Doppler gate location over time based on PW
sampling without interleaving for B-mode or F-mode specific
acquisition. The system 10 centers a constellation of sample
locations and centers a transmit and/or receive beams on the
Doppler gate. As the Doppler gate is set to a different location
due to motion, the constellation and beam centers are reposi-
tioned.

[0087] Thesystem 10 includes a transmit beamformer 12, a
transducer 14, a receive beamformer 16, an image processor
18, a display 20, and a memory 22. Additional, different or
fewer components may be provided, such as the system 10
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without the front-end beamformers 12, 16 and transducer 14
or the system 10 with a scan convetter.

[0088] The transducer 14 is an array of a plurality of ele-
ments. The elements are piezoelectric or capacitive mem-
brane elements. The array is configured as a one-dimensional
array, a two-dimensional array, a 1.5D array, a 1.25D array, a
1.75D array, an annular array, a multidimensional array, com-
binations thereof or any other now known or later developed
array. The transducer elements transduce between acoustic
and electric energies. The transducer 14 connects with the
transmit beamformer 12 and the receive beamformer 16
through a transmit/receive switch, but separate connections
may be used in other embodiments.

[0089] Thetransmit beamformer 12 is shown separate from
the receive beamformer 16. Alternatively, the transmit and
receive beamformers 12, 16 may be provided with some or all
components in common. Operating together or alone, the
transmit and receive beamformers 12, 16 form beams of
acoustic energy for scanning a one, two, or three-dimensional
region. Vector®, sector, linear or other scan formats may be
used.

[0090] The transmit beamformer 12 is a processor, delay,
filter, waveform generator, memory, phase rotator, digital-to-
analog converter, amplifier, combinations thereof, or any
other now known or later developed transmit beamformer
components. In one embodiment, the transmit beamformer
12 digitally generates envelope samples. Using filtering,
delays, phase rotation, digital-to-analog conversion and
amplification, the desired transmit waveform is generated. In
other embodiments, the transmit beamformer 12 includes
switching pulsers or waveform memories storing the wave-
forms to be transmitted. Other transmit beamformers 12 may
be used.

[0091] The transmit beamformer 12 is configured as a plu-
rality of channels for generating electrical signals of a trans-
mit waveform for each element of a transmit aperture on the
transducer 14. The waveforms are unipolar, bipolar, stepped,
sinusoidal, or other waveforms of a desired center frequency
or frequency band with one, multiple, or fractional number of
cycles. The waveforms have relative delay and/or phasing and
amplitude for focusing the acoustic energy. The transmit
beamformer 12 includes a controller for altering an aperture
(e.g. the number of active elements), an apodization profile
(e.g., type or center of mass) across the plurality of channels,
adelay profile across the plurality of channels, a phase profile
across the plurality of channels, center frequency, frequency
band, waveform shape, number of cycles, coding, and com-
binations thereof.

[0092] The transmit beamformer 12 is operable to transmit
one or more transmit beams of ultrasound energy substan-
tially simultaneously. A transmit beam originates from the
transducer 14 ata location in the transmit aperture. The trans-
mitbeam is formed along a scan line at any desired angle. The
acoustic energy is focused at a point along the scan line, but
multiple points, line focus, no focus, or other spread may be
used. The transmit beam substantially covers a wide region,
such as being divergent, a plane wave, collimated, unfo-
cussed, weakly focused, or focused to cover multiple receive
lines. Substantially accounts for sufficient acoustic energy to
provide echoes and imaging above noise. In one embodiment,
the transmit beam is sufficiently wide to coverup to 64 receive
beams or scan lines distributedina column (e.g., 8x8), aplane
(1x64), or other arrangements (e.g., 4x16). By controlling the
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apodization, aperture, and delay profile, different size regions
may be scanned with a given transmit beam.

[0093] The transmit beamformer 12 may generate multiple
or split beams. The split beams are formed for pulsed wave
spectral Doppler estimation for two regions substantially
simultaneously. In alternative embodiments, a single transmit
beam is formed for each transmit event.

[0094] For split beams, more than one transmit beam is
generated substantially simultaneously. For example, a trans-
mit beam is generated with a grating lobe. The focus, apodiza-
tion, aperture (e.g., discontinuous selection of elements), or
other characteristic is set to cause a grating lobe at sufficient
amplitude for generating echoes above any noise. A high
amplitude transmit beam may be steered at an angle away
from normal to the array to generate the grating lobe. Samples
are received in response to the primary beam and the grating
lobe. As another example, the transducer array is divided into
two or more apertures. The separate apertures are used to
form the different transmit beams. In another example, fre-
quency or other coding is used. For yet another example, the
same aperture is used to transmit multiple beams by combin-
ing delayed waveforms for both beams at each element. Com-
binations of these examples may be provided.

[0095] The receive beamformer 16 is a preamplifier, filter,
phase rotator, delay, summer, base band filter, processor, buff-
ers, memory, combinations thereof, or other now known or
later developed receive beamformer component. Analog or
digital receive beamformers capable of receiving one or more
beams in response to a transmit event may be used. For
example, the receive beamformer 16 has sufficient processing
power and/or hardware components to substantially simulta-
neously form 64 or other number of receive beams in
response to a same transmit. Parallel and/or sequential pro-
cessing may be used to form different beams. Parallel beam-
forming may be provided without storing ultrasound samples
for each element for an entire receive event in a memory.
Alternatively, a memory may be used to store the ultrasound
samples for each element.

[0096] The receive beamformer 16 is configured into a
plurality of channels for receiving electrical signals repre-
senting echoes or acoustic energy impinging on the trans-
ducer 14. A channel from each of the elements of the receive
aperture within the transducer 14 connects to an amplifier for
applying apodization amplification. An analog-to-digital
converter digitizes the amplified echo signal. The digital radio
frequency received data is demodulated to a base band fre-
quency. Any receive delays, such as dynamic receive delays,
and/or phase rotations are then applied by the amplifier and/or
delay. A digital or analog summer combines data from differ-
ent channels of the receive aperture to form one or a plurality
of receive beams. The summer is a single summer or cascaded
summer. The summer sums the relatively delayed and
apodized channel information together to form a beam. In one
embodiment, the beamform summer is operable to sum in-
phase and quadrature channel data in a complex manner such
that phase information is maintained for the formed beam.
Alternatively, the beamform summer sums data amplitudes or
intensities without maintaining the phase information. Other
receive beamformation may be provided, such as with
demodulation to an intermediate frequency band and/or ana-
log-to-digital conversion at a different part of the channel.
[0097] For parallel receive operations, different delays,
apodization, and summing are provided for the different
beams. For split or multi-transmit beam, equal or different
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numbers of parallel beamforming are used for each beam. For
example, two transmit beams are formed. Thirty two receive
beams are formed for each of the two transmit beams. As
another example, eight receive beams are formed from one
transmit beam and twenty four receive beams are formed
from another transmit beam.

[0098] Beamforming parameters including a receive aper-
ture (e.g., the number of elements and which elements used
for receive processing), the apodization profile, a delay pro-
file, a phase profile, imaging frequency, inverse coding, and
combinations thereof are applied to the receive signals for
receive beamforming. For example, relative delays and
amplitudes or apodization focus the acoustic energy along
one or more scan lines. A control processor controls the
various beamforming parameters for receive beamformation.
[0099] One or more receive beams are generated in
response to each transmit beam. For example, up to 64 or
other number of receive beams are formed in response to one
transmit beam. Each receive beam is laterally and/or eleva-
tionally spaced in two or three-dimensions from other receive
beams, so samples are acquired for locations along different
scan lines.

[0100] Acoustic echoes are received by the transducer 14 in
response to the transmit beam. The echoes are converted into
electrical signals by the transducer 14, and the receive beam-
former 16 forms the receive beams from the electrical signals.
The receive beams are collinear, parallel and offset or non-
parallel with the corresponding transmit beam. The receive
beams may be adjusted to account for spatial two-way differ-
ences, such as adjusting the delay profile and/or amplitude
differently for receive beams closer to the transmit beam
center than for receive beams spaced further from the transmit
beam center. Alternatively, a single receive beam is generated
for each transmit beam.

[0101] The receive beamformer 16 outputs data represent-
ing different spatial locations of a scanned region. The receive
beamformer 16 generates samples at different depths along
each receive beam. Using dynamic focusing, samples are
formed for different depths. By using different receive beams
and scan lines, samples are formed from two- or three-dimen-
sional distribution of locations. The ultrasound data is coher-
ent (i.e., maintained phase information), but may include
incoherent data.

[0102] Theimage processor 18 includes a spectral Doppler
processor and/or imaging detectors. In one embodiment, the
image processor 18 is a digital signal processor or other
device for applying a transform to the receive beam data. A
sequence of transmit and receive events is performed over a
period. A buffer or the memory 22 stores the receive beam-
formed data from each transmit and receive event. Any pulse
repetition interval may be used for the transmit beams. Any
number of transmit and receive events may be used for deter-
mining a spectrum, such as three or more. The image proces-
sor 20 estimates a spectrum for each of the different locations
(e.g., each of the depths of each of the receive beams in a
region of interest). By applying a discrete or fast Fourier
transform, or other transform, to the ultrasound samples for
the same spatial location, the spectrum representing response
from the location is determined. A histogram or data repre-
senting the energy level at different frequencies for the period
of time to acquire the samples is obtained. FIG. 2 shows one
example spectrum for a spatial location.

[0103] By repeating the process, the image processor 20
may obtain different spectra for a given location at different
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times. Overlapping data may be used, such as calculating
each spectrum with a moving window of selected ultrasound
samples. Alternatively, each ultrasound sample is used for a
single period and spectrum.

[0104] A spectrum may be determined for each of a plural-
ity of spatial locations, such as for over 200 depths on each of
64 or other number of receive beams. The data for each
location is transformed. The image processor 18 may include
a plurality of components for parallel processing or a single
component for parallel or sequential estimation.

[0105] The image processor 18 may derive information
from a given spectrum or from a plurality of spectra. In one
embodiment, the image processor 18 determines a clutter
level, signal-to-noise ratio, maximum velocity, velocity
range, and/or other characteristics. By determining a maxi-
mum velocity or other characteristic of each spectrum, loca-
tions associated with motion or flow may be identified. An
optimal location for the Doppler gate is identified.

[0106] The image processor 18 may include a B-mode
detector for determining intensity from samples acquired for
spectral Doppler. The image processor 18 may include a
correlation processor or other color Doppler detector for
determining average velocity, variance, and/or energy from
the samples acquired for spectral Doppler. One or more fil-
ters, such as clutter, spatial or temporal filters may be pro-
vided.

[0107] The detector outputs incoherent image data. Addi-
tional processes, such as filtering, interpolation, and/or scan
conversion, may be provided by the image processor 18.
[0108] A processor 21 is provided. The processor 21 may
be part of the image processor 18. The processor or processors
used for estimation or detection control the imaging and/or
system 10. The processor 21 is a general processor, control
processor, digital signal processor, application specific inte-
grated circuit, field programmable gate array, graphics pro-
cessing unit, analog circuit, digital circuit, combinations
thereof or other now known or later developed device for
processing. The processor 21 is configured by hardware, soft-
ware, or both to perform and/or cause performance of various
acts, such as the acts discussed above for FIG. 1.

[0109] The processor 21 is configured to set a location of
the Doppler gate as a function of the sampled receive beams.
The samples are acquired for spectral analysis at different
locations. Without interleaving for separate scanning in other
modes, the samples for spectral Doppler may also be used for
B-mode and/or F-mode detection. Alternatively, B-mode and
F-mode detection are not performed and the location is set
based on spectral analysis.

[0110] Using B-mode information, F-mode information,
spectral Doppler information, or combinations thereof, the
location of the Doppler gate for a given time or period is set.
The location may be updated. To keep the gate location at the
desired feature, the setting of the gate location is repeated.
The processor 21 repeats setting of the gate location.

[0111] The processor 21 may control the beamformers 12,
16. The beams and sampling may be centered on the Doppler
gate location. As the gate location changes, the beamformers
12, 16 are controlled to change the sampling and beams. By
positioning a center of the distribution of locations, the pro-
cessor 18 provides for more accurate setting of the gate loca-
tion for later times. By positioning a center and/or focus of the
transmit beam on the gate location, the signals for spectral
analysis may have better signal-to-noise ratio than for other
locations. The center of the beam and focus represent regions
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of greater energy. The processor 21 controls the beamformers
12,16 to change the lateral, elevation, and focus of the trans-
mitand receive beams for centering one of the transmit beams
and/or the distribution of locations on the set Doppler gate
location.

[0112] Theimage processor 18 generates display values as
a function of the spectra estimated for the Doppler gate loca-
tion. Display values include intensity or other values to be
converted for display, values provided to the display 20 (e.g.,
red, green, blue values), or analog values generated to operate
the display 20. The display values may indicate intensity, hue,
color, brightness, or other pixel characteristic. For example,
the color is assigned as a function of one characteristic of a
spectrum and the brightness is a function of another spectrum
characteristic or other information. The display values are
generated for a spectral strip display.

[0113] The display 18 is a CRT, monitor, LCD, plasma
screen, projector or other now known or later developed dis-
play for displaying an image responsive to the display values.
For a grey scale spectral Doppler image, a range of velocities
with each velocity modulated as a function of energy is pro-
vided as a function of time. The selected spectrum indicates
the velocity and energy information for a given time. The
intensity of a given pixel or pixel region represents energy
where velocity is provided on the vertical scale and time
provided on the horizontal scale. Other image configurations
may be provided, including colorized spectral Doppler
images.

[0114] The memory 22 stores buffered data, such as ultra-
sound samples for spectrum estimation. The memory 22 may
store location information, B-mode information, F-mode
information, spectra, characteristics of spectra, display values
or images, such as a CINE memory, or other information.
[0115] In one embodiment, the memory 22 is a non-transi-
tory computer readable storage medium having stored therein
data representing instructions executable by the programmed
processor 18 for positioning a Doppler gate in spectral Dop-
pler ultrasound imaging. The instructions for implementing
the processes, methods and/or techniques discussed herein
are provided on computer-readable storage media or memo-
ries, such as a cache, buffer, RAM, removable media, hard
drive or other computer readable storage media. Computer
readable storage media include various types of volatile and
nonvolatile storage media. The functions, acts or tasks illus-
trated in the figures or described herein are executed in
response to one or more sets of instructions stored in or on
computer readable storage media. The functions, acts or tasks
are independent of the particular type of instructions set,
storage media, processor or processing strategy and may be
performed by software, hardware, integrated circuits, firm-
ware, micro code and the like, operating alone or in combi-
nation. Likewise, processing strategies may include multi-
processing, multitasking, parallel processing and the like. In
one embodiment, the instructions are stored on a removable
media device for reading by local or remote systems. In other
embodiments, the instructions are stored in a remote location
for transfer through a computer network or over telephone
lines. In yet other embodiments, the instructions are stored
within a given computer, CPU, GPU or system.

[0116] While the invention has been described above by
reference to various embodiments, it should be understood
that many changes and modifications can be made without
departing from the scope of the invention. It is therefore
intended that the foregoing detailed description be regarded
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as illustrative rather than limiting, and that it be understood

that it is the following claims, including all equivalents, that

are intended to define the spirit and scope of this invention.
1(We) claim:

1. A system for positioning a Doppler gate in spectral
Doppler ultrasound imaging, the system comprising:

a transmit beamformer operable to transmit beams;

a receive beamformer operable to form a plurality of
spaced apart receive beams in response to each of the
transmit beams, each of the receive beams sampled at a
plurality of depths; and

a processor configured to set alocation of the Doppler gate
as a function of the sampled receive beams, to control the
transmit beamformer to center subsequent transmit
beams on the location, and to control the receive beam-
former to center on the location a subsequent sample
region defined by the sampling of the receive beams.

2. The system of claim 1 wherein the processor is config-
ured to control the transmit beamformer to center the transmit
beams at the location.

3. The system of claim 1 wherein the processor is config-
ured to track the Doppler gate location with B-mode infor-
mation.

4. The system of claim 3 further comprising a spectral
Doppler processor configured to estimate a spectrum for the
Doppler gate location from signals for the tracked Doppler
gate location.

5. The system of claim 1 further comprising a display
configured to display an image, the image being ofa spectrum
of signals at the Doppler gate.

6. The system of claim 1 wherein the processor is config-
ured to repeat the setting and controlling.

7. The system of claim 1 wherein the transmit beamformer
is configured to simultaneously transmit two of the beams
from different apertures of a transducer array to laterally
spaced apart scan lines and apply separate delay patterns to
the different apertures.

8. The system of claim 1 wherein the processor is config-
ured to control the transmit beamformer to center by setting a
focus of the subsequent transmit beams at the location.

9. The system of claim 1 wherein the processor is config-
ured to control the receive beamformer to adjust a lateral and
elevation position of the receive beams to the location of the
Doppler gate.

10. The system of claim 1 wherein the processor is config-
ured to control the receive beamformer to center a distribution
of sample locations on the location of the Doppler gate.

11. The system of claim 1 further comprising:

a B-mode detector configured to detect intensity from
single samples of the sample region for each of different
times, and

aspectral Doppler processor configured to estimate a spec-
trum for the location from a plurality of the samples over
time for that location, the plurality including the single
samples.

12. The system of claim 1 wherein the processor is config-
ured to determine a translation with a greatest similarity
between B-mode information of different times for the
sample region and set the location as shifted by the transla-
tion.

13. The system of claim 1 further comprising a display
configured to display a spectral strip over time of spectra at
the Doppler gate where the Doppler gate is at different
tracked locations in the time.
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14. The system of claim 1 further comprising a Doppler
estimator configured to estimate F-mode information, and
wherein the processor is configured to set as a function of the
F-mode information.

15. A non-transitory computer readable storage medium
having stored therein data representing instructions execut-
able by a programmed processor for positioning a Doppler
gate in spectral Doppler ultrasound imaging, the storage
medium comprising instructions for:

receiving signals over time for each a plurality of spaced

apart locations;

setting a Doppler gate location to one of the spaced apart

locations as a function of the signals;
updating a distribution of the spaced apart locations as a
function of the set Doppler gate location so that a center
of the distribution is at the set Doppler gate location; and

repeating the receiving with the distribution centered at the
set Doppler gate location, repeating the setting to
another Doppler gate location, and repeating the updat-
ing with the center of the distribution at the other Dop-
pler gate location.

16. The non-transitory computer readable storage medium
of claim 15 wherein receiving comprises receiving for a con-
stellation of possible Doppler gate locations in response to
multiple simultaneous transmit beams.

17. The non-transitory computer readable storage medium
of claim 15 further comprising:
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updating a transmit beam position to be centered at the set
Doppler gate location.
18. The non-transitory computer readable storage medium
of claim 15 further comprising:
detecting movement above a threshold; and
initiating the setting in response to the movement above the
threshold.
19. The non-transitory computer readable storage medium
of claim 15 further comprising;
generating B-mode information from pulse wave signals;
tracking a region for the Doppler gate location with the
B-mode information; and
establishing the spaced apart locations based on the track-
ing.
20. A method for positioning a Doppler gate in spectral
Doppler ultrasound imaging, the method comprising:
receiving signals over time for each a plurality of spaced
apart locations in a distribution over a region of a patient;
setting a Doppler gate location to one of the spaced apart
locations as a function of the signals, the one of the
spaced apart locations being other than a center of the
distribution;
updating the distribution of the spaced apart locations so
that the center of the distribution is at the set Doppler
gate location; and
repeating the receiving with the distribution centered at the
set Doppler gate location.
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